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Preface

This textbook, Practical Geography for Secondary Schools, 15 written specifically
for Form Five and Six students in the Umited Republic of Tanzamia. The book 1s
prepared in accordance with the 2023 Geography Syllabus for Advanced level
secondary Education, Form V=V, issued by the Ministry of Education, Science and
Technology (MoEST). It 1s a revised edition of Practical Geography for Advanced
secondary Schools Student’s Book for Form Five and Six that was pubhshed m
2022 m accordance with the 2010 syllabus 1ssued by the then Mmsiry of Education
and Vocational Training (MoEVT).

The Textbook consists of five (3) chapters, namely Land surveymng, Geographical
Research, Geographical data analysis and interpretation, Techmigues of photograph
mterpretation and Maps and map interpretation. In addifion, each chapter contains
activities, scenarios, projects, and exercises. You are encouraged to do all the
activities, projects, tasks and questions. You are also required to prepare a portfolio
for keeping records of activities performed i different lessons. This will enhance
your understanding and development of the intended competences

Additional leamnmg resources are available in the TIE e-Library htipsfol fie.go.tz
or ol tie.gn.iz

Tanzania Institute of Education
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Land surveying

Introduction |

i
Land surveying has remained imporiant discipline throughout human life. @ﬂm‘
surveving is used in determining site locations, demarcating hmuniane; -qf fﬂﬁﬂ'

parcels, setfing out engineering structures, and map making for mrmuﬁaiﬁmex
In this chapter you will learn about the concept of land surveying, proce Jfor

land surveying, classification of land surveying, prismatic compass survey, plane
table surveying and levelling survey. The competences dm*efﬂpem enable you

to determine locations af points using compass me_ﬁng,

and levelling surve)y

Think abamt
' Determiming areas

and distances of a place on the
Earth’s surface

Concept of land surveying

m.g table surveying
N

from a marked rope which was their
principal tool of survey, and today’s
chain survey origmated from this marked
rope surveying. It was associated with
making linear measurement between the
estabhished points or statons. In his work,
“The Sea Island Mathematical Manual™

PRSI ublished in 263 AD by ancient Chinese

Search from various sources about land
surveying activities then write short

notes on their significance in our lives.

Smce ancient time, land surveying has
been used to set important marks on
the land. The estabhished marks, also
referred to as control points, were used
to establish positions of features on the
land. For mstance, i ancient Egypt,
surveyors called rope stretchers used the
control points and simple geometry to
re-establish marks of boundanes swr

off by annual floods of the Nile River.
The name rope stretchers onginated
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mathematician, Livhw, desenbed ways
of measuring distant objects. The work
of Linhw founded the growth of survey
which was latter recogmzed by Romans
as a profession.

Thus, land surveymng or geomatics as a
profession can be defined as the science,
art, and technology of determining the
relative positions of points or features
above, on, or beneath the earth’s surface.
The determination of such relabive
position involves measurements of
distances and angles, which results to
graphical or numencal presentation of
measured values.




Land surveying supphes data by
which accurate space-based plans
and maps of the earth’s surface
or part are made. Land survey
can daid proper land management
and admimstration 1 ecumene.
The planming of proper layout
of streets and water supplying
network, division of arable land
for farmmg and other services are
significant contributions of land
survey. Land surveying 1s further
applied i planning, designing
and setting out of engincering
structures hike large buildings,
dams, roads, railways, bndges
and road mterchanges.

Influence of technological
development on land
surveying

Land survey 1s part and parcel of
human hife and his development.
Land
establishing boundanes, creating

surveying aims at

navigation maps, and creating
plans and maps for different land
uses. To accomplish such tasks,

humans have been mnovating tools for taking
linear, angular, and area measurements.

While the purpose of surveymng has remamed
the same since ancient Egyptian survey (3000
BC) (Figure 1.1), surveying imstruments
have evolved drastically with technologcal
development.

Figure 1.1: dnefent Egvptian survey

The linear measurement mstruments have
evolved from chains and Gunter’s steel
band through steel band and metal tapes to
Electrome Dhstance Measurement (EDM)
mstruments (Figure 1.2). Subsequently, the
Global Positioning Systems (GPS) devices
have improved efficiency and preater accuracy
of measurement than any other preceding
mstruments.

Invar-tape

Electronic distance CiPs device

measuring device (ELDM)

Figoure 1.2: Evolution of distance measuring insmruments

Giodent’s Book Form 5 & 6




Tust as 1t was for linear measurements, imstruments for angular measurements have
also evolved significantly from the Egyptian Groma (which has been perpetuated by
the cross-staff and 1ts successor, the optical square) through dioptra to the compass
like-instruments called asfrelabe. The dioptra and astrolabe were followed by
sextants, which are more professional and accurate. Evolution of modermn angular
measurements began with compasses that were followed by Transit, Theodolites and
Total stations (Figure 1.3). A total station 18 a multipurpose surveying mstrument
that combimes the funchions of Transit level or Theodolhite and electrome distance
measurement (EDM) into a single instrument.

,Ji
BC
ti'i

Muodel of Egyptian

Ciroma
P —
B 2 :':_..*. : : g |
-—
Total statiom Thesdolite Sextant

Figure 1.3: Evolution of angular measuring mstruments

Morphologically, there 15 only a slight difference between Theodolite and Total
station. The main difference 15 on therr function and applications. Total station 15
used to measure both angles and distances while Theodolite 15 used to measure
angles only. Modemn angular measurement mstruments use principles of electronics
to calculate angles and distances.

However, in this chapter, vou will learn basic surveying techniques using basic
mstruments to understand principles of surveying, which also apply when using
modern mstruments.
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Procedures for land surveying

Most of land surveying imvolves three
important procedures: reconnaissance,
Sfieldwork and affice wark. Reconnaissance
15 the first process mn land surveying n
which the surveyor gets a general view
of the area to be surveyed. In this step, a
surveyor gathers mformation related to
the area to be surveyed for fasmhansation
with 1ts landscape and gets an overview
of what may be required before the
commencement of a fieldwork. This
stage helps the surveyor in planning
for the execution of the survey project,
particularly n identifying appropriate
survey methods, mstruments, required
manpower, preparation of budget and
time schedule.

Fieldwork 1s the actual execution of
survey work which involves observations
and measurements of distances and
angles, recording of measurements i a
field notebook, prepanng field sketches
and performing simple calculatons.

The office work 1s the last process which
15 cammed out n the office and mvolves
analysis of survey data, reduction of
levels, calculation of coordinates,
preparation of plans, maps and other
graphics, as well as calculation of areas
and volumes of Earth quantities.

Classification of land surveying

Although land surveving 1s usually
classified on the basis of a multitude
of critena, geodetic and plane survey
make the general classification m the

disciplime. The two classes are types of
surveys with their differences rooting
on the key assumptions they hold.
(reodetic survey assumes the Earth as
a curved surface (ellipsoid) and that
any computation must consider the
ellipsoidal nature of the surface, while
the plane surveys assume the earth’s
surface as Hat. However, the terms plane
surveys and plane table surveymg should
be treated differently. The former 1s a
type of surveys, the latter represents a
techmque of plane surveying. Geodetic
methods are employed in surveying
relatively large land masses, usually
covering over 230 square kilometres
at national and continental scale, and
widely spaced monuments or features.
Plane surveys, on the other hand, are
used in mapping areas covering less
than 250 square kilometres. Contrary
to geodetic survey which treats all lines
Jomming stations as arcs, plane surveys
consider all lines joimng two or more
points as straight lines.

A demand of high accurate data n
geodetic surveys requires mstruments
of high precision, accuracy and economy
than those employed in plane surveys.
Prior to 1970, accurate observation of
angles and distances to collect spatial
data in geodetic surveys was difficult
and pamstaking. Angles were measured
using precise ground-based Theodolites
while distances were measured using
special tapes made from metal wath
low coethcient of thermal expansion.
Although these instruments are stll used
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for angles and distances measurement
to date, satellite positioning has almost
replaced other instruments in geodetic
survey. The entire scope of satellite
systems used n positioning 1s referred
to as global navigation satellite systems
(GNSS) (Figure 1.4). The GNSS
operation relies upon signals from
satellite.

Figure 1.4: (vlobal novigation satellite

SVRIEMSE

Fecervers that use multiple satellite
systems like GPS, Global MNavigation
Satellite System (GLONASS), Galileo,
and BeiDoun are known as Global
Navigation Satellites System (GNSS)
receivers (Figure 1.5). GNSS receivers
use satellites as their reference points.
The GPS, GLONASS, Galleo and
BeiDou positioning systems are satellite
constellations managed by different
states or countries. The systems provide
precise timing and positioming anywhere
on the Earth with hagh reliabahity and low
cost. The systems operate during day
and mght, rain or sunshine, and do not
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require cleared lines of sight between
survey stations. However, GNSS
recelvers must be visible to satellite

for signal transmission. Currently,
(NS5 receivers are used m all forms
of surveying including hydrographic,
construction and boundary surveying.

Figure 1.5: (rlobal novigation ratellite

Spslems receiver

Although GPS and GNSS are treated
synonymously and used interchangeably
by many surveyors, the terms are
distinctive and each has its own umque
meanmg,. The term GNSS 15 an inclusive
term that describes satellite navigation
systems from any country or region while
GPS refers spectfically to the Navigation
Satellite Time and Ranging (NAVSTAR)
which 15 the satellite navigation system
of the United States. The most common
GNSS are GPS (United States), -
GLONASS (Russia), Galileo (European
Umion), BeiDou (China), Quas: - Zenith
Satellite System - QZSS (Japan) and
Indian Regional Navigation Satellite
aystem (TEN3S).




Specialised types of survey
The existence of many types of
surveys, named after pnncipal
devices, objective and surface
surveyed, among other critena,
imphes existence of a specialised
type of survey in each area.
There are many specialised
types of surveys mmcluding chain
or tape survey, COmpass survey,
plane table survey, levelling
survey, hyvdrographic survey,
topographic survey, control
survey, cadastral survey, mine
survey, tacheometric survey,
aerial survey, photogrammetne
survey and satellite survey.
However, in this chapter, the
emphasis 15 put on compass
surveying, plane table surveymng
and levelling surveymg.

Compass surveying

One way of identifyving the
location of the mtended objects

in relation to other nearby

permanent objects 15 through
compass survey. A detail in
compass survey can be positioned
by fraverse, infersection and
resection methods.

The compass surveying imvolves
fixing of an object’s position in
the field by measuring the angles
of bearings between the line of
magnetic North (07) and the line
of sight to the object (Figure 1.6).

L af sight b e okgest

< 180 P
- i .
i A
B/ ]
II ..-'-. I|I
i ;
== .I - y J.-" i I. L
i & i
\ L B
. ¥ J."
., 4 -
"x\h .I_.-' e a4
-'r 1 "'_ -

Feeading ered

Figure 1.6: Measuring angle by composs

Compass surveying 1s commonly employed when
the land area to be surveyed 18 comparatively
larger than the area covered in chain surveying.
Compared to chain, compass surveying is
suitable for rough landscapes. Compasses for
land surveying ongimated from a Chinese “iron-
attracting mineral (lodestome) and have been in
use since 400 years BC (Figure 1.7). Ancient
Chinese suspended the lodestone with their
hands or on boats and other navigation facilities
to help them pomt “South’. The use of lodestone
a8 4 compass to point to the south gave birth to
its names such as “South-governor” and *Sowuth-
pointing-fish”. Swinging of the lodestone, the
south governor, or the south-pommting fish as
they called it to point the south, then became
the ongin of the today’s compass used i survey.

Figure 1.T: Lodestone
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Types of compass

There are two major types of compass
surveys which are the prismatic and
SUrvVeyor s compasses. The compasses
are differentiated by key features
mecluding; their body size, the beanng
system they use to designate readings,
and their mode of formation.

Surveyar's compass

A surveyor's compass 15 an old form
of compass used by surveyors which 1s
similar to the prismatic compass but with
few modifications. It 15 used to determme
the magnetc bearg of a given line. The
mstrument has commonly been referred
to as the Circumferentor. Surveyor's
compass 15 larger and more accurate than
prismatic compasses and designated to
read bearmgs m quadrant beanng system
(QBS) as shown in Figure 1.8.

Figure 1.8: Surveyor s compass

Prismatic compass

This 15 a non-magnetic metal case
with a praduated rming and glass top
used for determining angles, bearings
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and direction to objects of surveyor’s
mterest. It 15 a small, hand-held device
n a circular box of about 100 mm in
diameter used 1 fixing objects in the
field and from which the angle of bearng
15 measured between the ling of magnetic
north and the line of sight to the object.
This type of compass 15 usually used for
surveying works that do not require very
high accuracy. For example, prelimmary
survey for minerals exploration.

The morphology of prismatic compass
can be identified by its elements. They
mclude its eylindneal metal box, hiftmg
pin and hfting lever, magnetic needle,
graduated cirele or nng, prism, object
vane, gye vane, glass cover, sunglasses,
reflecting mirror, and spring brake pin.
Prismatic compass 15 a cylindrncal metal
box with a graduated ning supported by
pivot at its centre. Provided just below
the sight vane are the hifting pin and
hifting lever, which assists i pressing
the lifting pin when the sight vane 1s
folded. The hifting pin, with the help of
the lifting lever, lifts the magnetic needle
out of the pivot point to prevent damage
to the pivot head. The magnetic needle of
a prismatic compass 1s a core part of the
mstrument. It 15 attached to the graduated
aluminmum rning marked in degrees from
" to 360" and measures beanngs of lines
from the mapgnetic mendian. The needle
that always points towards the north-
south pole at its two ends when freely
suspended (Figure 1.9) measures angles
to the objects.




Figure 1.9: Prismatic compass

compass ring and to take the exact degree Compass survey by traverse method

values. The prism 1s made up of a hole " The term traverse 18 used to refer to

called prism hole. The prism hole 15

protected from dust and moisture by lengths related to one another by known

prism cap. The eye vane provided with angles. There are two types of traverses

an eye hole and the top glass to protect .

the ring, complements the operations | gguerse. When a series of connected

of other compass parts such as sun : jipec firms a closed circuit, it is called

glasses, reflecting mirror and spring . 5 ‘closed traverse”. In closed traverse,

brake. Pnsmatic compass 15 designed

to read bearing in whole circle bearing © ,oiquih starts and ends at the same

(WCB) system.

Dresignation of compass bearing

Bearmg System (QBS) and Whole Circle

- from either the north line or south line,
- depending on whichever 1s nearer to the
: given survey line. The bearing readings
- can be done clockwise or anti-clockwise.
- Bearmgs m QBS range from 0° to 90°.
. The NORTH and SOUTH poles are
- designated by 07 while the WEST and
- EAST ones are designated by 90°. In
- QBS, the angular value 15 preceded by
~ prefix N or 8 and followed by the suffix E
- or W based on 1ts quadrant. For example,
an angle of 45% magnitude measured
- from North towards East, which is in
- first quadrant 15 wnitten as N 45 E. In

Another important element in the WCB desipnatiiabigrm s 516 messmod
prismatic compass 15 the prism. This is - Ak
why the technique is termed as prismatic = T2 from 0° to 360°. Bearings in QBS
compass. The prism assists surveyors

to read praduations on the graduated . apd agipnth, respectively.

clockwise from MNorth direction and

and WCB are also referred to as beanng

a series of connected lines of known

namely, the open fraverse and closed

reading and taking of bearings or

- station as shown m Figure 1. 10{a). On
- the contrary, when the survey lines start

) ~ from one point and end at another point
There are two types of beanmng which 15 not the starting point as shown

designations. They include Quadrant = . o 1.10(b) we get what is known

as Open traverse.
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- Bearing system (WCB). In QBS, the
- bearing of survey lines is measured



Figure 1.10 (a): Closed fraverse

A
o — — Tranerse shution
~. 18
)
F
% :
! a 3
'-.:I - b
/ C
:f-f’f Traverss line
B
Figure 1.10 {b): (pen raverse
Reference mendians

In this case, the bearing 15 a horzontal
angle which 1s made with reference to
a particular line called mendian to the
line of sight. Basing on  the merdian,
the survevor chooses the reference.
There are four types of mendians:
the true mendian, magnetic reference
mendian, grnd mendian and arbitrary
meridians. The true bearing of a line is
the honizomtal angle between the true
mendian and the lime of sight. The true
reference mendian 15 defined as the line
along the earth’s surface connecting
the North and South poles. The true
Narth 15 also called geodetic north. The
true mernidian or North as frequently
referred to by geographers, 1s different
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from the magnetic north which 15 the
direction pointed by the compass, and
1t 18 different from the grid north whach
15 n the direction along the gnd hines
towards the north. The true bearmg 15
measured from the true North i the

clockwise direction (Figure 1.11).

Figure 1.11: Traverse magnetic hearings

The magnetic bearing on the other hand
- refers to the honzontal angle which the

ling of sight makes with the magnetic
north as shown mn Figare 1.11. Tt 15
the direchion which 1s pointed by the
compass needle in response to the earth’s
magnetic field. The deviation between
the true north and the magnetic north
vares from place to place as the earth's
magnetic poles are not fixed with respect
to its axis. The earth’s magnetic poles are
not aligned to the actual geographic north
and south poles. Instead, the magnetic
South Pole 1s in Canada which i1s m the
north while the magnetic North Pole lies
mn Antarctica which 15 in the south. The
magnetic poles are inclined by about 10
degrees to the earth’s rotational axis as
shown in Figure 1.12.




==
e 1l. .H\.'.-I- -

Figure 1.12: Distribution af earth &
magnRetism

(md bearmg means hornzontal angle
measures from the gnd line to the line
of site. Grid mendian 15 a line parallel
to the central frue mendian for a spectfic
area covered by plane coordinate
system. An arbitrary bearng 15 the
honzontal angle between the line of
sight AB and any established arbitrary
merndian. An arbitrary mendian serves
a5 a temporary north whose magnetic or
true beanng could latter be determined.

The mendians, also termed as Norths, ¢
that 15, Magnetic North (MN), True

North, Arbitrary North and Grid Norih,
are major reference pomnts i compass
SUrVEYINE.

Back and forward bearmg

In prismatic compass survey, a survey
line can be defined by two beanngs: the
forward bearing which 1s taken from
one station to the other n the direchon
of a survey and the back beaning which
18 taken in the opposite direction of
the survey direction. Both bearings
are expressed in whole circle bearing
(WCB). The forward and back bearing in

WCB differs by 180°. That is, the bearing
() of the line 48 in the swrvey direction
from A to B 15 a forward bearing, whereas
the beanng (f) of the line AB opposite
the survey direction, that 15, from B to
A, 15 a back beanng (f) (Figure 1.13).

Figure 1.13: Forward (i) ond back (fihearing

This means, 1t the forward beanng 1s
greater than 1 80%, then subtract 180°
to get the back beanng, and when the
forward bearing (FB) 15 less than 1807,
add 180" to get the back bearing (BB).
However, it must be noted that, this can
only be meaningful when checking the
accuracy of the data collected from the
field. In the field, the FB and BB must
be measured for each survey lime.

Thus, the calculation for FB and BB can
be summarnsed by the formula below:
FB =BB +180°

and BB =FB +180°

Field procedures for compass survey by
traverse method

Prismatic compass surveying has
important preliminary procedures to be
comsidered before the actual field practice
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15 carmed out. Any attempt to 1gnore
them can lead to erroneous reading of
the bearings. Therefore, adjustment of
a prismatic compass before conduchng
any activity 1s necessary. Two types of
adjustments can be done: temporary and
permanent adjustments.

Temporary adjustment 1s done during field
waork at every station while permanent
adjustment 15 done occasionally, usually
at the factory to ensure the compass 1s
n good working condition. It involves
adjusting the plate level, sight vane,
magnetic needle and pivot.

The following field procedures are
followed m compass surveying:

l. Prepare all necessary equipment
for the prismatic compass survey.

Important equipment ncludes:
Prismatic compass, cham or tape,

ranging rod or poles, fripod stand,
field notebook and other drawing
materials hike rubber and pencils.
Do not dress or carry metal matenal
during compass surveying. Iron
materials ike a bunch of keys,
ear and finger rings, watch, metal
frame or immed eyes glasses can
mterfere with the compass readings
and consequently lead to incorrect
readings.

2. Establish stations through which
your traverse will be camed out.
For example, i Figure 1.14, stations
A, B,C,D, E and F are established
for a six-sided farm/piece of land.
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e
traverse station

Figure 1.14: Comner points af a farm 1o he
surveyed

3. Set a compass over station A and
perform temporary adjustment.
Temporary adjustments mclude the
following operations:

(i} Cantering the compass: this is the
setting of a compass at 1ts centre
over the ground station mark. It
mvolves making the prvot exactly
vertical over the ground station
mark. A station mark can be a
boundary beacon or a brick
established for that purpose.
Cantering 15 done by adjusting
the legs of the tnpod stand. To
ensure the compass 15 on top of
the starfing point, a plumb bob
18 hung from the centre of the
circular box, to define a vertical
line. If no plumb bob 1s provided,
the cantenmg may be udged by
dropping a small pebble freely
from the centre of the bottom of
the circular box. If the compass
18 centred perfectly, the pebble
will fall exactly over the ground
station mark.




(i} Levelling: 1s the other adjustment
which mvolves the setting of the
compass honizontally such that
its praduated ring swings freely.
Levelling of a compass can be
done by the level specially made
for that purpose or estimated by
eye. (Generally, the compass
15 provided with a ball and
socket arrangement attached to
the tripod for achieving quick -
levellmg of the instrument. Inthe |
SUrveyor's compass, two plate :
levels at nght angles to each
other, are sometimes provided.
The ball and socket arrangement
15 adjusted fll the two bubbles .
remain central i both plate

lewvils.

(iii) Focusing the prism: The process |
of moving up or down the prism |
for obtaining the figures and -
graduations sharply and clearly, .
15 called focusing the prism.
This adjustment 15 for prismatic -

compass only.

After temporary adjustment of A,
sketch a forward beanng to B. Then,
ghift the mmstrument to stahon B, :
read the back bearing to A to check ¢
for angular error. Fially, measure
the distance between station A and
B and record all measurements in

the field notebook.

. Continue taking forward and back j
bearings and measuring distances
for all remaming traverse stations
Figure 1.16: Traverse closing evvor gap hetween

as shown n Figure 1.15.

Figure 1.15: Clockhwise reading of forwand (hiue

arrovie) and back heaving (hiack avrows)

. Correct the observed field data for

any error, Comection for the error
can be done in two ways: graphically
and mathematically. However, in
this chapter, the focus will be on the
graphical method. In the graphical
method, the data should be plotted
and 1f there are some errors, the
traverse will not close. This 15 as
shown m Figure | 16, the last survey
line will not join the station where

the survey started.

p ﬁﬂ'lmingmgqr

|
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Graphical correction of traverse
closing error

Commonly, the north end of a freely
suspended magnetic needle of the
compass always points to the magnetic
north, if it 15 not influenced by any
other external forces except the earth’s
magnetic field. Sometimes, the magnetic
needle gets deflected from 1ts normal
position, 1f the compass survey 15 camed
near magnetic rocks, iron ores, cables
carrying current or ron electric poles.
Those forces disturbing the compass
needle are called “local affraction’.
Prismatic compass 15 therefore not
rehable m areas with these charactenistics,
unless they are checked against each
station and eliminated.

The presence of local attraction at any
station may be detected by calculabing

forward and back beanngs of the line

to see if the difference between them
15 1807 If checked and found that the
difference between forward and back
bearings 15 1807, then both end stations
are free from local attraction. Ifnot, the
discrepancy mayhbe due to:

{a) An error in the observation of
either forward or back beanngs

or both: For example, not holding

the compass steadily at 130" when

taking bearnngs.

(b) Presence of local attraction at
gither station or around.

ic) Presence of local attraction at both
stations.

(d) Slhugging prvot or needle.

Local attraction at any station affects
all the magnetic bearings by an equal
amount and therefore, the meluded
angles deduced from the affected
bearings are always correct. In case
the forward and back bearmgs of lines
of traverse differ by the permissible
error of reading, the mean value of the
beanngs of the hine least affected may be
accepted. The correction to other stations
may bemade according to the following
methods: graphical method based on
local attraction and graphical method
based on Bowditch rule.

Graphical method based on local
aftraciion

The graphical method based on local
attraction involves calculation of error
due to local attraction at each station. The
procedures for correcting errors due to
local attraction are illustrated based on
the traverse data presented in Table 1.1.

Table 1.1: Errors due ta local atiraction in apen traverse ABCDE

. AB | 30 45° 226° 46° +1= |
BC | 55 135° 316° 136° e |
CD | 50 90° 270° 90° o |
DE 75 225° 45° 225° 0 |
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To correct errors in the data presented in Table 1.1, follow the following steps.
[. Plot a traverse framework as shown in Figure 1.17 from uncorrected data

presented m Table 1.1,
B

I

Figure 1.17: Uncorrected traverse ABCDE

2. Correct the forward and back bearings observed in traverse ABCDE as
shown i Table 1.2,

In correcting the data provided in Table 1.1, use the formula FBE=BB = | 8
to check for bearmg error in each line. For example, in hne AB, BB -1 80°
= 226° —1 80° = 46 which 15 greater than the measured FB by 1°. Thus, 1°
15 the bearing error due to local attraction in line AB. Continue determining
errors in the remaining lines. Then, choose a leg not affected or least affected
and mvestigate from there a leg or legs which are affected by local attraction
causing the discrepancy. Thereafter, comrect each affected leg by adding or
subiracting the error. If the observed beanng of a line 15 greater than the
calculated beanng, the error 15 subtracted and vice versa.

In this example, the difference between the forward and back bearings for
lines CD and DE 1s 0, which means lines CD and DE are not affected by
local attraction. Thus, the correction 15 done for forward and back beanng
observed at statioms A and B, respectively. Since pomnt C 15 free from local
attraction, errors in hme BC are due to local attraction at point B.

Table 1.2: Corrected forward and back bearing in traverse ABCDE

FB BB FB BB
AB 30 450 | 226° +1° | 44° 226°
' BC | 55 135° 316° +1° | 136° 316°
RCD | 50 . op° | 270° 0 | o0° 270°
DE 75 225° 45° ¢ | 225° 45°

3. Then on the first plot of uncorrected angle, plot the traverse using the comrected
bearing and observed distance from Table 1.2 using a protractor and a ruler.
For example, Ime *be’ 1s drawn from point C using corrected back beanng
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and the length of line BC. Line *ab’ 15 drawn from point B using the corrected
back bearing and length of line AB. Thus, the correct plot of the traverse
15 the one presented with lower case letters from *a’ to *e’. Lines *cd’ and
‘de’ comeide with lines CD and DE, respectively, as points C, D and E in
Figure 1.18 are free from local attraction.

!

Es
Figure 1.18: Error correction in apen traverse ABCIDE based on local attraction

Graphical method based on Bowditch
rule

S LLEEE L LU SRSl While the praphical method by local
than 500 m, then; attraction 15 applicable to both open and
closed traverses, the graphical methods
EVRGED T Rty R RGN B based on Bowditch rule is limited to
changes direction. only closed traverse, at the same level
as graphical method by local attraction.
(R0 e W ST eV Tl Four procedures for graphical method
TR R LB LR LV based on Bowditch method are ilustrated
=y e SRRy B T Sl using a closed traverse ABCDEA’
bearings. plotted in Figure 1.19, using observed
distances and angles.
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L Closing ermor

Figure 1.19: Clasing evror in traverse ABCDEA

. First measure the misclosure of a traverse by ruler and record. Let’s assume
the gap 15 1.5 cm.

2. Draw a horizontal line (AA") of a length, which equals to the total length of
the traverse and mark the position of traverse stations B, C, D, E, Al toscale.
Assuming the length of line AB=40m, BC=60 m, CD=50m DE=60m
and EA = 30 m, at a scale of 1:10, the posion of stations B, C, D, E, and
A' areatd cm, 10 cm, 15 em, 21 em, and 23 cm from station A, respectively
as shown n Figure 1.20.

3. Atpoint A” on the horizontal line draw a vertical line to point *a’ at a distance
which equals the measured misclosure, the 1.5 em to a scale used to plot the
uncorrected traverse i Figure 1.19, then draw a line connecting station A on
honzontal line AA' and on the vertical line A'a . At stations B, C, D, and E,
draw vertical lines connecting points b, ¢, d, and e on line Aa, respectively as
shown in Figure [.20.

Figure 1.20: Horizontal line A4 " and vertical linex b, Ce, DM, Ee and A'a

Giodent’s Book Form 5 & 6




-_

4. Measure the lengths of vertical lines Aa, Bb, Cc, Dd and Ee. After that, on a
plotted uncorrected traverse draw a line parallel to line A’a at station B and
mark the position of station *b’ along that line. Do the same at stations C, D,
and E. Finally, draw a dotted lme commectmg pomnts A, b, ¢, d, e and A as
shown i Figure 1.21 to show the commected traverse.

Figure 1.21: Original traverse ABCDA " and corrected traverse A hede d

Compass survey by intersection method

In intersection method, the point where two lines meet 15 determined. Thus,
mtersection 15 a method of fixing the posifion of an object relative to two or more
pomnts of known posihions. Tt 15 a method that locate points of intersection by
taking forward beanng from two or more fixed ponts. The procedure, followed
mn mtersection methods are as follows:

. From two known points, say C and D, for mstance, take forward beanng to
point X that vou want to locate on a map (Figure 1.22).

A=

]
%)

Pl J

III'- =

®
Figure 1.22: Fixing objects by intersection
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2. Check the accuracy of the forward extend these lines until they cross to
bearing from points C and D to define the position of poimnt X.

pont X by taking forward and back )
Compass survey by resection method

bearing of hine CD; _ . - Resection differs from intersection since
3. Lastly, I?-"'l'-"l'l“«’_f-'#ft all magnetic beargs ' instead of setting the compass at known
to true bearing; and  points, you set it at the unknown points,
4. On a map, draw a line parallel to - example station Y. Thus, forward
true north at point C and D. Then, - bearings are read from station Y to points

using a protractor mark the direction . oy features of known map locations as
(bearing) of lines CX and DX, and . ghqum in Figure 1.23.

Procedures for compass

o i %) surveying by resection methods
are the following:

[JRTETS Toracer

- . Set a compass at unknown
station ¥ and perform all
temporary adjustment;

2. Take forward bearings from
pomt ¥ to two or more known
permanent points. Do not
record a car or animal as an

kN

\ object to fix vour point. Use
|L | permanent objects hke tower

\\,_1'__/ and house. Animals and cars

are mobile and therefore
Fi[l.ll‘l! 1.23: Foang Eﬁj&'ﬂ'ﬁ |'.I"_IJ resection methad cannot be shown on themap;

3. Then convert all magnetic bearings to the fixed point you have chosen into
true bearings using the formula presented below;
TB = MB =+ Declination
where; TB 1s true beanng
MB 1s magnetic bearing
The magnitude of declimation 15 subtracted when 1t 15 western and added
when 1t 15 easten.

4. To fix point Y on a map, calculate the back beanngs from the forward beanng
obtained in step (2) above. Then, on a map where the location of a house and
tower m Figure 1.23, draw a fine pencil line parallel to the true north at the
chosen objects, in this case, a house and a tower; and
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3. Measure the respective true back bearing calculated m step (3) at the two
chosen objects and extend these lines until they cross each other to mark the

position of point Y.

Plotting of prismatic compass field data

Field surveying of all types aims at extracting important information that can be
communicated 1n a manner that every user can understand. Information obtaimed m
compass surveying 1s recorded n field notebooks. Notebooks contain information

which 15 not easy to be understood by common users. They are short hand, sometimes
roughly written and pecuhar to the surveyor only.

[T o] ki LE: % T ]
! i I iw [
| Ilil ] %
h 1% I|I
i ! Trea \
[Pt 1
5 ':m' h T2 s I i\
| o B 16 [Trws ™, 513 Yy 1ash
fo 120 Trasd :w:“ L7 i A
"~ i
(Trs \ Ly 1 = r%l_:_. .
280 B s E 15° ¥ v
_."- I'n_:m- | —
i = o [ i/
feity Tra 7 Iﬂéw- I| ]II__'fu-
LY i
o Tras 1 a2 i ?I' || S Tres &
;o2
w || e i I/
Vi ng B 1 p
L CAD VY page e 15 gy P

Figure 1.24: Compass survey data recorded on field notebaok

From the field, surveyors collect and record data as shown in Figure 1.24. After

the collection and recording of survey data, plotting follows. Plothing 1s therefore

a transferring of the data from the field notebooks into graphical representation

that can easily be understood and mmplemented. In plotting compass data, the

following procedures are followed:

. Prepare necessary matenals for drawing, including drawing paper, a ruler,
pencil, eraser and protractor.

2. Check whether the observed bearings are correct or not. If any attraction 15
detected, comrect them.

3. Convert all magnetic beanngs mto true beanngs.
4. Plot the true forward bearings and measured distance to a scale of vour choice.

5. After the work, the surveyor produces a plan as shown 1 Figure 1.25.
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Figure 1.25: Mot of field dara

1. Use the following back and forward bearings obtained for different framework
lines ABCDE to answer the following questions;

(a) Identify traverse stations with discrepancies.

(b) Correct error if any discrepancy is observed.
(c) Plot traverse ABCDE from the observed and cormrected bearings.

Bearings of a traverse ABCDE

. Mark corner points forming a boundary of a plot enclosing any building in
your place, say a library, then do the following:
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(a) Carry out a polygon traverse
along the marked stations to
measure forward bearing, back
bearing and distances from one

station to another.
(b) Plot the traverse using the
measured bearings and distances.
(c) Using graphical method, convert
errors in forward and back

bearing.

Earth’s magnetic field

Earth’s magnetism 15 a result of the
comvection currents of molten 1ron and
mickel m the earth’s core. These currents
carry streams of charged particles and
senerate magnetic fields. These magnetic
fields deflect iomsing charged particles
from the sun (called solar wind) and
prevent them from entering our

atmosphere. Without preventing this

magnetic shigld, the solar wind could have
slowly destroyed our life on Earth, Mars
does not have a strong atmosphere that
can sustain life because 1t does not have
a magnetic field protecting it. The earth’s
magnetic field has three components
that govern 1ts magnitude and direction;
namely; magnetic declmation, magnetic
mnclination or the angle of dip and the
honzontal component.

Magnetic declination

The horizontal angle between true north
and magnetic north at the place and
time of observabon 15 what we term
as magnetic declination. The angle of
convergence between the true north
and magnetic north at any place does
not remain constant. [t depends on the
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direction of the magnetic mendian at
the time of observation. If the magnetic
meridian 15 on the eastern side of true
merdian, the angle of dechnation 1s
called the eastern declination or positive
declination. On the other hand, if the
magnetic meridian 15 on the western
side, the declinabon angle 15 called

the western declination or negative
declination. When both true North and

magnetic merndians coincide, magnetic
dechnation 15 zero.

The mmaginary lines joiming the places
of equal declination either posihve or
negative, on the surface of the Earth,
are called fsegonic lines. As the earth’s
magnetism 18 not regular and the
mtensity of its magnetic field also vanes,
the 1sogomic lines do not form complete
circles but these follow wregular paths.
The 1sogonic Imes with zero declination

are known as Agonic lines.

Determination of magnetic declination

True meridians and compass observations
are 1mportant mputs i deternmining
magnetic declination/vanation of any
place. True mendians in many places
are determined by making astronomical
observations, especially to stars. Compass
ohservations are made by sighting of the
true meridians at the places. The angle
of mchnation between the true meridian
and the magnetic mendian given by a
compass reading 15 the desired magnehc
dechnation that can be determined as
the difference between the true bearing
and the magnetic bearing. Therefore;
Magnetic dechnabon = True bearing -
Magnetic bearing. For mstance, 1f the




true and magnehc beanngs of a lme are 787 45" and 757 30", respectively, use
negative sign for eastern declinabion and positve sign for western declination
as shown m Figure |.26. Therefore, the Magnetic Dechnation (MD) = 78°45' -

T5%30' =3715"

Having determined the magnetic bearing of a line and the magnetic declination
at that place, the true beanng of the line may be calculated from the formula:
True beanng = Magnetic beanng = Magnetic declination. Similarly, to calculate
magnetic beanng, we must be sure that we have calculated the true bearmg of the
line and the magnetic declination of that place. This formula can therefore be used:

Magnetic bearing = True bearing £ Magnetic declination

0
(b)

Figure 1.26: (o) East declination and (b} West declination

I
| LY Y
I
|
I
I
|
I

0

(a)

Fariation of declination

The magnetic declhination at any place
does not remain constant but keeps on

mcrease or decrease. The changes can
be classified as secular vanation, annual
vanation, dimmal vanation, and 1rregular
variation.

(a) Secular variation

The continual changing of the magnetic
mendian relative to geographical poles
atfects the declination of a place. Secular

- vanabon 15 a slow contimuous change
-1 declination of places. It alters the

declination more frequently and in a

changing from time to time. Tt may thus €8s regular manner from year to year.

Dhe to 1ts greatness, secular vanation 15
comsidered the most important for land
surveyors. [t appears to be of penodic

- character and follows a sine curve.

The swing of declination at a place over
a period of centuries, may be compared

- to a simple harmome motion. A secular

change from vear to year 15 also not
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umform for any given place. It 15 also
different for different places. To convert
magnetic beanngs into true beanngs,
an accurate amount of declination 15
essentially required. As such, 1t 1s
important for a surveyor to know the
exact amount of dechnation. When
observations for the dechnation are
made 1n different years of a century, 1t 15
revedled that magnetic mendian moves
from one side of the true mendian to the
other. The change produced annually
by secular varation at different places
amounts to from (.02 minute to 12
minutes. The varnation depends on the
geographical position of different places.
The anmual secular change 15 the greatest
near the mddle pomnt of mendians and
the least at its extreme limits.

b Annual variafion

This 15 the change m declination at a

place over a period of one year. It 15

observed at different places over a peniod
of 12 months. Annual vanation 15 about
| minute to 2 minutes, depending upon
their geographical positions.

(c) Diwrnal variation

The departure of declination from its
mean value during a peried of 24 hours
at any place 15 called divrnal variation.
The diamal vanation 15 a vanation of
the following vanables:

(i} The geographical position of the
place. Diumal vanation 15 the
greatest for the places m higher
latitudes and the least near the
equator.

Season of the year. Diurnal
variation 15 comparatively more
n summer than mn winter at the
same place.

(i1)
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{n1) The time at the place. It 15 more
during the day and less at mght.

(1) The year ofthe cycle. It1s different
mn different years in the complete
cycle of secular vanation.

(d) frregular variation

Abrupt changes of dechnations at places

due to magnefic storms, earthquakes

and other solar mfluences, are called

irregular variations. These disturbances

may occur at any tiime and place and

cannot be predicted. The displacement

of a needle may vary m extent from 1°
to 2°.

Magmetic dip

The magnetic dip 15 defined as the
angle made with the homzontal lime by
the earth’s magnetic field hnes. Tt 15
also known as dip angle or magnetic
imclination and was discovered by
Creorge Hartman i the year 1344, When
the inclination 15 positive, it indicates that
the earth’s magnetic lines are pointing
downward to the Northern Hemasphere
and when the mclhmation 1s negative, 1t
ndicates that the earth’s magnetic lines
are pointing upward to the Southem
Hemisphere.

In the year 1531, Robert Norman
discovered a dip circle which 15 a method
used to measure the dip angle. The other
terms used are isoclinic lines (when the
dip of the earth’s magnetic field is the
same along the lme) and aclinic lines
(when the locus of the pomnts has zero

dips).




Avoidance of errors in compass
surveying

To reduce possible errors during a -
compass survey, the followng are very
crucial.

- devices used. Fourthly, near and distant
- objects can be pim-pointed with accuracy

- by using various mstruments which are

Check the accuracy of the compass by -
comparing 1t with an accurate compass -
or with locaton of magnetic north (MN)
for the year of the survey with updated -
MN commection adjustment for field
readings. Always check every reading
with a back beanng and adjustment by -
addmg or subtracting the mean of the |
error. Hold the compasses steady at 1807 -
and ensure accuracy of all chain or tape -
measurements between ends of legs and
to points of observation on legs.

Check that all conversions from magnetic
bearnng to true beanng are accurate and -
all scaled conversions are accurate.
Ensure the booker takes down reading -
accurately by asking him to repeat where
necessary. Avold areas where there are
deposits of metalliferous ores steel -
structures, metal gates, ralway limes and
others, which would influence reading,. -
Avoid wearing metal rimmed spectacles,
metal bangles or steel watches when
using the compass.

Advantages of compass surveying

Compass surveying has the following
advantages: First, fairly rapid method in
the field, compared to other old survey
methods, like simple chain survey.
secondly, a check can be made on all

compass bearning, simply by calculating

- able to accommodate the distance of

the object. Fifthly, the method can be

- gombined with other methods such as

chain levellimg and plane table, and in
fact the prismatic compass 15 somehmes

- meeded for mapping.

- Disadvantages of compass surveying

- In elementary survey, compass

observations over long distance objects

- cannot be checked by back bearings
- unless transport is provided. Human
- error 15 mvelved mn taking as 1t 1s difficult

to hold the compass absolhutely steady;

 taking the mean of the difference between

forward and back beanng reduces error

. but does not entirely eliminate it. The
- presence of ore bodies may not be known

to the surveyor and this would affect

- readings. It 15 always better to consult

the geological map or geologist first but
the presence of irom ores mn large quantity

- would necessitate using another method.

Suppose your school is planning to
demarcate a plot for planting flowers

within the school compound. Use
the knowledge and skills acquired in
compass surveying to map the desired
plot.
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- the forward and back bearings. Thirdly,
- cumulative error is reduced and can be
- easily rectified, with the help of advanced
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I. Calculate the true beanng of hne CD if its magnetic beanng 1s 3 50° 45" W
and the declination is 3° 45" E.
True rarsh

» Mag north

S
"
&
4
Ly

s

2. In an old map, a survey line was drawn with a magnetic beaning of 202°W
when the declinahion was 2° W. Find the magnenic bearmg of the line at a
time when magnetic declination was 2° E.

3. In 1935, a certain line had a magnetic bearing of 8 67° 30' E and then the
magnetic declination at that place was 8° E. In 1977, the magnetic declination
was 47 W. Find the magnetic bearmg of the Iine m 1977.

4. Dhscuss how diurnal vanation atfects magnetic declinahon of the Earth.
5. Explain why comrecting closing error in compass traverse 15 important.

6. Convert the following bearing observed in whole circle bearing (WCB)
system to quadrant bearing system (QBS): (a) 657 40' (b) 1357 (c) 265° 25
(d) 3057 45",

7. An open compass traverse was run from station A through B, C, D, E, F, and
(3 as shown 1n Traverse ABCDEFG.

[i]
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The observed forward and backward bearings mn traverse ABCDEFG
are shown m the following table.

Observed bearings in traverse ABCDEFG

AB 45° 00’ 225930

BC 1787500 359° 00

CD 827 00’ 263° 00

DE 45° (00’ 225% 0

EF 1007 30° 2807 50¢

FG 205° 45 25° 8
Use the observed bearmpgs to:

(a) Tdentify a traverse line which 1s free from local attraction.
(b) Correct bearings of all traverse lines starting from the line which
15 free from local attraction.
&. By using the observed magnetic bearings and distances in a closed traverse
ABCDE', do the following:
(a) Plot a traverse and measure the closing error.
(b) Correct the traverse by graphical method.

Magnetic bearing and distance in a closed fraverse ABCDEA

AB 45° 00 235°20' 40

_BC 100° 00 280" 300 50

cD 160° 30/ 340° 300 40

DE 2507 00 707 10° 51

I EA 3129 00! 1327 of 57

9. The position of a square dining hall relative to a certain visible baseline 1s
to be determuned. Giving reasons, select the appropriate compass surveying
method for the task.
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Plane table survey

Plane table surveying 15 a graphical
method of survey m which the field
observation and plotting are done
simultaneously. It 1s a graphical
comstruction of straight hines, angles, and
trangles for plothing the ground detail
points. This method of land surveying
15 simple and cheaper than theodolite
survey but only suitable on small areas.
The plan 15 drawn by the surveyor in the
field while the area to be surveyed 1s
m front of has eves. Therefore, there 15
low possibility of ormitting the necessary
measurements. Hence, the method has
very low chances for committing errors.

Tust as it 1s for the case of compass and
chain surveying, plane table surveying
15 named after the principal mstrument

mention of plane table and plane table
surveymg dates back to 1551 when Abel
Faullon described the method. Prior to
1830, the method was called plane table
(Figure 1.27).

Board

v 4 a 7

s
- -
£3 __ _f/
— I,-':."'ll |[ .III—T
! \ e
I'ripod stand

L b
; T %« — Irom shoe
Figure 1.27: Plane table
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Principles of plane table survey

The plane table techmque operates on
the principle that every established ray
to vanous details must pass through the
survey station. This principle 15 called
parallelism, whnch means that all the
lines drawn through vanous details
should pass through the survey station.
This principle can be best understood
by considering the graphical reduetion
of a tnangle to the given dimensions.
The base of the triangle is plotted on
the desired scale and the base angles are
plotted directly by turming the alidade
at each end. In plamn table survey, the
position of plane table at each station
must be maintained 1dentical, that 1s,
at each survey station the table must be
onented by magnetc north.

Equipment used in plane table
SUrvey

- In plane table survey equipment can
used, the plane table. The earhiest

be grouped mito basic equipment and
accessories. Basic equipment includes
a plane table, tmpod stand and alidade.
While accessories include trough
compass, plumbing fork, plumb bob,
chain or tape and ranging poles spint
level, U-tork, water proof cover, drawmg
paper, pins, pencil and eraser.

Plane table: this 1s the prnncipal
equipment in plane table surveying. It
15 & board from which rays to the tarzet
objects are established, measured and
located. Drawing board for plane tabling
15 made up of well-seasoned wood with
1ts upper surface exactly plane.

Plane tables are in a number of sizes.
The common dimensions of plane tables
are those rectangular in shape with size
75 cm ¥ 60 cm. Plane table comes with




wooden or aluminmum tripod stand to
mount on during the surveying process
as shown in Figure 1.28(b). They are
provided with clamps to fix 1t in any
direction. The table can revolve around
its vertical axis and can be clamped in
any position when necessary.

Tripod stand as shown in Figure 1. 28(a)
15 provided with three-adjustable legs for
adjusting the height of the plane table.
The height of the tnpod stand 15 normally
120 cm.

Figure 1.28(a): Tripod stond

Figure 1.28(b): Tripod stand with plane table

Alidade 15 a multi-task equipment
useful throughout plane table surveymg
m assisting as a ruler and a sighting
mstrument. It 15 a straight edged ruler,
attached wath a sighting device. One edge
- of the raler 15 bevelled and praduated.
Usually, the graduated edge 15 used for
- drawing lines of sight to objects from
- the plane table station. There are two
types of alidades available for plane
tabling: the simple alidade and telescopic
alidade.

simple alidade 1s used for ordimary work.
- It consists of gun-metal or wooden ruler
- with two verfical vanes at the ends. The
- eye=vane 15 provided with a narmow slit

while the object vane 15 open and carmes

a horse hair. Both shis provide a definite

line of sight which can be made to pass

through the object to be sighted. To
- draw the rays, one of the edges of the
- ahidade m Figure 1.29 15 bevelled and its
- perfectly smooth workimg edge 15 known
. as the fiducial edge. The fiducial edge
15 graduated to facilitate the plothing of
- distances to a scale,

“Fiducial edgeBevelled edge
Figure 1.29: Simple alidade
Telescopic ahidade m Figure 1.30 15

used when 1t 15 required to take mchned
sights. Tt essenfially consists of a small

- telescope with a level tube and graduated
- arc mounted on honzontal axis. It gives

higher accuracy and more range of sight.
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Figure 1.30: Telescopic alidade

Trough compass m Fipure 1.31 15 a
thin, narrow, wooden box containing a
magnetic needle of about 120 mm long,
The box 1s moved around on plane table
surface so that when the needle points to

the magnetic North, it is parallel to the
sides of the box. The trough compass 15 -

required for drawing the line showing
magmetic mendian on the paper. It 1s also
used to onent the table to the magnetic
meridian.

Figure 1.31: Trough compass

Hindent’s Book Form 5 & 6

apmt levels are common and cheaply
available for masonres. They are flat-
based alumimium or woody bar fitted with
bubble tube and are used for levelling in
brick laying. In plane table surveving,
spirit levels are used to level the plane
table during surveying or ascertaining
if the table 15 properly levelled. The
levellimg of the board 15 dome by placmg
the level on the board in two positions
at right angles and getting the bubble
to the centre of bubble tube. To ensure
that the plane table is perfectly levelled,
a bubble of spirit level must be at the
centre of the bubble tube and checked
with 1ts positions m any two mutually
perpendicular directions as indicated
Figure 1.32.

ﬁ_
& Bubhle
“":E' = hﬂarhq H-hh_h

\Q\R “‘x
X

Figure 1.31: Spirit level

Apart from the instruments for the plane
table, there are also accessories which
mclude the following:

U-fork with plumb bob is used for
cantering the table over the survey
station. U-fork 15 also called a Uframe.
It 15 attached on the plane table durnng
the field plotting and fixed with a plumb
bob to point on a station when the plotted
position of that point 15 already on the
sheet. In the begimming of the work, the
U-fork with 1ts plumb bob 15 used to
transfer the ground pont onto the sheet
as mdicated 1n Figure 1.33.




. Paint

.

Flane tahle hoard

Figure 1.33: U-fork with plumb bob
Note that u-forks appear in different shapes as indicated in Figure |.34 (a, b, and c).

{u) Point end

"

Phumb bob--__

Figure 1.34: Different shapes af u-forks
Field practical operations

It should be noted that, proper handhing of the plane table equipment and 1ts
accessories, performing surveying activities diligently in accordance with the
practice and rules which ultimately build a foundation for obtamming rehiable, and
accurate field data 15 very important. In performing plane table surveying, two main
steps are mvolved: Sefting up a plane table and locating the position of points or
Jeatures as required.
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. Setting up the plane table over the
chosen station

sethiing up a plane table mvolves three
operations: cantering, levelling and
orienting. Cantering the plane table
means putting the table exactly over
the starting point you have chosen.
The procedure mvolves setting up of
the tmpod by fixing them firmly and
properly spreading them on the ground,
and mounting a plane table board on a
tripod at a convenient height. The table
should be approximately levelled by
tripod legs by judging by the eves. Then,
the operation of cantering 15 camed out
by means of a u-frame and plumb bob.

Cantering 1s a prelimimary stage to plane
tabling. After mounting the board, a
pomnt on the ground 15 transferred to a
paper sheet, laid on top of the board as
shown in Figure 1.35.

{— e
——— | m—

Figure 1.35: Flane table on ground heacan station

The tablz 15 then levelled using the spint
level (Figure 1.36). After mounting a
plane table on the tripod stand, the
process of making the plane table
perfectly honizontal 15 what we phrase
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m this book as plane table levelling. The
spirit level 1s placed parallel to the two
perpendicular sides of a plane table at
each comer. Then, 1ts bubble 15 brought
to the centre by either uming the three
foot-screws or adjusting the three legs
of a tripod stand.

Figure 1.36: Spirir level

Onenting the table 15 another equally
important and necessary process for
setting up the plane table before any
measurement 15 taken. It 1s the process
ot aligning the plane table m such a way
that, all the lines plotted on a sheet are
parallel to corresponding lines on the

- ground. The procedures and processes of

making lines drawn on a sheet of paper
parallel to the corresponding Imes on the
around are referred to as orienfation af
plane table. The accuracy of plane table
survey mainly depends upon the accuracy
of plane table onentation at each stafion
pomnt. The onentation of a plane table can
be achieved by erther trough compass
or back-sighting method. Therefore,
onentation here means assurng that the
plane table 15 sinectly onented towards
the magnetic merndian,

In onenting by using a trough compass,
a line representing a mendian 1s drawn
on a sheet of paper to onent the plane
table. A trough compass 15 then placed
along this line, and the table 15 tumed




until the trough compass pomnts towards the north-south direction. At this positon,
the plane table 15 clamped. This method 15 quick but unsuitable in areas with metal
ferme ores which atfect the direction of magnetic needle due to local attrachions.

Procedures for onenting plane table by trough compass method 1s shown in Figure
.37 below.

Figure 1.37: Plane tabling the farm ABCDE

The procedures are further explamed - arrow pomnts to the North, After
below: : that, draw a lhne towards the
(i) SettheplanetabloatPandperform . oridian asshown by a compass to
tering and levelling using spirit mdicate north direction as shown

(ii)

level as described in the preceding
paragraphs. Put a mark on a paper
sheet at a pomnt above point P. The :
point P is transferred to p on the
sheet of paper by using U-fork and

plumb bob;

m Figure 1.37. After fixing the
north direction, then the direction
to onent a plane table 15 ready and
all limes will be drawn parallel to
it; and

. {1ii) Start taking measurements from
' the table to the established stations,

Using a trough compass, establish -

the north direction somewhere on

- The onentation by back-sighting 15 a

the right-hand side on the sheet of - common method used in plane table

paper. To mdicate north direction,
place a trough compass where you
would like to draw it and keep
twisting to make sure a compass

surveying. After fimshing surveying

from the plane table at A, 1f the table 1s
- to be shifted to station B. a line 18 drawn
- from the plotted position of station A
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towards station B. Then distance AB 15
measured, scaled-down, and the plotted
position of station B is obtained. The
table 15 then shifted to staton B, centered
and levelled. Keeping alidade along line
BA, the table 1s tumned to sight stabon
A and clamped. Thus, the onentation
of the table 15 achieved by the back
sighting. Onentation may be checked
by observing already plotted objects.

Therefore, the onentation procedures in
plane table survey aim at making sure that
the plane table at each station 15 parallel
to the position which was occuped at
the first stanon. Hence, the emergence
of the principle of parallefism.

2. Lopcating position of points or
features
Dhfferent types of surveys accomplish
one 1mportant objective: locating or
posiioming of both natural and man-
made features. Plane table survey also
accomphshes this objective. Plane table
survey may be done for the purpose of
updating information in a school map
by locating the new infrastructure
established recently or demarcating land
parcels for housing, farming and others.

In plane table surveying, the posiiion of
pomts or features 15 determined by scaling
down the measured distances and plothing
them on a drawing sheet. There are four
common methods used to determine the
position of points or features n a plane
table, which are radiation, intersection
ar iriangulation, traverse and reseciion.
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Plane table survey by radiation
method

Radiation 15 a2 method in which all
measurements start from one point on the
plane table out widely to the objects or
details of interest. Radiation method 15
only effective when the entire area can be
surveved from one single station. In this
method, the plane table 15 set up at one
station from where all the other poimnts
that need to be fixed are visible. For
example, positions of pomts A, B, C, D,
and E n a farm, which are visible from
station P 1n Figure 1.38, can be fixed
using the radiation method by following
the tollowing procedures:

I. Setup aplane table at point P where
all other points to be fixed (that 15, A,
B, C, D, and E) are easily seen. Then,
decide a scale for the measurement
that vou are going to make, let’s say,
fem represents 10 metres. However,
the prelimmary set up of the plane
table must be conducted as directed
in the plane table setting section on
page 31 of this book.

2. Put the ahidade on pomt “p’ marked
on the drawing paper vertically
above point ‘P, and the first pomt,
say A 15 sighted from 1t. A ground
distance from P to A 15 measured and
presented on the sheet of paper as °s’
along the line of sight connecting
pomts P and A as shown in Figure
.38,




Figure 1.38: Plane tabling setup ond procedures

Continue sighting other stations B, C, D and E; measure their respective
distance from point P and present them on the papers as 5", *c’, *d’, and
‘e’ as shown in Figure 1.39.

Figure 1.3%: Farm ABCDE
3.  Then, join the pomnts *a’, *b’, °'c’, *d’, and ‘e’ as shown in Figure 1.39; and
4. Fnally, produce a plan of the farm surveyved. However, it should be remembered

that, point *P* must be located in such a way that if a surveyor is not there
and the plan 15 found, any other person can determine its location.

CGrenerally, the points that the surveyor wants to locate are boundary points A, B,
C, D and E. In this case, point *P7 15 just a reference point from which the stations
A, B, C, D and E can be identified. It should be remembered that A, B, C, D, and
E can also be used to locate P’ It must also be remember that radiation method

fixes location or position of details from a single point.
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Plane table survey by intersection method

Dhfferent from radiation method, where a Ime of sight 15 defined and the distance
to a fixed point 15 measured, m mtersection method, only a lime of sight 1s defined.
This means that m order for a pomnt or feature such as a bmlding and a water well
to be fixed, two lmes of sight are defined from two different points towards a poimnt
to be fixed. For example, two comers, A and B, of one side of a building, are fixed
using the mtersection method from two points, 51 and 52,

For mstance, in the Figure 1.40 below, 1f the mterest 15 to locate a school building
from point § 2 near the water tank and point 8 1 near the headmaster’s house, a plane
table survey through itersection method will go through the following procedures:

Figure 1.40: Plane table setting af stations 81 and 82

. Firstly, setting up a plane table at stations where points A and B can
easily be seen. In Figure | .40, we establish stations 51 and 82.

2. - Secondly, the alidade is put on point *s]1" marked on the drawing paper
vertically above point 51 and A 15 sighted from S1. The line of sight
connecting points 51 and A 15 drawn. The same 15 done to 51 and B
which are also drawn on a drawing paper.

3. Thirdly, a baseline connecting stations “s1” and *s2" on the sheet of paper
15 defined by measunng the distance between stations 51 and 52 on the

ground and plotimg 1t to a switable scale on the sheet of paper between
pomnts 51 and 52 (Figure |.41).
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4.

S

Figure 1.41 (a): Sighting station 4 and 8 from 51

In the fourth step, the plane table
15 moved to station 52 and set up
such that s2 15 vertically above
point 52, Then, the ahdade 15 put
along a line connecting points 52
and 51. The plane table is turned
homizontally about a verhical
axis until the ahdade hisects a

ranging pole held at station 51
and the table 15 clamped.

Finally, the ahdade 1s put on
point 52, turned to hisect stations

Aand B to define their respective
lines of sight on the drawing
paper as “a’. The pomt where
lines of sight for stabon A from
stations 81 and 52 intersect 1s
a position of point A, marked
on the drawing paper. Stmilarly,
the point where lines of sight
for stahon B from stahons 51
and 52 mtersect 15 the position
of point B, marked as b on the
drawing paper.

Figure 1.41 (b): Sighting station A and 8 from 82
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Plane table survey by traverse method

This method has been used in chain and prismatic surveving. Traverse involves
establishing a series of connected hnes whose positions are to be determimed. The
traverse method n plane table surveying 15 different from the traverse method m
chain and prismatic surveying. In plane table survey, plotting is done nstantly
n the field. Plane table 1s also used n fixing survey lines between stations of a
closed or open traverse. Through traverse method, a plane table 15 set up at each
traverse station. For example, traverse method 1s used to fix five comers A, B, C,
[} and E of a farm m Figure 1.42.

Figure 1.42: Fixing pasitions of five corners A, B, C, D, and £ of 2 form using traverse methody
af plane table surveying

The followng procedures are followed 3.
to fix posihions of points using traverse
method in plane table survey:

A plane table 15 set up at one
of the comer points, say comer
pomt ‘A’ where the next comner
pomnt, say ‘B’ is easily seen. The
settmg-up mvolves the procedures
discussed earlier.

From point “A’, a sight 15 taken
towards B and the distance AB 15
measured and plotted to a switable
scale as “ab’ on the drawing sheet.
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The plane table 13 moved to
station ‘B’ and set up such that
‘b 15 vertically above “B’. Then,
the alidade 1s put along the line
connecting points *b’and *a’. The
plane table 15 tumed homzontally
about a vertical axis until the
alidade hsects a ranging pole
held at station °A’, the table 15

then clamped.
The alidade 15 put on pomnt b7,
turned to sight a ranging rod

held at C, then the hine of sight
connecting pomnts B and C 15



drawn on a drawing sheet. The
distance BC is measured and -

plotted to a suitable scale.

traverse stations C, D, and E.

Plane table survey by resection
method

Resection 15 the method wsed in
determining a location of an unknown -
point in relation to known points. The
plane table 1s fixed at an unknown point
to allow sighting of points of known -
positions. The method 15 usually applied |
when some objects may be difficult to be

geen from the baseline stations.

To do this, the board is moved to the
position of the object positon, onented -
by trough compass and clamped. Rays
are drawn on a tracing paper from -
three objects in the fields A, B, and C
as shown in Figure 1.43. If the board 15 -
correctly oriented, the rays will intersect -
at unknown point D.  If the positions
of rays A, B, and C coincide with their |
positions on the map, the position of D

can then be established on the map.

()

Steps (3) and (4) are repeated for

A

D

L]
P
(b)

Figure 1.43: Fixing the position of ohjects by
plone table revection methad
However, dug to incorrect orientation,
- the rays may form a small mangle with D
gither within or outside the tnangle. This
- 15 referred to as the tmangle of error. The
~ error can be fixed through the following

procedures:

- Case 1

- (1) If the position of D is within the
triangle of error, it can be found
by drawing short lines within the
tnangle, each line drawn verhically
from the ray line and proportional
to the length of their respective rays.
If they are properly drawn with a
compass, they should imtersect at D
position as shown in Figure |.44.

A

- \\"a

Correcting evror when paint £} ix
within the triangle
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(n) To check the new posthon of D,
lay the alidade on D), turn the board
shghtly until A and T are aligned
and draw a new ray. Do the same for
B and C. The new rays should meet
at point D. If they do not, repeat
the process.

Case 2

{1} If the position of D hes outside the
tnangle of error, pomt A, B, and
C bemg in front of the observer, D
may be on the nght or left of the
triangle of error. The board may be
moved slightly to the nght to onent
it correctly with A, B, and C. Thus,
the position of D will be to the left.
To fix D, use vertical lines from rays
proportional to the length of the rays
as shown in Figure .45,

B

Figure 1.45: Correcting errar when paint L3 is
autside the mriangle

Source of errors in plane table survey

Plane tabling, like other survey methods,
15 not free from errors. Errors in plane
table survey could fall into three
categories, mainly mstrumental errors,
errors In manipulation and sighting, and
errors 1n plotting. Instrumental errors
mclude mstability of the table due to
the shrinking of the paper, thickness of
the pencil and fanlts related with poor
or fatlure of proper sethng of the plane
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table at the start. Some faults from
human error include improper setting
of the drawing board, improper sethng
of the fixing clamp and alidade not bemg
parallel with the Ime of sight. Errors from
manipulation include those resulting
from defective levelling, sighhng,
orientation, and cantering. Consistently,
defective scale of a map and wrongly
mtersecting the rays drawn from two
different stations contmbute highly to
production of faulty survey data.

Significantly, plane table surveymg 1s
a simple and rapid method for survey
works on small land areas whereby a map
or plan can be produced. The method
avolds omssion of features as both
measurements and plotting are done
the field. More so, the method demands
fairly stmple skills. Tt is also more field-
based, with munimised possibility of
making mistakes.

Dispite the advantages menfioned, plane
table surveymmg has some hmitation:
the method cannot be used 1in ramy
and windy conditions. Apart from that,
the plane table equipment 15 heavy to
carry, 0 this may require the use of a
car which adds expenses. A single error
n the ground base line measurement
can throw out all angle measurements.
Apgain, the table uses a lot of equipment
and accessones which are easier to forget
while m the field. Lastly, the method
cannot be used for a large scale survey.

Suppose your school intends to map
an area for opening up a school garden

project within the existing school plan,
use the acquired knowledge and skills
on plane table survey to plot the area.




e

I. Descnibe resection in plane table survey.

2. {(a) Explain the advantages of plane table survey.
(b) Wnte short notes on the importance of cantering in the plane table survey.
(c) Descnibe two problems in plane table survey.
3. What do yvou understand by the term °onentation’ as used n plane table survey?
4. Show the effect of bad onentation on traverse.

5. Describe how yvou would carry out plane table survey by traverse method of
the area provided 1n the following figure.

6. The connect points defining the boundary of a farm are visible from point P,
but not from the preceding and next point. Explain how vou would survey
the comer points using plane table survey.

7. Compare and contrast the following swrveying methods:

(a) Compass traversing and plane table traversing
(b) Radiation and intersection methods
8. (a) What 15 meant by tnangle of error and how can one deal with 1t m
setting a plane table?
(b) Tlustrate the intersection in plane table surveys.

9. Describe five (53) equipment used in plane table survey.
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Levelling sarvey

Levelling 15 a method of land survey that
focuses on determming the heights of
arven pomts above or below a datum hine
or determining difference m elevahon
between pomts. Datum 1s the surface
with respect to which levels of other
points are determined.

Levelling survey denves its name from

the survey objective, levelling, and its
principal equipment level. Mentioming
the word “level” may seem new, but 1t
has been used quite often mm our daily
activities. A sparit level shown i Figure
|.46 15 the most common level that 1s
used 1 masonry works, especially,
maintaming perfect wall homzontality
and vertcality during brick laymg.

Figure 1.46; Spirit level

Levelling survey uses the same
principles used by masons to maintain
the homzontahity and verticality dunng
brick laying. Levelling survey has been
very useful in contouring, prepanng land
eross section and longitudinal sectiom.
Levelling survey provides data helpful
for construction works of narrow sechions
of the Earth such as sewers, pipelines,
roads and railways.
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Common terms in levelling survey

There are many special and non-special
terms commonly used m levelling. Some
of these are highlighted m thas section.

Instrument station: is the point where
mstrument 15 set up for observations.

Stafion: 18 the point where levelling staff
15 held. Tt 1s the point whose elevahon
15 to be determined or the pomt that 15
to be established at a prven elevation.

Height af instrument (HI) - 15 the elevaton
of the line of sight with respect to the
assumed datum. It 15 also referred to as
height of collimation (HC). In levelling,
however, HI does not mean the height
of the telescope abowve the ground level
where the level 15 set up.

- Backsight {BS): 15 the first sight taken on

a levelling staff held at pomnt of known

~elevation. Tt ascertains the amount by

which the lme of sight 15 above or below
the elevation of the point. BS enables
the surveyor to obtain the height of the
mstrument.

Fore sight (F5): 15 the sight taken on a
levelling staff held at a pomt of unknown
elevation to ascertain the amount by
which the pomt 15 above or below the
line of sight. FS enables the surveyor
to obtain the elevation of the point. It 1s
also generally known as minus sight as
the foresight reading 15 always subtracted
from the height of the mstrument {except
when the staff1s held mverted) to obtain
the elevahon.




Change poinf (CFP): 15 2 point on which
both the fore sight and back sight are
taken during the operation of levelling.
Two sights are taken from two different
mstrument stations, a fore sight to
ascertain the elevation of the point while
a back sight 15 taken on the same point
to establish the height of the instrument
of the new setting of the level.

Intermediate sight (I5): 15 the fore
sight taken on a levelling staff held at
a point between two change points or
a benchmark and a change point, to
determine the elevation of that point. Tt
may be noted that IS are stations sighted
between BS and F5.

Bench mark (EM): refers to a relatively
permanent and fixed reference point of
known elevation above the assumed
datum.

Line af collimation {LC): refers to the
line passing through the optical centre of
the ohective and the point of intersection
of the crosshairs stretched m front of the
eye plece and its contimuation.

Line of sight (L5): tefers to a line
passing through the optical centre of
the objective, traversing the eye-piece
and entering the eye.

Verfical datum: refers to any level surface
to whiach elevations are referenced. Mean
sca level 15 one of the vertical datum
assigned on elevation or reduced level
of zero.

Mean sea level datum (M .5.L): 13 amean
sea level obtained by making hourly
observations of the tides at any place
over a period of 19 years. The AL 5L
datum adopted by the survey of India for
determining the elevations of different
pomts n India 1s that of Mumbai. In
East Africa, the datum line 1s situated in
Mombasa, while in Nigena it is in Lagos
and for South Afnea, it 15 m Cape Town.

Reduced Level (R.L): 15 the height or
depth of a point above or below the
assumed datum. It is also known as

elevation of the point. Elevations of
the points below the datum surface are
known as negative elevations.

Fertical line: 15 a line that follows the

local direction of gravity as indicated
by a plumb hne.

Level surface: 15 a curved surface that at
every point 1s perpendicular to the local
plumb line (1.e., the direction in which

sravity acts).

Level fine: 15 a curved line on a level
surface.

Haorizontal plane: 15 aplane perpendicular
to the local direchion of gravity and
tangential to the level surface.

Horizamtal fine: 15 2 line on a honzontal
plane which 1s perpendicular to the
vertical line.

Ferfical contral: 15 a senes of benchmarks

or other points of known elevation
established throughout an area.
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Equipment used in levelling survey

Traditional levelling survey requires three major equipment for its operations.
The equipment mcludes a level, tripod stand and a levelling staff. A level 15 an
mstrument with a telescope, a bubble tube and a levelling head used for sighting
targets, particularly levelling staff (Figure |.47). A telescope 15 an optical instrument
mounted on levels to magnify and view distant objects. It provides a line of sight.

A bubble tube 15 used together with the levelling head to make the line of sight
honzontal by bringing the bubble to the centre of 1ts run.

- Bubble tube
Diaphragm :
~.n0 =]
3 L]
= = Vertical
Eyepicoe Tribrach— * spindle Objecti
— T, Levelling
Trivet stage —— = o —
1
Tri -
i «
Vertical axis

Figure 1.47: Components of a level insirimnent

There are three basic types of level
nstruments, namely: Dumpy levels,
engineers "or filting levels and awtomatic
levels. Of the three, the first two are
spirtt bubble levels. The dumpy level
15 a simple basic mstrument, while the
tilting level has been modified to give it
areater convenience of operation and a
possibility of greater clanty. However,
the most often used and “guick set™ level
15 2 hilting level without foot-screws. The
automatic types of levels which pive a
honizontal line of sight automatically,
are the most favorable to use, but they
are relatively expensive.
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The three basic types of level instruments
are explained below

(a) Dumpy level: 15 charactenzed
by their telescope bemg ngmdly
attached to the vertical spindle as
shown m Figure .48, The levellmg
of the mstrument 15 done by means
of three-foot screws separating
their two plates. The upper plate
with the vertical spindle on which
the telescope and bubble tube are
mounted has to be levelled with the
foot screws.




Figure 1.48: Dumpy level

{b) The engineer's level: also known -

as tilting level 1t has a telescope
which 15 not ngmdly fixed to the
verhical spindle (Figure 1.49).
Instead, the telescope 1s capable
of nlting shghtly m the vertical

plane about a point just below the

telescope. This vertical movement
of the telescope 1s made by rotating
a tilting screw below the evepiece.
They have two bubbles: a circular

bublle on the upper plate used to

achieve approximate levelling by

means of the three foot screws and
a felescope bubble (tube bubble)

to be levelled for each sighting by

the tilhng screw only. This type of
levels exists in two features, the

‘quickest’ and ‘normal’ tilt levels.

Contrary to the *nommal, tiltmg level
the “quickset” level does not have

foot screws in the levelling head.

A ball-and-socket jomt 15 provided -

to level the instrument quickly,
but only approximately. Accurate
levellmg of the instrument must be
completed with the tilting screw for
each sighting.

=

Figure 1.49: Kngineer = level

fc} The automatic level: automatic

levels are fairly advanced than
dumpy and hlting levels. They are
provided with either foot screws
or a ball-and-socket joint (Figure
[.50}. Howewver, they do not have
a bubble tube for precise levelling.
Instead, they use compensators to
automatically make the line of sight
horizontal once an approximate
levellng has been achieved. Setting
up an approximate levelling 15 done
with the circular bubble m the same
way as for a nlong level.

=T

Figure 1.50: Automatic level
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(d) Tripod stand: 15 an 1mportant

fe)

component in any levelling process
for 1t carmes a level mstrument
during levelling survey. The level
15 mounted on a tmpod stand whach
consists of three solid wooden or
alumimum framed legs. At the lower
ends, the legs are provided wath
pointed ron shoes for driving them
on the ground during the levelling

process (Fipure 1.51).

Figure 1.51: Tripod stand

Levelling staffs: are wooden or
metallic rods, graduated into metre
or feet and further smaller divisions
of 10 mm mtervals and marked
in red, black and white for easy
reading (Figure 1.52). The staffs are
available in the length of 3 m to 5
m. The bottom of the levelling staff
represents the zero reading. The
reading given by the line of sight
on a levelling statt held vertically 1s
the vertical distance above the point
on which the staff 15 held.

Levelling staffs may be grouped
mto two classes: self-reading stafts
and target staffs.
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Figure 1511 Readings on levelling staffs

(i) Self-reading staff: are those in
which the readings are directly
obtained by the observer through
the telescope. In self-reading
staff, any ordinary man can
hold the staff and keep 1t in
plumb. Self-reading staffs are
of three types: the solid staff,
the folding or hinged staft and
the telescopic staff. The Solid
staff are usually available
3 m long i one length. The
absence of hinge or socket on
these staffs makes them more
accurate in reading compared
to hinged staff. However, the
staffs are inconvenient to carry
m the field. Use of a solid statf
15 generally restncted to only
precise levelling work. Folding
ar hinged siaff are made of well-
seasoned timber with 4 m long.
They consist of two porhons,
each bemg 2 m hinged together.
The width and thickness of the
staff 15 kept 75 mm and 18

mm respectively. Telescopic or



Sopwitch tvpe of staff consists of
three pieces: the top piece 1s solid
[.25 m long whereas the central
piece 1.25 m and the lower prece
15 1.5 m long. The central and
lower preces are hollow. The top
portion shides into the central
portion telescopically. When
fully extended, the total length
of the staftis 4 m. The upper two
picces are held by brass spring
catches.

(i) Targef staff: 15 a class which
consists of two ordinary rods:
the upper rod, 6 ft. in length,
and which shides into the lower
one which 15 7 ft. in length.
The target which can be moved
up and down 15 attached to the
staff. The rod is graduated in
feet, and 1ts tenths and hundreds.
For taking readings, the level
man directs the staff man to
raise or lower the target till itis
hisected by the line of sight. The
staff man clamps the target and
takes the reading. This means
that the duties of a target staff-
man are as important as those
of the observer and demand the
services of a trained man.

(f} Theadalite and total stafion:

although levels are still highly
in use, it 1s not because they are

the only equipment that can be
used for levelling. Technological
development has provided ophons
to other advanced and sophisticated
equipment hike Theodolites and
Total stations (Figure 1.53).

Figure 1.53: fa) Electronic theodolite

Figure 1.53: ( b) Total station

Theodolite 15 an optical or electrome
equipment for measuring honzontal
and vertical angles or distances. Total
station 15 an electronic mstrument for
measuring both honzontal and vertical
angles and distances. The two equipment
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are used mn a mgonometnc levelling,
which apphes tngonometric relationshap
to determine elevation of pomnts from
measured vertical angles and homizontal
or slope distances.

Types of levelling

Levelling 1s classified differently based
on different perspectives and context.
All levelling practice can be divided

mto direct levelling which mvolves all
methods which take vertical distances

direct from the field, and indirect
levelling 1 which vertical distances
are not measured directly m the field.

EE

0.55

Sy

Dhrect levellimg 1s of two types, namely
differential levelling and profile levelling.

(a) Dnfferential levellmg

Dnfferential levelling 15 carmed out to
determine the elevation of a distant
point that cannot be determined with
a single set up of the mstrument. Tt
mvolves setiimg up a level several tmes
to take reading along the route between
the BM and the distant point (P). At
each mstrument set up, only two staff
readings, a BS and an FS are observed
as shown m Figure 1.54.

Figure 1.54: [Yfferential levelling

(b) Profile levelling

Profile levelling 15 another category of direct levelling which determines elevations
of a series of pomnts along a hme before shifing the level to another station. In

this type of levelling, an instrument can determine elevation of several points
between a back sight and fore sight. As such, a back sight, a fore sight and as
many intermediate sights as possible are taken mn profile levelling (Figure 1.55).
Profile levelling 1s particularly considered important in drainage and terrace layout.
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Figure 1.55: Profile levelling

Levelling procedures

The execution of levelling starts with the
adjustments of the level mstrument and

followed by observation and recording
of BS, IS and FS (staff reading) mn level -

sheets.

Instrument adjustment

The instrument adjustment done in
levelling 15 categonzed into temporary
adjustment and permanent adjustment.

(a) Temporary adjustment

These are adjustments performed at
each mstrument station where a level 15 -
set-up before taking any observation.
Temporary adjustment mvolves sethng
up a level, levelling and elimmating
parallax. The following procedures are -

carmed out in each stage.

(i)  Setting up the level: is an operation
that includes fixing the mstrument
on the tripod stand and levelling
the instrument approximately
by leg adjustment. To fix the -
mnstrument on tripod stand, tripod (iii)

legs are well spread on the ground -

to place a mpod’s head at a nearby

level and at a convenient height. -

The level 1s mounted and fixed on

the tripod and the foot screws are |

brought to the centre of their nm.

- () Levellmg 1s done with the help
of foot screws and bubbles. The
purpose of levelling 15 to make
the vertical axis truly vertical.
The method of levelling depends
upon whether there are three-foot
screws or four-foot screws. In
all modem mstruments, three-
foot screws are provided and
only procedures for levelling
mstruments with three-foot screws
arg explamed. In the first step, a
tubular bubble is alipned parallel
to any two-foot screws which are
then simultaneously tumed mward
or outward to bring the bubble
to the centre. Then, the tubular
bubble 15 aligned perpendicular
to these two foot screws and a
third screw 1s turned to bring the
bubble to the centre. The tubular
bubble is turned to different
positions to check whether the
bubble remains central. When
the bubble 15 central, the level
15 levelled, otherwise permanent
adjustment is required.

Elimination of parallax imvolves
two operations which are focusing
on the eve prece and focusing on
the objective. To focts on the epe-
piece, first direct the telescope
either towards the sky or hold a
sheet of white paper mm front of
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the ohyective. Then, move the eve-
picce in or out fill the crosshairs
appear distinet and very dark.
In some levels, the eve-piece 15
graduated and numbered. Once
the eye-piece 15 focused, the
observer may note this position
to save much of lis fime at other
settings.

The objective 15 focused to adjust
the visibility of a staff through
a telescope. To focus on the
objective, direct the telescope
towards the levelling staff to see
the staff. If the staff 1s not seen
from the telescopic level, tum
the focusing screw till the staff
image appears clear and sharp.
The 1mage of the staff should be
formed on the plane of crosshairs.

(b} Permanent adiustment

Contrary to temporary adjustment,

permanent adjustment can be carned
out when the device has major technical
problems. Two types of permanent
adjustments are usually camed out n
levelling: adjustment of bubble tube
error and collimation error. The bubble
tube error happens when the vertical
axis of a level 15 not truly vertical after
bringing the bubble to the centre. The
collimation error happens when the line
of sight 15 not honzontal after bnnging
the bubble to the centre.

Field procedures and field data booking

Field levelling procedures imvolve
setting up the instrument as descnbed
n temporary adjustment, reading verhical
distances on the levelling staff and
recording them on field notebooks.
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Reading vertical distances

To take the staff readings, the following
procedures are followed:

(1} The level is set up at a convenient
position, such as X and the level
staff 1s placed over the benchmark
(BM), such as the BM of a reduced
level of 100 m m Figure 1.56. Then,
the first reading, called back sight

(BS), 1s taken at the BM. Let its
value be 1.82 m.

(1) The staff 15 now moved to points A
and B m turn and readings, called
mtermediate sights (I8), are taken.
Let their values be 1.0 m and 0.6
m. The staff 15 moved from station
B to C and the last reading, let its
value be (0.25 m, called foresight
(F3), 15 taken with the first set up
of the mnstrument.

(1) After taking the last reading n the
first set up of the mstrument, the level
15 moved to the second position, say
Y. Then, the staff held at station C
15 turned towards station Y and a
back sight reading, let its value be
.94 m, 15 taken at it as shown n
Figure 1.56. The staff 15 moved from
station C to D and the last reading,
called foresight (FS), is taken before
the mstrument 15 shifted agam, or
the levelling observation stops. In
Figure 1.56, BM 15 a benchmark,
A and B are mtermediate stations,
C and D are change pomts, E 15
the last station, and X, Y and £ are
mstrument stafions.




Figure 1.56: Leveliing procedures

Recording staff reading

The staff readings are then recorded on -

a field notebook and reduced using the -

(ii)

rise and fall method or the height of |

collimation method.

Rise and fall method

(iii)

In the nse and fall method, the amount by
which a pomt 15 above or below another -
pomt 1s determimed by subtracting each
staff reading, the IS or FS from the
preceding staff reading, which could
be the BS or I8, The method uses a table -
of eight columns, namely Station, BS,
IS, FS, Rise, Fall, RL and Remarks. At
each row, staff readings and reduced -
level at a particular station are recorded.

The following procedures are followed

i Rise and Fall method:

(1)

In the first row, record the reading

taken at the first station, BM. The -
station identifier 15 recorded in the

first column, the BS m the second
column and the RL in the seventh

(iv)

column, Remark 15 provided m the
last colummn as shown in Tahle 1.3,

In the second row, record the
station identifier, A and the IS n
the third column.

Subtract staff reading at A (I5)
from sight reading at BM (BS).
If the difference 15 posifive,
point A 15 relatively above BM,
meaning there 15 a nise in ground
surface from BM to A. Record the
difference m the fifth column called
Rise. If the difference 1s negative,
pomt A 1s relatively below BM,
meamng there 15 a fall in ground
surface from BM to A. Thus, the
difference should be recorded in
the sixth column, called Fall. The
negative sign should be 1gnored
when recording Fall values, that
15, only magnitude values should
be recorded.

Calculate the RL of stafion A by
adding the Rise to or subiracting
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the Fall from the RL of the BM. In this case, a Rise at A 15 added to the RL
of the BM and recorded i the seventh column. Repeat the procedures (1) to
(iv) for stations B, C, D and E (see Table 1.3).

(v)  Atthe end of the table, anthmetic check must be shown. The check is given by:

IBS - IFS = ¥(Rises) — I(Falls) = RL

Table 1.3: Rise and fall method

—RL

LAET FIRSET

BM 1.82 100.00 | Benchmark
A .00 0.82 100.82
B .60 0.40 101.22
= .94 0.25 0.35 101.57 | Change pomnt
D 0.52 1.82 0.12 101.69 | Change point
E 1.0H) 048 10121 | Last station
ZBS = 428 m
ZFS = 307 m

Z(Rises)= 1.69m

Z{Falls)= 048 m

RL of the last station (RL, )= 10121 m
RL of the first station (RL ..} = 100.00 m
since EBS — EFS = E (Rises) — E(Falls)=RL ... — RL

FIRSET

428m = 3.07=12Im, 1.69m = 048m=121m, 101.21m = 100.00m = 1.21m

Therefore, recording and reduction of levellimg was correctly done.

Hindent’s Book Form 5 & 6




Example

Record and reduce levelling data in Figure 1.57 using Rise and Fall method.

Chinge
point
18 2454 097
| 174 1021 1.103 ot 153 T__'I
i
i I
[. J_ ;._,  &3725
| S R
Il i . 3. HT e
msnzl_fﬂ./-/f \\_ .
535,782
; A B C D Y E
T[nnm'l:u.l i i x 0 i i
dixtanos : 18 m : 20 m i 3im ] 34m i
I ] |

The staff reading in Figure 1.57 are recorded and reduced as shown in Table 1.4,
Table 1.4: Rise and Fall methad for a profile levelling in Figure 1.57

A 1.743 635562 Benchmark
B | 1.021 0.722 636284 B
C 1.103 0082 | 636202 C
D 2454 1.523 042 | 635782 Change point
E | 0.973  1.481 637263 Last station
IBS=4.197m
ZF5=24% m
IBS —ZF5=419Tm —24% m= .70l m
Z(Bases)=2.203 m
Z(Falls) = 0.502m
Z(Rises) = Z(Falls) =2203 m - 0.502 m=1.701 m
RL of last station (RL, ,_)=637. 263 m
RL of the first station (RL, .. )= 635.562 m
RL, . —RL . =037.263 m— 635562 m= 1701l m
Since LBS — EFS = E(Rises) — E(Falls)=RL, , —RL_ .= 1701,

Therefore, the recording and reduction of levelling was correctly done.
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Height of collimation method

In height of collimation method, the height of collimation (HC) 15 determimed at
each mstrument set up by adding the BS to the respective RL. The method uses
a table of seven columns, namely Stahon, BS, IS, FS, HC, RL and Remarks. At

each row, staff readings and reduced level at a parhicular stahon are recorded.

The procedures for height of collimation method are 1llustrated usimg data in Figure
1.55 as explamed below:

(1} Inthe first row, record the reading taken at the first station, say BM. The
station 1dentifier 15 recorded mn the first column, the BS in the second
column and the RL i the seventh column. Add a staff readmg at BM

(BS) to the RL of the BM to get the height of collimation (HC) for
the first instrument set up, and record 1t i the fifth column. In the last
column, a remark 15 provided (Table 1.5).

HC at first set up = BS at BM + RL of station BM

(ii) In the second row, record a staff reading taken at Q1 (IS) in the third
column. Then, subtract staff reading at Q1 (IS) from the HC of the first
setup of mmstrument to get the RL of statiom (1 and record 1t in the sixth
column. Continue determining and recordmg RL at all stations observed
n the first set up (Table 1.5).

RL at A =HC at first set up- IS at (}1
RL at Q2 =HC at first set up—F5 at Q2

(1) Add a BS reading taken at B mn the second set up of the mstrument to
the RL of stabion Q2 to get the second height of collimation (HC) and
record 1t in the fifth column as shown m Table 1.5.

HC at second set up = BS at ()2 + RL of stabon B

(1v) Inthe fourth, fifth and sixth rows, subtract staff readings taken at stations
(33,04 and B from the HC of the second set up of the instrument to get
their respective RL and record them in the sixth column.

EL at 33 = HC at second set up — IS at ()3
EL at (4 = HC at second set up — IS at (4
RL at B =HC at second set up — IS at B

(v) Repeat the procedures (¢) to (d) for any instrument set up that follows.

(v1) At the end of the table, anthmetic check must be shown. The check for
height of collimation method 15 given as:

IBS-EFS=RL,_—RL

FIRST™
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Table 1.5: Height of Collimation method for a profile levelling

BMi{A) 055 122.05 | 121.50 Benchmark
Q1 0.45 121.60
Q2 - 1.82 1.72 122,15 | 12033  Change point
Q3 2.01 120.14
Q4 1.50 120.65
B 1.00 121.15  Last stahion
ZB5=237Tm
ZFS= 272 m

ZBS — EF5=—-035m

RL of last station (RL_, . J=121.15m

corll
RL of the first station (RL,____1=121.50 m
RL, o~ RLFIH!HT =—035m

Smce EBS —EFS = RLI_HT — Rl‘ntur= —035m

Therefore, the recording and reduction of levelling was correctly done.

Remember:

(1)  Only one staff reading 1s recorded in each row, except at a change point.
In Table 1.5 for instance, one statf reading 15 recorded at the first, second,
fourth and fifth rows, while two staff readings (BS and FS) taken at
change pomnt {CP) Q2 are recorded 1n the third row.

(1)  Im Height of mstrument or Height of Collimation, the HC 15 recorded
at a BM{A) and every change pomnt. In Table 1.5 for mstance, HC 15
recorded at BM{A) change point (CP) (2.

() In nse and fall method, only magmitude values of nse and fall are
recorded; their associated algebraic signs are not written.
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. Identify intermediate stations and change points in a profile levelling shown

in the given figure,

. In the following figure, record the staff readings and reduce the elevation
stations A to E using: (a) rise and fall method (b) height of collimation method.

Application of levelling

Levelling knowledge and skills 1s
relevant i our daily hfe. In addifion -
to determining the difference n levels

between two pomts, the main applications

i)

of levelling are in contouring, preparation
of longitudinal and cross-sectional |
profiles and setting out of levels in -

construction works.

Contouring

Contouring 15 the process of creating :

contours. Contours are imagmary lines

connecting pomnts of equal elevation. :

f (iii)

Contouring can be done using direct

method or mdirect method.

Dharect method of contounng

[n the direct method of contouring, points
defining a contour line are pegged out on
the ground and their honizontal positions -
determined. The contouring method

mvolves the followmng procedures:
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A level 15 =et at a convement
position in the area and a BS
reading 15 taken at an appropriate
benchmark.

The height of collimation 15 found
and the required staff reading for
a contour line 15 calculated. The
required staff reading 15 determined
by subtracting a contour from the
height of collimation. Staff reading
(IS or FS) = HC — contour value.

The instrument man asks the staff
man to move up or down in the
arca till the required staff reading
18 found. In Figure 1.58, a staff
reading of 1.3 m1s needed to mark
a comtour of 101.5 m. The staff was
first held at poant | and its reading
was higher than 1.3 m. Thus, it
was moved to points of higher
elevations until a staff reading of
1.3 m was taken.
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Figure 1.58: (hrect contouring

Then, the surveyor deterrmines the

cham surveying, compass surveying,

but slow and tediows.

Identify any permanent mark and
assume it to be a benchmark of 103,625
m, then:

(a) Determine the staff reading at

points where the contour of 105
m passes.

(b) Mark on the ground any 10
points where the contour of 105
m passes.

Indirect contouring

In the indirect contouring method, staft
readings are taken at some selected

- points and their levels are reduced. That
honzontal coordinates of that pomt usimg
 first and then the levels of those poimnts
plane table surveying or other advanced -
surveying. The method 1s very accurate

15, the honzontal position 1s established

are found. After locating the points
om the plan, reduced levels are marked

" and contour lines are interpolated

between the selected pomnts. Dunng
the mterpolation 1t 15 assumed that the
ground 15 uniform between any two spot
heights. The imndirect method 15 further
classitfied mto grid and radiation methods
based on the approach used to select
points for staff reading.

(rrid method

Gmnd method 15 best smted to gently
sloping undulating land and fairly small
areas. In this method, the area to be
surveyed 15 divided mnto pnd or senes
of squares. The gnd comers are marked
om the ground and their spot heights are
determmed through levellmg. The pnd s
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plotted to the scale and the spot heaghts of grnd comers are entered. The contours
of desired values are and located by nterpolation as shown n Figure 1.59.

E
0 s 7y T 5T =
",f' i /

)
/""/ 5]
A lass 165 . 37
50 240 : : S0

il
. 8.5 27.5 214 100

100 / /
m“’/ ,ﬂf”" B
15;5/ 6.5 269 150

150 250
200 12835 2.5 27.0 265 260 700
A B C D R
Figure 1.5%: Grid method of indirect contouring
Radiation method

Radiation method 15 useful for areas located n small hills. The method establishes
a central position on a hill and sets out radiating lines using the prismatic compass,
theodolhite or total station. Points are then marked on ground at a regular interval
along the radiating line and their spot heights are determined through levelling.
The radiating lines and the marked points are plotted to scale and the spot heights
of the marked stations are entered. The contours of the desired values are then
located by interpolation as shown mn Figure .60,
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Figare 1.60: Radiation methad of indirect contouring

Errors in levelling

Errors in levelling exist and can be
grouped nto Personal errors (due

to natural causes) and instrumental -

errors. Personal errors can include
those resulting from sighting problems,

manipulation errors, error in reading -

the staff, those from recording and

. ation. Sighting < can he g @ O no-verticality of the staff. The absence

result of visual impairment or fallure of

a tool’s cross hair to coincide with the

staff graduations. The later could be a

result of either long sights or coarseness
of the crosshairs and the staff. In some
cases, natural changes of atmosphene

conditions during the practice, such as

the presence of mist or fog, can impair
visibility of the staff from the instrument
man, hence errors. This category of ermors
can be accidental and compensative.

Manipulation ertors are mistakes or
blunders as other surveyor call them.
In most cases, they originate from

- failed adherence to surveying ethics.

They may be caused by careless sethng
up of a level: the presence of parallax
(the imperfect focusing on eyepiece
and objective} and imperfect levelling
of an instrument. Too much trust over
your experiences or assumphons and
mstrument’s verticality causes an error

of a staff bubble plate attached to a staff
causes difficulty n holding of the staft
verticality. Other equally defective
causes for errors are incorrect reading,
recording and computation of the staff
reading.

Choose an area of 200 m by 200
m and divide it into grids of 50 m,
then perform levelling to determine
elevation of each grid intersection
and prepare the contour map of the
surveyed map.
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I. Aprofile levelling was carmed out to determine elevations of stahons A, B,
C, D, and E as shown in the following figure.

(a) Tdentify intermediate stations (IS) and change points. (c%f*?-

ib) Record staff madmgsamldstennme ﬂleradunailmcgh'ﬂ-f stations A, B,
C, D, and E using:

@) Rise and fall method. _Q\°
(1) Height of collimation method. 4 yx
(c) Perform the anthmetic checks for ﬂlq:tiﬁj methods applied in (b) above.

ff:t' i & v

2. Complete by filling the fulluwmgtﬁgfﬁﬂsmg height of collimation method.
--I :‘,H_:\l.-\.;::-_.

300 | Benchmark

0.68
4 .84
IFS =
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7. Explain personal errors in levelling,
[. (a) Dnfferentiate: 8. Buggest six ways by which errors
(1) Vertical line from vertical can be mimmized in levelling

control. SUTVEY.
(1) II;I;?::T;I lﬁieﬁmﬂ 9. A differential levelling loop began
s e s and closed on BM Tree (elevation
(21) Fenel e ace Do ool ano 654.07 ft). The plus sight and
(1v) Mean sea level from bench minus sight distances were kept

mark.

(b} Identify the sources of errors
m levelling.

2. The following consecutive readings

were taken with a level and a 4m
levelling staff on a conbimuously

sloping ground at a common
interval of 30 m. 0.855 on A, 1.545,

2.335,3.115, 3,825, 0,455, 1,380,
2.055, 2.855, 3.455, 0.585, 1.015,
1.850,2.755, and 3.345 on B. The
position of the level was changed
after the 5% and 10® staff reading.
{a) Make the entries in a level book
and apply the usual check.
(b} Determine the gradient of AB.

. Awater pipe 15 to be laid between

2 points at the slope of 1:5. Explam
how you would determine the
slope of the ground between the
two points using surveying.

. Descnibe the criteria you would use

in choice of surveying method to
plot area with obstacles.

. Choosing a compass survey of
your choice, explam the mstrument
you will mobilize and give reasons
for each.

. Describe the mstruments used in
differential levelling.

12.

approximately equal. Readmgs (in
feet) listed in the order taken are
5.06 (+) on BM Tree, 8.99 (=5)
and 7.33 (+8) on TP1, 2.52 (—8)
and 4.85 (+8) on BM X, 3.61 (-8)
and 5.52 (+5) on TP2, and 7.60
(—S) on BM Tree. Prepare, check,
and adjust the notes.

A differential levelling circuit

began on BM Hydrant (elevation
| 823.65 ft) and closed on BM Rock
{elevation 1841.71 ft). The plus
sight and minus sight distances
were kept approximately equal.
Readings (in feet) given 1n the
order taken are 8.04 {(+5) on BM
Hydrant, 5.63 (—5) and 6.958 (+5)
on TP1,2.11 (=5} and 9.05 (+5) on
BM 1, 3.838 (—5) and 5.55 (+) on
BM 2,575 (—5)and 10.44 (+5) on
TP2, and 4.6% (—5) on BM Rock.
Prepare, check, and adjust the
notes.

Classify survey on the basis of
mstruments and describe all
necessary equipment for field work

mvolving one of them.

A crossed traverse 15 conducted
with five stations A, B, C, D, and E
m anticlockwise direction to form
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the pentagon. If FB of AB iz 400, 18. (a) In which circumstances

find the FB of other sides. 15 differential levelling

13. Describe methods of plotting the recommended?

COMpass traverse. (b} Dnfferentiate between height

14. () How do closing errors occur of mstrument and the nse-fall
m traverse? method.

(b) By using ﬂ:_'ﬂ Bowditch’s 19. Jamasule 15 studying at Karume
rul_a, E_Ip]alll P“_:‘“Edm of Institute of Science, Faculty of
adjusting the mis-closure. Engineering. He was assigned to

15. {a) What is a three-point problem? conduct a survey around a sloped

(b} By using the Bessel's method, area in his college enviromment.
describe how a three-point (a) Tdentify an appropriate surveying
problem can be resolved. technigue which might be used.

16. (a) What is plane table omentation? (1) Describe four equipment which can

(b) Explain methods of onenting be used in the surveying technigue
the plane table. named in {a) above.

17. (a) Describe plane tabling {c) Explain four uses of the surveying
procedural by intersection techmiques named in {a) above.
and resection.

T A 2(). The magnetic bearing of the line

[BriEssels poane L2 aiis CD is S 30° 15" W. find the true
procedural by radiation and bearing if the declination is 20°
traversing methods. I5°'E
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Geographical Research

Introduction

Geography as a subject which is often studied theoretically in the classroom, can
be validated through the real-life field experiences using sense organs. In this
chapier, vou will learn about sources of scienfific imowledge acquisition, lfppe;r 4
and importance af vesearch, research problem formulation, literature m;;mi'
hypotheses or questions formulation and process of selecting relevant research
designs. Furthermaore, you will learn about sample and sampling designs, methods
and tools for data collection and reporting. The competences developed will enable
you ta identify the existing gaps in geographical knowledge um.fpmcm:es, and
conduct geagraphical research. &%
Think about Concepiualising geographical
T research
Research refers to a search for
knowledge 1in order to discover the
truth. It 15 done systematically on a
particular topic or 1ssue for explaming,
EEMEGER S e i REER i L el describing, or predicting it. Tt involves
from various sources including library physical data collection from the real-
mdiIFumtﬂlmanswﬂﬂlafuﬂumﬁlg life environment. Before conducting a
question: research, there are important things to
(8 (@) What d]‘:“' gi:«t;graphim] consider. These include identification
IRECHLLD el | of a research blem, selection of an
(i) Inwhich ways do you think appropriate reI:zamh site, identifying

is E I PR methods and preparing tools for data
lifa? : L) B collection, Having clues on the attitude
. of the respondents and carrying out a

pilot study are also important.

CGathering information of
quest to discover the world.

(b) By giving reasons, explain the
appropriate time for writing:

L Bt vy eS|l Field is an area or environment where

(i) Geographical research report [RLGREEEEURER TR sl Rull MY TS

(¢) What is the relationship between field research is normally carried out in

a research proposal and a research [ia na_tuml setting rather than st!mmed
environment hke laboratones and

classrooms. It1s the science of observing,
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evaluating, selecting and reporting on
geographical phenomena from a specific -
area. Field research allows the researcher
to mteract with the natural environment -
through observations and conversations
to elicit mformation concerming the data
sought to answer the research questions.

A mumber of methods and techniques .
are used in field studies. Some of the
commonly used methods and techmigues
mclude observation of events mn the
natural sethings, studying of information
from the existing records (archival |
research), and field experniments -
{experiments carried out in natural
sett_mgﬁ]tnunderstandre]ahcms AOnES Empirical: meaning that a research
varnables. Furthermore, field research .
LMD bt by jfur collecting data maore aspects of real-life sitnations or
from people’s actions, thoughts, and -
behaviours by asking questions related
to their natural sethings. The process
of conducting field research needs’ T R R A W AR |
good preparation from budgeting, ttme

schedule and well set research tools for : R

data collection.

Criteria of a good geographical
research

of research 15 application of scienbfic

method. Eesearch being a process of
collecting, orgamizing, analysing and .
mmterpreting mformation to answer pre- - :
determined questions should adhere | same methods nzed. by tha provious

to the established criteria. Th d:
o it e e - conclusion made 1 the previous study.

research has to be:

Systematic: meanmg that any research
should be carmed out in a well-structured -
framework with a clear step by step
process n attaiming the soluhons or

conclusions. Tn this case, research Subject matter of interest. Therefore, new

starts by defining the research problem

Hindent’s Book Form 5 & 6

followed by a review of hterature,
stating research questions or formulatimg
hypothesis, selecting a research design,
selecting the study area, collecting data,
organizing data, analysmg data to answer
questions or to test hypotheses, and
finally wnting a report.

Logical: this means that any research
should be gmded by the rules of
appropriate organisation and flow of
1deas throughout the research process.
This mamly focuses on inductive and
deductive reasoming approaches which
are compulsory n decision making

PrOCESSes.

should basically be related to one or

conditions from which data are gathered
mn achieving valid research results. In
other words, conclusions are bemng

through life experniences and repeated

- Replicable: this means that research
- methods and findings of a given sdy

W e T S - should be stated m such a way that they

allow to be venfied or tested by other
researchers. In this regard, a research 1s
thought to be replicable if independent
researcher (s) elsewhere will apply the

researcher and arrive to the same

Cumulative: knowledge 15 accumulated
as a result of regular studies, in the sense
that new studies should be bult over

what has already been done on the

knowledge adds up to the existing one.

Geographical Research
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Theory drnven: meanmg that, theones
connect researchers with the existing
knowledge as they offer a conceptual
maode] from which data are collected.

Crenerally, there 15 no research without a -
theory. It may start with theory or end-up

generating a new theory.

Objectivity: this means that any
research should be strongly related to
the research problem and 1t should rely

on observations from actual studies
which can be either cross-sectional -

or longitudinal. Similarly, conclusions
should be drawn from the available set
of evidence with the aim of avoiding
biasness.

(reneralisability: research as a scientific

process allows conclusions to be .
generalised and umversal. Generalisabion -

15 made from a sample to the population.

Clarty: scientific research should be
precise and with good explanatbion.

Rigorous: research should ensure that the

methocaysed m answariug o Tescagg {a) Empimcism: this 1s based on our

queshons are relevant and justifiable.

Sources of knowledge acquisition
and approaches
Throughout our lhifetime we have

accumulated a body of knowledge.
The curiosity to know the environment

and the need to improve our hife 15 -
natural to human beings. Humans have

used numerous methods and sources
to acquire knowledge. Knowledge
acquisiion has been mainly from the
authonty from which human being
learns. Some of these authomties are
teachers, parents, leaders at work or
any expert who may provide the needed

knowledge. Such authonfies may be a
source of knowledge, expenence or
both. The authorities also can be books,
newspapers, dictionary, encyclopedia,
journal articles or websites. Knowledge
15 also obtained from our tradibions
where we as human beings accept
many traditons of our forefathers or
culture. For example, aspects such as
food, dress, religion, home remedies,
discipline, ways of behaving and others
can be leamed from tradrhons.

Furthermore, knowledpge can be
acquired through expenences. That 15,
through education, own expenences
on problem solving or understanding
of a phenomenon. These are the most
common sources of gaming expernence
which we are familiar with and are
fundamental sources of knowledge. In
sharpening comprehension and accephing
learning through these sources, several
approaches are used. Among them are:

senses. For example, through
heanng and seeing, we can assoclate
some phenomena like sounds and
their sources. Through senses we
can compare objects, phenomena
or events. Hence, our senses
help us to study and understand
relationships between vanous
concepts. For example, we can
assoclate changes/variations
temperature with climate change
by observing temperature trends for
over 30 years.

Rationalism: this rehies on mental
reflections on 1deas rather than

(b}
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matenals. The logical hinks between
two or more 1deas can lead us nto
accepting those 1deas. For example,
we may reason that appropnate farm
management 15 expected to improve
crop yield per piece of land.

Fideism: this relies on behefs,
We
acquire knowledge from religion
by believing through the teachimmgs
provided by our religious leaders
rather than the use of our own senses

()

emotions and reactions.

or need for logical proof.

Search for information from variouns

sources about sources of knowledge

and acquisition then:

(a) Classify the common sources of
knowledge acquisition.

(b) Discuss on how the knowledge
acquired is verified and accepted
to be true.

(c) To what extent can such means
of verification in (b) be trusted?

1. To what extent 1= research a
science?

2. "Knowledge acquisition 1s
normally imtrinsic m nature.”
Explain.

3. What are the necessary
preparations for conducting a
field research?

Hindent’s Book Form 5 & 6

The purpose of doing geographical
research

MNormally, research strives to answer
gquestions through the use of scientific
procedures. The aim of a researcher
15 to penerate new knowledge, adding
to and vahdating the existing body of
knowledge.

Though there are many vaneties
of research motives, the following
research purposes may suffice. Firstly,
to gain familiarity with the researched
phenomenon or acquire new msights.
Secondly, to depict accurately the
characteristics or nature of a particular
ndividual, situation or a group under
the study. Thirdly, to determine the
frequency or recurrence of some
subjects, and fourthly, to test hypothesis
or causal relationship between vanables
n _order to develop theories and
criticisms.

- Types of geographical research
-~ search for new knowledge has resulted

mto multiplication of researches. The
emerged variety of researches can be
classified mto four main categomes
basing on the nature of information
sought, utility of content, the research
approach employed and objective
perspectives.

n the basis of the nature of information
sought research can be grouped mto two
categories namely, gualitative research
and gquaniitative research. Qualitative
research 15 a study which deals with
non-numerical data. This 1s a form of
field research which 15 carried out mm a
naturahistic setting that mainly generates
quahitative data through observations
and mterviews. Qualitative research
aims at describing the charactenstics
of samples.

Geographical Research
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Conversely, quantitative research 1s
the study which uses numencal data to
address behaviour and attitude. Tt 15 used
when quantitative data are sought after.
It 158 mamnly concerned with making
inferences from randomly selected
samples to a larger population. Howewver,
with time, there has been a growing
need for integrating both qualitative and
quantitative data in order to cross-check
the results obtamed from the combimed
methods and this has given nise to mixed
methods research. Recently, most of
the researchers have found it logical
to opt for mixed methods research in
answerng research questions.

Basing on the utihity of the content or
nature of the subject matter, research
streams into two categories. The first
category 1s basic research which 1s also
knowmn as fundamental research, pure or
theoretical research. The aim of these

researches are to find out the basic truth : G a single participant or group.

findings 1n this case are umiversal, . SQE'¥®y research on 1ts sids deals with

s0 15 the utility. These researches are -
generally puided by theones such, -

or principles. Normally, the generated

Newton's law of umiversal gravitation,
and Newton’s laws of motion.

The second category of research basing
on the ublity of content or nature of
subject matter 15 experimental or
applied research or action research.
This 15 concermned with finding new
applications of scientific knowledge
to solve scientific problems such as
development of new system. Normally,

confined uhlity to the mdividuals who
benefit from them.

‘With regards to the research approach
apphied, there are two main categones

namely, longitudinal research and
cross-sectional research. Longitudinal
research deals with studying the same
site at varying mntervals of fime in order
to establish change. This 15 exemplified
mn historical and case study research.
Cross-sectional 15 concerned with
collecting data at one point in fime from

- predetermined sites and individuals.

On objective perspectives criteria, we

- have a descniptive research. Descriptive
. research 15 confined on explaming the

conditions of vanables based on the
situation at which data were taken. This
type of research 15 further subdivided
mto observahonal, survey and case
study researches. While ahservational
research 15 concemed with collecting
data in a natural condition of the
research participants or objects, a case
study deals with an in-depth study

the sady of the present phenomena and
1t 15 quantitative 1n nature.

Other types based on objective
perspectives are correlational,
explanatory and exploratory research.
Carrelational research 15 devoted to
explaming or discovenng the extent
at which two or more vanables have
associations or interdependence whereas
explanatory research focuses on giving
reasons and mechamsms on the existing

 relationships between two aspects
the findings from this research has a L e dspecis or

phenomena that are studied. The last

- category 15 exploratory research which
- deals with investigating a situation
- where little 1s understood in the body

of knowledge.
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read on research then:

Dvscuss a research scenario under [
which each of these types of |
research would be most appropriate B

and write down the information you
have obtained.

(i) Explanatory research

(ii) Descriptive research

(ili) Exploratory research

(iv) Experimental research

(v) Applied research

Exercise 2.2

1. Explain the role of the research
purpose 1n determiming the

dimensions of the body of
knowledge.

2. Comment on the statement that
“Knowmng a research type 1s one
of the ways towards solving a
research problem.”

Importance of geographieal
research

solving practical or theoretical problems

view, research provides us with the

mmportant in the following areas.
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Secondly, research 1s one of the most
potential sources of knowledge that

- provides us with guidelines on how to
~ verfy knowledge which we acquire.
- Thirdly, researches directed to the
- existing theories and concepts are
- helpful i understanding such theories
- and finding out ways to utihze them.

Fourthly, research plays part as a basis
- for governments’ planning and decision-

making. This demand enhances the
emphasis that researchers should always
strive for valid and reliable researches
for backing up the decisions. Research

- provides a basis for many government
- policies in a vanety of dimensions. For

example, research on the effectiveness

- of strategies to empower community
adaptation to climate change and
- dynamics of the crop farming practices
- can mmprove decision making n the
. formulation of environmental and

~ matural resources management policies.

Muost of the research that1s done aimat =

- Fifthly, research can bencht a number
existing in the society. Based on such ::-'ff-'.eutnrs o o i practices such
- as in production, markets of goods and

basis for decision-making and planning = Services. In the environmental sector,

for government policies formulation, : e
implementation, monitoring and management options like clean

evaluation. Specifically, research is = I ; _ .
- S1xth, research can lead to identification

~ and characterisation of brand-new goods
Firstly, in addressing a research problem
which may be an existing issue or
phenomenon that requires solutions
based on scientific studies. Such issues
may emerge anywhere in the society and -

1t can shed light on the environmental

production for sustainable development.

and services. Through research, we can
alzo widen our understanding of various
phenomena such as climate change, its
effects and suggested measures to be
taken for erther mitigation or adaptation.

Geographical Research

- fields. Provided the problems require
R g scientific analysis, our interests are to
- get an understanding of the problems

- and propose possible solutions.
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Sixthy, reseach 15 1mportant 1n
broadening our understandmg on crucial
determinants of our well being. A good
example 15 the understanding of weather

mformation and chmate behaviour.

Weather information 18 needed on a

daily basis in the course of planning

from the national to the mdividual
level. For example, farmers need 1t for
planming their farming achvihies for good
harvest. Also, weather can be used n
prediction and forecasts of extremely
violent weather events that may require
some measures to reduce theirr effects.

similarly, chimate 15 a determinant of life

on Earth, particularly the distribution of

resources and determmmation of activities.

Following this, statistical information 1s
significant in facilitating the making of
mformed decisions, hence contributing
to the development in different spheres
of life.

Exercise 2.3

l. Describe roles of research in our
daily life.

2. Discuss how the government of
Tanzania can use research as a basis
for planning and decision making.

3. Choose a type of research and
explain how can be useful in

addressing a geopraphical challenge

1N your area.

Geographical research proposal
and report writing

Field research 15 normally preceded by
a research proposal and finalised by
report writing. A proposal functions
as a ‘question’ in which the researcher

demonstrates the existence of a
phenomenon (research problem) that
serves as a research queshion, whereas a
research report functions as an “answer’
n which the researcher demonstrates a
solution to the previously posed question.
However, the answers to the research
can be partial or complete, depending
on the attention paid to the critena for
good geographical research, as well as
competence in academic research writing,
The research proposal and report share
three major components: preliminary
pages, main text, and appendices.
However, a research proposal differs
from a research report.

The distinction between a research
proposal and a research report can be
sunmanzed in five categones: purpose,
timing, content, length and detail, and
audience. Depending on the purpose, a
proposal serves as a plan for research,

- typically wrntten before beginning a
- Tesearch project to obtain research

- approval and funding, whereas a research
- Teport 15 a summary of the research that

mncludes analysis and findings.

In terms of timing, the proposal 1s
typically wnitten before conducting
research, whereas the research report
15 wrtten after the field research 1s
completed. In the case of content,
research proposal 15 a swmmary of what

- will be done m the proposed research,

why it 15 important to be researched, how
it will be researched, and the estimated
time and cost. On the other hand. a
research report 15 a swmnmary that aims
to inform about what was camed out,
how 1t was carmed out, what were the
results and what the results mean.
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A research report includes more
information, analysis, presentation,
mterpretation, discussions, conclusions, -
and recommendations. Regarding the -
audience, a proposal 15 typically wnitten -
for approval to carry out research
whereas a research report can be i
useful to academics, the government,
policymakers, and other interested -
readers to mform them of the research
- proposal should not be longer than 2500

- words, excluding list of references and

results and findings.

Geographical research proposal

Aresearch proposal 15 a document written
by a researcher that gives detailed

explanations on how the researcher plans

what the researcher intends to do, means

n the plan.

Preparation of research proposal 1s :

needed since it facilitates the planning = proposal acts as a guide to general

of different research operations, hence
making the research as efficient as
possible, yielding adequate imnformation
with mimmal expenditure. In fact, the

- gnable budgeting for 1ts completion.

researciproposal 12 the conceptual - Tt also provides time schedule for the

structure within which research 1s .
conducted; 1t comprises of the plan for

data collection and how data will be

orgamsed and analysed.

A good research proposal quickly and
easily answers the following questions: -
what do you want to do? How much wall -
1t cost? How long will it take? What -
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difference will 1t make to your school,
society or nation? What has already been
done mn the topic of your mterest? How
do you plan to do the research? Will the
results be evaluated? How wall the results
be commumnicated? The questions wall be
answered m different ways depending on
the nature of the proposed plan. Most of
the research proposals are between ten
and twenty pages in length. A research

appendices.

Importance of a geographeal research

. proposal
to do the research. It 15 a plan sugpesting -

Research proposal helps the researcher

- to focus on important 1ssues about the
of doing 1t, and proposes resources to

accomplish the plan. Tt 15 a desenphive

plan of action, which 1s to be followed |
n carrying out a particular research. The

proposal 15 like an outline of the whole

research process that gives a reader the
summary of the mformation discussed

study. It enables the researcher to focus
on which research questions need to be
answened, how the data will be collected,
who will provide the data and where
will the data be obtammed. It Zives the
researcher a chance to evaluate the study
by predicting the difficulties the research

- 15 likely to face and plan to solve them

betore.

sirategies from the beginming of research
to 1ts completion. It sheds light on
the expected costs of the research to

research. It guides the researcher to
prepare maternals and resources in a
logical manner. The proposal enables the

- researcher to define the boundaries of the

study and the concepts to be included.
It should be noted that the better you
organise your ideas at this stage, the
more effective ime and resources will be

Geographical Research
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spent. Normally, a research proposal 1s
written in future tense, since 1t 1s a plan
to be implemented in future.

The format of a geographical research

proposal
A research proposal must follow a

format which 1s the general pattern of

the organisation and arrangement of the
proposal. This involves the following
parts: prefiminary pages which include
the title of the study, the name of the

researcher, abstract, table of contents
and list of tables; the main body of the
research proposal and the appendices.

Basically, the main body of any research -

proposal 15 made up of five man
components (see Table 2_1).

Title af the propasal: 1s a summary of the
main idea(s) of the proposal, normally
short and precise, preferably not more
than 20 words, giving a quick picture

of what the proposal 15 about. The title -
- how the main objective will be attamed.

should draw attention, create interest

and desire to the reader to go through

the entire document.

Abstraci: Is a section that offers an
overview of the entire research proposal
rangmg from the fitle to the methodology.
The abstract has to be short, but captunng

all important issues. Tt is the first section
out of the 3 sechions that consists of the -

background, statement of the research
problem, research objectives, research
gqueshions or hypothesis, significance
of the study, scope of the study and
limitations. However, not all research
proposals require an abstract.

Background to the research problem:
In this part, the researcher provides
background information on the topic
of mterest and arguments starbing from
#lobal, regional to local levels. Tt 1s m this

. part where the researcher ghlights on

what 15 already known in the field, what
15 not known, and what the researcher
wishes to reveal in the proposed study.
Statement of the research problem.
This refers to the statement on what
15 the 1s5ue that needs the researcher’s
attention and its magnitude. The origin
of the research problem may come as a
result of reviewing literatures, own life
experiences, discussions with colleagues
or experts in the same field and others.
Research abjectives: In this section the
researcher should have the general and
specific objectives. The general objective
arficulate what the researcher intends to
achieve while specific objectives show

Research questions or hypotheses: In
this section, the researcher chooses
to use either research questions or
hypotheses, depending on the nature
of the problem and the field of study.
For example, research questions are
very common m social sciences while
research hypotheses are wadely used mn
natural sciences.

Significance af the study: ITn this section,
the researcher explams why a particular
resedarch work 15 needed. Basically, it
offers Justification of conducting the
proposed research and the impact 1t
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will develop. Moreover, it clarifies |
possible contributions to knowledge -
and highlights on how other researchers -
- methods, tools, and techmiques that

: ; g - will be used in selecting the sample,
Scape of the study: This sechion narrows

down specific 1ssues which will be © 5., analysis, and results presentation.

addressed in a particular research work.

will benefit from it

It 15 practically impossible to study

delimitation of the study.

Limitations of study: In this section, :

it is important to highlight research = TepoTts, journal articles, books, book

related challenges that the researcher
encountered during the research process. - : L
Here, the researcher identifies the arrangl gehabetically by considoring
challenges and the means to overcome -

them. Generally, limitations affect the ' teviewed works, publisher, and place

- of publication.
Thus, the researcher should explain how -

each limitation will be managed without - ;
- supportive attachments that should

- be cited in the appropriate area of the

Review of the literature: This mvolves propozal such as the following;

study design, results and conclusions.

atfecting the quality of the study.

reviewing sources which are related to
the subject matter stated in the title. Tt
15 a continuation and extension of the -
information provided in the background |
section but not repetition. Tt includes

both theoretical and empincal reviews.

By reviewing literatures, the research .
gap 1s identified; hence, the researcher
avolds repeating what has already been
done by other researchers. Therefore,
the researcher becomes familiar with -

the area of study chosen.
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Research methodology: In this section,
the researcher precisely gives reasons
for the choice of the study area, defines

data collection, data organisation,

Additionally, the researcher indicates

~ how the study will adhere to research
everything, but focusing on one issue
at a time. The scope of the study nefly -

indicates the study area, content and = 5 . .o Lbiob have been used in

methodology. It is also known as the preparing a research proposal and are

- cited in the text. It includes published

ethics.
References: Refers to a list of all

and unpublished sources such as

chapters, newspapers, conference
proceedings and others. Tt 1s always

the sumames and mrhals of the author(s)
of the reviewed works, title of the

Appendices: Consists of important

(1) Data collection tools that will be
used mn the field.

(n) Time frame: This 15 the time that
will be taken from proposal wrttng
to data analysis and reporting.

- (11} Funding and sources of funds: This

18 the proposed budget and the
breakdown which specifies how
funds will be used to complete
the work. The research proposal
format can be summansed as
presented m Table 2.1 below.

Geographical Research
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Table 2.1: Geographical research proposal format

Prelimimanes | Title page (which, among other things, consists of the research '
title), abstract, table of contents, hst of figures and tables and
acronyms/abbreviations used. .
Chapter One | Introduetion — background to the research problem, statement of
the research problem, research hypotheses or questions, objechives
of the study, sigmificance of the study, scope of the study and
limitation of the study. .
Chapter Two | Literature review — discusses related works; it discusses what 15
already known about the research topic as a whole and outlines
the key 1deas and theones for the cwrrent research.

Chapter Three | Methodology — descrnibes procedures used n research, stud}r
area, research design, sampling techmigue, data to be collected
and how 1t will be obtained, organised, analysed and presented.
References Here, resources such as books, documents and reports that have
been used by the researcher in wrihing the research proposal and
appear in the text are listed down in alphabetical order.
Appendices | Attachments which may contain some of the information related
to the study such as research tools, figures, tables and photographs
that should be cited appropriately m the proposal.

Greographical research report

Feport writing 1s the last step in the research process. In this step, the researcher
has to wrnite a complete report of the scientific research undertaken. Research report
15 the process of communicating the results and the care that has been exercised
throughout the study. In general, research report 15 a detailed account of the study
conducted or systematic report of the findings of a research which desenbes the
process and the data used in the study.

Components of a geographical research report
Normally, the research report should be wntten m a specific format as shown n Table 2.2,
Table 2.2: Greographical research report format

Preliminaries Title pﬁgé {(which, among other things, consist of the research title),
ahstract, table of contents, list of figures and tables, certification,
declaration and copynght, dedication, acknowledgement and the
acronyms/abbreviations used m the study.

Chapter One Introduction — background to the research problem, statement of
the research problem, research hypotheses or queshions, objectives
of the study, significance of the study, scope of the study and
limitation of the study.

Chapter Two | Literature review — discusses related works; it discusses what 1s
already known about the research topic as a whole and outlines
the key ideas and theones for the cuwrrent research.
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Chapter Three

Methodology — describes procedures used in research, data
collected and how 1t was obtained, organised, analysed and
presented. Here, the research gives details on *what’, *how’ and
‘why" such research methods were used.

Chapter Four

Results and discussion— show the meaning of the presented
research results, compares results from different sources included
m the study (for example, from questions and observations) and
relates the results to other researchers’ works m the same topic.
This is followed by a conclusion in each of the subsections.

Chapter Five

Summary, conclusion and recommendations — the conclusion
nommally summarnises and interprets the major findings to desenbe
what they mean. This part gives reasons as to why the findings
are m that manner. In other words, 1t answers the question, “So
what?” The recommendations explain what should be done and
who should act to make the indings of the study meanimgful
to the society. Recommendations should be given in relation
to research findings and not otherwise. In addition, this section
also provides/identifies areas for further study according to
study findings.

References

Appendices

A collection of resources such as books, documents and reports
that were used by the researcher in wnting the report and appear
m the text are hsted down in alphabetical order.

Attachments 'ﬁﬁ.icl'rmaﬁﬁntaiﬁ some of the information related
to the study such as research tools, figures, tables and photographs
that should be cited appropniately m the report.

Search for the materials from variouns 1. Compare the features of
sources then:

and research report.

mtroduction and literature

(a) Read about research format, review as chapters in a research
summaries and organise your TEpoat,
LGRS @ 2. Compare and contrast research
research format. proposal and research report.

R et R E SVl 3 Describe how a quality research
used in writing a research proposal proposal is a step forward

toward solving a geographical
research challenge.
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Geographical variables and data
The word data 15 denved from a Latin
word dafum meaning ‘somethmg given’.
Data can be numernic, text, graphic,
art, 1image or symbol that researchers
obtain from the subjects, respondents
or participants of the study. It 15 a raw
or unprocessed mformation about a
certain phenomenon or event. The raw
geographical data needs to be processed
by subjecting it to some analysis mn order
to obtaim useful mformation for decision
making. The data that has been processed
to get their meaning 15 referred to as
infaormation. Data can be obtammed from
various fields or topics namely: weather
and chimate, demography, transport and
communication, as well as agricultural
production. When one does any sort
of inguiry or research, he or she will
collect data of different kinds. In fact,
data can be seen as the essenfial raw
materal of any kind of research. Data
can be managed by using mformation
technology in the form of bytes stored
n electronic memory (database).

An mdividual piece of data mm a data
set 15 called a score or observahon
whereas a quantity to which any of a set
of values such as scores or observations
15 assigned 15 called vanable. For
example, the guantifies height, weight
or age are variables, while the values
assigned to them are data. In the case of
qualitative data, colour of water can be
green, reddish, milky, blue or colourless.
The ‘colour’ 15 a vanable while green,
reddish, milky, blue or colourless are
data.

Data can be collected from the
respondents or subjects by using
different methods such as survey, focus
group discussion, document review and

mterview. Data may also be collected

through any other method, depending
on the needs of the research.

Nature of data

Drata may be classified in four categories,
namely: Discrete, continuous, mdividual
and grouped data. Dhscrete data 15 a
numerical type of data that can only be
miven In whole, concrete numbers with
spectfic and fixed data values determined
by counting. Examples of discrete data
mnclude number of people, computers,
animals, houses and eggs.

Continuous data imclude complex
numbers and varying data values that
are measured over a spectfic interval or
within a range. Values m these data set
often carry fraction or decimal points.
Examples of continuous data mclude
height, weight, wind speed, temperature,
altitude and distance. For example,
temperature of 23.15% C in a range 0°
C to 30° C or an altrinde of 483.23 mn

a range of 0 to 1000 m.

Individual data are data through which an
exact value 13 given for each mdividual
item 1n a sample. For example, the
population of Tanzamia, and number of
students at Mpimwema secondary school
which may be 20 students are types of
individual data. Grouped data are data
by which no exact figure i1s quoted, but
several values fall within certain classes
or groups. For example, grouping people
according to their age ranging from 1-5,
6-10, 11-15, 16-20 to 85 and above.

Geographical data

Data are classified mmto three main
categonies on the basis of sorting or
distribution, unit of measurement; and
methods and sources. Basing on sorhing
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or distribution, data 15 classified into
ungrouped and grouped data. Ungrouped
data (raw data) 15 concerned with raw
facts that have been collected from the
experiment or study and vsually not
sorted into categories. For example, 10,
15, 20, 25 and 30 vehicles. Furthermore,
when expressing number of houses,
people, emplovee and eggs we use
whole mumbers and we normally list
them. Grouped data (array data) refers to
a set of raw numencal facts that has been
sorted or distributed into categornes. For
example, Tsh 10 001- 20 000, 20 001-30
000 and 30 001 - 40 000 or heights of
people m centimetres 151-160, 161- 170,
171 = 180 and 181-190.

Omn the basis of umit of measurements,
there are two types of data namely,
categorical (gualitative) and numenical
{quanhtative). Categorical data are
measures that normally desenbe the
charactenistics of the studied subject and
can be in the form of text, graphics, art,
mmage or symbol. Categorical data are
further grouped mto nominal and ordinal
data. Nomimal data are labelled or named
data without a quantitabive measure
and often without logical sequence.
For example, marital status (marmed,
unmarried, widow/ widower) occupation
(hunter, employee, farmer), common
elements of weather (temperature,
rainfall and wind) and Yes/No responses.
Likewise, ordinal data are labelled or
named data without quantrtative measure
but with a logical sequence. For example,
satisfaction, opinion or feelings.

Numerical data, are data expressed in
numbers. Numencal data are further
grouped mto discrete and continuous
data. Numencal data corresponds to
mterval and rahio data.
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Cn the basis of methods and sources,
data can either be primary or secondary.
Primary data refers to the first-hand raw
facts from an expeniment or field. They
are original and freshly gathered from
the source. Primary data have several
uses or advantages meluding ongmality
and independence which mcrease the
vahdity and enhance rehability of the
data. They are used n both quantitabive
and qualitative studies. These are the
only data which can explore from the
hidden information through approprate
approaches. The data can also be
transformed to secondary data after
analysis. Pnmary data are however,
likely to be influenced by expenses
and time consumed i collecting them.
They can be difhcult to collect due to
their complexity and high demand of
commitment.

secondary data refers to the second-hand
data mn published or unpublished form
that was earlier collected by someone
glse and often passed through analysis
and usage. Secondary data can be
obtamed from public or private offices
and searched from websites and mtemnet
sources. secondary data have a mumber
of ments to researchers such as easy
manageability ime saving and low cost
of accessing them. In addition, some are
readily available in analysed form useful
m complementing the existing data and
demand less field work. However, the
apphcability of secondary data is limited
mn terms of lack of means to vahdate
them, demand expertise and have less
accuracy and rehability compared
to primary data. Table 2.3 indicates
the differences between primary and
secondary data.
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Table 2.3: Distinction between primary and secondary data

1. Source Omnginal sources Secondary sources
2. Methods of Observation, Review of documents
collection gquestionnaires, such as books, journals,
nterview, focus magazines, rescarch
aroup discussion, and | publications and website
measurements SOUNCES
3.  Analytical process | Not done Done
4, Omngmality of data | Onginal or first hand | Not onginal or second hand
5.  Use of data For specific purposes | For the purpose estabhished
of current study by those who conducted
such research
6.  Methods of data C{riven Not necessanly gpiven
collection
7. Time consumed | More Less
8. Costand accuracy | Accurate and May not be accurate but
EXPENSIVE cheap
Variables

Avanable 15 any charactenstic, nwmber or quantity of a person, object or phenomenon
that can be measured or counted. A vanable may also be called a data item that
varies m magnitude. There are different ways m which geographical vanables are
descnibed depending on the way they are studied. Vanables are grouped basing
on the scale of measurement, study designs and association. Basing on the scale
of measurement, vanables are desenbed as numencal and categornical while in the
study design, they are desenbed as active and attnbute varables and 1n causal
relationships, they are dependent and mdependent vanables (Figure 2.1).

Variables
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Numerical variables are vanables that
can be described as erther confinuous or
diserete vanables. The measurements for
these varnables are numbers. Contimuous
variable refers to quantitative vanable
which take any value mm measurements
normally within some ranges. They canbe
expressed m decimal places or fractions.
Examples of continuous vanables are
height, time, age and temperature.
Discrete vanables are gquantitative
vanables, which take 1solated values in
measurements. In other words, they are
vanahles which cannot be expressed in
form of a fraction or decimal places.
Examples of discrete vanables mclude
the number of registered cars, houses
and children which are all measured as
whole numbers.

Categarical variables are qualitabve
n nature as they are represented by
non-numeric values. They normally

variables are classified as ordinal or
nominal varable. Ordinal vanables
deal with the value that can be logically
ordered or ranked higher or lower than
another without establishing a numenc
difference. Examples of ordinal
categorical vanables include academic
grades such as A, B and C; and clothing
size such as small, medium, large and
extra-large. Nomimal variable deals with
values and the classification of vanables
in which the logical sequencing of
varnahbles 1s not applicable.

Active and attribute variables differ with
regard to manipulation. Active vanables
are those that can be mamipulated,
changed or controlled, while attnbute
varnables are varables that cannot be
manipulated, changed or controlled,
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and that reflect the charactenstics of
the study population. Examples include
age, welght, height, income and level of
education.

Independent and dependent variables
Independent variables are not usually
affected or muenced by external factors
for change. For example, someone’s
age cannot be nfluenced to change by
gither eating or better health services.
Dependent variables are easily affected or
influenced by external factors for change.
For example, temperature, ramnfall, body
welght and academic performance are
all likely to be affected or mfuenced by
external factors. Generally, a dependent
variable depends on the mdependent
vanable.

The measures that indicates the extent to
which two or more variables are related
15 known as correlafion. Correlation 1s

take a form of a text, image or symbaol. - concerned with quantifying the degree

Based on the nature of data, categorical -

and direction to which two vanables are
related. Direction of relahonship can be
positive or negative while the degree of
relationship can be perfect, very strong,
strong, moderate, weak, very weak and
zero (Mo relationship). Although 1t 1s
maintained i correlation,that change i
one variable may result to a change on
another, such a change on the latter does
not often 1mmply causabon. Somehmes
there may be an unknown factor that
affects both vanables in the same way. A
relevant example of a correlation 15 good
market price of agncultural produce
which may result into the increased
production of crop since farmers enjoy
zood prices. Stmalarly, a relatively large
Geography class may be comrelated to
poor performance of the students.
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Relationship between variables

Variables are related in three different ways, namely positive, negative and no
relationship as descnbed hereunder.

(1} Positive relationship

Thas 158 the relationship which exists when an increase n the independent vanable
results to an increase i the dependent vanable and a decrease in the independent
varable results to a decrease in the dependent vanable. For example, the hypothetical
data m Table 2.4 demonstrates a positive relaionship between annual rainfall and

the runoff generated (Figure 2.2).
Table 2.4: Annual rainfall and runoff generated in the hypothetical catchment

-94:1 410|480 600 590|640 650 | 770 40| 980 | 1020 1100
60

I [ f
o | 60 | 80 | 110 130 140 | 150 220/ 210 295 | 250
200 | | - |

250

200

150

100

ol [*

() 200 400 600 800 1000 1200

Seale: Homrontal scale: 1 om to 200 mm; Vertical scale: 1 cm to 500m?

Figure 1.2: Pogitive relationchip
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This is a relationship where the varables are negatively or inversely related, that
15, when mdependent vanables imcrease, the dependent vanables decrease. For
example, atmospheric temperature decreases with increase m elevation above sea
level as shown m Table 2.5 and Figure.2 3.

(n) Negative relationship

Table 2.5: Temperature recarded on a ypothetical land with varving elevation

25|:|| GO0 | 7RO mmjum 1500 1760 | 2000 | 2250 2280 | 2350 | 2800
33‘ w [ 20 [ 26 | 22| 0] 23| 13| 10] us 14 12
i

4[' |
e : |
a0 Rt‘{ | L {
&l .
e |
z Erett11s
£ 9
w
§ | » s .
= T
10 | B = | » | -
| 1
] L0 1000 1500 2WD 2500 S0

Elevation (m)

Secale: Honzontal scale: 1em to 500 m; Vertical scale: lem to 5 °C
Figure 2.3: Negative relationship
(111) No relationship

This eceurs when there 18 no direct relationship between variables. As such,
change in one varable does not cause any change to the other. For example,
the quantity of coffee production {Kg) may not necessarily be influenced by the
gize of the farm. The farm size can be large but production may be high or low
depending on other factors such as soil fertility, moisture and other factors as
shown in Table 2.6 and Figure 2.4,
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Table 2.6: Coffee production on fannlamis ﬂf d{ﬁi’mnt SIZes.

19

41 30 59 55 16 36 |65 |l-’-1 25
T

) '.

Coffee production (Kg)
=
-

10

i b 10 14 20 25
Farmland size (Acres)

Scale: Honizontal Bcale: Tom to 5 acres; Wertical Scale: 1om to 10 Kg
Figore 1.4: Mo relationship

1.(a) Survey your school premises 1. FExoplain th f geographical
including offices and library e e c

data in our daily life.
and identify five types of data . F :
commonly recorded at the 2. Descnbe the cntena used to
haal. classify geographical data.
(b) Pas-::_rfha the uses L‘rf_ ﬂJ_E 3. “Both primary and secondary
identified types of data within sources of geographical data
the school. are of paramount importance™.
. Assume you are planning to Elaborate on this statement.
i brbeumadl 4. State differences between the
adaptation strategies in your chosen following types of data:
sector, Then:
(a) Identify the possible data that (a) Categoncal and numencal
you will collect; and (b) Single and grouped

(b) Classify the identified data from

(a). (c) Discrete and continuous
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Geographical research process

In order to study and solve a geographical
research problem, a research has to
approprately follow several stages m
a systematic manner. Failure m any stage
18 likely to affect the whole research
process. In order to work systematically,
the research process or stages poes
through a senes of actions which are
as follows:

Background to the study

Background mformation can differ
depending on the field, topic, or 1ssue
beng studied, though generally, it
provides an overview of the area of
mnterest to the researcher. Despite this,
there are some common features that
a researcher ought to observe. The
researcher 15 supposed to mamtamn
focus on the area of interest, the
existing phenomenon, or a puzzle

that requites scientific answers from a
research. Depending on the nature of -

the phenomenon, the researcher can be
compelled to show 1ts prevalenece from
the global level, region (for example,
in Africa, sub-Saharan Africa, or East
Adrica), through Tanzania, to the location
where the proposed study will be
conducted. For instance, 1f the researcher
wants to investigate the coping strategies
for domeshic water accessibility among
the community members n a certain
arga, them should first descnbe the
gurrent state of water scarcity globally,
regionally, then in Tanzanma as well as
mn the specific area in which the study
will be conducted. The researcher can
describe the extent of the effect of water
n terms of intensity, effect, percentage,
or victim count from the global to the
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local level. The researcher should also
explamn the causes of water scarcity
and associated factors that imtensify the

phenomenon to be investigated.

The researcher has to provide an
explanation on any laws, regulations,
plans, and other strategies, whether they
come from governmental or mstitutional
sources. The researcher should present
the lhiterature that already exists and
has documented the topic of interest.
At this stage, the mvestigator ought to
establish the existing knowledge and
the unknown. The unknown will form
a research pap that wall be spectfied in
the statement of the research problem.

Develop a research tifle of your interest
based on an identified geographical
challenge. The title should contain
the area in which the research will be

conducted, where the problem exists.
Then, write the background of your
research based on the developed title
and indicate the area in which the
study will be carried out,

Formulating the geographical research
problem

Formulating of a research problem 15 an
important step that will uncover what
problem 1s worthy studying by explaiming
clearly what has been documented, what
has not been documented and what needs
to be documented. The main function
of a research problem 15 to determine
what needs to be researched. Basically,
the main sources of a research problem
mclude conversation with people from
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whom you can gain msights and find out
the existing imbalances, research gaps -

and 1ssues to be researched.

identified by explormg the nterventions
and programmes that have been in place.
Examples may mclude exploring from .
the projects and activities amming at |
empowering the community adaptation to
the impact of climate change, exploring = TIVers, and seas, are extremely polluted
from projects on promoting students”
performance in secondary schools, - mise in plastic waste is mostly due to
poverty eradication programmes, several factors, such as a msmatch
restoration of sol fernhity programmes
and intervention on increasing the :
dissemination of weather and climate
change information. Therefore, through
critical studying in such areas, one may :

decide to evaluate the effectiveness of |

one of those interventions.

Another way of establishing a research
problem 15 based on experiences

evaluating some existing phenomena

and establishing some areas worth to be these mminatives, plastic waste has

researched. For example, one may decide remained persistent. However, little

to focus on the problem of water searcity
n and and sermi-and areas and decide to
study the existing adaptation mechamsm -
for water scarcity. As a starting point
m thinking how to develop a research -
problem, the following samples of a -
geographical research problem can be
useful pudes to you:
Geographical challenge 1: Tn Tanzania, !
the effects of plastic waste on land, |
water bodies and hving orgamsms 15
evident. In comparison to rural areas, :
the risk is greater in urban areas due to

the reasonably higher generation rate of
plastic waste. Plastic waste from sources

- based on land 15 one of the growing

Moreover, a Tesearch problem can be - environmental problems in water bodies

n some regions of Tanzama, particularly
Dar es Salaam, Mitwara, Mwanza,
Mara, Kagera, Rukwa, Ruvuma, and
Mbeya, as well as Zanzbar [slands. The

adjacent water bodies, such as lakes,

by plastic waste from those areas. The

between waste generation and collechon
capacity, business expansion, and weak
enforcement of environmental laws.

Previous reports demonstrate the diverse
approaches to plastic waste management
that have been implemented, such as

- emviremmental policies, diverse programs

and mifiatives, public education, and
a focus on reusing, reducing, and
recycling of plastc wastes. Despite

research has been done on the role that
local mstitufional coordination plays i
reducing plastic waste. Therefore, this
study aims to investigate the role of local
mstitutional coordination 1n managing
plastic waste in the selected sites in Dar
es Salaam and Zanzibar [slands.

- Geographical challenge 2: Varous

measures have been taken by the
sovernment of Tanzania i collaboration

- with varnous mtermal and external

stakeholders i eradicating malana m
the country. Such measures mclude
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improvement of health facihinies;
diagnostic measures and medications;
AWATENESS ralsing on environmental
cleanlhiness; removal of stagnant water
mn our neighbourhoods; and provision
of protective gears such as mosquito
nets. Despite all these measures, malana
mncidences have kept on mcreasing n
the country.

Although varous studies have been
conducted on the challenges of malana
and the effectiveness of malana control
measures, information 15 lacking on
the sociocultural factors mfluencing
control of malana n the country. Lack
of studies of this nature 15 hkely to limt
the government efforts towards creating
a malana free society, thus government’s
burden on treating the victims will keep
on increasing. Therefore, this study is
geared towards that end.

Geographical challenge 3: It 15 an
acceptable fact that the impact of chmate
change 15 affectiing all people equally
but differently in different parts of the
world with slhight vanations across
gender differences. Most of the studies
have documented how women have been
affected by the impact of climate change
and associated adaptation measures.
However, there are hmited studies on the
extent of impact of the chmate change to
the elderly population and the adaptation
measures to this social age group. Failure
to decument this area means that the
vulnerability to the mmpact of climate
change and social disturbance will keep
on mereasing and many of the elderly
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m soclety will be negatively affected.
Therefore, this study 1s an attempt to
that end.

Considerations in selecting a
geographical research problem

For manageability and sustamability,
the researcher should consider the
following when selecting a research area
or a research problem. Firstly, iterest
m the area makes the researcher to
be motivated throughout the research
process. Secondly, 1t 15 important to
consider the magnitude of the selected
topic. This will enable the researcher
to balance time and resources for
completing the study on time. Therefore,
the researcher 1s required to narrow
down the topic to make 1t manageable,
specific and clear. Thirdly, the researcher
should make sure that the ndicators
and concepts studied are measurable
and verifiable. Fourthly, the researcher
should have adequate and approprate
research knowledge and skalls to address
the problem to be studied. Fifthly, the
researcher should focus on a relevant
research problem that 15 hikely to fill
the existing knowledge gap, add new
knowledge and improve practices in the
researched area. This will be an addifional
aspect to sustain the interest of the study:.
Sixthly, consideration of ethical 1ssues in
relation to the area the researcher plans
to study 15 of great importance. This item
requires the researcher’s professionalism
and flexibility. For example, dealing
with sensitive researches m areas lhike
victims of floods, earthquakes and any
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environmental hazards/disasters and
other diseases require flexibility and
professionalism in order to approach -

the problem wisely and successfully.

Criteria for a good geographical
research problem

There are a number of critena that need -
to be considered m wnting a research
problem. A good research problem -
should adhere to the following qualities:
Firstly, 1t should be novel, that 15 to
say, the problem should come up with -
a new process, product or principle
that can help i mmproving prachces.
Secondly, it should be interesting in the -
sense that it draws attention and mterest |
to other people. Thirdly, it should be
mnovative meaning that 1t improves the -
current or existing state of affairs and |

of good research guidance. Others are
misconception of the research problem;
for example, one may think that if some
- people n the community do not have
- momey, the research problem will be
- inadequate fund. This will make a study
- something different from the problem
because lack of money 15 an outcome of
something else such as unemployment.

Based on the research title developad
in Activity 2.6, formulate the
research problem. The problem

should indicate the area in which
the research will be carried out, Then,
state the significance of the proposal
you have started developing from
Activity 2.6

possibly technology. Fourthly, 1t should

be cost effective in such a way that it -

produces good value for money, time

and resources. It should be addressing f

a problem i the commumty.

Challenges of writing a geographical

research problem

There are many challenges facing -
researchers n their attempt to write
quality research problems. Some of
these challenges include difficulties in :
deciding om the topic for research, lack
of good knowledge of the methodology
to be used, inability of finding current, -
specialized and related references such

as books, lack of interest i research,

lack of understanding of the subject

matter, structure of time limit and lack

Geographical research obhjectives

- Research objectives are normally
developed after stating the research
- problem. They emerge from the problem
- as they mtend to make the research
focused and answer the research
gquestions or cover the gap developed
in the statement of the problem. Research
objectives should be closely related to
the statement of the research problem
and summanse what 1s intended to be
- achieved by the study. Good research
objectives are useful n defining the focus
of your study as they clearly identify
~ the variables to be measured: describe
- actions to be taken in establishing the
limit of the study; guide the researcher
- by avoiding collecting unwanted data
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for answerning the research gquestions.
Normally, research objectives are stated
1 such a way that they start with action
verhs that can easily be measured, for

example, *to compare’.. ., *to assess...”,

“to determine...”, *to venfy...” "to
identify...", ‘to
measure...’, ‘to explore...”. Smctly
avoild the use of vague non-active verbs
of state 1n stating objectives such as to
appreciate, to understand, to believe,
to study, and to think because it 1s
difficult to evaluate whether they have
been achieved. Such verbs represent an
abstract simation, such that even in the
field, 1t will be difficult to get data from

respondents in case the research deals
with people.

“to examine...’,

Based on the formulated research
title in Activity 2.6, formulate three
general objectives and from each
of the general objectives formulate

three specific objectives. The area in
which the research will be carried out
should be indicated in the specific
objectives.

Cr—
1. Clearly descrbe the link between

the statement of the research
problem and research objectives.
2, Why are action verbs taken
nto consideration when stating
research objectives?
3. A well written research proposal
situate the intended research

against other existing related
research. Explain.
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Review of the hiterature

Once the problem i1s formulated, a
brief critical review and summary of 1t
should be written down. At this point, the
researcher should undertake extensive
literature survey connected with the
problem. Literature review 15 concerned
with reading of vanous previous
related publications i order to enable
a researcher to be aware of how other
researchers have addressed the same
or related research problem. Laterature
review helps to avold unnecessary
repetition of studies which have already
been conducted. It helps the researcher to
redefine his or her research problem, to
select an appropriate sample, appropriate
tools and the research desipn.

CGrenerally, hiterature review 1s important
m clanfying and focusing the research
problem and in sharpening the research
methods that vou will use n your study
by looking at how others have used

_ them. Literature review also enables

the researcher to broaden knowledge
in the selected area to situate the study
agamst other related research to avod
duplication. Furthermore, it helps to
identify the research gap and challenges
likely to face the research process.

A good hterature review can be
distinguished by several cnteria. First
of all, a hiterature review should be
capable of outhning the important study
trends showing the current situation,
mformation and documentation that
have been done m the area n which
the researcher 15 proposing to carry out
a study. The second eriterion 1s that,
hiterature review needs to assess the
strengths and weaknesses of the existimg
researches in different omnentations
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mcluding whether methodological

approaches used in the existing studies
were relevant. Furthermore, literature :
review should assess the strengths
and weaknesses of the arpuments,
conclusions and assumptions made by

the existing studies.

The third criterion is that literature -
review should identify knowledge gaps -
from the existing studies. In other words,
literature review should not be written |
plainly, that is, agreeing with most of the |

past literature 1n their entire dimension.

In this case, there would be no need |
of conducting another study because it

would be a duplication of the research
unnecessarnly and wastage of resources
and time. The fourth cnterion is that a
good literature review should be based
on most recent existing hiterature from
which one can establish a research gap
and posihion their work among other
related studies. To sum up hterature
review acts as a lock and key that
specifies clearly the research gap. In
this part, vou will be in a better position
to know what 15 needed 1n the research
you are planning, where to conduet it,
and how vour findings fill im the gap you
have establhished.

In wnting the hterature review the
checklist can be guided by the following
queshons:

* Based on the related hiterature,
what 15 cwrrently known about
the chosen geopraphical 1ssue of
inferest, from a global (general)

perspective to a specific one
{ Tanzania)?

=  Which previous work has been
done so far?

*  Which concepts have already been
built?

= What 15 lacking from each of
the empinical hterature review's
subsections?

=  How do the sub-gaps align with
the project’s question, research

objective, and problem statement?

Based on the formulated research

title in activity 2.6 write the literature
TEVIew.

Exercise 2.7

l. Why do we do terature review?

2. How does the literature review
link stages of research?

3. A well-written research proposal
sifuate the intended research

against other existing related
research. Explaimn.

Hypothesis formulation, testing and
research gquestions

After extensive literature review, the
researcher should state clearly the
working hypothesis. Hypothesis 1s
a tentative assumption formulated to
draw out and test its logical or empincal
consequences. [t1s a tentahve statement
about the relationship between two or
maore variables. A hypothesis provides
the focal pomt for research, puides the
rescarcher by delimiting the areas of
research and keeps them on the nght
track. Hypothesis also indicates type of
data required, methods of data analysis
and draws conclusion.
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Basically, there are two types of:
hypotheses: null hypothesis and
alternative hypothesis. Null hypothesis -
15 stated n a negative way or by using
a negative statement. Example can = that starts with a general problem or
mclude there is no relationship between
population growth and development;
there is no relationship hetween the rate .

af survival in hazards and awareness;

smoking is not a cause of cancer;

existence of informal institutions is not
associated with minimal confficts in
project areas. Alternative hypothesis is
stated to mdicate the actual expectation
or relationship. Tt is usually a positive the first words used in the hypothesis
statement about certain vanables. -
Example may mclude fthere is a
relationship between truancy in schools
and poor performance in academics,
there is a relationship between the rate -
of survival in hazards and awareness; EnQEIWY development?
existence of informal institutions in
water profects is associated with minimal
- questions which are as explamed below.

canflicty in the project areas.

Crenerally, there are many sources that -
can be helpful to a researcher to formulate -
a hypothesis. The mam sources of
hypothesis formulation mclude persomnal
expernences, imagination and thinking, -
obzervation of phenomena, scientific -

theories, reviewing previous studies and
- on some phenomenon. For example,
A well stated hypothesis can be identified do students who engage in remedial

- classe: : better than students
by observing the following cntena: it - e Heom) ki

should be stated in the simplest terms
for easy understanding; it should avoad
conflicting with any law of nature whach
15 known to be true; and should allow
the application of desirable reasoning.
Other qualhihies of hypothesis mclude

cultural disposition.

bemg hmited i scope and specificity; it

Hindent’s Book Form 5 & 6

should be capable of being tested within
a specific time; and it should allow the
apphcation of deductive reasoning.
Deductive reasoning 15 4 Treasoning

hypothesis and eventually narrowed
down to a precise logical conclusion.

(eographical research questions

Research gquestions are the specific
1ssues  that the study wants  to
mvestigate from data collection and
that data will answer them. In wniting

research questions, one can replace

“There is" with the words “is there”
and also replacing the penod with
question mark, For examples, Is there
any relationship between population

Npes of research questions
There are three types of research

Descriptive research guestion; this
sccks to wdentify and descnbe some
phenomenon.  For  example: Wil
the rate of survival increase after
awareness raising?

Differences research question; this asks
1f there are differences between groups

who engage in sports activifies?

Relationship research guestion; this
asks if two or more phenomena are
related in some systematic manner. For
mstance, is the existence af informal
institutions in water prajects assaciated
with minimal conflicts in the areas?
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Based on the research objectives
developed in Activity 2.8, develop
the research questions.

Exercise 2.8

l. How do hypothesis and research
gqueshions play part m narmrowing
the study?

2. Explain how you would
differentiate a collection of
hypothesis.

3. How does the research hypothesis
differ from a research question?

Research design

Research design 15 concerned with a
systematic and well-planned means for
conducting a research. It1s a systematic
way of finding out new knowledge. A

research design 1s a conceptual structure

for conducting the research. Preparation

the processes of sampling, methods

and tools for data collection, analysis, :

interpretation and reporting. Tt will
also reduce unnecessary expenditure
by having predefined activities and
resources. Usually, research designs
vary with varying nature of studies.
The commaonly used research design are,

‘snap-shot’ or baseline sometimes called
case=study, cross-sectional, longitudinal

and experimental research designs.

Snap-shot or baseline research design is
concemned with m-depth studies aimed

at searchimg for the current and past
behaviours and experiences for a single

- person, family, group, or orgamzation.
- Usually, the findings from this kind of

design cannot be generahzed.

Cross-sectional research design 15
a survey design in which data are
collected at one point in time from a
predetermined population. Data from
this design 15 normally used to desenbe

- the charactenstics of the studied sample

with regard to the population when data

- were collected.

Longitudinal research design 15 a form
of survey 1 which data from the same
area 15 collected at repular intervals for
the sake of investigating the changes of
a studied population over time. It can
be after several months or years. For

example, regular research on the melting
of 1ce caps at top of mountamms hke

- Kilimanjaro Mountam has contnbuted

of the research design will smoothen i rising public awareness of long-term

chmate.

Experimental research design can be used
to establish cause - effect relationships
between the independent and dependent
variables by means of manipulating the
variables studied by controlling them or
randomisafion. Alternatively, the studies
conducted by using this design can
compare groups that are closely related
or Infroduce an mtervemng variable

* from which a researcher can examine

changes among the groups. For example,
studymng two groups i which one of the
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two was mtervened with an activity or
project and the other not subjected to -
an activity. :

Choose the relevant research designs
to guide your proposed research that

you started in Activity 2.6.

o —

|. Researchers are selective on
research designs. Explaimn.

2. In what ways does a research

design act as a determinant of
research?

3. The required data in any research
are selective on research design.
Explan.

Identify the targeted population based

on the research proposal prepared in
Activity 2.6.

Sampling frame: 15 a hist of umits m
the population, for example a register
of workers at an X secondary school
n Mwanza, students” enrolment from
the attendance register, and a list
of pastoralists in a ward or village
Y. Sampling frame tells who will be

- included or excluded m the expected
- tesearch and why. The sampling frame
- contams the actual number of individuals

to be sampled. The sampling frame
should be checked from time to fime
to avoid mistakenly mvolving such
mdividuals m total number of individuals
to be sampled. The list should also be

- updated as required. For mstance, 1t is
- better to get the sampling frame from

Target population, sample and
sampling techmigues

Target population, sample and samplng
technigques are among the many terms -
used in geographical research. Below are
important definitions of the terminologies
commaonly used in studies dealing with

population.

Target population: This 15 the enfire
population that the results of the survey
should be representing, The target
population can be the enfite country,
region, district, intervened villages,
crop-land, nvers or cattle. Normally,
the sample is selected from the target
population. In case of a small population,

it is advised to study the entire population. -
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- the studied village rather than depending
- on the census which may sometimes be

out of date.

Based on the targeted population

identified in Activity 2.12, state your
sampling frame.

Elements: These mclude mdividual
persons, objects, or units about which
mnformation 15 collected. Thus, totality
of elements forms population.

Sample: The sample 1s also known as the
suhset of the target populahion because
1t 15 selected from the populahion. Tt 15
also referred to as the composition of

Geographical Research
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the set of elements from the population.
Sample must be selected accordmg to

principles of sampling techniques to

obtain a sample representative of the
enfire population.

Sample Size: 18 a proportional set of
elements selected from the target
population. Often, in probability studies,

it 15 recommended that the sample should

be optimal enough for data collection.

Too small sample size 15 hkely to .

merease errors n the data to be collected
while too large sample size will have
implications on time and cost. Howewver,
1t 15 generally recommended that sample

size should be proportional to the size of
the population in case of finite universe.
That is to say, the larger the population,

the larger the sample and the smaller the
population the smaller the sample. In
probability studies, sample size can be
estimated by using scientific methods as

shown 1n the formula (a) and (b) below.

(a) For the fimite population
e

H=—""
1+ N(e)®

Where;
n = sample size, N = population size
{for example total households), and

e = the level of precision {desired
margin of error)

For most commaon levels of confidence,
‘e’ equals as follows: 90%:e = 0.1,
05%:e = 0.05, 99%:e=10.01,
99.9%:e=0.001

Examples:

Assuming the basic population amounts
to 1000 persons and the desired margin

of error 15 (.05, then the mmimum
sample size would be:

1 000 1000

H= — =
1+({1 000x(0.05)°) 1+2.5

This means data from 286 randomly
selected respondents would be needed
for the survey.

(b} For infimite population
Z'xp (1-p)
n= .
&
Where;

Z= the area under the normal curve
corresponding to the defined level of
confidence

p= the true share of the population
that displays a certain charactenstic
(for example, female population)

¢ = the desired margin of ermror

For most common levels of

~confidence, equals as follows:
90%: Z = 1.645; 95%: Z=1.960;

99%: Z=2.575; 99.9%: Z=13.290

For example, for a population i which
48% are female and the desired margm

- of error is 0.05, the minimum sample
- s1ze would be:

 1.96° x0.48x(1-0.48)
0.05°

H 384

- Moreover, the formula for getting sample

size for infinite population can also be

- used when intending to estimate the

minimum acceptable sample in the fimite
population.
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Determine the sample size based on
the sampling frame started in activity
2,13

l. Explam why researchers strive to
maximize the size of the sample

for collecting data.

2. Compare and contrast population
and sample size.

3. Compare and contrast target

population and samphng frame.

Sampling techniques
Sampling 15 a process of selecting a
representative of a population from

which the data will be drawn on behalf

of the entire population. The targeted
population 15 being reduced to the
sample at this point, so the researcher
needs to pay a great attention m making
choice of representatives. Dealing with
a sample 15 rewarding m many ways.
The appropnately selected sample
will save resources and time, ensure
accuracy and produce manageable data.

2 &

A well-designed sample can represent
the intended population. The major
categories of sampling technigues
are probability and non-probability
sampling.

Probability sampling

Tt 15 a method of selecting sample wherehy
every individual m the population has
on equal chance of being selected.
Probability techmgues include simple
random sampling, systematic sampling,
siratified sampling, cluster sampling, and
multi-stage sampling,

Simple random sampling technique

Tt is the basic sampling technigque whereby
each member from the population has
an equal chance of being chosen. Each
mdividual 15 chosen entirely by chance
and each member of the population has
~ an equal chance of being included in the
sample. For example, a class of twelve
students may write their codes on a piece
of paper, and then the papers are rolled
and mixed. Then one of the students
can pick randomly only four codes for
students to be mcluded in the sample

(Figure 2.5).
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Figure 1.5: Simple random sampling technigue.
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One of the important things about simple

choosmg the sample. Tt1s also considered
as a fair way of selecting a sample from
a given population since every member

within the target population is given  fom a larger population are selected

an equal opportunity of bemg chosen.
Another mteresting feature of simple
random sampling i1s the representation
of the population. Tt 15 unbiased and the

representative sample enables drawing
- Where;

comclusions from the results of the study.
Therefore, simple random sampling 1s
reasonable in generalising the results of

the sample to population from which 1t
15 drawn.

Despite all the advantages explained :

above, simple random sampling

Firstly, it needs a complete list of all
the members of the population. Thus
15 only convenient when working with
small population that has already been
identified and hsted. Secondly, simple

people. Furthermore, the techmigue
18 not practical to a large samphng

representation of the mmenty groups

of large population.

Systematic sampling technique
Systematic sampling 15 a random
sampling techmque m which members

based on regular mterval and systematic
order. Thus, a sampling interval 1s

required. »
Sampling interval K = ;1“

N = The number of elements in the

population.
n = The number of elements for the
sample.

In systematic random samphng, the

technique has the following limitations, = Tesearcher first randomly picks the first

item or subject from the population.
Then, the researcher will select each
subject from the list. For example, i
a class, the researcher may decide to

- pick every third student 1n a row to get

random sampling can provide accurate 2 total of four students as a sample. For

results, but 1t will not give you detailed
information about specific groups of -

mstance, if N = 12 and n = 4, therefore

K=T =3, In the first 3 elements, number

- 213 picked randomly. Then for the next

frame. Lastly, the techniqueag Mstort : three numbers, one number is picked at

of interests, and it is time consuming ~ = Y third member (Figure 2.6).
Population
‘& ) I‘l A0 I‘I‘I -‘n‘
T’ﬂ K3 KA KN T (2 |
e & @
Il K2 KN

Sample (every 37)

Figure 1.6: Systematic sampling technigue
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- with high labour requirements n case
random sampling 1s its ease of use m -



systematic sampling has several ments.
One of the pnmary advantage 1s 1its
sitability in large target population.
The assurance that the population wall be
evenly sampled to ensure even coverage
of an area 15 another advantage. The
technigue 1s simple to use since it saves
time and cost.

systematic samphng technique 15 also
accompanied with some bias and errors
mn case of hidden penodicity or order
within the population that may distort
the representation of a population. This
happens, particularly when peniodicity
matches with the sampling interval in the
list of the frame. Furthermore, systematic
sampling 15 difficult to adjust sample
to suit the circumstances and 1t 1s not
practical for fragmented strata.

Stratified sampling technique
This 15 a probability sampling techmique

whereby the researcher divides the entire

population into different sub-groups or
strata, then randomly selects the final
proporionally from different strata. The
population 15 based on strata. Strabficabion
15 the process of dividing members of the
population mto homogeneous subgroups
before sampling. Every element mn the
population must be assigned to only one
stratum; then simple random samphing
or systematic sampling 15 apphied within
each stratum. The obtained samples from
the strata 15 added to form the entire
sample. Examples of strata or sub-
groups from a population include men
and women, rich and poor, employed
and unemployed.
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The measurements within strata have
lower standard stratification which gives
a smaller error in estimation. In many
apphcations, measurements become
more manageable when the population 1s
arouped into strata. It 1s often desirable to
have estimates of population parameters
for groups within the population. Several
conditions must be met for 1t to be used
properly. Researchers must 1identify
every member of the population being
studied and classify them mto one, and
only one sub-population.

However, the soring process becomes
more difficult and maccurate for each
member of the population stratum. Tt
15 also meconvement as 1t may require
more admimistrative clearance in various
strata and the computational complexity
15 another constraint. Figure 2.7 shows
three strata: A, B, and C, one stratum

< with 6 members and the other two with

3 members each. Proportionally, the
2 strata with 3 members each will be
presented by | member and the one with
six will be represented randomly by 2
members.
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Figure 1.T: Stratified sampiing technigque

Cluster sampling technigue
It 13 one of the probability sampling
technigue which is used when the total
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area of interest is large. The sample

18 obtamned by dividing the area into

enables obtaiming mformation from one
- OF MOTe areas.

a number of small non- overlapping

argas and then samples are selected -
randomly from these smaller areas called
clusters (Figure 2.8). This 1s applied -
when the entire population 15 unclear
or unknown and the sample clusters -

are geographically convenient. When

the clusters are natural in a population, -
cluster sampling 1s less expensive and -
quicker. Cluster sample permits each -
accumulation of large samples. The
loss of precision per mdividual case -
15 compensated by the possibility of

studying larger samples without extra
cost. The cluster samphng procedure

In cluster sampling, each cluster may be
composed of units that are not similar.
This pattern has a likelhood of producing
large sampling error and reducing the
representatives of the sample. In cluster
- sampling, when unequal size of some
of the subsets 15 selected, an element of
- sample bias 15 hkely to nse. This type of
- sampling does not allow generalisation
- of its findings to another area. In Figure
. 2.8, there are six clusters: A, B, C, D, E,
- and F where two clusters C and F have
- been randomly picked.

" n o5l " 9 9 7.
| o e " o !
| el S

Population

Figure 2.8: Cluster sampling technigue

Multi-stage sampling technigue

Multi-stage sampling 15 concemed with taking samples of preceding random samples.
This sampling technique 15 more complex than cluster sampling which contams two
or more stages m a sample selechon. In simple terms, in muolti-stage samphing, large
clusters of population are divided mto smaller clusters in several stages m order
to make primary data collection more manageable (Figure 2.9). This techmigque
probably solves more of the problems inherent in random sampling. Tt 15 more usetul
m imcidents where there are completely no sampling frames. Moreover, by avoiding
the use of all sample units 1n all selected clusters, multi-stage sampling avoids the
large and perhaps unnecessary costs associated with traditional cluster sampling.
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By considering a study wath already -
pre-determined households m Tanzama,
through simple random sampling, one
can choose a number of regions let us :
say five, and out of five they may choose
through randommisation four districts -
n each region. Furthermore, from the
districts chosen one may choose four !
wards and lastly two wvillages from each -
ward. From these villages, it 18 where |
five houscholds will be picked randomly :
for administering a questionnaire. Hence,

sampling techmque 15 a product of
region, distnet, ward, villages chosen,
that 15 5 = 4 x 4 x 2 = 800 houscholds.
This techmique 1s effective m pnimary
data collection from a geographically
dispersed population when face-to-
face contact 15 required. It 15 also time
and cost effective and has hagh level of
fHlexibility. However, it has hmmtations

. such as high level of subjectivity, lack

of representation of the population and
complex planming and admimstrative
1ssues are required to accomplish.

Geographical Research

the total sample size in the multi-stage :
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Figure 2.9: Multi-stage sampling technique
Note: The shaded boxes indicate the randomly selected cluster or a participant
who has been selected.

Non probability sampling

This 15 a type of sampling in which members of the population have no equal
chances of bemg mcluded in the sample. Members to be included m a sample
are chosen from the population m some non-random manners. Non probability
sampling consists of quota sampling, convemence sampling, purposive sampling,
snowball sampling and voluntary {self-selected) samphng.

Chiota sampling technigue

Under quota sampling technigques the interviewers are simply given guotas to be
filled from different strata with some restrictions on how they are to be filled. In
other words, the actual selection of the 1tem for the sample 15 left to the interviewer’s
diseretion. For example, the researcher may be asked to draw a sample of 35 females
and 45 males aged between 45 and 60 from a certain population. The technique
lacks the representativeness and it 15 biased.
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Convenience sampling fechnique

This 15 a type of non-probability
sampling technique which 15 apphed
when the members of the population are
convenient to the sample. Convenience
sampling 15 also known as grab or

opportunity sampling or accidental. In -

this technigue, most of the elements in
the population that happens to be present
at the time of conducting research are
selected for the study. The researcher
opts for it when he/she 1s interested n
obtaiming information cheaply. Like
many other non-probabihity samphng

techmigues, 1t faces the hmitation of -

lacking representativeness and it 1s
subjected to biasness.

Purposive sampling technigue

This 15 a type of non-probability sampling
where a researcher selects only those
cases, thought to be typical charactenstics
of the population. Purposive sampling
15 also known as fudgemental sampling.
The researcher selects the samples based
purely on self-knowledge and credibihity.
In other words, researchers choose only
those people whom they deem fit to
participate i the study. In this techmagque,
the researcher has to some extent, an
assumption that the chosen respondents
are knowledgeable on the topic being
studied.

Purposive sampling technique has the
following limitations: vulnerability to
errors n Judgment by researcher, low
level of rehiabihity and high level of
biasness which subjects the research to
mahlity to generalize research findings.

Snowball sampling technigue

Snowball sampling 15 a special non-
probability method used when the
desired sample charactenstic 15 rare.
It may be extremely difficult or cost
prohibitive to locate respondents mn these
situations. Snowball relies on referrals
from initial subjects to identify additional
subjects. This technique 1s preferable i
sensibive areas like illegal hunting and

- illegal charcoal making. Though the

costs of conduching research are lowered,
snowhall introduces hiasness because the
techmigue 1tself reduces the hkelhood
that the sample will be representative

of the entive population.

Choose the relevant sampling
techniques that will enable you to get
the respondents in your proposed
research. The formula is relevant for

the sample size that will be obtained
from probability techmique.

Exercise 2.11
. A combmaton of probability

and non-probability sampling
technigues i1s mevitable when
dealmg with research that focus on
geographical challenges. Explain.

2. What are the advantages and
disadvantages of conducting a
research on a sample rather than

the entire population?

3. Clearly, compare cluster and
strahfied sampling technigques.

4. "Multi-stage sampling techmcally
mmtegrates other sampling

techmigues to achieve 1ts gpoal.™
Explain.
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Data collection

Proper planned methods and tools for
data collection 15 one among the means
for ensuring accuracy, correctness,
precision and validity of data to be
collected. Data collection 1s a process
of gatherning information from all the
relevant sources. With data collechion,
the researcher goes to the field and
collects facts expected to answer the
1dentified problem.

Drata collection methods

Data may be collected from primary
and secondary sources. Primary data
are the data collected directly from the
field by the researcher using the sense
organs such as mouth, eye, ear, sk and
nose. They are first-hand data collected
through the use of vanous methods
such as survey, observation, interview,
focus group discussiom and documentary
review or measurement. Secondary data

refers to data collected by the researcher

from existing sources such as books, . E .
- prepared questions i a written form

magazines, pamphlets, joumal articles
and other unpublished documents.
These are second hand imformation
obtamed from already made materal
or documents.

Methods for data collection are defined
depending on mode of conducting
rescarch and types of data collected.
Data collection tools, also known as
instrumenis for data collection, stand
for vanous pre-designed means for
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capturing data in the field. The research
tools are classified with respect to the
data collection methods. The following
are commaon methods for data collection:

Household survey

Household survey 15 a method of
collecting data by administering a
gquestionnaire to a sample of research
respondents or parficipants to get
mformation about a population through
the sample. Despite being preferred in
gathering data related to perceptions,
opimaons and 1deas, surveys have several
limitations such as less accuracy m
measuring behaviour, too much demand
for sample representativencss and low
response rate.

The data collection mstrument in the
household surveys 15 called quesfionnaire.
The guestionnaire can be divided into
structured and unstructured. Structfured
guestionnaire tefers to systematically

with a range of pre-determined responses
(options/answer) that the respondent

can select. The prepared questions
with answers are called closed-ended

guestions. For the case of unstructured
questionnaire, the same gquestions are
composed but mostly dominated with
apen-ended questions. The following 1s
an example of a structured questionnaire
for household survey.
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Example

- Survey questionnaire ;
: This research aims at collecting data to complete a research project as a requirement to
: successful completion of advanced level secondary school education. Therefore, the
- data collected from this research will strictly be for educational purposes and not any :
: other uses. 5
Hounsehold’s data

1. Are you the head of the household? YesNo :
2. What is the total number of members in your household? (1) Male_._; (2) Female. _.;
(1) grown-ups ... (=18 years); (2) children ___.. (<18 vears).
- 3. What is the level of education of the head of household? (1) Illiterate (2) Primary
: (3) Secondary (4) College (5) Other............ :
"4, How many members have been employed?._........ :
5. What is the occupation of the household head? (1) Unemploved (2) Petty trade (3) :
: Civil servant (4) Own business (5) Private employee (6) Other (please specify)

: 6. The average monthly income of the head of household: (1) Less than Tsh 50 000 (2) ;
: Tsh 50 001—-100 000 {3) Tah 100 001500 000 (47 300 001-1 000 000 (30 Greater |
: than Tsh 1 000 000
. 7. How often do family members watch Television? (1) (>3 howrs) (2) Everyday (3) |
; Once a week (4) Once a month (3) Almost never. E
- %. Do you think the media has raised awareness on solid waste management? 1. Yes |
. 2. No (if yes, cont. to Qn 9, if not, cont. toQn 10).
9. Which mass media has been most usefol for you in awareness raising? (1) Radio :
; (2) Television (3) Newspaper (4) Social media (WhatsApp/Facebook /Instagram, |
© twitter/) (5) Mobile short message service (sms). 5
: 10, Where do you normally store your household waste?

Storage type Frequency per week
Pitrubbash hole | L. Onee( ) 2Twice { } 3. Thrnee( ) ;
Waste bins b Once( ) 2Twice { } 3. Thnee( )

Usually, structured gquestionnaires are
tedious to prepare but easy to fill m. They -
are easy to analyse and more efficient
when dealing with a large sample. On -
the contrary, unstructured queshonnares
are easy to construct since they are :
dominated with open-ended questions
but difficult for the respondents to fill in -
cases when they are required to do 1t on -
therr own time, for example, those which

are sent through mail. In addiion, they
pose difficulties i analysing although
they provide rich data. Furthermore,
their interpretation 1s subject to as. The
questionnaire can be admmstered to the
respondents m different ways commonly
through face-to-face interaction which
15 helpful i overcoming lanpuage
bamers and mfluencimg good response
rates. However, it 18 time and resource
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comsuming. (rther methods are phone call -
and mailing or posting questionnaires
in websites, but the methods are more -
challenging in terms of response rates
and managmg language barmer which
has addihonal hmitations related to
the unguaranteed turn-up of answered

gqueshonnaire.

Interview

mvolve people from the government
or private institutions who, In one way
or another, were involved in some
activiies during the implementation
of the project. When dealing with the
key informant interview, the inferview
guides are the main mstruments used

~in collecting data from experienced

- people in the field with regard to the

Key informant interview is mainly . study conducted. Throughout, the data

concerned with collecting qualitative
data from skilled people on the topic not
based on their educational knowledge
and level, but therr stake on the topic
mveshgated. For example, 1f the research .
15 about assessing the effectiveness of

collected will solely be qualitative,
challenging to analyse and cannot
be generalized. The following 15 an
example of the key mformant interview
guide for assessing the effectiveness of

a project.

a given project, the research should

- Example
- Interview guide

1. Maime of institution ...

- 2. What is your current position?

- 3. Are you a focal person in the climate change adaptation project implemented i ln

village X7

- 4. Based on your participation in the project, what is your opinion on the impact nf
the project on livelihood and the environment? -

- 5. With respect to your response in question 4, what is the most important factor r.hnt

: motivated people in the project area to participate in the activities? '

6. Did the project sustainably empower the community? If so, how? _

7. In your opinion, what are the main reasons for some villagers to drop the :lEt‘l"-‘!tlE:!'.

in the project?

. B What should be done to sustain the project activities?
9. In your opinion, was the project gender responsive?

Facus group discussion (FGD)

Focus group discussion 1s concernad with collecting qualitative data from a small
sample, often homogeneous group of people within the studied population to explore
thear ideas on a particular topic based on their life expenences. The group should not
be too large to allow everyone to have a chance to participate and should not take
long time. The group should also not be very small to allow a wide range of 1deas
from group members. The methoed 15 recommended when the researcher atms at not
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only collecting interesting information,
but also identifying 1ssues and themes
that are related to the objectives of the
research conducted.

Generally, the focus group discussion
18 nmpractical i situabons where the
language barmers cannot be controlled,
the researcher has little control over the
situation; trust among the participants
cannot be established; and free
expressions and confidentiahty cannot
be ensured. In this method. checklist
15 used m data collection. Checklist 1s
a set of logical pre-designed questions
for data collection from focused group
members in the field.

Example
Focus gronp discossion checklist

Some of the advantages of focus group
discussion are as follows: Firstly, it can
be conducted relatively quickly and
easily; secondly, it allows flexability n
modifying the process and questions
and it can explore different perspectives
from the group parhcipants. Some of
1ts disadvantages mmclude the fact that
analysis of the collected data 15 time
consuming and parficipants are not frue
representatives of the population from
which they are drawn. For mstance,
if drawn from a village, they will not
represent all villagers. Thus, the data
will be biased and some members can
be dominated by others. The following
15 an example of focus group discussion
checkhist.

1. What are your opinions about the ongoing water project management pract{ces:

in your village?

Are vou satisfied with the way the village water project management is done?
What is going well in the village with the project management?

What is not going well in the project management that you are dissatisfied with?"

What kind of things would vou like to see happening? :

How about the issue of ransparency among the water committee leaders entrusted”

with overseeing the project and collecting revenue? How about accountability?

What do vou think about these?

7. Some people have said that one way to improve X is to do Y. Do voun agree with -
this? (O, how da you teel about that?). '

&.  Are there other recommendations that you would like to make?

9.  Are there any other things vou would like to say before we wind up”

10. Can you say more about that? [Mention the aspect |

11. Can you give an example?

12. lane says X. What is yvour opinion on that?

ol ok L

Ohservation method
Ohbservation 15 a data collection method in which a researcher collects mformation

m the field based on visuahsation. Tools used for data collection are observation
guide, recording sheet and field nofes. The observation gpuide can be divided into
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semi-structhured and structured observation guides. Normally, observation method
and the associated tools are opted when there 15 a need for direct information to
understand the ongoing behaviour, there 15 physical evidence, produocts, activities
or outputs that can be observed and need for alternative data in cases other means
of data collechion seem to be impractical. The followmg 15 an example of a semi-
structured observation guide for forest surveillance activity in a studied forest;

Semi-structured observation guide
5 Who is taking part”?
Number of participants ..........

Time and location of the activity.
How is the activity organised?

Who makes decision and for who?

L L

Although observation method is
beneficial in collecting direct and real

time data, 1t shll has some limitations
- by observing people, surroundings and
- resources in their natural settings. This
- data collection method demands good

such as bemmg observer-biased, and

potentially unreliable. Moreover,
there are mterpretation and coding
challenges. Again sampling can be a

problem and 1t can be labour-intensive.

Tramsect walk

Transect walk 18 a2 team-based field

walk along a defined path (transect)
across the commumity or project area

together with the local people often
for the sake of collechng geographical -
data on various aspects by observing,

asking, listeming, watching and at the
end producing a transect map or diagram.

The data collection tools in this method

mclude observation guide, recording
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Nature of activity and forest surveillance ..........

What are the roles of participants and responsibilities?

Acre the resources made available to environmental sarveillance team? For example,
special equipment, mobile phones and means of wansport for surveillance.

- sheet and field notes. Transect walks are
- usually preferred when the researcher

18 mterested i collecting direct data

abszervation skills.

Identify the methods for data
collection based on the variety of
targeted population identified in

Activity 2.12 then, develop the
tools/instruments for data collection
depending on the variety of methods
of data collection you have identified.

Geographical Research
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Revision exercise 2

1

“There 15 no need of conducting
geographical research in Tanzama.”
Comment on the statement.
Account for the following data
collection methods used in field
research.

(a) Household survey

(b} Interview

(¢} Focus group discussion

. Dnscuss the roles of geographical

research m daily lhife.

Descnbe the challenges encountered
by a researcher when conducting a

geographical research.

Aresearch 1s a logical and systematic
procedure. State the stages to be
used or considered i conducting
a geographical research.

In which eircumstances would you
opt to use:

(a) Observation method

(b) Household survey

{c) Imterview
{d} Focus group discussion

. Mr Ropwa 15 an environmentalist

from Jozam wvillage in Zanzibar.

He receives some claims from

his fellow willagers on the rate of

deforestation from making charcoal
and decides to conduct a research
for his society.

(a) Suppest the type of research
which might be used by Mr
Ropwa and give the reason.

(b) Elaborate basic requirements
to be considered by Mr Ropwa
m conducting this research.

(c) Explain four objectives for his
research.

{d) Identify three problems that
Mr Rogwa may encounter m
conducting his research.

. Assume you have been appointed

to assess the gquality of the Form
Four student’s research proposals,
explam the atinbutes that you will
consider in the assessment.
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Geographical data analysis
and interpretation

Introduction

(Geographical data are used in different ways including people 5 undersianding
af the nature of the world and ity dynamics. In this chapter, you will learn about
data processing, analysis, presentation and interpretation of the results. The
competences develaped will enable you fo analyse and interpref geographical
information and phenomena for personal and community development. Furthermore,
the competences gained will aid vour understanding on various geographical
phenomena and help yvou apply the insights obtained in your daily life.

5
(a) Which weather data are
Transtorming data into l:nmmnn.!}r “ﬂ’d n your
meaningful insights that are commumity? Give the
useful in the practical world reason(s) behind your
response.

— (b) In your commumity, which
. Suppose you want to kmow ther int tion used
the importance of weather i
information in everyday life. () in dalailm
(a) Ask at least twenty :
members of your class or (c) Which sector/area
stndents from other classes relies more on weather
in your school about how information than the
they vnderstand the uses of other(s) based on the
weather information in your information you have?

area;
(b) Compile similar data into a (d) In light of the information
tabular form; you have, what impact does
i it have on the people’s lives
in your commumity?

(e) Present your results before
the class for broader
i :
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(rengraphical data analysis and
interpretation

Greographical data processing, analysis,
presentation and interpretation of
resulis

After collecting geographical data or
information of mterest from the field,
the researcher should process, analyse,
present and make interpretation of the
results.

Geographical data refers to data about
objects, events or phenomenon that
are attached to geographical location.
It combines locational data and
descnphive data. Locational data are
presented on maps as points, hines or
polygon depending on the geometric
confipuration of the respective objects,
events or phenomenon. For example,
roads, rivers, electric lines and railways
are presented as hnes. Features hke
houses, bore holes, wells and bus stops
are presented as points, while plots,
village boundarnes, lakes and football
ground area presented as polvgons.
Drescriptive data charactenises objects,
events or phenomenon. Descriptive data
are presented in tables with columns
representing different data vanables and
rows representing individual objects,
events or phenomenon. Locational data
are acguired through land surveying
GPS surveying and aenal photography
while descriptive data are acquired
through observation, survey, focus group
discussion and interviews.

Processing of geographical data

This 15 the mmitial action following data
collection. It entails filtering the data to
mimmize and correct any errors brought
about by the process of data gathenng, The
researcher ought to review the quantity
of data and 1dentify any errors in a set
of data and make necessary corrections
or decide to discard the default data, if
it 15 likely to affect the conclusions to be

drawn from latter stages of the research
process. Addrtionally, data processing
helps to ensure that the questionnaire 1s
complete. Tt 15 also useful 1n organmising
the collected data ready for analysis.

Analysis of geographical data

It 15 hard to interpret raw data and denve
meaningful msights because they are
mherently disorganized. For mformation
to be meaningful, data analysis is
necessary. Accordingly, the process of
turnimg gathered data into information
that has meanmng can be referred to as
data analysis. The objective of data
analysis 15 to enable the researcher
to summanze data, ascertain the
relationship between vanables, compare
vanables, find differences between
varables, and forecast outcomes. The
level of data analysis can be influenced
by the type of data collected, the goal
of the study, 1ts scope, the expenience of
the researcher, and the type of research
instrument employed in data collection.
Greographical data analysis can broadly
be categonsed m guantitative and
qualitative.

Quantitative geographical data analysis
can be categonzed mto spatial or
geometric, arithmetic and statistical
analysis. Geometric data analysis
mvolves measurement of position,
distances and areas of mapped objects,
events or phenomenon using technigques
described in chapter five. Anthmetic data
analysis involves adding, subtracting,
multiplying or dividing numerical
value of different vanables of the same
object, events or phenomenon. Stahistical
data analysis 15 further divided into
descriptive and inferential. Descriphive
data analysis 15 basic data analysis for
summarising, characterismg, presenting
or associating data.
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- Geographical data analysis and

interprefafion
Example - Compute:
Population data for Dodoma districts in . (g) The area of each district in kim®
Figure 3.1 is shown in Table 3.1 - (b) Population density.
72 ¥5 78 Bl B4 BF 90 493 Solution
- s <1 | - The solution to this geographical prob-

mzfan
i

"
&

lem involves geographical and numer-

45
1cal analysis. First, the area of each

- district 15 calculated by grid method
through the following procedures:

1. The width and height of a grid are
measured, in this case the width =

I8
i
o 1|| # | height=lem;
=i
£7
24

45 ¥

N0
\\‘1

A%

i

Fli

e

G

Iy

i3

{
0 <
z?-rij
2 [: 3000 000=1 cm: 3 000 000 cm

L~ /J :
21 = “_\‘q.\i 2 | since 1Tkm = 100 000 cm
7207 78 Bl B4 B 90 93 ? =3 000 000 cm
KEY Scale 13000000 - lem: 3 000 000 cm *1 km/100 000 cm

) tcooma dsttics

e

LT

- 1. Convert the representative scale
nto statement scale as follows:

[ | L

|

=
3

Figure 3.1: The map of Dodoma districes Therefore lem = 30 km.

Table 3.1: Population duaia for Dodoma s L. Convert thf: wdth (W) E{]d height
: {H) of a gnd from map distance to

dancn ground distance using statement
[ e apitaton | st as follows:

Kondoa DC 244,854 ~ Since lom =30 km and W=H =

Kondoa TC 80,443 ; lem, the ground distance for W =

Chemba DC 339,333 5 30:Jon. and H= 30 k.,

Rahi DC 377 576 - 1v. Calculate the area of a grid as;

\ Area =W x H=30 km * 30 km
_Dﬂdﬂ_ma CC TH5,179 —900 kam?
it wie LA v. For each district in Figure 3.1, count
Kongwa DO 443 867 - the number of complete (n} and
Mpwapwa DC 403,747 ' incomplete (n) grids as shown in
. - Table 3.2:

Sowrver Matiomal Boarean of statistios (2122)
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interpretaiion

Tahle 3.2

Density
Eliry et Population n, \m, |n |Avea (k)| b on/ka)
Kondoa DO 244 854 1 g | 55 4,950 495
Kondoa TC | 80,443 0 6 | 3 | 2700 | 29 8
Chemba DC 339 333 1 15 | 85 7,650 444
' Bahi DC | 322,526 O | 16 & 7200 | 44 8
Dodoma CC 765,179 0 8 | 4 3,600 212.5
Chamwino DC 486,176 o | 24| 12 10,800 450
Kongwa DC | 443,867 0 11 | 55 | 4%0 | 8497
Mpwapwa DG 403,247 2 [ 15 95 8350 | 472

vi. Calculate the total number of grids (n ) as;
n
e E‘I and record m Table 3.2; and

vil. Calculate the area of each district (A) by multiplying the area of a gnd by the
total number of gnds as shown i Table 3.2,
Finally, perform the numencal analysis to calculate the population density (PD)

by dividing the population of each district by the respective area as shown n
Table 3.2.

Example
Population data for hypothetical village in Figure 3.2 18 shown m Table 3.3
r:;l'l h% Al M Hl th
105 | 105
_._'-.-.-.-.-.-'_F.-j
|
100 ,_,_._---"'j 100
=k a5
n ™ CI
a0 _ a0
5 \/-'
B S e Sk 85
60 65 ] 75 8 s
KEY
B Sotloment [ +ilbss: bamdary Sczlz 1250800
@ Wter sard pips

Figure 3.2: fhptribution of rettlements and water stand pipe in the kvpothetical village
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Table 3.3: Population data for hypothetical -

village

1 5,000
2 4,000
3 6,000
4 8,000
3 12,000
f 7,000
7 8,500
B 7,800
g 10,000
10 5,000
11 3,000
12 2,800

(a) Measure the distance from the
centre of each settlement to the -

nearest water stand pipe.

(b) Calculate total population withm

400 m from water stand pipe.

{c) Calculate the percentage of

population within 400 m from water
stand pipe. :
Solution
The solution to this problem involves
geometric  and  stahistical analysis
through the following steps: :

Hindent’s Book Form 5 & 6

1. Measure the distance from the
centre of each settlement to the
centre of the closest water stand
pipe using a ruler and record from
the shorter distance to the longer
distance;

i, Convert the representative scale

mto statement scale as follows:
1; 20000 = lcm: 20 000 cm

since
Im=10 cm
e 200 000 cm

Therefore, 1 cll® 20000 cmx1m
100 cm

1em @ 200 m

1. Use the statement scale to convert

map distance to ground distance
from each settlement to closest water
stand pipe as shown in Table 3.1

1 cm: 200 m
Map distance : Ground distance (7)

" Ground distance =
Map distance = 200 m

lcm

1v. Determine the cumulative
population as shown m Table 3.4




Geographica deta nalyss and N

interpretaiion

Table 3.4: Cammulative population at different ground distance

| 3 0.5 100 | 12,000 | 12,000
2 9 0.7 140 10,000 | 22,000
3 4 1 200 %000 30,000
4 7 1.2 240 %500 38,500
5 8 1.5 300 7,800 46,300
6 1 1.5 300 5,000 51,300
7 2 1.8 360 4,000 55,300
R 6 2.5 500 7,000 62,300
9 3 2.7 540 6,000 68,300
10 10 2.8 560 5,000 73,300
11 1 3.7 740 3,000 76,300
= .i = _: —= — "'i',':im'q" _____?.'.g_: —

Therefore, the population within 400 m 15 given by a cumulative population
at pround distance that 15 less or equal to 400 m. In this case, the cumulative
population of 55 300 15 at the ground distance of 360 m.

The percentage of population within 400 m is calculated as:

Cummulative population at ground distance = 400 m
Cummulative population at longest ground distance

Percentage =

B Cummulative population at 360 m
Cummulative population at 360 m at the second 740 m

55300
T 79 100

= 100

= 100 = 69.6%

Meanwhile, data analysis imvolving forecasting, contrasting two vanables, and
explaining the relationships between the vanables often belong to the complex
geographical data analysis. The complex form of geographical data analysis is
also known as inferential analysiy which 1s one among the advanced analyses in
quanfitative data.

Creographical qualitative data analysis typically entails a thorough examination of
non-numercal data presented in the form of a text, pictures, graphics, symbols, and
data on maps. Qualitative data can be analysed thematically through content analysis.
Content analysis determines the presence, meaning, patterns and relationship of
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words, themes or concepts m gualitabive
data.

A vanety of methods are available
for performing data analysis. Both
sophisticated and conventional methods
are frequently used. The conventional
method 15 a basic approach to data
analysis that can be carmed out with a
caleulator. Tt 15 frequently appropriate
when dealing with small amounts of
geographic data. Sophisticated data
analysis calls for highly developed
skills 1n both data analysis and related
software. Analytical skills related to
computer usage and the related software
are required for this kind of analysis.

Descriptive statistical data analysis

Descriptive methods for quantitahve
data analysis are the measures of central
tendency and measures of dispersion.
The measure of central tendency 15 a
smgle value that 15 nsed to desenbe a

posttion within the given set of data. Tt
15 the value that tends to he centrally
within the set of data arranged n the
ascending order of magnitude, that is,
from small to large values. Measure of
central tendency enables one to compare
two or more distnbutions pertaimng
to the same penod of fime or within
the same distnbution over time. For
example, the average consumption of
tea m two different geographical areas
for two vears, say 2022 and 2023, can
be obtained by means of an average.

The most commonly used measures
of central tendency for geographical
data are mean, mode and median. All
measures of central tendency are useful.
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However, n different conditions some
have become more appropriate than
others. It 15 thus important to understand
a good measure of central tendency.
A good measure of central tendency
possesses the following charactenstics:
easy to understand; sumple to compute;
scope of data ufilisation; possimlity of
further algebraic treatment; possession
of sampling stability and stability over
the effect of extreme values. Measures
of central tendency can be calculated for
both individual and grouped data.

(a) Mean

Mean, also referred to as arfthmetic
mean, 15 the most popular measure of
central tendency and may be defined
as the valoe which we get by dmading
the total of the value of vanous items
n a seres by the total number of 1tems.

- Mean can be used m several ways, often

: s 1 reporting the weather and climate,
set of data by 1denfifying the central

spectfically for elements like temperature
and rainfall. For instance, in Tanzania,
we have been frequently heanng the
reports and information related to the
changes i mean annual temperatures
and ramfall from sources such as the
Tanzanmia Meteorological Authority
(TMA). Thus, mean can be used to
compute the central values of different
variables and explain their importance on
the phenomena in question, for example,
the mean agricultural and hvestock
produce/yield.

Mean 15 categonsed mto anthmetic
mean, geometric mean, harmonic mean
and quadratic mean. In this book, only
arithmetic mean has been covered.

Greographical dats analysis and
interpretation
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(1} The mean af ungrouped data

This is obtained by diving the sum of Lx, =X +X..+X,
values or scores of mdividual data by
the number of individuals. The mean - Example:

can be calculated from the sample data 1. Using population data for Dodoma

or eutire population, districts in Table 3.1, caleulate the
Procedures arithmetic mean.
(1}  Find the sum of all data values | .
or observation; : Solution
(ii) Divide the sum of the values . (i) First, sum the population of all
of all individual by total : Dodoma districts as;
1.1u.mber of mdividuals or 33 St B STk S £
items as sample mean ¥ or — 244857 + R0443 + 339333 +
PepailaHnn Tean 1 ; 322526 + 765179 +488176 +
i x ' 443867 + 408247
- i '
W (11) Then, divide the sum of the
) E X, i population of Dodoma districts by
Population mean (p) = Erea : the number of Dodoma Districts
Where; pe
n= mumber of data values inthe o, _ 3092623 oo gme
sample population ' n
N = mumber of data values in the i
population | = 386 578
L = summation of _ - 2. Study the data given in Table 3.5
x, = score, observations or value of showing passengers transported by
mdividual/item (i) - the TAZARA in ‘000 thousands
4 : from 2010 to 2016, and complete
Using the notation Tx we canwrite: = the sample mean.

i=1

Table 3.5: Passengers fransported by the TAZARA in 00 thousands from 2011}
to 2016

2010 2011 | 2012 II]IBEE[II-'-I 2015 2016
758 | 414 | 678 | 654 | 287 | 327 440

Sowrver Mimstry of Works, Trimsport amd Commumication (2016)
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Solution:

]

2%

=l
i

Formula x =

o T58+414+678+654+287+327+440 _ 3558

=

X = 5082857 = 508

7

Therefore, this means that on average, the passengers transported by TAZARA

per year were 308,000_

For data sef with frequencies

The mean of ungrouped data with
frequencies (Table 3.6) can be calculated
by usmg similar procedures.

Table 3.6: Scores of a given sample

| | k| 2| =
| k| En] | e

Procedures
(1) Multiply the data value (x) with the
respective frequency ( £} to get (fx).
(1) Sum the product () to get { > fx,)
(111} Sum the frequency to get ( }./)
(1v) Divide the sum of product (3 fx)
by the sum of frequency (3 f) to
get the mean.
For example: Use the data in Table 3.6

to caleulate the mean of ungrouped data.

The first 3 steps are carmed out in Table
3.7. The product fx 15 determined m
column three. The sum of frequency

3 fand product of } fx are determined
n the last row.
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.ﬁ-"here; ¥

Table 3.7: Score for a given sample

1 3 J

2 Y. N

3 6 18

4 2 8

5 5 25
=20  Yfe=62

Finally, the mean (X ) for geographical

 data with frequencies 15 calculated as;

_2f
2
Substitute the values ¥ =62 and ¥'f=20
62
20
=3.1

Therefore; the mean for the score of the
given sample 15 3.1

x =

Mean of grouped data

This 15 useful when someone has a wide
range of data which are supposed to be
grouped into classes to facilitate further
analysis. Mean in the grouped data can
be computed by using two methods,
namely; assumed mean method and
direct method (shortcut method).




(rengraphical data analysis and
interpretaiion

Calculating mean by direct method
Dhrect method mvolves calculation of midpoint of each class and the product of
mid point value and the respective frequency.

Example:
Fmd the mean of population data in Table 3.8 for town "K',

Table 3.8: Population data for iown 'K’

0-2 2
3~3 5
6—8 6
9-11 2
1214 2
15 =17 4
18 —20 6
Procedures
(iy  Find the midpoint/classmark of each of the class interval (x,) as shown in
Table 3.9,

(i)  Find the product fx as shown in Table 3.9.
(1)  Fmd the sum of frequency } f and products } fx, as shown in Table 3.9.

Table 3.9: Midpoint and sum aof frequency of population data for town 'K’

0=2 2 g 1 . 2
3-5 G B ' 20
6— R (] T ' 42
g—11 2 10 i 20

12 —14 i 13 ' 26
15— 17 4 16 : el
1820 EwY. 19 j 114
TOTAL o —2%7 | | T =28

(1v) Calculate the mean of grouped population data by dividing the sum of product
> fx, by the sum of frequency } f as follows:

T, gl
B

B f—288, ¥ f=27
288

27
= 1 0.6666

Therefore, the central value for the population data of the given sample 15 10.67.

I=
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Calculating mean by assumed mean  Procedures
method
When the values or scores under

observation are extremely large and in
fractions, the use of the direct method

(i) Find the midpoint/class mark of
each of the class interval (x);

- (1) Assume one value as a mean. Based

My e oy on the given data in Table 3.10,
e e e - the largest # 15 on mntervals 30-40,
be done. The method uses the concept

7 which also happens to be almost in
OEte ariany of assyme] mea; the centre of the distribution; 35 is

Example: taken as assumed or arbitrary mean.
Find the mean of school ¥ students”

scores as shown in Table 3.10 n
Greography subject using the assumed

(111} Subtract the arbitrary mean from
each value of mid-pomnt and the
resultant value 15 shown m column

mean method.
Table 3.10: School ¥ studenis scores in ot Table 3.1
(Feography subject ~ {1v) Multaply each 4 by respective
frequencies (f) to get (fd) (Table
0-10 4 3.11);
10 —20 B
M- 30 11 (v) Find the algebraic sum of fd and
10 — 40 15 the sum of /. Sometimes } fd can
A0 — 50 ' 12 be positive or negative:
S0 — 60 il "
Gl — T 2

Table 3.11: Assumed mean of school ¥ students ' scores in Geagraphy

0—10 5 4 -30 -120
| 10-20 15 g -20 -160
' 20 - 30 25 11 -10 -110
, 3040 3s 15 0 0
' 40— 50 45 12 10 120
| 50— 60 55 6 20 120
; 60 = 70 65 2 30 60
Yf=58 S fd =-90

{v1) Divide the sum of product fd by the sum of } fto get the frequencies Eﬁi ;and

2.
E=ﬂ+zﬁi
3

{(v11) Add the comrection factor to the assumed mean to get the actual mean as
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‘Where:
A = arbitrary or assumed mean
= frequency
d = deviation from the arbitrary or
assumed mean

% f'=number of data values in the
population

= —00 and 3= 58.
s —90
x=35+

ut.
=35+(-1.55)
=3345

Therefore, the mean scores for school Y -
students in Geography subject is 33,45 .

Advantages and disadvantages of
mean

The use of mean in analysing and ;
summarising geographical data has
both advantages and disadvantages.

The mamn advantages mclude the fact

that mean 15 easy to calculate, especially -
in small data set; 1t includes all values !
n the distribution; it 15 useful for -
summarising geographical data and
companng geographical mformation.
It 15 also wadely understood compared
to other averages and suited to further

analysis.

The mamn disadvantages mclude the :

fact that the mean 15 highly distorted by

outliers. Outhers refer to the extremely -
high or low values in the observation.

()

It is also impossible to locate the mean
by mspection as n the case of mode
and median. The value of mean wall
be effective only 1f the frequency 15
normally disinbuted. Otherwise, 1n
case of skewness, the results become
meffective.

- (b) Median
Assumed mean (A) = 35; the correction -

factor for the difference between the
actual mean and the assumed mean (3 /)

Median 15 value of the middle item. Tt
15 the value of the nddle item for a
set of peographical data that has been

- arranged mn order of magnitude or the
- point below and above 50% of the

- seores in distribution (the mid-point in a
- dhstribution). Median can be determined
- for grouped and un-grouped data.

Median for ungrouped geographical data

Procedures

(i) Amange data mn ascending or
descending order.

It the total number of 1tems 15
m odd, add one (1) to the total
number of observations (n) then
divide by two (2) to acquire the
position of median.

The value of the median for un-
grouped data 15 given by the

(i)
expressions below:
i
Median = Value of the "?“]
term 1n a ranked data set.

Note: the expression 15 purposely
for finding the posthion of the md
value.

(1w} If the total of the tems (values)
15 even, median 15 obtamed by
adding the two central values and

dividing the sum by 2.
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Examples

l. Study the data in Table 3.12 which shows production of cashewnut m *0(H)
tonnes in Tanzania from 2012 to 2016, and find the median.

Table 3.12: Production af cashew-nut in Tanzania

12012 | 2013 | 2014 2015 | 2016
160 | 128 | 130 198 | 155

Somres: Motional Bureen of Stetet ca {2015)

Solution

The values of production are arranged n ascending order = 128, 130, 155,

160, 198
n = 3, them

n+1\ S+1 _ : . 4
The 5 value = B =3 this means the mid value is on the 3" position

of the data set.
That 15, the median 15 155 (00 tonnes which means the mid value of production
throughout the five years of cashew-nut production.

2. Study the data in Table 3.13 showing the total monthly rainfall recorded in
Tanzania mn the year 2016 and find the median.

Table 3.13: Total manthly rainfall recorded in Tanzania in the year 2016

Monthly
total
rainfall

()

1918 1312 (140 2136 (411 |92 22 B3 141|278 | 646 666

Suurce: Tanzania Meteomingical Agency (2014)

Solution

Arrange the value of rainfall in ascending order.

Thatis 22,83, 9.2, 140, 141,278, 41.1, 64.6, 666, 131.2,191.8, 213.6
ih

12+1
] vale = 2+

= 6.3 this means the position of the mid value 15 at 6.5 position. In this case, mid

The position of the mid value is given by the expression

vialue is obtained by finding the mean of the & and 7% (the two middle) values in
the data set. The 6" value is 278 and the T is 41.1 =
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27_5;;41-1 5 EZ-'-? = 34.45 =34 5mm

Therefore, the median value for ramnfall 1s 34.5 mm which 15 the mid value of the
rainfall in twelve months.

Median for grouped data
Use the given data in Table 314 which shows the distribution of students’ scores
for school *Y" in Tanzama to calculate median of grouped data.

Table 3.14: Distribution of studenis " scoves for school Y in Tanzania

0-4 2 253
5-9 6
10- 14 10
15-19 8
20-24 4

Procedures
(1}  Construct the cumulabive frequency distmbution.

Table 3.15: Cumulative frequency of studenis 'scorves for school “Y 7 in Tanzania

0-4 2 2
5-9 ' 6 P ]
10— 14 _ 0, % 18
15— 19 g 26
20— 24 4 30

(1) Decide the class that contain the median. Median class 1s the first class with
the value of cumulative frequency equal to or at least Z ;
(111) Find the median by using the following formula:
: o
Median= [+ s W
Ja

n = total frequency
¢f = cumulative frequency before median class

£, = frequency of the median class
i = class mterval or class width
L = lower boundary of the median class
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Note: Lower boundary of each class
15 calculated by subtracting half of the
gap value from the class lower linmt.
Forexample, 10—-0.5=935. 0.5 15 used
because the gap value 15 1.

30 _ g

Median = 9.5+ | -2 5
10

i
=054 !ELF" 5
L 10

i
=05+ --?-]5

10
—0.5+35
=13

Therefore, the mid value for the score
15 13,

Advantages and disadvantages of

median in geographical data analysis

The main advantages of the use of
median i geographical research data
are: one, 1t 15 easy to understand by
considering the half way point of the
data set under observation. Therefore,
it 15 switable for distnbutions with
extreme values. Secondly, median 15
not distorted by the extreme value(s) in
distnbution. Thirdly, median 15 relevant
n skewed data distribution.

The advantages above notwithstanding,
median has some limitations such as
unswitability for further mathematical
treatment or advanced processing;
not being based on all values under
ohservation; and being highly affected
by the fluctuation of samphng as
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opposed to mean. Furthermore, median
15 not reliable m testing geographical
hypothesis, parhicularly m advanced
levels of the field of Geography.

(c) Mode

Muode 15 the most frequent score 1 a
distnbution of geographical data. The
mode of a set of data 1s the observation
which ocours most frequently. It 1s
also defined as a point of maximum
frequency density mn the distmbufion.
Mode 15 presented by the highest colwnn
() 1 the listogram. In some data set,
the mode may not exist, while in other
data sets, two or more modes may exist.
The occwrming mode can be either uni-
maodal, bimodal or mulb-modal.

Muode is one of the useful averages i
the field of chimatology as 1t can be used
mn the classification of weather patterns

an various geographical areas. In case

of Tanzania, many areas have single
rainfall peak per year called umi-modal
areas while the rest of areas receive
two peaks of ramnfall called bimodal
areas. Some of the areas that receive
bimodal ramfall include Dar es Salaam,
Musoma, Morogoro, Tanga, Kagera and
some parts of Mwanza region. There are
also areas that receive three seasonal
rainfall per year, such a pattern 1s called
trimodal.

Muade for the ungrouped data
Uni-modal of ungrouped data occurs
when there 15 one (1) mode value in a
distnbution. For example n 4, 5, 6, 6,
7.8,9, 10,10, 10,

Mode 15 10 because it has occwred
three times.

Greographical dats analysis and
interpretation
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Bimodal is when a set of data has two
modes, for example, 1,2, 3,3, 4, 4, 4,
5,5, 6, 6,6, 11. Here the modes are 4

and 6. This 15 because they have both -

cocurred three times.

Multi-modal exists when the data sethas -
maore than two modals, for example 1,
3,5,8,9,2,48,7,20,5,62,1,2,3,:|

4,5 56,7,8,8,9 20,2
In the data set above, the modes are 2,

5 and 8. This 15 because these mumbers |
have more occwrrences than others, -

which 15 three times.

Made for the grouped data
In prouped data, mode can be calculated
by the following formula:

f
Mode= L, +| — ¢
i +E,

YWhere;
Lﬂ = lower limit of the modal class

t.= frequency of the modal class

minus frequency before the
maodal class; that 1s, the difference .
between the frequency of modal

class and frequency of premodal

class.

t,= frequency of the modal elass minus
frequency atter the modal class,
frequency of modal class and
frequency of post modal class.

! =class width or the size of the class
mterval.

Example:

Study the Table 3.16 and then find the

mode.

Table 3.16: Distribugion of scores

40 — 44 )
45 - 49 8
50 - 54 11
35-59 10
60 — 64 )
- Solution
- {mven
L = 4935,
t, = (11-8)
= 2
£, = (11=10)
=4
: b=
- Using the formula for the mode:
3
Mode = 4'-}-5+[—]5
3+l
3
=49.5+— x5
4
=49.54+3.75
=53.25

Therefore, mode 15 33.25
Estimating a made from a histogram

that is, the difference between - Mode from grouped data can be derived
- from histogram. For example, using
- seore distribution from Table 3. 16, mode

- can be determined from a histogram

following the procedures below:

Procedures

(1)  Draw a histogram;

(i) Identify the modal class
represented by the tallest bar;
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(ii)
(iv)

Diraw the cross lines using a solid red hine as shown in Figure 3.3;
Draw a perpendicular line using a doted lime from the mtersection of the two

solid lines until it touches the honzontal axis as shown 1 Figure 3.3; and

(v)

dXI13.

Read the mode at the intersection of the perpendicular hne with the honzontal

12

._
f= = =

Frequency
=]

B
&

4
2
0 39.0 445 405 /L D95 645
Mode = 53 Scores
Figure 3.3: Esrtmating a mode from a histogram

Advantages and disadvantages of a
mode in geographical research

Mode 15 of paramount 1mportance n
geography. Some of 1ts advantapes are:
one, 1t 15 not affected by the occurrence
of a few extreme values under the
distributions; two, 1t determines various
phenomena such as the magnitude of
agricultural production or the trend of
commodities. In addition, mode 15 the
only average to be opted for categoncal
data. Moreover, mode 15 easy to read
and interpret in the given data; easy to
understand, calculate and nterpret. On
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the other hand, mode 15 disapproved
for vanous hmitabions. Firstly, it 1s not
sirictly defined mn such a way that 1t 15
unstable with large samples. Secondly,
1t 15 not based on all data values under
observation; and thardly, it 15 not suitable
for further mathematical treatment.
The existence of mode when data are
the same n some of the distnbutions
discourages 1ts use m analysis of data
and 1ts usefulness 15 less common
m advanced geographical research.
Compared to mean, mode 15 severely
affected by the fluctuation of sampling.
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Relationship between different
measures of central tendency for
geograhical data

The varnous measures of central value
give us one single figure that represents
the entire data. But the average alone
cannot adequately describe a set of
ohservations, unless all observations are
the same. Measures of central tendency
often portray some relationships between
them. The relationship 1s determined by
the nature and pattern of the distnbution
of geographical data in the sample or
population. Normally, the relahonship
between mean, median and mode of a
population generates symmetrical and
skewed curves.

When the population mean, median
and mode are all located at the centre,
they result to a symmetncal bell-shaped
curve called normal distribution curve,
which can be divided into two equal
halves (one half 15 a mror image of
the other) as shown in Figure 3.4{a).
In this, case mean = median = mode.
In case the distnbution 15 skewed to the
right, it 15 positive skewness i which
the longer tail 15 on the nght side, then
mean » median > mode. Generally,
mcome distribution 15 skewed to the nght
where a large number of families have
relatively low mcome and only a small
number of families have extremely high
mcome. In this case, the mean 15 pulled
up by the extreme high mcomes and the
relation among these three measures 18
as shown n Figure 3.4{b) where mean
= median > mode.

N\

Mode = Mean = Median

(1) Mormmal distribution curve

e

el

I

Median

Mean

{b) Positive skewed distnbution curve

Mean

Median

{c) Negative skewed distribution curve
Figure 3.4: Typer af distribution curves

When a distnbution 1s skewed to the left,
it 15 negative skewness in which the tail
15 on the left side. Thus mode™ median:
mean. In this case, the mean 15 pulled
down below the median by extremely
low values as shown in Figure 3 .44c).

The general limitations of measures
of central tendency in geographical
data

Omn summansing data, vanous measures
of central value give us one single figure
that represents the entire data from the
sample or population bemng studied. Tt
should be noted that the average alone
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can not adequately describe a set of
observations, unless all the observations
arg the same. Mean, median and mode
fall short of indicating the extent of
dispersion or vanability m distnbution.
Dhspersion and varnability are important
because they enable us to understand the
pattern of the data, which 15 himmtedly

explamed by the measures of central
tendency. In some cases, two or more
distnbutions can have the same central
value yet there can be a wide discrepancy
m the formation of distmbution. In this
ground, measures of dispersion become
helpful for understanding charactenstics
of distmbution.

1. Why is average called a measure of central tendency?

2. Average has its own peculiar charactenistics. It 1s difhcult to say which
average 15 the best. Explain with examples.

3. Under which conditions is the median more suitable than other measures

of central tendency?

4. Find the mean, median and mode of the following data graphically, then
comment on the obtained values of the calculated central tendency.

20-30

30440 40-50 5060 [ 60-=T0

0-10 | 10-20
4 | 18

30

42 24 10 3

5. Explain the geographical estimates resulting from geographical data

analysis.

6. Explain the usefulness of geographical estimates in relation to geographical

phenomena.

Measures of dispersion in
geographical research

The degree to which nuwmerical data
tend to spread about an average value
15 called dispersion or vanation of
data. The measure of dispersion is
also known as measure of vanaton
or spread. Two distnbutions can have
identical means and medians, yet
their difference can be 1dentified by
using measures of dispersion. For
example, m the distnbution of data set
Ar 18, 20,25, 35,39 and B: 2,3,
25, 30, 75, the mean in both of these
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distributions 15 27 and the median in
both 15 25. However, the disinbution
differs greatly. Just by observing the
distribution in A, the scores are closer
and tend to cluster around the mean of
distmbution while in B the scores are
much more spread out. The difference
of two or more distnbutions 15 termed
by the geographical researchers as
varability.

Measures of dispersion show how
spread out or dispersed the data are,
something that cannot be achieved by

Grepgraphical data analysis and
interpretation
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the measures of central tendency. Asa
result, the central tendency becomes
less appropnate for some analysis. For
example, a statement that by 20104 the
mean annual salary for public servants
m country X was 200 malhion, hides
mformation on the fact that some
workers eamed far less than the
mentioned amount and others eamed
more than 200 million. Therefore,
knowing the mean 15 msufficient to
understand the entire distnbution of
workers’ salanes. This limitation pave
way for the need of applying other
measures that are capable of descnbing
the spread or vamabihty that exists
within the distnbution of a given data
set. The commonly used measures of
dispersion are range, mean deviation,
vanance and standard deviation.

(a) Range
Range 15 the difference between the
smallest and the largest value in the

distribution of geographical data. The

overall range represents the distance
between the highest and lowest scores
n the distmbution.

Range for ungrouped data

Range can be calculated by subtracting
the smallest value (5) from the largest
value (L) m the distnbution. Range takes
into consideration the extreme values
n a data set.

Example:

study the following distnbution of data
and calculate the range: 2, 3, 5, 7, 14,
15, 24, and 25.

Solution:
From the given data the largest value
15 25 and the smallest value 15 2.
The range = Largest value (L) —
smallest value (S) =25 -2=23

Therefore, the range = 23

The range for the grouped data

This 15 obtamed by using the differences
between upper hmit, lower limit and
mid-point of largest and smallest class
mterval.

Usimg data in Table 3.17, find the range.

Table 3.17: The distribution af scores

15— 19 p

10— 14 1

5-9 1

-4 2
Solution:
From Table 3.17, the range 15 determined

GED
{a) Range = Highest upper class himmt
— Lowest upper class limit
19 — 4 = | 5 Range = Highest lower
class limit — Lowest lower class
limit
15-0=15
(b) Range = Highest upper real limit —
Lowest upper real linmt
19.5-4.5=15

Range = Highest lower real himit —
Lowest lower real limt
145—-{-0.5)=15
=15
(¢} Range = Midpoint of largest class
mterval — Midpomt of smallest class
mterval.
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The largest class interval 15 15 — 19 and the smallest class interval 15 0 — 4.

15+19 _ 34
The midpoint of the largest class mnterval (L)j= = = =17
a+4 4
The midpoint of the smallest class interval (5) = o = E =2

=1¥=2=:15

Coefficient of range in geographical daia

Coefficient of range 15 the ratio of the difference between the highest and lowest
value of frequency to the sum of the highest and lowest value of frequency. It 15
a relative measure of the distnbution based on the range of any given data set.

The coetficient of range 15 calculated by the formula:

. Highest value in frequency (L) — Lowest value in frequency(S)
Tagcoemeient plcampe ™ Highest vahae in frequency(L) -+ Lowest value in frequencyiS)

The coefficient of range 15 more appropriate for the purposes of companson.

Example
Study Table 3.18 and calculate the coefficient of range separately.

Table 3.18: Disiribution of scaves for twe seifs in class "H”

g8 | 10 [fao0 " 9 | 15| 10| 13 | 28
30 | 35942 50 | 32 | 49 | 39 | 33

Solution:
As shown in calculation, range of the two sets of data are the same:

Setl: 28-38=20
Set2: 50-30 =20

Coefficient of range 1n Set | 1s:
el
28+8

Coefficient of range 1n Set 2 15:
50-30

=25
50+30

The coefficient of range tells the degree of dispersion in a set of data. The larger
the value, the higher the dispersion.
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Advantages and disadvantages of
the range in geographical research

Range 15 opted because 1t 15 easy to
calculate and understand. Tt also
gives a quick esiimate of vanability
in distribution. Regardless of the
stmplicity of obtaiming range just by
considering only two values of a set of
data, 1t 15 important to many fields and
mdividuals, mcluding geographers
many ways. Range 15 used to get a quick
understanding of the varability or a set
of data. In case of a small sample, range
15 considered as a sufficient measure of
varability. It 15 often used i quality
control where a continuous check on the

vanability of raw matenals or fimshed
products 15 required.

Range is also an appropriate measure
mn weather forecast. For example, in
daily reports on weather forecast from
Tanzama Meteorological Authonty
(TMA), we normally hear of maximum
and miinimum temperatures, rainfall,

wind, and humidity and sunshine. Such -
- between each value and the mean.

geographical mformation may seem
useless to some people but it may be

important for those with plans and

activities that need updates on weather
to make appropnate decisions.

Range has some drawbacks. Tt is
highly affected by the extreme values
n a distribution, hence 1t cannot depict
the nature of dispersion of items mn a
distribution. Range can mislead the
interpretation of data 1f there were

some errors during collection of raw

data_ Tt is also based on only two items,
hence does not cover all the items in a

sample based on the same population. Tt
fails to give any 1dea about the pattern
of distnbution; and in the case of open-
ended distnbutions, 1t 15 1mpossible to
compute range.

(b} Mean deviation {MD) for
geographical data

The mean deviation 1s also known as
the average deviation. Mean deviation
denotes the amount by which mdrvidual
value deviates from the mean in
irespective of sign (+ or—). The negative
and positive signs are 1gnored during
computation since the deviatons are
always equal, mmespective of their signs.
It 15 the average difference between
various measurements and the mean.

Mean deviation jfor ungrouped data
The formula for computing the mean
deviation for ungrouped data 15 given

below.
o3
MMean deviation =
H
Where:
|xr —31 = Tt 18 the absolute difference

# = the total mumber of observations

¥ = summation of

© x=observation or values

Procedures

(1) Compute the mean of the given
ohservations;

(1) Find the individual deviation by
subtracting the mean from each of
the given observations as shown in
Table 3.19;

{111) Sum the absolute deviation; and

- {iv) Divide the resulting sum by the total
distribution. The other weakness 15 1ts

susceptibility to wide fluctuations from -

number of ohservahions or items.
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Example: Table 3.20: Scores for form five students
The distribution of scores for class ‘T in Benbella Girls Secondary School

ae2,53,4,5,and . Computc homonn [ SEORES I FREGUEREI )

deviation, 20-29 2
Solution 3039 3
2o 2+3+4+5+|ﬁ=2ﬂ'=4 ':g:ig ig
3 5 6069 5
Table 3.19: Dissribution of scoves for 7079 2
class ‘D7 RO-—#% 1

_ (1) Calculate the class mark x, for each

: : : interval as shown in Table 3.21;
— 1) Find the uct uenc
4 4 0 ¥
5 4 1 and class interval (x,) as shown in
[ 6 4 2 Table 3.21;
ne- 3 Ylr - x|=6 | (i) Calculate the sum of frequency %1
Thus, mean deviation m{[}} and sum of } fx as shown n Table
JEI.
=q1,—31 =f=12 (iv) Using 3 fx and } f from Table 3.21,
H 5 calculate the mean x as;
Therefore, the mean deviation 1s 1.2 Eﬁ
Mean deviation for grouped data - I= R
The formula for computing the mean Ef
deviation of grouped data 15 given 1733
baluwm ’ zflxr_fl =34
73 =509

Table 3.21: Geoagraphy subject scores for form five students in Benbella Girls
Secondary Schaol

20-29 2 245 49 509 | 26.4 528
3039 | 3 345 1035 509 164 492
A0-49 10 445 445 09 6.4 64
5059 13 545 7085 09 36 46.8
6069 3 64.5 193.5 509 | 136 40,8
70-79 2 745 | 149 509 236 472
q0-89 1 %45 4.5 509 | 33.6 33,6
Total | YF=34 Yfr=1733 H|x—3i —
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{v) For each class, calculate the deviation
(x, — X ) of class mark (x) from the -
mean ( x ) as shown in Table 3.21;

{vi) Calculate the product [ flx—x|)of

frequen and absolute deviation
¥ - 1s wrong for it disregards the algebraic

- s1igns when deviations are taken from the
: mean, Because of these limitations, mean

|x|—f] as shown m Table 3.21;
(vi1) Calculate the sum of the product
Ej'|x|—E] ; and
(v} Calculate the mean deviation
(MD) using Eﬂx,_ﬁ and

Y. f from Table 3.17 as

f&‘|xr—3~1 3344
¥ 0 34

MD = 984

scores 15 9.84
Advantages and disadvantages of

mean deviation in geographical
research

has a number of advantages. First of all,

meaningful comparison of the setup of

different distnbutions.

Om the other hand, mean deviation has
the following weaknesses: it falls short of -
allowing further algebraic treatment; and -
it sometimes fails to pive accurate results,

o : - (1) Find the deviation from the mean
Mean deviation gives best results when -

deviations are taken from the median
rather than the mean. In a senes, with
wide vanations in items, mean deviation
15 not a satisfactory measure; and from
mathematical perspectives, the method

- dewviation 15 seldom used mn geography
. studies. Such limitations pave the way
- for better measures of vanabihity which
. are often used in geographical studies.
- (c) Variance

- Population vanance often denoted by
. @?is the mean of the squares of the
- differences between each data value and
- the mean. For the case of the sample,
- warance 15 often denoted by 5% Vanance
- 1% also a measure of the spread between
Therefore, the mean deviation of the

i distance of each number from the mean
. and from one number and the other.

given scores or data set. Tt measures the

| Theretore, the large vanance mdicates
. that scores are far from each other as well.

The use of mean deviation in geography - Vanance can be caleulated for ungrouped

. and grouped data. For ungrouped data,

it 15 simple to understand and caleulate. ; vatiahicn can be calculated using the

It also takes into consideration all the
dataset under observation and it is
less affected by the extreme values.
Since the deviations are taken from the
central value, 1t 15 possible to make a

formula below:

r R

N
Where:

o * = Vanance from sample
x=Mean of sample
N = Population size
Procedures
{1} Calculate the mean (x ).

x-x|-
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{111} Square the deviations from the mean
(x—%)°.

(1v) Sum all the square deviahons and
apply the formula.

Example

The distribution of scores n a class of
Practical Geography are 2,7.3,12, and
9. Calculate variance.

Solution
_ 24+T7+3+12+49
x= =66
5
Table 3.22 Distributions of scores in a
class of Practical Geagraphy
| 2 |16.6 | —4.62 21.16
T 66|04 0.16
3 | 6.6 3.6 12.96
1216654 29.16
Q16624 576
n 1
>(x-3) =692
&=l

{v) Sguare the deviahon from the mean
as shown m Table 3.18.

{(v1) Sum all square deviations as shown
n Table 3.18 and calculate the stated
deviation as follow:

o =E{x—x]1
N
GI_EELE.G'
5
gl=13.84
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Advantages and disadvantages of
variance in geographical research
Despite the simplicity and accuracy
m computation of the vanance, its
tendency to mve more weight to extreme
values by squaring them up remains a
limiting factor.

(d) Standard deviation

It 15 the value which shows how far
the scores are spread from the normal
or how the numbers are spread in a
distribution. It 15 the most common
index of variability. Standard deviation
(3D) can be calculated for individual

or prouped data. For ungrouped data,
standard deviation can be calculated

using the formula below:
5 (o)
5=Vﬂ._._
"

- 8 =standard deviation from sample.

x = mdividual score

% =mean of sample

# = total number of observations 1n a
sample

Procedures

(1} Caleulate the mean of distribution;

(11) Subtract the mean from each score
to get deviations;

(111} Square each of these deviations;

(iv) Add all the squares of these
deviations;

(v) Diwvide the sum square deviations
by the number of observations.
The resulting quotient 15 called
the vanance; and

iv1) Calculate the square root of
the varance to get the standard
deviation(s).
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Standard deviation for individual data . From the given formula;

(ungrouped data).

Example :

The distribution of scores for class

‘D'are 1,2,3,4,5,6,6,7, 8, and 8. (54

Determine the standard deviation. j V1o

Solution E =v3.4

Table 3.23: Standard deviation on scores 2132

Jor class "D, ~ Therefore, the standard deviation of the

. Standard deviation for grouped data

B 3 i 9
f 5 1 1 - formula:
3 5 -2 4 : ;
7 5 2 4 =
8 5| 3 9 “
1 5 —4 16
4 51 i 1 .
& |[5] 1 1 o N (T8
e e L )
a 1 :
T =50 E[x, %) =54 |
B - Example:
ixr - Study Table 3.24 and find the standard
Mean [i}=L=E=5 - deviation.
n 1n

Table 3.24: Geography subfect scoves for Form Five students in school ¥

1= 10
11 =20
E ey — 30
31— 40
41— 50
51— &0
61— 70
71— D
®1 - 90
91 — 100

e RS R R == N S O
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Solution
Table 3.25: Standard deviation of Geograply subject scores for Form Five students
in school ¥

1-10 55 2 | 11 |4375 3825 | 1463.06 2926.12
11-20 15.5 6 | 93 (4375 -2825| 79806 478836
- 21-30 | 255 4 | 102 |43.75| —18.25 | 333.06 = 1332.24 |
31-40 | 355 8 | 284 4375 —B25 | 6806 @ 54448
| 41-50 | 455 6 | 273 |4375] L75 306 1836
| 51-60 | 555 4 | 222 [43.75] 1175 | 13806 85004
| 61-70 | 655 4 | 262 4375 2175 | 473.06,  1892.24
| 71-80 | 755 2 | 151 [4375] 31.75 | 1008.06  2016.12
| B1-90 R5.5 3 | 2565(43.75| 4175 | 1743.06  5229.18
9l-100| 955 I | 955 4375 5175 | 267806  2678.06
Total Y40 1750 | Y f(x-x)"
| | |
! | - =1219774
V=40 7\ !
S = 1750 L a=4549.44
YA 1750 ot
N T 43.75 Therefore, the standard deviation of the
scores for form five students in school
Y flx—xy=219774 VYis23.44
From the given formula: Alternatively, compute the data m Table
- JE}'{_T_EJI 3.24 for grouped data using the formula:
RN ;
ep= |2 (Lfx
_ 219774 TF |\ If
40
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Solution

Table 3.26: Summation of (rengraphical vexearch scoves for jorm five students in school ¥

1- 10 2 5.5 30.25 60.5 T
1120 6 | 155 | 24025 14415 93
21—30 4 | 255 | 65025 2601 102
31— 40 3 | 355 | 1260.25 10082 284
4150 6 | 455 | 207025 | 124215 273
51— 60 4 | 555 | 308025 12321 222
61— 70 4 | 655 | 429025 17161 262 |
71— 80 2 | 755 | 570025 | 114005 151
8190 3 | 855 | 731025 | 2193075 | 256.5

91— 100 1 | 955 | 912025 | 912025 95.5
Total 1) 08540 1750
2f=40
S/ = 98540
E_fr = 1750
J 98540 [ETSD]I
E f E f 40 40

- JE#H.S—[M-TS}I

—J2463.5-1914.0625
=w."r54&4ci
= 2344

Therefore, standard deviation of scores
for form five students m School Y 1s
23.44.

Interpretation of standard deviation
The result of the calculated standard
deviation 15 23.44. 5D can easily
be mterpreted when calculated and
compared from two or more separate
groups on the same subject studied,

for example, SD for students’ scores 1n
Greography terminal examination. The
greater the 5D i one of the group say

stream A compared to stream B will
mean that the spread of the scores m
stream A 15 greater compared to that of
stream B . While dealing with standard
deviation, 1t should be noted that 1f the
calculated standard deviation 1s a larpe
value, 1t means the scores are more
spread. Thus, the greater the standard
deviation, the greater the spread of the
scores. The closer the scores are to the
mean, the less spread they are, hence the
smaller the standard deviation.

Giodent’s Book Form 5 & 6




Strengths and weaknesses of standard
deviation

Standard deviation 15 proved to have
strengths as follows. Firstly, it 1s stnctly
defined and 1ts value 1s always defimte
and based on all ohservations. Secondly,
1t uses the actual signs of observations;
it 15 based on anthmetic mean; hence 1t
has all the ments of anthmetic mean.
standard deviation 1s the most important
and widely used measure of dispersion
and gives possihty for further algebraic
expression. Furthermore, 1t 18 mmimamally
atfected by the luctuations of sampling,
hence stable and creates a basis for
measurmg the coefficients of correlations
and sampling.

Diespite 1ts strengths, standard deviation
has some weaknesses such as bemg
complex to understand and calculate;
its tendency to give more weight to
extreme wvalues by squanng them
up during computation and being an
absolute measure of vanability, henee
not switable for companson purposes.

1. Take measurements of height for
at least 10 members in your class
and record them in a tabular form,
Basing on the tabulated data,
calculate the following:

(a) Range

(b) Mean deviation
(c) Variance

(d) Standard deviation

. Using question 1(d) comment on
the standard deviation obtained.

Hindent’s Book Form 5 & 6

Exercise 3.2

1. Calculate the mean deviation from
the piven data in the following
table.

21|23

7113]15] 19
4l 4)3|2(4]68

2. Study the table below mdicating
the scores for Geography subject
n a mid-term test at school "H"
and then answer the questions that
follow.

| 11
Find
{a) Mean deviation
{(b) Varance
(c) Standard deviation

3. {a)}) Compare and contrast between
mean and standard deviation.

g | 18 [ | 3

(b} Explaimn how varnance can be
obtained from:
(1) Mean deviation
(11} Standard deviation

Presentation of geographical data

The art of turning unprocessed data into a
visually appealing and easily mterpreted
format 15 known as data presenfation.
The intentiom of data presentation 1s to
suit i explaming and substantiating a
given studied phenomenon, clanty, the
goal of the study, the scope of the study,
sample size, type of data, and ease of
use of results. Geographical data can
be presented mm a vanety of methods,
depending on the type of geographical
information. Quantitative data can
be presented using tables, diagrams,

Greographical dats analysis and
interpretation
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graphs/charts and maps. Qualitative

data can be presented using tables,

photographs, symbols, drawmgs, charts,
diagrams, 1llustrations, and 1n textual
form. Tables and graphs are among the
effechive commumication techniques that
mterpret and convey geographical data

and mformation. They enable readers to
understand the content of geographical
information, sustain their interest, and
effectively present huge quantities of
mformation.

and maps 15 commonly referred to as
fipures. In this context, 1t 15 the role of
the geographer to choose appropnate
research results presentation method that
not only will help the readers understand
the content, but also gumde them by
making meaningful interpretation of
the presented research results.

- Warious methods can be used in

presenting the data. There are three

- (3) major methods used in presenting
- geographical data, namely graphical
The presentation of geographical
data using graphs, diagrams, charts, -

charts, diagrammatic and map methods
(Figure 3.5).

Methods

of disti

-~

Figure 3.5: The schematic presentation of geographical methads for data presentation

Graphical method

This method 15 basically concemed with the relationship between quanthfies and
does not stress the 1dea of location. Usually, the honzontal and verfical axes must
appear as a basic and mtegral part of the drawing. These graphs are subdivided

mto line graphs, bar graphs, age and sex pyramids and dispersion graph or circular

graphs.
Line graphs

Line graphs may be represented in four (4) ways: Simple line graph, grouped line
graph, compound line graph, and divergence line graph.
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Procedures for drawing line graphs
(i) The horizontal axis 15 normally
used to represent the independent
varahle, for example time whether
m hours, day, month’s years or any
other penod of time;

The vertical axis 15 normally used
to represent the dependent vanable,
for example quantities or values,
sometimes as percentages;

(1) Select the suitable scale by
considering the highest value in
the graph space;

If drawn on plain paper, it 15
preferable to draw two vertical

axes, one at each end of the
honzontal axis;

(ii)

(1v) Do not indicate large numbers
with long strings of roughs, for
example 100,000 or 200,000, but
wrnte either at the top comer or
along the side, the value of the units

expressed in figures. For example
tonmes; and

(¥} Therenmustbeattle, ascaleandakey.

Note: The procedures above are stated
m a general way. However, they

may shghtly vary depending on
the type of a hne graph dealt wath.

Example

interpretation

fa) Simple line graph

The simple line graphs are nommally
drawn to represent time senes data related
to the temperature, ramnfall, populabion
growth, birth rates and death rates. They
are called simple because they have a
single line. They are commonly used i
data related to hospitals and meteorology.
The data in Table 3.27 show the mean
annual temperature that has been used to
construct a simple line graph as shown
in Figure 3.6.

Procedures for drawing a simple line
graph in geographical data

(1) Identify the types of variables
from your given data to horizontal
geale (independent) and another in
vertical scale (dependent);

~elect the suitable scale by
comsidering the highest value and

the graph space;

(111} Draw the honzontal and vertical
lines according to the scale;

{ii)

(1v) Plot the pomts and jomn them by
straight line; and

(v) Write the title and the scale.

Table 3.27: Average temperature for Cholola village in Dodoma from 20110 fa 2018

28.7

2010 | 2011|2012 | 2013 2014 2015|2016 2017 | 2018
13_1‘ 29 ‘za_z 29.3 [ 31.9 [ 32.2 | 324 322

Source: Tanzania Meteorelogical Agency (2018}
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Solution
a3
[z s
w
-
E ol
w
=
E =0 /
£ | /
= o *\\/\\‘/
bid 1]
27—
0 2000 HE O 201E 2013 Mld o 2015 I 20F 0 HHS
Year

Scale: V.5 lemto | “C and H.S: | cmoto | vear

Figure 3.6: Stmple line graph showing trend of annual mean temperature in °C' for Chololo
village, in Dodoma (200 0-2018)

Advantages and disadvantages ofsimple
line graphs in geographical research

The use of simple hne graphs in
geographical research has numerous
advantages including simplicity
m drawing and imterpreting them.
The continuous nature of the line or
curve makes the techmgue suitable
for displaying continuous data like
temperature and rainfall vanabons
over time. Simple line graph 1s also
useful in displaying the relationship of
two vanables as shown m Figure 3.4
where the vanation of temperature over
years 18 shown. The line graph enables
visuahisation of vanation of geographical
data with rise or drop patterns. It 15
alzo,easy to read the exact values agamnst
the plotted point in straight line graph.
Monetheless, the simple line graph

encounters some shortfalls such as the
comstrain of record hmit which represents
only one item on the graph. Another
limitation of simple line graph 1s that 1t
gives false impression of contimuity of
data even when there are penods the data
15 missmg. The method 15 also enficised
for giving unclear visual impression of
actual quantities.

{b) Grouped line graphs

Grouped lme graphs, also known as
camparative or multiple line graphs,
are graphs which present more than
one tem or series of data. Grouped Iine
araphs display the relationship between
sets of similar geographical data for two
or more items. Note that the drawn line
should not be umiform and on the other
hand, presentation of five hines per graph
15 recommended. The data in Table
3.28% has been used to draw Figure 3.7.
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Procedures
The followmg are procedures for constructing multiple hine graphs

(1} Identify the vanables from the given data;
(1) Identify the item with highest value and use it to choose the scale;
(111) Draw the honzontal and vertical lines;

(iv) Plot the points and join them with lines of different texture or colour for
different dependent vanables; and

(v} Wrnte the title, scale and show the key.

Table 3.28: Annwal mean lemperalures from five meleorological stations In Tunzania
Srom 2012 i 2016

2012 2013
Kilimanjaro (KIA) 308 303 207 30.4 0.1
Diar es Salaam (TNIA) 311 32.1 320 32.0 31.3
“Mtwara 306 310 |307 3.1 309
Songea 26.7 273 267 217 28.0
hbeva 251 24.6 L, 26.2 24.0
Source: Thnzonie Meteordogioal Agency (2018}
Solution
|
85 e mme, S
R e i Sl
-5 pATY I-__——‘—-—-|—________,___..---"''-’-.-.-“-----"“‘---.._
i PR
= L N
8 15 et
: |
ER ass
2 Jdis
1 annz M3 2004 W15 R
Key; Rty
s [t g5 galam (JIMTA) — Songea
— Miwara — Mheva

— i limianjare (LA

Scale: V.5: | cmto 5%C and H.5: 2 cm to | year
Figure 3.7: Multiple line graph showing trends of annual mean temperature in *C from five
meteorological stations in Tonzania from 20102 to 20046
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Advantages and disadvantages of
multiple line graphs in geographical
research

The use of group line graphs have a
number of advantages, especially
making comparabve analysis of data.
They are detailed since they represent
many 1tems at once hence save time
and space. They also have good visual
impression especially if drawn correctly.
The Aluctations of data can easily be
noted. However, the line graphs face
some limitations. They can be time
conswming n both construction and
mterpretation. With crossing lines they
may lead to confusion in imterpretation.
Sometimes they can be overcrowded in
ncidences of massive set of data and
they can somehmes easily be confused
with compound line graphs.

fe ) Compound line graphs

Compound line graphs, also known as
composite cumulative or divided line
graphs, are drawn with several different
components. On a compound line graph,
the differences between the points on
adjacent Imes give the actual values. Tt1s
a good alternative to grouped line graph
because the procedures for constructng
are the same. The only difference 15 that
mstead of drawing himes i different
colour or shade, they are all shown n
bold form but the space between one
line and the other 1s shaded differently.
It 15 commonly sugpested that values
should be arranged n a certain order,
with the highest values at the top and
lovwrer values at the bottom. Lines should
not cross each other and data should
be arranged 1 a cumulative manner.

The data in Tahle 3.29 has been used to
construct Figure 3.8,

Procedures

The tfollowing are procedures for

drawing a compound line graph:

(i} Prepare a cumulative table by
adding indrvidual items to previous
items as shown in Table 3.30;

(11) Draw the x and y axes and choose
a switable honzontal and vertical
scale;

(iif) Plot the dots for cumulative

values of independent variables
corresponding with the dependent
variables from ecach item by
rearranging from the largest to
the smallest or vice versa. This
regrrangement should be for the
first year then in other years, items
should follow the order of the first

F Gl

Join the dots with porfions of
straight lines;

(iv)

The area occupied by each
component presented on the
graph, has to be coloured or shaded
differently to give a clear distinetion
between the components;

(vi) Always start with the item with the
highest value and end with 1tem
with the lowaest value or vice versa;

{vi1) Lines should not cross each other
and data should be arranged m a
cumulative manner; and

(vi1) Wrnite the title, scale and key.

Giodent’s Book Form 5 & 6
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Example
Table 3.29: Electricity genevation in Giga Watt per howr in Tanzania from 2011 to 2017

Hydro 1992.6( 17699 | 17213|2613.5 2124.4|2382.1] 2369.1
Gas 2265 | 2664|2872.2| 2624 2873.8|41964| 4322
Diesel 781.1 | 1083.5 [ 1133.2) 784.9 1188.2] 389.1 | 2944

Sourer! Toreunio Ekotric Supply Company (2017)

Solution

Table 3.30: Cumulative electricity generation in Giga watt per hour in Tanzania
Jfrom 2011 - 2017

Cras 2265 (2664 (28722 |2624 | 28TIR 4 1964|4322

Hydro 42576 (44339 45935 | 52375 49932 : 6578566911
Diesel 5038.7 | 55174 57267 | 60224 61864 6967.6|69855

0 2011 o2 2013 014 2016 2016 W17
Years

[ Gas B Hydro B Dicsel

Seale W8« lem to 1000 GWh and H.8: 2em to | year
Figure 3.8: Compound line graph for electricity genevation in Giga warr per howr in Tanzania
Jrom 2041 to 2007
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Advantages and disadvantages of
compound line graphs in geographical
research

The compound line graphs are beneficial
n many ways, specifically m their ability
to display multiple values for overall
conclusion and suggestion; giving
a visual impression that encourages
understanding to interpreters; and
combining several graphs at once.
However, the method 1s associated with
some drawbacks including calculations
that may be difficult and time consuming.
The mterpretation of data 15 also likely
to be complicated. Cumulative data also
hides the reality of onginal data.
{d} Divergent line graphs

These are used to show Huctuations in
value m terms of *positives” or ‘negatives’
also known as “profits or losses’, “gains
or losses’ and “increases or decreases’.

such Huctuations are common n imports

and exports, population trends and
production of goods and commeodities.

The graph can also address the increase
and decrease pattern of temperature and
rainfall frends. As such, the graph can be
used by chimatologists, meteorologmsts
and geographers in drawing msights on
the extent of extreme weather events,

Example

chmate change and vanability as well
as their effects on the environment and
human welfare. Data in Table 3.31 has
been used to draw Figure 3.9,

Procedures

The following are the procedures for
drawing a divergent line graph:

(i) Find the sum of the values of
observations in the set of data as

shown in Table 3.25(b);

(1) Calculate the mean by dividing

the sum in (1) by the number of
ahservation as:

- w2
=Y x = - =302,
]

(111} Subtract the mean from each data/

value as shown in Table 3.25(b);

{(1v)  Plot the divergences (posifive and
negatrves) on a graph with positive
on the upper part of mean (zero)
line and negatives below it by
puthing dots as shown m Figure
3.7; (zero) line must be bolded;

and

(v) Finally, join the dots sequentally
as shown in Figure 3.7. The zero
line represents the mean; one side
of the (zero) line should mdicate

the mean.

Table 3.31: Average temperature for Chololo village in Dodoma from 2010 fa 2018

Temperature |
in *C

287|282 29 | 282|203 319|322 324|322

Sowrce: fanzania Meteorological Agency (201 8)
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Solution
Table 3.32: Deviation of average temperature for Chololo village, in Dodoma
from 201 to 2018
. 2010 287 ‘ 30.2 == 1.5
2011 232 302 — 2
2012 29 , 302 =12
2013 282 302 — 2
2014 293 302 —0.9
2015 319 30.2 157
2016 3322 | 30.2 2
2017 324 ' 30.2 e
2018 312 30.2 2
3y x,=2721
i
4 9 :/"r"'"i.\\“-
15 J
D AY
|
¥ 0.5 !
= | /
= | H3
g~ A X=a0.2
. .
E —0.5 _I____ | L L L1 LAl | i
—4
—15
—2
—2.0

200 2001 2012 2013 2014 20156 2016 2017 2018
Yeurs
Scale: V.B: 1 cm to 0.5 °C and H.S: 1 cm to 1 year
Figore 3.9 The divergent line graph for the average temperature for Chololo village, in Dadama
from 2000 ta 2018
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Advantages and disadvantages of
- the graphs may consist of two or more
- parallel verticals (or horizontal) bars
- or rectangles.

divergent line graphs include the fact
that fluctuation from the mean can be -

divergent line graphs in geographical
research
Some of the major advantages of the

noted easily. Moreover, the graphs - g cal b : th
are simple to read and mterpret, and s S VoRHEE Dot (LIpuiEE bl

simple in presenting values. They easily
e = - - - with which spectfied gquantities occur

conclusion, Other benefits include their - ™ @ 5! of data. Tt can be defined as

- quantitative comparison by rectangles
and negatives (losses) and reasonably - wilhlengin 5pr1:np_urhu:rnal_t1:nﬂ1&me&sm‘e
- of the data or things being compared.
- Data m Table 3.33 has been used to
. draw Figure 3.9:

graphs have the following limitations: Procedures

- The following are procedures for

= ; . - drawing a simple bar graph:
positive and negative divergences.

Positive and negative values may rmislead -
the interpretation 1f not skilled. They -
can be difficult to interpret, particularly
to some mdividuals who have hmated -

compare the items, hence facilitate sound
mertts m showing the positives (profits)

easy to construct.

Diespite such advantages, divergent line

mability to show the sums under the
study; mstead, they display only the

gengraphical research skills. Normally, -
- (1)

they are only restricted to one item per
graph.

Bar graphs

A bar graph, also known as a column

graph, refers to an x-y graph showing =

the tendencies of vanous geographical - ()
phenomena notably rainfall, population,
export and import, and other quantities -
like poods. Each tendency 15 shown by
a column or bar whose length or height -

: [v)

represents its value along the y-axis.

The purpose of the graph 1s to show
numerical facts mn visual form so that
- (v1) Shade the bars equally; and

they can be understood quickly, easily
and clearly. Bar graphs are appropriate
when there 15 a need to present trends

or companson. In showing companson,

a) Simple bar graphs
smmple bar graphs consist of parallel,

length proportional to the frequency

(1}  From the given data, identify the

types of vanables;

Draw honzontal and vertical line
and comstruct bars verhically above
the honzontal lines;

(i)

Along the honzontal axis, choose
the uniform width of bars and

uniform gap between the bars and
write the names of the data items

whose values are to be marked;

Along the vertical axis, choose a
suttable scale mn order to determine
the heaghts of the bars for the given
values (Frequency 1s taken along
Y-ax1s);

Calculate the heights of each bar

according to the scale chosen and
draw the bars;

(vi1) Wnte the title and the key.
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Table 3.33: Hydraeleciric power generation in Giga Wait per hour in Tanzania

from 2011 fo 2017
2011 | 2012 2013 2014 2015 2016 2017
- 19926 | 1769917213 26135 21244 23821 23691
Sauras TAKRECN (2617
Solution

SO0

£

Hydro power geperation in GW/h
.
=
=

0 2011 2002 » 2013 2014 2015 2006 2017

Years

Seale: V. 5 Tom to SO0 GWh and H.5: 1om to 1 vear
Figure 3.9: Simple har graph for kvdroelectvic power genevation in (rWR in Tmzonia from 2000 10 2007

Other things to bear in mind when of choice, avold bars that are too

drawing simple bar graphs include: thick or too thin. The value of

(i) A wertical bar may occupy the each bar can be assessed easily

space (either completely or if a space or gap is left between
partially) between two vertical each bar.

lines; Advantages and disadvantages of

(1)  All bars must start at zero. Bar  simple bar graphs in geographical
graphs drawn for the purposes of  research

comparison must be drawn onthe . The simple bar graphs are beneficial

same scale; and because they are easy to draw and
(111} The width of the bar is a matter interpret; they can be used in conjunction
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with line graphs. Again, their nse and
fall patterns at a given time can be
easily visualised. Stmple graphs also

present tangble quantities better than

line graphs.

simple graphs also have some linitabions.

The data in Table 3.34 has been used to
draw Figure 3.11.

- Procedures

The following are procedures for
- drawing a group bar graph:

- (i) Draw and label the vertical and
honzontal axes;

The major hmitations include mability to

present many items and in cases of scale

exaggeration the graph may be distorted.
Furthermore, they consume more space
m cases of huge data.

b) Grouped bar graph

Grouped bar graph, also known as

comparative or multiple bar graph,

18 where two or more simple bars are
grouped side by side on the same vertical -

scale for the sake of companson. It 1s
a graph that uses rectangular bars to

represent different values for showing

comparisons among categores such
as the amount of ramnfall in  different -

maonths of a year, or the average salary

in different states. Grouped bar graphs

are commonly drawn vertically, though
they can also be depicted honzontally.

Example

(11} Choose a scale that smits the data;

(111} To give an impression of totality,
bars are usually drawn touching
each other, that is, without a gap
between them, but attention should
be paid to individual components
by leaving a small space between

the bars. Also, groups of bars must
be separated from each other with
a stmilar space or gap;

It 15 a custom to draw the bars
of each group m ascending or
descending order for comparison
purposes;

All bars must be of the same width
and drawn at nght angles to the
axis; and

- (vi) Write the title, scale and the key.

(iv)

(v}

Table 3.34: Electrictiy generation in Giga Wall per hour in Tanzanic from 2007 to 2007

Hydro-electric

power 1992.6 | 1769.9 | 1721.3 | 2613.5 | 2124.4 | 2382.1 | 2369.1
Gas 2265 | 2664 | 28722 | 2624 | 2873.8 | 4196.4 | 4322
Dviesel 781.1 | 1083.5| 11332 | 7849 | 1188.2| 389.1 | 2944

Somrec! Taradnia Kleende Sapply Compaey (20070
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SIHH}

2500

2IHH}

150k

TIHHE |

Electicily genetalion in GWh

S

{ 2011

1] ]

-.G-
B Hydra

213

2014
Yiears

B Dl

F il

Scale: V. 5: 1 cm to 500 GWh and H.S: 1.5 cmio 1 year
Figure 3.11: Grouped bar graph for electricity generation in (figa Fatt per houwr in Tancania
from 2011 to 2047

Advantages and disadvantages of

grouped bar graphs in geographical

research

The grouped bar graph is useful n
the field of geography n many ways.
Firstly, 1t enables a reader to get a good
visual impression about the totality and
mmdividuality of the studied 1tem(s).
secondly, it enables easy comparison
of the investigated components
mterpretation is also relatively simple
and easy. The bars may be drawn
within one another, parbicularly for
the overlapping bars. Additionally,
many items can be presented together
in the same graph hence saving space.
Diespite the given ments, grouped
bar graph has limitations such as
difficulties mm companng some of the
1tems with varying years which cannot
be expressed. Composing the scale
15 also challenging. Apart from that,
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grouped bar graphs are ime consuming
m constructing and difficult to compare
the sum in each year when there are
many groups of bars.

{c) Compound bar graphs

Compound bar graphs refers to graphs
which combine two or more types of
mmformation mm one graph. They can
also compare different quantities. A
compound bar graph 15 a type of a bar
chart where columns can be sphit into
sections to show breakdown of data. Tt
18 drawn by subdividing one bar nto
component parts. The total length of the
bar represents the total value of the entire
component i which parts are shown
such division. Data i Table 3.35 has
been used to draw Figure 3_12.

Procedures
(1} Identify the types of vanables;
{(11) Find the item with the highest total;




interpretaiion

(i) Prepare the cumulative table and - items of mdependent vanables
enter the values cumulatively should be considered;
starting with the highest or the - vy  Draw the vertical and horizontal
smallest to largest item. Thas lines;
;eananbm;?in;s.h;ﬁld b_E BIrhe {vi) Draw bars vertically above the
e e ‘“W'I;ﬁ}’if; ~ horizontal line, the height of
ur;u 0o Theeetabiis : each depends on 1ts total n the

gt : cumulative table;

v} Use the highest total among the e ;
) otalinthe tibl o slect muaple (¥#) Divide and shade bars accordingly;
vertical scale. For the case of and
horizontal scale, the number of - (vin) Wnte the title, scale and the key.
Example
Table 3.35: Electrictiy generation in Ciga Wil per hour in Tanzania from 2007 to 2007

Hydro 19926 17699 | 17213 | 26135 | 21244 | 23K2.1 | 2369.]
(as 2265 2664 28722 | 2624 | 2B7IE | 41964 | 4322
Diesel J81.1 10835 | 11332 | 7R49 | 11882 | 3891 | 2044
Soumer! Taneanis Kleerde Supoly Compoaey (307
Solution

gLl

M

SO0

:

g

Electricity gpeneration in GWh
:

E

o 2011 2012 =3 2014 200K 206 ALY
Years
Ky
Bims EHywim B il

Scale: V.3 lem to 1000 CWh and H.S: lemto 1 Year

Figure 3.11: Compound bor graph for electricity genevation in (Giga watt per hour in Tanzania
Jram 20101 to 2007
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Advantages and disadvantages of Figure 3.13. Note that the Tanzama and

compound bar graphs in geographical
research

A compound bar graph 15 easy to
construct and make companson. The
associated colourmg and shading of the
graphs improves visual impression and
simphfies interpretabion. A compound
bar praph allows expressing more
than one quantities within the chart.
However, compound bar graphs have
some drawbacks mcluding difficultes
n assessing the value of one component
or tracing 1ts Huctuation over a penod
of time. The graphs mvolve cumulative
data which demand some calculations,
which are time consummyg. Furthermore,
compound bar graphs have a limitation
n presenting many components due to
limited space of accommodating long
graphs. It is difficult to compose scale
if the range of values 15 very large.

(d) Divergent bar graphs

In this type of graphs, data spread 1s
both positive and negative and it is
displayed divergently. These can be
constructed on erther the x or ¥ axis.
Dhvergent bar graphs are used when one
set of data 15 provided for part of the
penod under consideration and then this
dataset 15 split into separate components
for another part of the period. Data
mn Table 3.30 has been used to draw

Zambia Railway Authonty (TAZARA)
15 excluded.

Procedures

(1}  Find the sum of the number of
observations in the set of data as
shown 1n Table 3.28(b);

Calculate the mean as

Exr=&?‘=iﬁd.9;

(11)

i1
Subtract the mean from each data
or value given to get deviation;

(ii1)

Select suitahle wertical and
hornizontal scales;

(1v)

Plot the divergences (posihves
and negatives) on a graph with
positives on the upper part of mean
(zero) line and negatives below it;
zero line must be bold;

(v)

(vi)  Draw bars up and down the hine of
average and shade them equally;

and

(w11} Wrte the title, and scale.

Note: The zero line must be clearly
mdicated usually by thickemng. As the
bar, the honzontal scale 15 in fact best
written at the bottom and top of the
araph. The vertical axis must be scaled
both above and below the zero line, the
upper part for positive and the lower for
negative values.

Example
Table 3.36: Passengers transported in thousand (000} by the Tanzania Railways
Jfrom 2010 te 2015
_ 2010 | 2011 ‘ 2012 ‘ 2013 2014 | 2015
284 | 227 | 339 [ 373 170 | 1964

Sowrver Mimisry of Waorks, Trmsport and Commumicagion (2901 5)
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Solution:

Table 3.37): Deviation of passengers transported in thousand ('000) by the Tanzania
Railways from 201 to 20015

2010 284 2649 | 19.1
2011 227 2649 | —37.9
2012 339 2649 | 741
2013 373 2649 | 108.1
2014 170 2649 | —949
2015 196.4 2649 | —685
Y x =1589.4
=]
124
LI
Hi
B0
g
=
% 20
E 0
— 20
— 40
£l
— 0
— 100

AR

a1 2012 anla
Yers

Scale: V.5: 1 cm to 20 passengers H.8: 1cm to 1 year

Figure 3.13: The divergemnt har graph for passengers transported in thousand (000 by the Tanzania
Railways from 2000 10 2015
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Advantages and disadvantages of
divergent bar graphs in geographical
research

Dhverzent bar graphs have advantapes
including the fluctuation in values which
are helpful in detecting a problem in
general terms as shown in Figure 3.13.
They are also important in comparnng
the negatives and positives of the
phenomenon under observation. They
further enable easy deduction of the
profit {loss or nse) or loss (falure or nse)
of the phenomenon observed. Diverzent
bar graphs are simple to construct, read
and interpret. However, the graphs
have some hmitatons hike bemng

time consuming as their construction

mvolves many steps. They demand sklls

m mathematics and they are confined to

analysis of only one vanable. Also, they
do not present actual data, but present

data showing vanations from the mean.

Example

interpretation

A combined line and bar graph

Sometimes a simple Ime and a bar graph
may be combined i the same graph to
show more often clhimate data such as
temperature and ramnfall. This type of
araph 1s termed as a chimograph.

The hypothetical data in Table 338 has
been used to draw Figure 3_14.

Procedures

(1}  Select vanables to be presented

by Ime and bar graphs;

In this case, rainfall will be in bars
and temperature 15 plotted n the
hine which is above the bars;

(11)

(1) Simlar procedures for the drawimg
of simple line and bar graphs need
to be used to draw a combined hine

and bar graph;

Choose a different scale for rammfall
and temperature; and

Whnte the title, key and scale.

(iv)

(v)

Table 3.38: Temperature and rainfall recorded at station X

oW M| A M|J|JT|Aa|l8 0 N|D
Temperature | 26 27 29 28 (28 |27 (25| 25|28 27 28| 26
(°C) 'y | | | | .
Rainfall 240 230 220 190175 180|215|210 195 180 200|210
(mm}) '

—
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Solution:
a0 i
280 3
20 &6
20 24
) 22
=
) n =
140 8 5
S 160 16 g
g 1al :l-i
E 120 : 12
160 mn
i ]
E] E
40 4

Jan Feli Mar Apr May i

h{ﬂl IlIH

Mov e

Jul  Aupg Sl Ui

EEY
.‘___._,.n._‘_“‘,.- TernpEralurs
gl  Fainal

Seale: HS: 1 cm to 1 month, V8 for Temp: 1 em to 2 °C, V.8 for Rainfall: 1 cm to 20 mm
Figure 3.14: A combined line and bar graph (Climography) for station X

Age - sex graphs
A population pyramid, also known

as age and sex pyramid, populafion
- male on the lett side shown n absolute
- number or percentage in successive
structures or distributions of population . age groups (Figure 3.15). Pyrands
- are useful m presenting the population
- which depends on the hirth rates, death
araphs can be constructed to represent
composition of a population in a region,
country or worldwide. Age-sex graphs
are not only restricted to showing Through these types of graphs, the
composition of age group but also extend -
to sex of the population composition.  information useful for decision-making

MNormally, age groups appear along the

structure or age and sex siructure refers
to the geographical representation of age

accordmg to age groups. The graph 1s
commonly used by demographers. The

- vertical (y-axis) while sex 15 placed on
- the honzontal line (x-axis). Basically,

female 15 located on the nght side and

rates and migration. These graphs are
relevant in summansing the age and
sex data collected from census survey.
country can deduce various insights and

such as distribution of social services
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and intervention measures as well as
identifying the working group and
the dependant, with regard to varying
social groups. Often the population for
comparison purposes 15 constructed on
the same scale and should depict the
same age groups. Bars should be of
the same height. The structure of the
pyramids 15 dynamic depending on the
changes of population structure. The
demographics change from pyramid and
finally to barrel which end the point of
the population pyramids.

Types of population pyramids

The population pyramids are of varymg
shapes. Although different countries can
have umigue pyramids, still the pyrarmids
n the same countries can take different
shapes over different penods of fime.
Normally, this 15 mfluenced by spatial
and temporal vanations over time.
Changes n the mumber of the population
whether by age or sex are among the
guantitative varnables of mterest 1n
gengraphical research in desenbing the
population. The graphical representation
of the population pyramids ultimately
reches on age and sex structures of a given
population. Such shapes may take the
form of a nangular pyramid, and have
a columnar or rectangular profile (with
vertical sides rather than sloped sides), or
have an nregular profile. Demographers
wdentify three types of pyramids, namely:
expansive or rapid growth, stationary
or slow growth and constrnictive or
comtractive or negative growth pyranuds.

Expansive pyramid: Ths is also known
as rapid growth pyramid. It has a broad
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base with successive declime in the share
of population of higher age proups.
The pyramid represents relatively high
fertility and mortality rates; low hfe
expectancy; higher population growth
rates; and low share of old age persons.
The pyramids portray the expansion of
population as the size of each cohort
gets larger than the size of the same m
previous ime. Expansive age pyramids
are common for developing countries,
mainly m Afrnca and Asia. Figure 3.15%
which shows the population distnbufion
mn Tanzania basing on the census of
2012 1s a typical representation of an
expanstve pyramid. As such, distnbuhion
vanes with iime and space; the shight
or complete change in the structure of
the population i the country for the
subsequent census will not be a surpnise.
In drawimng population pyramids, you
should consider the following.

(1)  The age groups are usually based

on quinguennial (5 years) periods
(0-4,5-9,10 - 14) with the
youngest age group forming the
base of the graph;
(1} In calculating percentage, two
methods are possible: either
the mndividual male or female
population or each group may be
calculated as percentages of the
total population; and

It should be noted that the
procedures for constructing the
population pyramids are common
across all types of pyramids. The
shapes of resultant pyramids are
also the result of a population
composition at a particular time
and space.

(iii)

Greographical dats analysis and
interpretation
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Procedures - (1) From the bottom of the lines,
The following are the procedures for - draw two horizontal lines away
drawing are age and sex graph: j from each other to represent the

sex, male on the left and female

(i) Tdentify types of variables and - on the right side:
suggest smitable scales. For

vertical scale, consider the (1v)
number of age groups, and for :

the honizontal scale, consider the
highest value or percent;

(i) Draw two vertically standing lines

The bars are drawn honzontally
and their length corresponds to
the size of the age groups. It is
mn fact a comparative bar graph
drawn honzontally; and

of not more than 2 cm apart. Note = (V) .Eha_de the bars, write the title and
that, 2 cm wide is suitable at the mdicate the scale.
centre of the graph paper;

Example

Study the data provided mm Table 3.39, then construct age and sex graph by using
absolute value as shown mn Figure 3.15.

Table 3.39 : Population distribution by age and sex based on the 2012 census survey

0-4 3535673 3534222
e 3,242 111 3,233,253
10—14 2 809 113 2 816,735
1519 2 171 355 2,205,319
20-24 1737 849 2,003,249
2529 1503 841 1,789,025
30— 34 N 1342 110 1,485,372
35-39 e . 1 149 418 1,219,682
an-44 BN 916 020 924316
45— 4am N 694 318 759,147
50— 587 555 585,004
5559 19627 | 371,783
60— 64 168 814 380,318
N 9 iErs 232 811 248 460
70—74 220651 245,426
75 —79 149 974 145,122
80+ 2 060 73 259,608

Soures! Tawsdnio pogeaation e Sy (2002

{a) By the use of absolute value
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Solution

. migl
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Seale: H.5: 1 cm to 104 000 and V.8: 0.5 cm to 1 bar
Figure 3.15: Population pyramid of Tanzania mainlond based on 2012 censur survey
Population pyramids can also be constructed using percentage values. To construct
population pyramids using data in Table 3.39, first, calculate the total population
for each age group as shown in Table 3_.40. Then, calculate the male and female

percentage for each age group as shown in Table 3.40. Finally follow the same
procedures n (1) to (v) above to construct population pyramids as shown n

Figure 3.16.

Table 3.40: By the use of percentage value

0—4 3 535 673 3534 222 7 069 K95 %103 8.100
5_4 3247 111 39339253 6 475 164 7430 7.410
10— 14 2 R09 113 3 816 735 5 625 K48 6438 6.455
15-19 3171 355 1205319 4466 674 4976 5.260
20— 24 1737 849 2 (93 249 3 831 098 1083 4.797
25 _ 29 1503 841 1 789 025 5 292 K66 3447 4100
0-34 1342110 1 485 372 3 827 482 3076 3.404
15139 q 1149 418 1219 682 3369 100 2 634 2795
40— 44 916 020 924 316 1 840 136 2 099 3118
49 694 318 750 147 1453 465 1.591 1.740
587 555 585 (04 1172559 1.347 1.341

379 627 371 743 751410 | 0870 0852 |
368 K14 380 318 749 132 0,845 0.872
237 %11 248 460 481 271 0.534 0.569
230 651 745 426 466 077 0,506 0562
149 974 145 122 295 (196 0.344 0.333
W60 73 150 608 465 681 0.472 0.595

Total 91247313 | 22386041 43 633 354 50 50
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(b ) By the use of percentage value
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Seale: H5: 1 cmto 1% and V.8: 0.5 cmto 1 bar
Figure 3.16: Age and sex pyramid of Tonzania mainlond haved on the 2012 censur survey
Stationary pyramid: Ths 15
also known as a slow growih
curve. Stationary pyramids

R+
TH-T0

"
!

£
[ 1 g

are the pyramids descnbing a 5-69
constant share of population 60-64
in different age groups over a =30

peniod of ime. They display
a sttuation with low fertility
and mortality rates and high
life expectancy. They depict
a slow population growth
or stable population. The
stationary or near stationary

il
?Illiilllll""

population pyramid displays i
some what equal share of -
Juvenile m:nd ﬂ-!illlt age groups - aﬁ: L s
as shown m Figure 3.17.
Figure 3.17: Stationary pramid
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Constrictive pyramid: This 15 also
known as a contractive or negative -
arowth pyramid. Tt is a pyramid with a
narrow base. It displays a low fertility -
and mortality rate, where hife expectancy
and ageing of the population are high. -
The pyramids are typically common in -
developed countrnes where they have
a high level of hteracy, access to birth
control measures and quality health -
care associated with improved medical -
facilities (Figure 3.18).

RiM
7570
=74
hi5=p9

l-l
1"l

:

=4

sl
o

1

t=]
B
(3% ]
=]
S
f=3

i goup 0
Figure 3.18: Constrictive pyramid

Advantages and disadvantages of
age and sex graphs or population
pyramids in geographical research
The age and sex graphs are beneficial in
many ways. Firstly, they clearly show the
comparison between males and females.
They grve a clear picture of summary of
population composition that 15 visually
attractive. On one hand, they define -
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economic status of a given country,
1ts fertility and mortality rates and life
expectancy. On the other hand, they
show the trend of population change in
terms of irth and death. The limitations
of the population pyramids are fime
consuming caused by tedious steps of
calculations mvolved in tabulating the
pyramid and determiming the scale.

- A compounded population pyramid

- This 15 also referred to as a supenmposed
: population pyramid. It 1s a population
- pyramid which compnses different
- population categories supernimposed
. in one bar.

- Procedures

(1) Identity the types of vanables for
this case age, sex and employment
variable and supgest suitable
scales;

(11) Draw two vertically standing lines
of not more than two (2 cm) apart;

(111} The bars of sex and employment
are drawn honzontally and
their lengths correspond
the size of the age groups.
The bars of employment are
also drawn hornzontally and
their corresponding size are
supenmposed on the respective
age; and

Shade the bars, wnte the title and
mdicate the scale.

()

Example
- Study the data provided in Table 3.41,
- then, using absolute values, draw a

. comparative population structure to
- represent the following data for country x.




(rengraphical data analysis and
interpretaiion

Table 3.41: Data jor population structure and employment for country x

- Female ‘ Female

35 'EI[IL'I' 1 00,000 E'D 'Dl][l' 50,000
25 29 70,000 S0.000 50,000 30,000
30-34 60,000 T4.000 52.000 52,000
35-39 52,000 62,000 4%.000 30,000
40 — 44 44 (000 48,000 30,000 20,000
45 — 49 30,000 32.000 25.000 25 000
50— 54 23,000 28,000 15,000 16,000
55 -39 15,000 16,000 8,000 5000 Ty
a0 — 6 10,000 12,000 5.000 8,000
65 — 69 5,000 8,000 2.000 2,000
Solution:
BEas-
i -
hule | Ty
L si-
[ | A5 -
B 41—
L BELE
B 30 -
i 25 -2
——— :
= 2 = E o= 0mpd = B E z = =
S EREl B EQ 8L

Figure 3.1%: Compounded population structure of country x

Advantages and disadvantages of
compounded population pyramids
in geographical research

This type of pyramid 15 useful to show
comparison bebween males and females
mn different categories, for example,
distribution of males and females in
employment and education. It also shows
charactenistics of the population that 1s
either from developed or developing
nations. Population pyramids gives a
clear visual impression, although they
are tedious to construct.

Circular graph

A circular praph 1s also known as
dispersion, clock or poelar graph due
to 1ts resemblance to the face of a clock
or limes of longitude radiating from the

pole. The analogy between the twelve
maonths of the vear and the twelve hours
of the clock face adds attraction to the
use of this type of graph. It 15 mostly
used to show the seasomal calendar in
a year for farmers.

Prucedures

The following are the procedures for
drawing a circular graph:

(i) Identify the types of variables and
select a suitable scale;

Draw seven concentric circles, the
smallest at the centre should be not
more than 2 cm in diameter. Thas,
however, 1t depends on the size of
the paper. Distance from one circle
to another should be lem;

(ii)

Giodent’s Book Form 5 & 6
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(1) Draw 12 radn of 30° apart, starting  (vn1) As clock graph 15 frequently nsed

(iv)

(¥)

from 12 o’clock radins clockwase.
The 12 radii stand for months of

the year, named clockwise from
the 12 o*clock radins;

Along the radii, draw a bar for
rainfall;

For temperature, plot the points
and join them with a curved line;
Choose the appropriate scale
and remember that the vertical
scale represents rainfall and

temperature, while the horizontal
scale represents months;

Example
Study the data provided m Table 3.42 and draw a polar chart.

el

Source: Tnzodis Meteoralogical Agercy Q200468)

Temp=C| 284 |289 298 279

Rainfall 1‘?1.3!131-1 140 2136|410 92 |11

Solution:

279 273 iiﬁ.ﬂ 28.1

to represent chmatic information;
radn are scaled in °C. The scale 15
mndicated on erther the 12 o’clock
or 6 o clock radms. Points plotted
are then joined as a continuous
circle;

{(vii) Bars can also be drawn along

the radn to mdicate monthly
mean rainfall. In order to avend
congestion at the centre of the
eircle, zero 15 normally represented
as a circle; and

(1x) Wrnte the title, scale and key.

Table 3.42: Monthly mean rainfall fmm) and temperature ("C) in Tanzania in 2016

205299 206 285
14.1| 27.8 64.6 | 66.6

Apr B for Ralmfid] 1 o do 20 mi
W8 for Temperaime 1 o oo § "0

Figure 3.20: Polor chart for monthly mean rainfall and temperature in Tanzania in 2006
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Advantages and disadvantages of

polar charts in geographical research . Geographical charts and diagrams

Polar charts are beneficial in many ways.  method differ from graphical method
The common use 15 to gumde the farmers -
by identifying their seasonal calender m a
year. They can also be used n calculating
monthly mean ramnfall and temperature .
data. The chats are detailed by drawing
two concentric circles. Some of their
limitations include mability to display
much of mformation, as they are squeezed
n a circle. They are also time consuming -
as both organising the scale and drawing
are complicated. Moreover, they are :

confined to weather conditions only. y : :
- There are s1x (6) major geographical

- charts and diagrams, these include:
- divided circles (pie charts), divided
- rectangles,
- proportional diagrams, graduated range
and construct the following graphs: |§

. Search for data on maize production
in Tanzania between 2010 and 2020

(a) Simple line graph
(b) Simple bar graph

graphs:
(a) The compound line graph

(b) The compound bar graph

. Search for

and construct:

absolute values

percentages

Charts and diagramatical methods

as they do not depend on squared paper
or 2 map n data presentation. Instead,
they display data in circles, rectangles,
repeated symbols, proportional
diagrams, graduated symbols and wind
roses. They may be used m conjunction
with a map for the purpose of defining
or descnbing a location but they can
also be drawn mdependently. They are
not necessarly drawn on a graph paper
but even on plain or ruled papers.

repeated symbols,

of symbaols and wind roses.

- Divided eircle

A divided circle, also known as pie

2. Collect data for production of three |
R Lo g R eyl o of a circle divided into the slices which

for the past three to five years. Use §

the data to construct the following |
- be shaded or coloured and labelled. The
- largest shce 15 plotted first clockwnse
- from 12 o’clock in ascending order for
- easy comparison. The divided circle
2020 Tanzania [§
population data by age and sex - mamely simple divided circle (pie
- chart), proportional divided circles and

(a) Population pyramids using - proportional divided semi-circles.

(b) Population pyramids using [ {a) Simple divided circle
- It 1s a simple pie chart which 15 used to

- represent simple data such as exports,
- imports or production. Simple divided

chart, refers to a diagram consisting

are proportional i size to the value
represented. The shee of the circle may

can be sub-divided into three parts,
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circle 15 also known as simple pie chard.  pie chart shown in Figure 3.21.

The data in Table 3.43 has heen used to (v) Shade each potion differently; and
draw Figure 3.21.

Procedures (vi) Write the title and the key.

(1} Find the total amount of all values
as shown in Tabhle 3.44;

(11) Change each of the values into
percentage, and then into degrees

ya% !

as shown in Tahle 3.44; i
{1m1) Draw a circle of a suitable radius; 2 ‘.r
(1¥) Divide the circle into parts 4 p
corresponding to the value of each Key o =

degree of respective components.
Drawing should be dome clockwise
from the 12’ starting with the highest ~ Figure 3.21: Mineral imports in (000} metric
degree value; tonnes in Tanzonia in 2015

m ol Petruleum B Clinlier [l Gypeson

The angles drawn wall represent ;
Note: The circle may be of any

the respective percentages of the % 1 ircl ¢
data 1tems in the distributions. For n:unvm!.\en AT MRS DT SIDIGe S
be avoded.

example, 237.6° for 66% n the

Solution

Table 3.43: Mineral imports (‘N metric tonnes in Tanzania in 2015

Coal 269
| Crypsum \4 38
Petroleum \ 52
Clinker o 50

IEDI.I.IHI: Miristry af Minerals (2005}
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Table 3.44: Percentage of mineval imporis in (000 metric tonnes in Tanzania in 201 5

Advantages and disadvantages of
divided circles in geographical research
The mam advantages of divide circles
are that they are simple to construct,
usetul for comparison purposes
as 1tems can be clearly seen. They
are easier to obtain accurate data
presentation. The circles, however,
have the following limitations: 1n case
of zero degree, usually the data cannot
be shown. Other limitations include
accommodating limited data and they
are time consuming due to calculations
and drawing.

Another weakness 15 on therr ngid
method of data presentation which
requires using pie charts only when
total observation of the parts makes a
meaningful whole. Pie charts are not
recommended to use if the observations
of different parts are not mutually
exclusive.

(h) Proporfiomal divided circle

It 13 a graph drawn n a circle whose
radius is proportional to the total figures

Coal 269 66% 237.6°
Gypsum 38 9%, 32.4°
Petroleum 52 13% 46.8°
Clinker 50 12% 432"
Total 409 100% 360°

represented by all sectors of the circle.
They are used for showmng a guantity
{for example, population of a country)
that can be divided into parts such
as different ethmic groups. A circle 15
drawn to represent the total quantity.
Two or more circles are drawn in such

a way that each one 15 proportional to
the value it represents. The circle is

_ then divided mnto segments which are
- proportional 1n size to the components.

The actual size of the circle can also be
used to represent data. The data in Table
3.45 has been used to draw Figure 3.22.

Procedures
{1} Find the total of each item under
observation;

(ii) For each year, calculate the
composthon for each value n
degrees;

Compute the radius for each by

applving the sguare roots on
each of the total items under

ohservation;
(1v) Determine the scale to be used;

(ii)
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(v) Dmwvide the calculated radn by the denominator of the scale to get the drawing
rada;

(v1) Draw the circle based on the calculated radi;

(v11) Divide each circle into parts using degree values corresponding to the observed
1tems; and

(vi1l) Write the title and key.

Example

Table 3.45: Trend of some af the wild animals hunted from 2009 to 2012

Elephant Lion Leopard | Hippopotamus
2012 41 a7 410 40 53
2011 45 27 44 38 47
2010 Q6 aR 205 158 1108
2009 O 120 249 153 1061

Source: Wielsicy of Naticral Rezouwrces and Tiniekzr (2002)

Table 3.46: Trend and fotal number of some of the wild animals hunted from
2009 to 2012

Elephant Lion | Leopard us Buffalo | Total
012 41 37 |40 40 53 211
2011 45 27 |44 38 47 201
2010 96 9§ 205 158 1108 | 1665
2009 9% 120 | 249 153 1061 | 1681

Table 3.47: Composition of some of the wild animals hunied from 2009 fo 2012 in
degrees

Leopard | Hippopotamus  Buffalo

|
41 E:»::hSl'.'r“ 39 40 33

il a_ 78 = — e A = (R S o i n_ane
Sy X 3607 =T | 3 o | 211::315:1“_53 2y 3607 = 00

|
45 Ex!ﬂ}“-d&“ H = 33 bk =

= =3P =T = U g = 3607 = B45
M]HEM“_E] il 01 zmbﬂﬁﬂ =GR 201

10 ug ?
% —I;E-xjﬁl:]-‘:'=2l" —wsarezr| 28 e Exgmn=34m E:-t_‘h‘iI:I"=1n=|-"

1455 . 5
1665 Leks 1665 :
2009 | g 120 249 153 1061
g W3 =26 | 22T qpna gna - gy IR0 =
T X IG0" =217 16 1681 ol 1681 X3I60°=33% | Jap* i

Hindent’s Book Form 5 & 6




(rengraphical data analysis and
interpretaiion

The radn of the two circles are determined by: Radius(R) =~.|'rT

Where;

T =the total value of the given 1tem
R, =+/211=14.52
R,=+201=1417
R, =+/1665 = 40.80
R, =1681=41

scale: Let 1em represent 10 units (cm)
Dhvide the calculated radi by the denominator of the scale to get the drawing

radn as follows:
14.52=10= 14 cm

1417+ 0= 1.4 cm
4080+ |0=4 cm
4] =10=4.1cm

2004

Ezy

0 Elephant Lion

i
@ 4 T
e "
1N

T
" ““
E IR

& Lonparnd

2012

Hippopotaniis Buffalo

Figure 3.22: Proportional divided cireles showing trend of some of the wild awimals hunted from 2009 g0
211 2 in degrees.

Advantages and disadvantages
of proportional divided circles in

geographical research

The proportional divided circles are
beneficial m a number of ways including
displaying relative proportions of
multiple classes of data. The size of the

cirele can be constructed proportionally
to the quantity of data 1t represents. The

circles are also useful In summansing

a large data set in visual form and they
are simple compared to other forms of
graphs. They also allow visual checking
of the accuracy of the calculahons.
However, divided circles are associated
with limatations such as failure to easily

reveal the exact values and that they
can be easily mampulated to give false

NTIPTEss1ons.
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Divided semicircles

These are partitioned half circles. There
are two kinds of divided semicircles. |

These are, simple divided semicircles -

and proportional divided semicircles.

Simple divided semicircles

These are semm circular m mature,

charts (Figures 3.23 & 3.24).

Procedures

The procedures for constructing simple
divided semicircles are similar to those |
of drawing simple piecharts, except that -
the degrees are obtained by usmg 130

degree instead of 360 degrees.
Example

Using the data in Table 3:48, draw a ;

2010= — « 180" = 62.55°
282

2010= i x 180" =T76.59°
282

 Draw a divided semicircle to segment

but segmented accordingly. The . them accordingly. The segment should

segmentation is guided by 180 degrees be portioned in a clockwise direction as

mnstead of 360 degrees as used in pie .

m simple pie charts.

KEY
UM
2010

@ 2012

o 21l

TH.6H"

simple divided semi-circle to represent -

the number of lions lunted from 2009

to 2012,

Solution

Find the total of items
Total =37 + 27 + 98+ 120
Total =282
To find the radins
=16.79

282

Then,
16.79

3
Hence, radius = 3.5 cm

To find degree (180) for each year

=55cm

2012 = ﬂ = 1807 =23.61°
282

2011 = el x 1807 = 17.23°
282
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- Figure 3.23: 4 simple divided semicirele
representing the number of lons hunted from

2008 to 2012

Propartional divided semicircle
- Proportional divided semicircles are used

Scale: Let | cm represent 3 units (cm) - to represent two data set in one circle,

¢ half circle for each data set.

Procedures

- The following are procedures for drawing
- proportional divided semi-circles:

(1} Calculate the total of each data
set;

(11) Find the radius of the semicircle
corresponding to the data set;
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(1) Determine the scale of each semicircle first, then divide the radn by the
scale denominator to get the drawing radn;

(1v) Use the two radn to determine the size of semi-circles;

(v) Express each semi-circle by percentage or proportional divided semicireles
using the degree values n erther ascendmmg or descending order;

(v1) Dwraw the proportional divided semi-circle using the degree values i either
ascending or descending order; and

(vi1) Write the title and key.

Example
Table 3.48: Gypsum production and export in 0N fonnes in Tanzania
from 2013 to2016
Sl =t _ 214 o
2015 255 225%.%)
2014 200 200
2013 281 172

Source: Wielsiey of Wiberals (2006

Solution

Table 3.49: Total of gypsum production and exportin 00 tonnes in Tanzania

Jfrom 2013 ta2016
2016 214 214
2015 2550 225
2014 200 200
2013 251 172
Total 950 811
The radn of the two circles are determined by:
Radius (R) =T
Where;

T = the total value of the given 1tem

Find the total of every item. The totality for the first item 15 950 and the
total for the second 1tem 15 811,

Find the radius for hoth totals.
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R1=+950 =30.82
R2=~811 =28 48

Scale: Let | em represent 10 umts {cm)
30.82+10=3.1 cm

2848+ 10=228 cm

Table 3.50: Gypsum production and export in 0N tonnes in Tanzania from 2013
to 2016 in degrees

- Production (*000 tonnes) ‘ E::pnrt{‘ﬂﬂl}& ‘

214 214

2016 — X |B0"=4]" — x| 80" = 48°
950 11
255 225
2015 — % 130°= 48" = | B0 =
950 ol all g
200 200
2014 — ¥ 180°= 38° — X 130°= 44°
950 &11
%
2013 E:m:li‘!i[l“':j;ﬂ- E;ﬂﬂﬂ“: 38°
950 g1
Key
& 2013
P 2015
& 2016
@ 2014

Figure 3.24: 4 proportional divided semicincle showing myprum production and export in Tonzania
Jfrom 2013 to 2016
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Advantages and disadvantages

of proportional semicirele in
geographical research

Proportional semicircles, are used mn
making comparison, that 15 why two
sermcircles are used. The value of each
component can be analysed to prowvide
accurate geographical mformation
through percentages or degrees
calculated. However, the method
has some hmitations meluding tme
consuming during calculations. On
the other hand, the actual values may
not be known easily as caleulations
involve percentages or degrees.
Additionally, presentation of very small
values cannot be accommaodated by
the method since their clanty can be
distorted.

Dhvided rectangle

rectangle 15 similar to compound bar
graphs and even the procedures for
drawing are the same. Divided rectangles

be categorised int ' '
can be categomsed mic [¥o ma) or groups, - crops (00 tonnes) in Tanzania in 2012

namely, simple divided rectangle and
compound divided rectangle.

Simple divided rectangle

This is a single bar graph which is
large in s1ze. The bar 1s subdivided mto

drvisions or parts depending on the data

given, The data in Table 3.51 has been

used to construct Figure 3.25.

i Procedures

constructing a simple divided rectangle:

(1} Find the total values of all items

m the table and arrange the tem

values according to their size,
starting with the largest as shown
in Table 3.36(b);

: (11) Change each item wvalue mto

percentage; select the smtable
length of the rectangle, width does
not matter, but 1t should be smaller
than the length. For example, let
| cm represent 7%. Hence, the

length of rectangle will be 14.3 cm;

- (1) Use the percentage composition

of each value to calculate unit
lengths from the total hornzontal
length;

“{iv) Each wumt length should be

camying percentage composition
of each value;

' Draw the rectangle subdivided
It 13 a rectangle whose total value ) an Rn.a -VALE

or quantity 15 sub-divided mnto 1ts
constituents or parts. The divided

nto parts and shade each part
differently starting with the
smallest; and

(vi) Wrte the title and key.

Example

Table 3.51. Production of perennial

Coffee 995
Sisal S8
Cane sugar 57
Cashew nuts 152
Tea and pyrethrum 13

Soumes! Mbaery af opriadess (2002)
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- The following are procedures for



Greographical dats analysis and
interprefafion

Solution

Table 3.52: Production of perennial crops (000 tonnes) in Tanzania in 2012

Coffes 095 T1.73 1:E:] 11.1
Sizal 152 11.8% 1.7 12.8
SuEar cane 58 4.53 0.65 13.45
Cashew nut 57 445 0.6 14,00
Tea and 18 1.41 0.20 14,29
pyrethrum
Total 1280 100
| | H  cCoffee

M Cashew ot
Prothactiom H Sl
{000 temmes) 995 —ST‘ E m‘::;dm

0 20°% A% ﬁlfll‘r"i R [ (5
Peruentage

Figure 3.25: Simple divided rectangle showing production of perennial crops (0N tonnes) in

fanzania in 2002

Advantages and disadvantages

of simple divided rectangles in
geographical research

The simple divided rectangle 1s
convenient in presenting data on a
diagram due to 1ts simple scale. Only the
scale for dependent vanable 1s considered.
The rectangle 18 not associated with
apphication of complicated calculations,
hence easily drawn.

Moreover, the information displayed
allows easy comparison of imformation
mven in the diagram. It also presents
numercus items with better visuahisation
due to colounng of the diagram which 15
atiractive. Nonetheless, simple divided
rectangle falls short of presenting few

Hindent’s Book Form 5 & 6

~data as compared to the compound

divided rectangle. Furthermore, the
vertical scale 15 not considered when
drawing the independent vanable.

Compound divided rectangle

This 15 a type of a divided rectangle
which mvolves more imformation as it
presents several data as shown in Figure
3.25. The rectangle can be employved
m descnibing land uses 1n different
countries, states, regions or distnets.
(ften, the information can be visualised

simultaneously for companson purposes
m terms of extent and variahons across

the studied elements. The data in Table
3.53 has been used to draw Figure 3.26.
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Procedures

The following are procedures for drawing a divided rectangle:
(1)  Find the total of each number of items which 15 used to determine the
honzontal scale;

(1) Calculate the % of each number of 1tems;

(111} Find the horizontal scale using the prand total from sub-totals on procedure
(1) scale that 1s the total length of honzontal baseline;

(iv) Calculate the portion or segment for each number of items given basing
on the honzontal scale, that 15, the total length of honzontal baseline; and

(v) (Calculate the vertical scale depending on the percentage of such 1tems.

Example
Table 3.53: Number of small scale indusiries established in Songwe region by 2015

Songwe DC | 6 5 124 7 142
llgje DC 15 | 75 216 R @ 317 |
MbozZiDC | 79 | 374 646 | 55 1154 |
MombaDC | 4 1 Y 7 IIE 222
Tunduma TC| 54 104 128 [/ 206

Source: Sorgwe Reglon (2009)

Solution
Table 3.54: Total number of small scale industries established in Songwe region
by 2015
Songwe DC 6 | 5 124 T ' 142
llgje DC 15 75 216 1 317
Mbaozi DC 79 | 374 66 55 ' 1154
Momba 4 | 1 214 3 | 223
54 | 104 |28 10 ' 296
Cirand total 2131
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Table 3.55: Percentage of the number of small scale-indusiries established in

Songwe region by 2013
Mbozi DC 1154 7 32 56 5 100
Meje DC 317 5 24 68 3 100
Tunduma TC 296 15 . 35 43 4 100
Momba DC 222 2 | 96 1 100
Songwe DC 142 4 4 87 5 100
From Table 3.37 (a), then,
Total area (grand total)

=142+ 317+ 1154 + 222 + 296 = 2131 umits

From the grand total, estimate the horizontal scale.

Slol =213.1 units
10

The diagram may extend to 10 cm horizontally it will be; | om: 213.1 units,
Table 3.56 : Portion for small scale-industries established in Songwe vegion by 2015

Mhbozi DC 1154 _ Sagtw 5.4 units
213.1
S W i 6.9 units
i W
9 {4 umits | 83 units
213.1
222 - 9.3 units
I8 ] 1.0 amats
142 _ o o units 10 units
215.1

The vertical scale depends on percentages calculated for each council. Present
the data from each council depending on the vertical scale which 1s usually 1 cm:
20% as shown in Figure 3 .26.
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=

=

ol small seale

42

(=1 B

1063 12454 1481
MNumber of ndustries

17 1817 210

.'He‘.lrlin,g .L-.'!TPEDIT} . Alaize vl lime E Sunflwer pricessing

Scale: V.5:Tem to 20%; H.5:Tem to 213 Km?*
Figure 3.26: Compound divided rectangle showing the number of small scale induriries extablizhed

in Songwe region by 2003

Advantages and disadvantages of
compound divided rectangles in
geographical research

The compound divided rectangle 1%
useful i the following ways. Firstly, it
can convey much more geographical
mformation than a compound bar graph
and a divided circle. The companson
of data can be easily visualised and
interpreted. Furthermore, it 15 capable
of displaymg for example, area in square
kilometres in relahon to economic
activities. However, 1ts limitations
include the methods being too tedious
in caleulating and identifying the scale
which should be compromised between
vertical and honzontal scale. Tt 1s
also iime consuming due to complex
procedures used to access data for
constructing the graph.

Repeated symbols
symbols are simple signs that are used to

- represent different features. Since maps
- require large amounts of mformation to

be conveyed in a limited space, the use of
symbaols to represent parficular features
15 necessary. Symbols are small but many
are immediately recogmsable. This
means that they have an advantage over
drawing or writing all of this information
onto @ map.

Repeated symbols 15 a method mn
which geographical information can be
represented on a map by the repetition of
one symbol of umiform size or character
or by a variety of symbols placed on
their location on a map. Therefore,
two types of repeated symbaols can be
distingmished, namely qualitatrve and the
quantitative symbaols. Repeated symbols
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information on a map and they are
commonly observed on maps dealing

purposes.
The gualitative symbols

n nature. Examples imclude crops by

- CF for coffee, 8§ for sisal, CL for

clove and P for palm ol (Figure 3.27).

- Orthers are 1llustrabons of plants for

- crops, drawings of cattle for ranching,
with agricultural products, mnerals, -

economic development and maps and ; of symbols for minerals and so on.

gmdes generated for specific purposes,

for example, tourism for promotion | descriptive. The qualitative repeated

symbols are essentially descriptive
- devices which give a visual impression
They are basically pictorial or descriptive of the represented data tem. They do
- mot represent the actual charactenstics

their initial letters such as CN for cotton,  ©f the observed variable.

pictures of trees for forests or a range

The symbols can erther be pictonal or

Ky
CF

CH
E .
(P |
=3

L

Figure 3.27: Cash crops production in Tanzanio

Chuantitative symbols

These are symbols of the same s1ze and shape placed on a map to show the quantity
of what the symbol represents. Each symbol represents a given quantity. For
example, one fish can represent 10,000 tonnes of fish. Therefore, the number of
fish on a map is counted and then multiplied by 10,000 to get the total amount

of tonnes (Figure 3.28).
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Y

A = 10,000 tormes

Figure 3.28: Cuantity of fish in 000 tonnes in Tanzania & water bodies

Advantages and disadvantages of
repeated symbols in geographical
research

Repeated symbaols have both advantages
and disadvantages. Some of the benefits
of the symbols include their usetfulness
mn presenting geographical mformation
which 18 easy to read and interpret; and
simphfying companson of the presented
data rtems such as economic production
related data. Simple construction of
the scale and the use of calculation 15
mimmised 1n the cases of qualitabve
symbols. On  the other hand, the
symbols have some drawbacks such as;
limitations of drawing symbols of the
same 51z by free hand. The needs for
drawing a sketch map may be difficult.
The hmited use of scale especially in
qualitative approach may cause problems

m understanding the actual product m
terms of amount. Another drawback
with repeated symbols is congestion
or overlap, especially 1if there are large
varations in the size of symbols and 1f
numerous data locations are close.

Proportional diagrams

A proportional diagram 1s a figure that
compares two or more values by using
the area of shapes, usually n the form
of squares, rectangles, or circles. They
are¢ popular because they instantly
communicate the differences in the
values to a viewer. These diagrams
are commonly used m newspapers and
magazines. The proportional diagrams
can be regarded as an extension of the
proportional divided circles (pe chart).
Proportional diagrams can be presented
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mn four (4) ways, which are proportional
circles, squares, cubes and sphere.

Proportional circles

Proportional circles can be used to
represent various items, for example
population, crop yields, quantities of
nmported and exported goods. The scale
15 drawn to show the value of a miven
circle. Usually, each cirele 1s proporhional
to the gquantity it represents.

Procedures

The following are procedures for
drawing proportional circles:
(1} Fmnd the square roots of each tem

of data that w1ll denote a radius of
the circle;

Estimate the length of the radius for
the largest circle first. For example,
if the population of a village 15
3000 people, the square root will
be 54.7. Theretore, 1t should be
noted that the radius of 54.7mm
could be too large to draw;

(11} Thus, 1t should be halved, 1t may
be suitable at 27, 3mm;

(i)

5 Eﬁm’i 40
12011 44
2010 205
2009 249

{1v) For this case, all other radn must
also be halved;

(v) The proportional circle will be
drawn in the ascending order by
starting with that of the smallest

circle to the largest, depending on
the number of data 1tems;

{v1) Label each of the circles with a
respective quantty represented by
the proportional circle; and

{(vii) Indicate the unmit of the items
represented and a scale.

Example

Draw a proportional circle showing the
trend of pazelles hunted from 2009 to
2012,

Table 3.57: Number of gazelles hunted
from 2009 fa 2012

Table 3.58: Radius of circles showing the number of gazelles hunted from 2009

to 2012
“ind 6.3
2012 40 6.3 22 —09cm
F 4 5. 7
kﬁ'é}'l 44 1.6 Bl Ty
i 7
2010 205 143 %‘3 —2.0cm
2009 249 158 R
|7
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Smce the square root has a low amount of value, let the esiimated radius be lcm
representing 7 items number of square roots.

i

|'.lr--Il

A
()
O

.

-

2010

"\.H_‘.

ht

y

|
/

A

_d

=

O
-I‘“H.___,f’j l\a_.-"';-

ol 22

Figure 3.29: Prapartianal circle showing the number of gazelles hunted from 20000 to 2012

Advantages and disadvantages of
proportional circles in geographical
research

The proportional circle 15 essential for -
making comparison of the data items
under the study. It can be combined -
with other methods mn the same map.
The method can also be used where
other methods such as dots may result
m overcrowding. The cycle has some
limitation such as difficulties m making -
companson when the size of circles are
almost the same due to small differences
of represented values, Other limitations
mvolve time consumption due to the
long processes of scale calculafon.
Agamn, the method falls short of
presenting absolute values. '

Proportional squares :
Proportional squares may be used in
the same way as proportional circles. -
The area of the square proportionally
reflects the quantity 1t represents. On -
the other hand, the length of the side
of the square related to the square root -
reflects  directly the square root of the
number to be represented. This method 1s
useful in cases where there are relafively
high values to be dealt with, such that -

- by applying the square roots, numbers
- are reduced and become manageable.
- Proportional squares may be employed

without reference to the map.

Procedures
The following are procedures for the
construction of  proportional squares:

(1} Calculate the square root of the total
which will act as the length of sides
for the square;

(1) Draw the square representing the
identified vanables;

- (1) In cases of super-imposition of the

squares with other geographical
mformation, make sure that the
South-west touches the pomt of the
represented rtem under the study;

{1v) The proportional square can be drawn

independently on maps, that is, in
absence of super-imposition; and

(v} Show the key clearly.

Advantages and disadvantages of
proportional squares in geographical

© research

- Even though the proporhional squares are
- more difficult to draw, their relative areas

are probably easier to assess than circles;
and are more switable for companson of
items under observation.
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Proportional cubes

Proportional cubes can be drawn
independent of a base map. They :
are usually located on a base map as
representative of quantity distribution -
or production. Cubes have additional | .o gigfcult than the relative volumes
component on dimensions, that 15, length -
* width * height which differentiate
them from rectangles. Cubes have a -

strength of presenting geographical

side of the proportional cube bears a

direct relationship to the square root

of the guanhity being represented. For

a cube of the same measurements will
represent 125 units.

Procedures

constructing proportional cubes:

(1)

to be represented;

(n) Draw the cubes independently of

the base- for th ses
¢ base-map, for the purposes '~ The following are procedures for the

- drawing proportional spheres:

: z = 1) Make sure you calculate the cube
ways either isometrically, m

which all sides are of equal -
lengths, or prospectively in .
which the sides are one-halved
to three quarters the length of |

of comparison;
Cubes can he drawn in several

(iif)

the front. In a single map, all

drawn cubes should he with

same pattern; and

(1v) Provide a key and scale.
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Caleulate the cube root of the -

quantity to be represented such oo 0 e,
: sl epresented, the volumes
as § R, where R is the quantity - of the sphere are usually proportional to

cubes in geographical research

The advantage of proportional cubes
15 that it 15 easy to draw than spheres
and the assessment of the volume of
two cubes of different sizes 15 perhaps

of two different spheres. Proportional

cubes are however disapproved for less
visualisation, unless the presented items

- by themselves have a cube-shaped like
mmformation which have greater values

as compared to hinear methods. The

bales of cotton. Another disadvantage 15
that the components of the eube cannot
be split. Moreover, the use of cubes 15
limited m making companson of the
gquantities being represented, unless

instance, if the length of the side of the 8e0graphical information is provided

proportional 15 square 5 mm, it means 1t -
represents 25 units of production while . Proportional sphere

- Usunally, the concept of proportional
- sphere 15 somewhat similar to the concept
" to the proportional cube. Likewise,

- the three-dimension characteristics

The following are procedures for . possessed by the spheres widens that

- horizon of serving nearly the same

on the cube.

purpose as the cube. Three dimensions
enable 1t to accommaodate a wide range

the quantity represented.

Procedures

root of the item under observation;
this can be m terms of quantity or
the total to be presented;

(11) The drawn sphere should be placed
n the same straight line for the sake
of comparing;

{11) In case spheres are used in the base
map, you must mamntam the same
pattern of constructing each sphere;

Greographical dats analysis and
interpretation
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(iv) The quantities in terms of sphere
should be indicated in each sphere;

and

mdicated.

research

Proportional spheres enable easier
visualisation of items under the study
same as proporiional cubes. They serve
as alternative options in meidents of great
quantity of elements which becomes -
impractical on other methods. However, |
the sphere has some disadvantapges -
including difficulty m drawing,
calculations challenges and limitations of -
some readers to assess relative volumes

of different spheres.

collect data on the production of
three to five crops for the past three
to five years. Use the collected data
to construct a simple divided circle
(simple pie chart).

Wind roses

Wind roses are used to show the average
frequency and directions of the wind in -
different speeds at a given area. They -
can also be used to show the delivery of
quantities such as milk, newspapers or
other goods through star diagram. Wind
roses are of two types, namely; simple -
wind roses and compound wind roses.

Simple wind rose
A simple wind rose 15 a simple linear

method used to show the direction and
(v) The key and the scale should be

frequency of the wind only.

- Procedures

. . The following are procedures for
Advantages and disadvantages of
roportional spheres in geographical -
SHg : SRR ) Nomally, ety diating a iy

drawing a simple wind rose:

of any convenient s1ze which wall
mark the centre of a wind rose;

(11) The calm days should be ndicated
into the circle;

(111} Draw a wind rose based on the
eight cardinal points often regard
to be sufficient;

(1) The length of the columns or arms
should be drawn proporfional to the
actual number of days; and

- {¥) Draw the simple wind rose; indicate

the title and scale.

NB: The average wind speed and
TR s R s E Rl | direction values are recorded monthly

- ‘or anmually.

- Example: Study the data given in Table
- 3.59 and drawa simplemonthly windrose.,

~ Table 3.59; Meonthly wind hypothetfical
- station X

N
NE
" E
_SE
)
SW
W
NW
Calm

L] (P AR R e [ [
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wind rose uses either actual or
. percentage values;
(1)) The speed of the wind is then
mdicated by adjusting the width

S of the column. An mmcrease n
- E : width signifies an increase m wind
SE speed;
~{m) The divisions chosen are usually
less than 4 mph;

(iv) Whenitis calm, the forceis zero
{0) and the speed is less than

I mph;
Seale: Tem to 1 umit i 3

Pisgre: 3.3 Simpie wind rassr showing manthfy | (V) Compose a convefent scals for

AN : depicting the number of hours per

: directiong

Compound wind rose - (vi) Determine the pattern of speed as
Compound wind roses may be used to - a key; and
display wind direction, frequency and = (vii) Plot diagram and put a good title.
apoed. - Note: Much attention is needed in
Procedures - drawing and in scale selection.
The following are procedures for dravwang Example:
a compound wind rose: - Table 3.60 shows the mean annual wind

(1} The basic method of construction © speed and direction for hypothetical
15 similar to that of simple = station X
wind rose, only that compound

Table 3.60: Mean annual wind speed and divection for hyvpothetical station X

Liss than 4 mph 12142 11| 21 | &2 33| 12] 33
4 — 12 mph 28 (30| 16| 42 | 50 (24| 24| 39
13 =24 mph | 1.8 | 14 [30] 33111 14133 12
More than 24 mph 10| 20| 21|61 23|31 (39| 24
| Total 68 | 106 7.8 157 126|129 10.8 108
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H% ME

HE

[] Less than 4 mph
IE s 13 - 24 mph

T
More than 24 mph

Scale: lem to Tumt

Figure 3.30: Mean annual wind speed and direction for Rypothetical station X
Advantages and disadvantages of BB ITRES
wind rose in geographical research
The pattern of shading gives the dia
d ng;d visnal impre:gui Cumpm‘is%::; 2y ical regions X and ¥ for
easy in terms of the direction in which 2015, 2016 and 2017 1s shown in
the wind blows. It shows the speed ofthe = the table below:

wind in different directions. However,
wind rose has some demerits such as time

i WMo dnction of tea in the two

CONSUMINE since it involves measuring 015 450 900
and scale construction. 1 1
2016 600 TR0
Draw a compound wind rose to 2017 690 8240
represent the following data:
Draw the proportional divided
semicircle to compare production
Less than 4 mph | 6 mm N n the two hypothetical regions.
4 - 12 mph f mm E 2. On the map of Tanzania, use a
13 — 24 mph omm| W non-gqualitative symbol to show the
location of two mineral resources
More than 25 mph | 12 mm 5 of i
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Map methods

Map methods 15 another way of data
presentation in geography whereby
geographical data can be presented
through a sketch map. Map methods are
classified mto four (4) groups, namely;
dot maps (distribution of maps), isoline
maps {1sopleth maps), chloropleth maps
{shading or destimy maps) and flow line
maps (fow maps).

Dot map

Dot map is the simplest and most widely
used type of distribution maps that uses
a point to visualize the geographical
distribution of a phenomena. The dot
map results from a combimation of
repeated symbols of umform size and a
dispersion map. A distmbution map 1s
essentially the representation of absolute
or actual quanfities on a map 1n such a
way that a single quantitative dot has
a specific and fixed value of a quantity
represented. Therefore, it 15 imperative
(though not always practical) to count the
number of dots on a map and multiply
with the quantity they are assigned to
for accurate estimation of the total value.

Construction of dot maps

The construction of dot maps
{distrbution dot maps) 15 established
by the components, namely, dot value,
size, location and followed by drawing,.
Deciding on dot-value can possibly
affect the representation of quantity on a
map, so 1t should neither be undermined
not exaggerated. This means that, 1f not
carcfully considered, 1t would result
mto unnecessary placing of too many
dots while the dot-value 15 too low
{overcrowded maps), especially in areas
with greater concentration. Simmlarly,
placing too few dots where the dot-
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value 15 too high could give an equally
wrong impression. Decision on dot map
should be puided by the range of figures
to be represented that has implication
to the value and number of dots to be
drawn. It is recommended to prepare
a tnal map which despite consuming
time, will guide you through to obtain
reliable results.

Dot size m terms of 1ts diameter 1s
important. Dot size cannot be thought
m isolation with the dot-locahon.
Extreme sizes of dots should be
avolded, the number and size of dots
must be i a way that they give a clear
visual impression of the differences
distmbution, contrasting with regard to
the varying comcentration across arcas
such as areas with greater concentrabion
versus sparsely or scattered areas.

Dot location 15 however concermed with
placing the dots based on two methods,
namely, distnbuting evenly over the
area concermned or based on quantihes
represented by the precise location of the
dots on a map. The former 15 of hmited
value although it can be resorted to in
case of absence of precise distnbubion
of the dots on a map.

In this method, dots are evenly distnbuted
after calculation of the number of dots.
This method falls short of conveying
limited information except the total
quanfity (the number and value of dots)
and it 15 impractical in mdicating the
possible frue distnbution of the dots. Tt
15 however useful in presenting the visual
mmpression of comparabive densibies.

For the case of the latter method,
consideration 1s on the prior first-hand
mnformation of the area. However, in
the absence of first-hand mformation,

Grepgraphical data analysis and
interpretation
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it relies on other reasonably accurate
maps of the same area. For istance,
maps showing relief, dramage, geology,
soils, vegetation, rainfall, land use,
communication, water supply and
settlements. Basing on analysis and
collating of such information gives
hints though not perfectly accurate on
possible areas to be distributed with
either scarce or concentrated kind of
dots. In case of concentrated areas, 1t 18
advised to address those areas first by
calculating the number of the required
dots and thereafter completing the rest
of the dots in other areas.

Importantly, drawing the dots can
be unclear, particularly to non-
professionals. However, preparation
should thoroughly be done by marking
on the map the position of all dots, very

slightly, with a special pencil. Some of |

the recommended matenals for drawing
are dotting pens, since the subsequent
drawing of dots with cormeet size, circular
and uniform character, canmot be done
successtully with an ordinary pen or
pencil. Probably the non-professionals
are advised to use fibre or nylon-tipped
pens which are commonly available and
atfordable. A good drawing result can be
achieved by a firm and vertically held
pen on the non-absorbent paper. The
data m Table 3.61 have been used to
draw Figure 3.32.

Procedures

The following are the procedures for

constructing dot maps:

(1} Calculate the scale by 1dentifying
the dot value;

{1i) Determine the size of a dot whereby
too a large or small dot 15 not

appropriate;

{n1) Draw the sketch map where dots
will be allocated; and

{(iv) Prepare an appropriate scale. For
example, let 1 dot represent 300

people.

Example
Study the data in Table 3.62 and draw a

dot map showing a hypothetical number
of antelopes m the selected gazetted

national parks m Tanzama.

Table 3.62: Hypothetical number of
antelapes in the selected pazetied
national parks in Tanzania by 2019.

| | Katavi 4471
2 -Ki]imanjam 1668 |
3 | Mahale 1613
| 4 -Mik'l.l]'ﬂi 3131]-
( '.-T Mkomazi 3254 _
& | Ruaha 20300
| 7 .Sﬂadani ][FEZ.
8 | Serengeti 14763
| 9 -Tﬂrangire 2331]-
10 | Udzungwa 1990
Solution

scale: Let | dot represent 500 antelopes

Then, the mumber dots representing the
number of antelopes m each nahonal
park 1s calculated as shown i Table
3.63.
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Table 3.63: Number of dois representing rnumber of antelopes in the selected
gazetted national parks in Tanzania by 2019

1 | Katavi 4471 4471+ 500 | 8.94 9
2 | Kilimanjaro 1668 1668 + 500 | 3.34 3
'3 | Mahale 1613 1313+500 | 3.23 3
4 | Mikumi 3230 3230+ 500 | 6.46 6
5 | Mkomazi 3254 3254+ 500 | 6.51 7
6 | Ruaha 20300 20300 <500 | 40.60 41
7 | Saadani 1062 1062+500 | 212 | 2
8 | Serengeti 14763 14763 =500 | 29.53 30
9 | Tarangire 2830 2830+ 500 | 5.66 6
10 | Udzungwa 1990 1990+ 500 | 3.98 4

Finally, for each National Park on the map of Tanzania, mark all dots corresponding
to the number of antelopes as shown i Figure 3.3,
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The advantages and disadvantages
of dot maps in geographical research

Dot maps are simple to use since the
lower the dot value, the more accurate
the picture of disinbution and value. The
map can be mterpreted quantitatively,
that 15, the number of umits within each
boundary can be counted. The value and
locatiom of several items can be shown
on the same map by using different
colours and symbols. Examples of
items may mnclude goats and donkeys
different ethnic groups and a range of
crops or minerals, Similarly, calculation
and drawing may be fairly easy and
the result 15 graphically pleasmg. It 15
also simple to delete the dots used on
the map.

However, the dot maps have some
limitations such as the possibility of
faults i construction. If dots merging
15 not apparent until the map 1s nearly
completed, re-caleulation and redrawing
of the map will be necessary. If no
topographical information 1s available,
evenly spaced dots will gmive a false
impression, like the chrolopleth.
Moreover, with large dot value, spatial
distnbution cannot be accurately shown,
except for the general distmbution. Dots
must be placed in the gravitational
centre of the actunal distribution.
Furthermore, the approximation of
decimals, for example 6.51 = 7, distorts
numbers of the total population. Finally,
the method 15 time consuming due to
scale ealculation and drawing of the
sketch map.

Isoline map
Isolime map 15 also known as isopleth
map. It 15 one of the popular methods

of geographical data representation.
Isoline stands for line joining places
or points with equal value. The term
15oline 15 mterchangeably used with
1sarithm and 1sometric hines. The word
1soline 15 derived from the Greek word
izos, meaning equal. Table 3.64 shows
phenomena on a map which can be
represented by 1so0lmes.

Table 3.64: Phenomena on a map which
can be represented by isolines

1| Contours Elevation

1 | Isotherm Temperature
ili | Isobars | Pressure

iv | Isohyet Rainfall

v | Isoneph | Cloudiness
w1 | [sobath Ocean depths
vil | [sohalmes | Salimty
viii | Isohel Sunshine

1% | Isohume Hurmdity

Procedures

The following are precedures for
comstructing 1soline map.
(1} Choose a suitable isoline interval;

for example, an mtervals of 2 °C
for temperature data m Figure 3.32;

___-_FH_'H-_--‘_‘—'_'_JTI ]} ) 1-

o /

i S

Figure 3.32: The map showing temperature in

*C at different parts in hypothetical place X.

(1) Determine the values to be connected
by 1solmes, mthiscase 16°C, |8 *C,
20 °C, 22 °C, 24 °C and 26 °C;
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(m)Determine the position where
1solmes of 16 °C, 18°C, 20 °C, 22

“C, 24 *C and 26 *C passes between

points shown on Figure 3.32 through

mterpolation. For example, 1soline
18 *C passes between point 16 and -
- data such as population and crop
- distribution and related to isohyet

18 as shown in Fig'l.l.re 3.33.

iltJ_;7 T -;’;?1:" -HH"

- [
(H\(J j_ ol
SR --_l

Figure 3.33: Iroline showing temperanure in °C - Some data distributions can

ar diffevent parts in hypothetical

place X

(1v)Then, you can shade the space
between 1so0lines to show areas with
low, moderate and high temperature
as shown 1n Figure 3.34.

Key
u Jurea wobth o ternperature
; Aures wi o Tsscherate tergsarature

E Jurea wobth Bgh temperatirs
Figure 3.34: Shaded izofine showing
temperature in *C at diffevent parts in

fypathetical place X

Isolme maps have both ments and

limitations. The mam benefits with -

1soline map 15 that, the value can be
obtained at any point on the map.
Where points are not on 15olines, their
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values can be obtained by imterpolation.
The mterval between each 1soline
suggests gradual and abrupt change,
hence shading must be well graded
to maimntain this aspect. Furthermore,
1solimes can be combined with other

(ramnfall map). Despate this, 1soline map
has some limitations. Theze include the
subjectivity m interpolation of point

- value and reliance on the judgment of
- the mdividual cartographer.

be
mterpreted i different ways, thus can

- result into duphication of 1soline maps.

Furthermore, in a situation with a large
number of data, points can consume

- more time to accomplish the process
- of drawing isoline maps. Additionally,
- lines drawn for one feature may
- automatcally mterfere with other linear
-~ features on a map. Tn short, it is difficult
- to represent more than one feature in a
- single map.

Choropleth map

- A choropleth map 15 denved from the
- Greek word choros meaning area or
- region and plethos meaning multitude.
- It 15 a type of a thematic map which
s proporionally shaded, coloured,
- patterned or striped to indicate the

pre-defined areas to a geographical
variable represented on a map as an

- ag ate f hical
Advantages and disadvantages of A e 0o S EEORRp

isoline maps in geographical research - in Figure 3.35. Furthermore, Chorapleth

- map 15 & map 1 which population

characteristic within an area as shown

densifies of different areas are shaded in
different colours or patterns. Choropleth
map 15 also known as the real density

map.
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Procedures

The following are procedures for a construction of choropleth map:

(1} Classify data into few classes for easy presentation;

(11) For each class, identify areas or regions within it; and

(111} Shade each region or area depending on the class 1t belongs to. Shading density
should increase from lower class to higher class.

Example: Using Table 3.65 construct a choropleth map for population density

selected regions in Tanzania.

Table 3.65: Population density in selected regions in Tanzania

Mbeya 1250605 87 567 14.28
Njombe 1030805 | 38906 26.49
Arusha 1355685 | 84567 4| 16
Dodoma 1020815 | 47311 2157
Kigoma 855807 | 45066 18.99
Rukwa 1000825 | 35705 28

Source: Teraenla cenrgs s (2002

Solution
(1} Classify population density mto four classes as follows:

Geometric progression classes
11 —15.9 Mbeya
16— 20.9 Arusha, Kigoma
21 —25.9 Dodoma
26 — 30.9 Njombe, Rukwa
(1) Identity regions falling wathin each class as shown 1 (1); and

(1i1) Shade each region with density increasing from lower class to higher class
as shown in Figure 3.35.
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T warer oy

e Intenational baoundary

=== Ragianal hourdary
11-15.49

- 1EI0L%

¥-25.4
28 30.F

Figure 3.35: Population density in selected regions of Tanzania.

Advantages and disadvantages of
choropleth maps in geographical
research

Basically, choropleth maps are useful ma
number of ways. The major ones include
providing a good visual impression of the
elements studied; easy to comparison of
population densities of each umt, easy to
interpret with the aid of key and simple
to draw when a map and a table have
been provided. Moreover, choropleth
map can accommaodate any scale.

Conversely, some hmitations of the
choropleth maps include giving a wrong
impression that density changes suddenly
at boundaries in a given map. Furthermore,
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variations of the density within each
boundary are not shown, hence giving
an 1mpression that there 15 umiform
density withim each admimistrative umit.
Shading may obscure/hide other features.
Addihonally, drawing of the choropleth
maps 15 firesome and time consuming,
particularly shading of large data.

Flowling map

Flowlne map, also known as flow
chart, 15 a diagrammatical presentation
of the movement of goods or number of
vehicles, people and cattle from one place
to another. It may show the movement
of goods from production area to the
market or point of export. The volume
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of Aow 15 shown by a line, whereby
the width of the flow 15 an important
factor which vanes proportionally with
the varying number of goods or people
traveling along the given routes. Also,
width may be determined by the types
and frequency of traffic (by road, rail,
air or water) of the migratory movement
of people, or stock, the paths of cyclone
or ocean currents, the direction, quantity
or charactenstics of exports or imports
and many other geographical phenomena
mvolving movement.

Procedures

The following are procedures for
constructing a Howline map:
(1} Choose a scale which 15
appropriate to the data given,
usually, the smallest wadth to
represent small volume of How;
Using the scale, calculate line wadth
to represent each volume of flow;
(n1) In drawing the flowline on the
base map, 1t 15 not necessary
to follow all the twistings and
windings of a road or railway;

(1)

(1v) The meeting place of various
flow line (for example, 2 market
town, bus station, port of mmport
or export, collecting centre and

s0 on), can be shown by vanous
methods, the easiest method bemng
to draw a shaped nucleus. Tt should
be noted that the nucleus may
develop but the interest 15 1 the
movemnent of commodities and not

representabion of meeting places;
and

(¥} Wrte the title and key.

Example

Using data 1 Table 3.66, draw a
flowline map.

Table 3.66: Movement of rice in fonnes
from Morogoro toother regionsin Tanzania

Irnga 12000
Dodoma [ BO00
Tanga S 300D
Drar es Salaam 20000

Solution

(i} A line width of 1 mm 15 chosen
to represent the volume flow of &
000 tonnes;

(n) Determine the hne width to
represent different volume by
dividing volume by & (00 tonnes
as shown 1 Table 3.67.

Table 3.67: Line width representing movement of vice in tomnes from Morogoro

to other regions in Tanzania.

Iringa 12000
qunmi % 1 B0
Tauﬂ K000
Dhar ex Salaam 20000

12000 + 2000 = 1.5 mm
| R000 = B000 = 2.3 mm
RO0ND = 2000 = 1 mm
20000 = 28000 = 2.5 mm

MNote: Absolute scale: 1mm to 8000

(111} Draw How lmes of respective width to connect Morogoro and the four regions

as shown n Figure 3.36;

(1v) Show legend.
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4@ [Dzoama

Figure 3.36: Flowling map shawing movemeant of vice in tonnes from Moragare fo ather
regiong in Tanzania

Advantages and disadvantages
of flowline maps in geographical
research

The flowline maps are widely useful

as flow data methods of presentation =~ rorie :
and interpretation. The flowline maps wide vaniation between the nghest and
can clearly and msightfully pive clue
on the problems that are likely to

hinder movement, for example, traffic |

congestion. Flowline maps are very
varsatile and can show two trafhic
and various methods of transport.
Addihionally, the method of construction
15 farly easy once the scale has been
decided. However, the flowline maps
have some hmitations such as very
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- low volumes represented by a non-
 scaled line. Moreover, log or square
- toot flowhnes lose their direction
: proportions and the reader has to use

the key frequently. Furthermore, the

the lowest volume of data makes the
geale difficult to assess.

Choose any region in Tanzana, search
its map showing districts and collect
the respective population data then,
prepare:

(a) Dot map

(b) Choropleths map
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Geographical research and computer
sCl1ENCE

After studying various methods of data
analysis and presentation, it 1s important
to shed light on the exaisting sophishicated
means of geographical data management.

The growing wave of science and
technology has atiracted the geographers
n mtegrating the field of computer and
mformation technology mn geography.
Though not covered extensively n
this book, 1t 15 important to understand
how the era of computer science has
simplified management of numencal
data. It 13 undemable truth that to date,
computer can be used m the recording
and storing of a2 massive numerical data
collected from the field and summansing
it to make meamngful information for
mterpretation and reporting.

The modem electronic computer can be
used as a tool m performing a number
of geographical calculations within a
short time. Geographers can make use of

computer n a number of ways mcluding -

recording, analysing, summarising
data and commanding the computer
software to generate figures and tables
based on recorded data, thus simphifymg
mterpretation. The inereasing knowledgze
and skills on computer has enabled
drawing of computer-based maps
mdicating distributions of data such as
temperature, rainfall and population in
a given location or area.

Currently, geographers are developing
nterests 1n understanding computer
software and programmes that are vital
n managing statistical data. Some useful
computer software and programmes that

can be employed n data analysis mclude
Microsoft Excel and Statistical Product
and Service Solution (SPS85) which
were known for the past several decades.
The desired statistical output of data
from the computer relies on the good
data entry for analyses and the choce
of the appropniate output command.

Interpretation of results

The purpose of the research 1s to denve
certain conclusions, from the analysed
and presented geographical results. The
act of making sense of geographical data
that has been gathered, examined, and
presented 15 refermed to as interprefation.
The data pattern, mterpretation, and
comprehensive explanation of the

outcomes are examined before drawing
a conclusion.

Interpretation and generalizations of
geographical information

In this stage, the researcher finds out
whether the facts from the field support
the formulated hypothesis. This means
that research results obtained from
the field are used to make decisions
regardless of whether they support
the hypothesis or not. On testing the
hypothesis, two possible outcomes
are expected, that 1s, the findings may
support or not support the hypothesis.
In case the findings do not support
the hypothesis, new hypotheses can
be formulated, restated basing on the
findings and re-tested.

If the hypothesis 1s tested and supported
several imes, 1t can increase confidence
to the researcher in arriving to
generalisation and building a theory.
As a matter of fact, the real value of
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research lies in its ability to amive at certain generahizations. A researcher who
has no hypothesis to test might seek to explain the findings on the basis of some
relevant theory or theores that underpinned the study. Finally, the researcher has
to prepare the report of the findings.

Revicion exercise 3

. The following table indicates fish production {mega tonnes) in Tanzania from
2005 to 201 6.

005 2006 2007 2008 2000 | 2000 :m|1n11 nulmu'zmﬂmm_

625 715 | 806 K65 936 | 952 | 959 972 zwu:3m:3113!3m

(a) Draw a divergent line and bar graphs for these data.

(b}  Interpret the resultant graphs.
(c}) Idemtify alternative methods which may be used to present the data from

the given table.
2. The following table shows livestock production for the five years from 2012
/2013 to 2017 / 2018,
20122013 20132014 20142015 | 20015/2016 | 2016/2017 20172018
Beof 20587 40167 9 226 22899 | 32524 7403
Chevron | 12062 10153 6l 5918 8 838 1326
‘Mutton | 1 643 1831 1309 1168 | 1718 374
Chicken | 272 280 298 325 319 462

éﬂlll‘ﬂ!‘: Dindnma reging .I'ﬂimll'allﬁﬁ' 2008
{a) Draw a compound line and bar graphs.
(b) Interpret the results.

3. The following table shows hypothetical anmual rainfall {mm) from the selected
regions in Tanzania for the year 2016.

1 Kagera 14329
2 | Dar es Salaam TB2.9
. Mwanza 10353
4 Mara 6272
5 | Kilimanjaro 4925
6 | Morogoro SRT.6

(a) Draw multiple ine graphs and interpret the results.
(k) Find total ramnfall in the regions and construct a bar chart.
() Descnbe the results.
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4. The followimg table shows forest plantations (ha) established by the Tanzama
Forest Services (TFS) between 2014 and 2017,

1 Morogoro (Morogoro) 37
2 | North B (Pwani) 523
3 | Chato Biharamulo (Geita) 440
4 | Mpepo (Ruvuma) 305
5 | Iyondo Mswima (Songwe) 200
6 | Korogwe (Tanga) 220
7 | Bulgwe (Kigoma) 6l

Bource: Tnsonia Foven Serdees (100 7)
(a) Construct the following from the given data:
(1}  Simple divided rectangle
(i) Simple divided circle
(m) Smmple divided semicircle
(1v) Proportional circles
(b} Interpret each of the results m (a) (1) - {m1)

5. The following table shows temperature in depree celsius and rainfall in
millimetre for a hypothetical meteorological station in 2007,

I P M|aingBEYI A s|o|N|D

12]23 EQIM_IES 26 23.2?.25115J24.ED

250| 250 | 300 | 350 360 | 380 | 370 150 200 250 | 300 | 350

(a) Present the data by using:
(1) Polar chart
() Chmography
(b} With reasons, suggest the chmatic region of the station.
{c) In which hemisphere is the station located?
{d) Find the median temperature.

The following data shows human population in the hypothetical regions.

Songambele ®30 000
' Cheju 310000
Makikisa 570 000
(Guben 180 000
Choro 270 000

(a) Present the data using a dot map.
(b} Comment on the distnbution of the population.
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7. (a) Using the data m the table, draw a flowline map to show the movement
of vehicles between Mwanza and Dar es salaam.

MMwanza | Tabora 1 500 Diar es salaam | Morogoro ' 2 500
Tabora |Dodoma 2000 |Morogoro | Dodoma 2 000
Dodoma | Morogoro 2 400 Diodoma Tahora 1 200
Morogoro | Dar es salaam 3 000

(1)  What are the disadvantages of the method used in (a)?
(1) Comment on the statistical map you have drawn in (a).
(b) Describe the stages employed in constructing  dot maps.
(e} What are the hmitations of dot maps?

8. The followmng table shows students in class “Z".

0—4 2
F=9 11
10— 14 g7
15-19 54
20-24 28
25—129 9
3034 1
3 5=30 3

{a)} Find the range.
(b) Calculate the standard deviation.

(¢} What are the advantages and disadvantages of range in a given geographical
data?

9. The following table shows the average number of people per tractor and the
% population in agriculture by country.

Kenya 76 3 006
Korea 45 1 900
China 56 1247
Emypt 49 1117
Sudan 34 142
Burma 19 120
Ghana 04 18

i{a)} Draw a pie chart to show the number of people per tractor per country.
(k) Comment on the pie chart you have drawn in (a) above.
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10. The following table shows cash crops production mn “000 tonnes m the

hypothetical data country.

- Rice Maize Wheat
2021 2 000 I 000 3 000
2020 I 500 1 300 2 000
2019 1 200 I 000 I 1 000

(a) Represent the data above using a compound bar graph.
(k) Comment on the trend of production from the graph.
{c) Explain the relevance of the compound bar graph.

11. With examples, explain how measures of central tendency and measures of
dispersion can be used in our daily activities.

12. The following table shows the natural gas production for the two sites in

Tanzama from 2012 to 2017.

- Songosongo Mnazi Bay
2012 36 233.01 672.14
2013 35217.41 712.02
2014 33 062. 00 784.69
2015 31 384.00 5799.41
2016 29 747.48 | 15 792.28
2017 2049732 | 17 960.30

{a) Calculate the standard deviation of the gas product at each site.

(b} Compare the standard deviations between the two sites and explain the
vanahon of standard deviations (1f any).

{c) Basedon the comparison observed in question 12 (b), what recommendations
could you provide to TPDC?

13, Range 15 always regarded as the least, useless measure of central tendency.
Substantiate on the basis of stahistical geography.

14. As a geographer, explain the relevancy of mode and mean in daily life.

15. Read the following matenal in a group of at least five students: Geographcal
data processing, analysis, presentation, and interpretation of results based on the
available resources (books, the mternet, and hibranes) and then do the following:
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- Geographical data analysis and

interprefafion

(a) Summanze the following concepts:

(1) Geographical data processing
(111) Geographical data analysis
{(1v) Presentation of results
(v} Interpretation of results

(b) Explain the relationship between presentation and mterpretation of results
and research conclusions.

{c) Explamn the sigmficance of geographical data processing m further research
stages. ;

(d) Explain what will happen if the researcher interprets the research results
mcorrectly. .

&

F,
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Techniques of photograph

interpretation

Introduction

Think alomt
Decoding visual mmformation
to discover patterns of
seographical features and their
sigmificance to life

Basic concepts of photograph
interpretation

(a) Collect photographs and images
from online and other sources.

(b) Study the collected photographs and
images then write down their key
features, indicating their similarities
and differences,

Photographs are images which represent
an object. Although the term image
refers to any pictonal representation
of a feature or object, a photograph
must be an image. All images represent

.

some aspects of objects. Images are
categorised based on the wavelength of
electromagnetc radiation. Names hke
X-ray pictures, mirared 1mages, radar
pictures and photographs (Figure 4.1)
are commonly used for differentiabion
of the images based on a different range
of wavelengths. They are recorded
by cameras or sensors within any
wavelength. Therefore, photograph is
both a picture and an image, but not all
1mages are photographs.

Another distinction between photographs
and 1mages 15 based on sensors. All
cameras detect a particular wavelength
and represent 1t mn their own way. A
camera measures the visible part of
electromagnetic spectrum and represents
the wavelength as a photograph. Yet,
there are x-ray sensors which detect
x-ray part of spectrum and produces
x-ray images. Therefore, all cameras are
sensors but not all sensors are cameras.
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Photography interpretation skills are imporiant in our lives. In this chapier, vou ,.

learn about the concept of photograph, images, satellite images and photogr
interpretation. You will also learn the technigues of photograph interpret
The competences developed will enable you to interpret photagraphs ana
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{al Photograph (B Infraved image

fei X-Kay
Figure 4.1 Categories of images under different wavelengths

The concept of satelhite and image

satellites are just man-made car-like cammiers of sensors. They are platforms on
which photographic and imagimg sensors are mounted. They function like human
hands or camera stands we are used to. They are not sensors, but they just hold
sensors intact and provide support to sensors. There are vanous satellites n the
space, developed and launched by different nations and companies for different

purposes (Figure 4.2).
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Figure 4.2: Different satellites and their orbits

These platforms carry sensors (mcludimg
cameras) which collect 1mages for
different purposes. Satellite sensors have
supphied billions of free and commercial
images which can easily be downloaded

applicabons. Some sensors do not
produce photograph-hke-images, they
rather provide reflective and emission
signatures of the world’s resources and
conditions.

Every earth's object has its unigue
reflection and/or emission signature.
This means that the reflective properties

of vegetation differ from those of water -

and those of human bodies are different
from those of soil. Therefore, satellites
provide 1mages which can require
different of reading and mterpretation
techmiques and skills.

Satellites are placed on a particular path
called an orhii. There are three types
of satellite orbits: sun-synchronous
satellite (placed at about 300 km - 900

- km); geostationary satellites also called

and nsed for all ather photoma seosynchronous (placed at about 36 000

km) and low Earth orbits. Geostationary
satellites carry sensors for meteorological
and telecommumcation monitoring.
Sensors at sun synchronous satellite are
zenerally used for remote sensing studies.
Low Earth orbiting (LEO) satellites can
be used for spying. The satellites detect
and capture mass of data in a very wide
range of wavelengths meluding, but
not hmited to, visible (Figure 4.3), near
mfrared and md mmfrared.

- Generally, the information acquisition

process by a recording device that 1s not
m physical contact with the object under

study 15 called remoie sensing.
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Figure 4.3: Satellite imoge

Satellite sensors produce a multitude
of tmages m different wavelengths
which can be called photographs to be
interpreted and used for our daily lives.
They provide mmages on meteorology,
oceanography, biodiversity conservation,
forestry and regional planming. They
provide 1mages on which much of
decision regarding land use planning,
management and mapping can be
categonsed on the bases of their imaging
sVstems.

Contribution of satellite images to
geographers and the community

satellite images provide meteorological
data on different aspects mcluding
cloud cover, rainfall, hurmcanes and
oceans tides which can be used for
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meteorelogical broadeast and disaster
prediction and control. Satellite imagery
also provides mformation regarding
wildfires, volcanoes, torrents and that
can help to mimimise negative impacts
on people. Satellite’s amlity to produce
massive images has helped land use
planners, map makers, oceanographers
and even agnculturahsts to utihze them
for the betterment of human lives.
Satelhites supply data used for updating
our existing maps.

satellites enable the operations of mobile
phones, radio stations and television
broadeasts. They enable tracking vehicles
and people and simphty navigation
systems necessary for geotechnologies
and geographic information systems.

Technigues of photograph interpretation



The difference between acnal photographs (which 1s the broader term representing
photograph taken from the ar) and satellite images 15 summanised m Table 4.1,

Technigues of photograph interpretation

Table 4.1: Difference between aerial photographs and satellite images

They cover a large area, approximately | They cover a small area, approximately
|85 x 185 kan®. This is due to the fact that | 23 x 23 km™.
they are situated higher than air crafs.

Can record only the visible part of
electromagnetic spectrum.

Ditficult to interpret due to low spatial | Easy to interpret thanks to high spatial
and high spectral resolution (wide range | resolution and small range of spectral
of electromagnetic spectrum). resolution.

Are based on visible and mvisible parts
of electromagnetic spectrum.

Are taken throughout the year. Thus,
it 15 easy to record and detect seasonal
changes n the year as satellite captures
different images within a few days.

It 13 impossible to have a repehfive
coverage of the whole world.

They show fewer details due to a small
scale, and low spatial resolution.

They show more details thanks to a
large scale and high spatial resolution.

Photograph interpretation

1. All photographs Interpretation entails giving analysis to an 1image.
arg images but Everyone to a certain extent, 15 a photo-interpreter.
not all images Interpretation, involves observing objects to recogmse
are photographs. and analyse their shapes, alignments and relationship
Justify. - to the environment. Photograph mterpretation 1s a

critical examimation of the presented photographic

i il object to 1dent|f],r and then judge therr sigmificance
of photographs and meaning.
in social and

Photograph mterpretation 15 an interplay of several
objects and interpreter’s varables. Varnables which

. Describe how the can also be considered as the principles to objective
satellites link to our interpretation melude prior knowledge of the captured
daily hives. area and understanding of the subject matter. Key
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variables for photo interpretation mclude
shapes, s1zes, tone, orgamsation, shadow,
texture, among others. Dunng photo
mnterpretation, all variables are apphed
simultancously to deduce or mnduce
mformation. For example, looking m
Figure 4.4, one recognises that the

objects in the photo are hons and not
elephants or hyena. This recognition 15
made by looking at the shape, size, own
expenence, tone and texture vanables
such as shadows, shadow point, area of
maximum shadow, the effects of sun’s
altitude and those of the sunhght.

Figure 4.4: Lionx

Although a shadow 1s a pertiment element
to help photograph interpretation, it can
obstruct a feature from 1dentificabion.
A shadow can cover objects and cause
difficulty m recogmition. There are fimes
when the relief displacement of an object
matches exactly with the shadow; thus,
it cannot be seen. The point where the
rehef displacement of objects exactly
matches with the shadows such that no
shadow 15 visible 15 termed as no-shadow
point or Haot spot (Figure 4.5).
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Technigues of photograph interpretation

Also, there are cases where too much
brightness hinder identification of
features in a photograph. Depending on
the ime when the photograph was taken,
a camera records the greatest proportion
of shadow accentuated by glare in areas
which are away from the sun. The
quahty of one’s mterpretation can be
affected. OUn recording or taking picture,
the place where the photographer 1s
located determines the shape, size, tone,
orgamzation and type of the photograph.
Photographs can be grouped into ground
photegraphs, aerial photographs and
satellite image phatographs.

Ground photographs, as the name
supgpgests, are camera pictures taken
horizontally or obliquely from the

around level. They record objects with

a camera carmied by a person or vehicle
which 15 on the ground. Photographs

under this category give a honzontal
view of the object recorded. Ground
photographs are further categonse into
ground honzontal, ground close-up and
ground oblique photographs.

Ground horizontal phatograph

Ciround honzontal photographs are taken
from the ground perspectives when the
ax1s of the camera 15 placed honzontally
towards the object. Ground honzontal
photograph 1s the most common type of
photograph. The main charactenstics of
all pround honzontal photographs 1s that
they clearly show side or front view of
the objects (Figure 4.6).

Figure 4.6: (reound horizontal photograph
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Ground close-up photograph

objects at fore ground (Figure 4.7). A

objects m a progressively decreasing

scale size from the camera tilt angle. |

The photograph shows objects whose does not show the top view.

photographer. Some of the photograph
parts mclude small honzon n their

fore ground, middle ground and back
ground. The picture 15 always clear and

Figure 4.T: Ground close-up phatograph

Ground abligue photograph

Ground obligue photographs are taken
from up-heaved land. They can be taken |
from house roofs, hills or mountains at an -
angle between 3" and 60°. The pictures |
can easily be divided into the foreground, -
- greater than 30" have their top seen than

middle ground and background. The
amount of honzon at the background
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- depends on the camera’s tilt angle.

Objects from the foreground decrease
their s1zes towards the background.

The top part of the object 1s partly seen
relative to the camera’s angle. This means
that, photographs taken at an acute angle

those taken at 507 (Figure 4.8).

Technigues of photograph interpretation

- sizes decrease from the foreground to

Ground close-up photographs also - the back ground. The mamn objects to

known as ground view photographs be shown are somehow apart from the
are camera pictures taken closer to the

object. They are charactenzed by large
'] g gt EE. background. The photographs are easily

ground close-up photograph shows - divided mto three maimn parts, namely the



Technigues of photograph interpretation

Figure 4.8: Ground abligue photograph

Advantages af ground obligue

photographs

Ground oblique photographs have been
serving an important tole in social-
ecomomic development. They provide
relevant landscape data mely and at the
requited place. Also, they supplement
data which cannot be collected by hagh
geotechnologies such as the mtensity
and extent of flooding or the effect of
locusts in a recogmisable area on global
geotechnologies. Furthermore, obligue
photographs can aid field sketching as
features are large and can be clearly seen.
However, their inability to cover a larpge
area makes it unsmtable for interpreting
features on a large area. They can easily
be mterpreted to provide a conclusion
which cannot be generalized as the area
covered may not be representative of
the whole area under study. However,
compared to the ground close-up,

ground oblhique photographs represent

more features. They provide more
mformation that could support land use
planning. The relief of a given landscape
15 much clearer than ground homnzontal
photographs. It shows a top view and
gide of an object. This 15 1Important m
producing small sketch maps in the field.

Disadvantages of ground obligue
Photographs

Ground oblique photographs tend to
distort uniformity of the photo since
the scale decreases from the foreground
to the background. It 1s difficult to
determine the scale of the photograph
unless the photographer knows the size
of an object. Again, photograph cannot
be used for a large area map production.
Another constraint 1s that the honzon
cannot be seen properly. In this regard,
1t 13 1Important to note that the mam
feature of oblique photographs is that
they show top and side or front view of
the objects.
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Parts of a photograph

A number of skills apply in the process
of interpreting 1mages. For example,
you may see a hygrophyte or xerophyte
plant on a photo and you want to desenbe
1t. In that case, you are required to
section the photograph. A photograph
can be sectioned honzontally mto the
foreground, middle ground and the
hackground as shown m Figure 4.14.

Backeround )

At the foreground, features appear big
and clear. The middle ground is the
area in the middle distance away from
the camera. At this section, the size of
the objects appears relatively small but
moderately clear. The area farther away
from the camera with tall trees includmg
the honzons 1s called the background.
At this part, features appear to be small
and not clear.

=

Middle ground

Fore ground

Figure 4.14: Lacation of parts of photograph horizontally

Az the need may anse, you can divide a photograph further mto three equal vertical
parts: left, centre and rght. When describing a side of a particular object, vou can
then refer them as located to the leff at the foreground or background and to the
right at the foreground in Figure 4.1 5. The centre or background term should be
used to address the object’s location relative to other objects in the photograph.
Waords like top or bottom, North or East are not recommended in photograph

mterpretation.
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Ebackeround K backeround

Left middlesad = = e e Right middle
ground ‘middle ground ground

Left Pl T '_ :Eeﬂtré . Right
foreground _ foreground foreground

Figure 4.15: Location of parts of a photagraph commaonly used in interpretation

1. Carefully stady the following photograph and answer the questions that
follow.

S e o drrirabars: comteebfn ey

(a) What is the type of this photograph?

(b) Section the photograph into nine parts and mention the features found in
each part.

(c) What would be the usefulness of having such a photograph?

(d) What social activities could be taking place in the area?
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Technigues for inferprefing ground  mustalso be comsidered. This vanes due

and obligue photographs to atmospheric conditions and quality of

The basic hints or techmiques for ground T ﬁlm: o, 1fPTD‘I.?'lﬂ-.E:-d.| shon'd
2 be considered carefully. The fime of day
photograph analysis are as follows:

) ; o at which the photograph was taken 15

(a) Tdentify parts, sections or positions important as long evening may obscure

of photograph that 15 the fore, middle important details,

and background of photograph and

make a note of important features

shown; : :
(b} Read the caption and look at the 1. Read materials from various

position of the feature and draw a sources, then describe the relevance

simple sketch map of the area. If of various categories of ground

the objects decrease from left to photographs in planning,

right hand side, they indicate that

the photographer was on the left

. Search for a ground oblique
side. If the objects decrease from photograph and idenfify features.

right hand side, 1t indicate that the
photographer was on the right hand
side. It the objects decrease from the

Aerial photographs
Aenal photographs is the type of

fore to the background of the photo,
they indicate that the photographer pligiipgiphs taken from ahn*@- You
was in front of the objects; - should not be confused with the

(c) Lay a piece of tracing paper over phrases Aerial photography and Aerial

the photograph and draw a trace photograph. The latter 1s a product and
diagram showing more impaortant  end result of aenal photography. Since 1ts
features; mvention m 1830z, aenal photography
(d) Write short descriptions of the  has been the most effective technique

features shown in the photograph;  zed for map making, showing boundary
and

(e} Descnbe the processes which
have led to the formation of any
landforms and landscapes in the
ohserved photograph.

several aspects need to be considered

mn analysmg photographs. Une of the

aspects are the effects of perspechve
objects where objects appear much larger
than those further away. Each picture has 4.9}, Formally, helicopters and airplanes

a foreground, middle and background Wwere highly valuable, though recently,

section. The clarity of the photograph  drones are outpacing them.

location, determining road alignment
and vegetation delineation, among many
other activiies. This 15 the essence you
should leam about aenal photographs.
Aeral photographs are pictorial
representations captured by sensors
mounted on flying planes such as kites,
aircraft, helicopters and drones (Figure
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af camera axis (such as wertical
photograph and oblhique photograph);

Technigues of photograph interpretation

angular coverage and emulsion type
such as panchromatic black and whate
photographs, colour photographs,
mfrared, black and white photographs
and false colour composite photographs.
Thas section present the types of aerial
photographs based on camera axis.

Types of aenal photographs

Figure 4.9: Drone Aernal photographs can be categonsed
mto vertical aenal photographs and

Classification of aenal photograph
oblique aenal photographs (Figure 4. 10)

Aenal photographs can be categonised on
the basis of several critena as arienfation

Vertical acrial Low obligue acrial High oblique acnial
photograph photograph photagraph

Figure 4.10: How different tvpes of aerial photographs are faken

Vertical aerial photagraph

Werhical aenal photographs are taken by a camera with its axis perfectly or nearly
vertical. They are charactenised by showing only the top view of objects than side
views (Figure 4.11). The turbulences that shake airplanes and drones can distort
the verticality. Other vertical aenal photographs are the pictures taken by Satellites
at a very high altitude.
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Figure 4.11: (a) Flying aircraft taking a Figure 4.11: (h) Fertical acrial photograph
vertical aerial photograph

Wertical aenal photographs cover a relatively larpe area compared to any other

type of ground photographs. Though its scale 15 almost the same, especially at the

centre, it decreases sideways the captured area and 1t is mostly small. The sizes of

mmages are small. The centre of the photograph 1s known as the principal point

Obligue aerial photograph

Obligque aerial photographs are camera pietures taken at an angle less than 90°.
They are taken by a flying object which has its axis directed between the vertical
axis and honzontal plane. Oblique aenal photographs can also be divided mto
low obligue aerial photographs which do not show the honzon and high oblique
aerial photograph whn:h show thE horzon [F]gl.lre 4. !2]

Flg'ure 4.[2 r"q]' L-nh a.i'.‘r!‘:rq:.re ﬂenafpﬁam!mqm’r

Hindent’s Book Form 5 & 6




Technigues of photograph interpretation

pancramic view of a larpe area. They

seale.

them suitable for land use planning.
Oblique aenal photographs have been

Figure 4.12 jh} High abligue aerial photograph
Oblique aernal photographs give a wide

LR =
Based on the extent of area, high
obligue aenal photographs extract more
information than ground photographs.
High oblique aeral photographs are
used to supply instant data of such -
moving objects as vehicles, ship, train
and landshde. They can clearly show ;
the layout of different infrastructure = Vertical aerial photographs present a true
like railways, roads and houses making -

s

military and civilian surveillance and

- map making.
provide supplementary information .
to ground low obligue and ground - Photographic scale

horizontal photographs. They also cover | The seale of a vertical aeral photograph

a large area than ground photographs.

Moreover, they mve a clear picture of the - {f) and the altitude or height from which

relief of a given landscape. In addition,

the scale of the photograph 15 medium . The scale of a vertical aenal photograph

and less uniform compared to vertical

15 @ functiom of the camera’s focal length

the exposure 1s made or of the aircraft.

15 given by
f
H

Where:

t = Camera’ focal length

H =Flying height of the aircraft above

the ground
5 = Scale

record of angles. However, the hornzontal

' distances are subjected to wide variations
© due to the flving height of the arcraft
very useful m wild amimal census, :
locating archaeological sites, strategic

and the focal length. Flymg height of the
arrcraft 15 usually taken from the ground
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surface at a specified elevaton above
mean sea level. Focal length of aenal
camera vanes according to specified
need and purpose. In Tanzama, the most
commonly used focal lengths are the £
= |52 mm and 132 mm.

Note: If one knows the focal length used
and the altitude of the aircraft above the
ground, it 15 possible to calculate the
approximate scale.

However, when the photograph is
taken at a known altitude above mean
sea level, the following formula 15 used

to compute the scale.

g

H-h
Where;

k

h=Average elevation of the photographed

drcd.

New line scale average is applicable
when the altitude above the mean

sea level and mean elevation of the
photographed area are known or given.

Example 1

A camera in an aircraft at an altitude of
3 3(H) m above the ground was used to
take a photograph. Determine the focal
length of the camera if the scale of the
photograph 1z 1:25 000,

Snlution

Formula

f
S_H

Diata given
Height of the plane (H) above the
ground = 3300 m
scale of photo (S) = 1:25 000
=1
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1 f
25000 33000m

25000 % £ =33 000 m ¥ |
25000f =3 300 x 1 000 mm

250001 3300 000 mum
25000 25000

Therefore, the focal length = 132 mm

Example 2

Calculate the flying height abowve mean
sed level of an aircraft which produced a
verfical aenal photograph at the scale of
1:20 000 given area with a mean ground
height of 500 m above the mean sea
level using a camera with a focal length
of 152 mm.

Solution
(niven data
h=500m
f =152 mm

5= 1:20 000

H="?
Note: h and f should be n the same
unit.
smee H 1s usually m the same umt as

h, convert f from mm to m as follows;
1 m=1 000 mm

7T=14532 mm
- 152111::1:-{1111:{].151“1
1000 mm
Fmally, from
f
S=—
H-h
1 0.152m

20000 H-500m
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H—300m=0.152 m = 20 000
H-500m=300m
H=3540m

Example 3

the map.
Solution

MD _FPD

MS  PS
MSxPD MDxPS

PD PD
MD = PS5

PD

MS=

Where:
PD
poimnts of photograph

MD = Corresponding distance on ﬂ:ra

iap
M5 =Map scale
PS5 = Photograph scale

Data given:

PD = 50 mm

MD =20 mm

PS=1:20 000

MS =7

Mg - MDXPS

PD

_2 1
507 20000
wy B g
50000

= Dhstance between two known

Example 4

Find the scale of the topographical map Caleculate the scale of a vertical aerial

when two landmarks shown on the

photograph can be located on a 1:20 19 000 ft above mean sea level using a

000 scale of photograph. The measured - .
distance between the landmark is 50 The surface has an average elevation of

mm on the photograph and 20 mm on
Solution

photograph taken by an amrcraft flying at
camera with the focal length of 6 inches.

100 ft.

f

H-h

- Data given:

Focal length (f) = 6 inches
Flying height (H) = 19 000 ft
Height of the surface (h) = 100 fi
Scale of photo (3) =7

o 6 inches

"~ 19000 ft — 100 fi

_ﬁinches
18900 ft

To change foot to inches
| ft =12 inches
18 900 ft=7

12 mches = 18900 fi
1 ft

= 226 300 mches

& inches
226 800 inches

Scale =

|

Scale= m

Therefore, the scale of photograph 15
1:37 300
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- Therefore, the scale of the topographical
- map is 1:30 000,
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Advantages of vertical aerial
photographs over maps

Aemnal photographs facilitate studies
on the previously maccessible areas
and landscapes such as dense tropical
forests, desert intenors and swampland.
Aenal photographs are sigmificant
decision support systems to the world’s
environment management. They have
been providing the world with tools
to predict the future condibions of
our surroundings and set policies and
strategies to countermeasure them.

By their nature, aenal photographs are
raw materials for land use planning.
They have also been supplying images to
be used for planming and mapping. Plans
for settlement, mmfrastructure layout,
disaster management and evacuations,
and establishment of developmental
programs and projects have made an
mmtensive use of aenal photographs.

Aemnal photographs also serve as raw

materials for other land and hydrographie
surveys. [hey are important sources of
mformation for land surveys carmied for
multiple purposes. They are baseline
data for other activities, projects and
programme. Moreover, based on ther
ability to capture and record terrestrial
and aerial moving objects, aerial
photographs have become the trackang
systems of traffic and theft management
n a larger part of the world.

Limitation of vertical aerial
photographs

Set-backs associated with their
production could be a bammer to the
utilization of aemnal photographs.
Aenal photographs, other than those
taken by non-commercial firms, have
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been costly. Their availability for
local land use planning for example,
15 impaired by their cost of availability
or production. Again, hindrances
from natural weather phenomenon
like heavy rain, clouds, fog and mast
during acquisthion have decelerated the
speed at which supply could match the
demand. The technological development
m geographical mmformation system
(GIS) and the emergence of free
online geographic data sources such as
google earth, earth explorer and many
others further reduces the frequency of
production of aenal photographs.

Factors which may affect the quality
of photograph

Nature of the camera io be used: Camera
focal-lens, film wused and filtration
capacity are the most important
factors. Accordingly, a camera with a

- Nlarge focal-lens, agh filtration capacity

towards different aspects such as
cloudcover, dust and fog may produce
sharp and good photographs, contrary
to the camera with a small focal-lens.
Knowledge of the photographer:
Enowledge, skills and competence of
the photographer on using camera and
selecting an appropnate camera location
determine the quality of the photograph.
A well-tramned photographer 1s capable
of producing best photographs.

Pasifion af the photographer: When
the photographer 15 near the objects i
terms of distance and height, the caphion
may be good. The angle at which the
photograph 15 taken also determines
the quality of the photograph. That
15 why the ground-level photograph
15 regarded as the best gualitative

Technigues of photograph interpretation
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photograph.

Nature of the targeted avea: Levelled

areas influence a good photograph - used to 1dentify the possible crops that

- can grow in the area among the others.

unlike the slope and mountamous area - Also, knowledge regarding drainage can

especially  for ground photograph,

which may negatively imfluence the
image quality through distortion.

Time at which photagraph taken: The
best photograph should neither be -
taken durmg the mght nor sunny noon
. others wvanables. On the other hand,
. } . charactenstics associated with objects
Photograph and image interpretation e photographs arcQqifly important

- in photograph _int tion.
of reading, examining and mterpreting - m photograph anterpretation

photographs in order to obtain reliable
mformation about the natural or cultural
- identify the type of image and the angle
and knowledge of many professions.
For example, it requires knowledge on -

time.

Photograph mterpretation 15 the process

features presented. It requires skills

chimate, types of so1l which can be

help to analyse types of rocks, while

- knowledge on crops and their properties

Weather condition: A good photograph 15 helpful in analysimg the type and nature

should be taken at the clear day, free

from clouds, fog and extreme sunlight. = Therefore,

of s0ils in the photograph.

photograph  or  1mage
mterpretation, as used n this sechon, 1%
an interplay of mterpersonal qualities,
environmental knowledge and many

For example, usmg the wsible
photograph. (Figure 4.13), vou can

of the sensor’s axis, identify activities,
so1l type and many other vanables.

Figure 4.13: Tea production farm
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The photograph m Figure 4.13 15 a
representation of one area mn Tanzania
m which tea 15 produced. Therefore,
analysis of the photograph n this case
will be assisted by pnior-knowledge of
the areas associated wath the cultivation
of such crop. The type of crop can support
to understand the type of 301l and climatic
conditioms provided you already know
the charactenstics of the crop seen in the
photograph. The crop can also help to
describe the nature of drammage of the area,
and the general view of the photograph
can help to tell the type of photograph.

Processes for photograph interpretation
Interpretation of aerial photographs
mvolves several activities classified
into three processes: observation,
analysis, and judgement. Observation
15 concerned with finding typical

patterns and charactenstics portrayed -

by ditferent features on the photograph

using the basic elements of photograph

interpretation. Analysis reguires a
thorough understanding of features
or themes found on the photographed
area to determine the meaning of
different charactenstics observed n the
photograph. Judgement 15 the suggestion
of possible features or phenomena related
to different characteristics observed n
a photograph. Judgement requires a
thorough and careful observation and
analysis based on the nterpreter’s
expenience, knowledge, and skills.

Basic elements for vertical aenal
photographs

Interpretation of wvertical aerial
photographs 18 based on the following
elements:
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{a) Tone or colour or shade: This
element considers the darkness and
brightness of the objects. Some areas
like forest areas, larpe water bodies
mcluding oceans, lakes and/or rivers
appear dark in colour because of

less reflective capacity. Some
features like beaches, sandy deserts,

glaciated areas and all weather roads
appear bright in colour because of
high reflective capacity. Different
objects have different colours. Thus,
colour 15 used to distimguish them.

(b} Shape: Different features are of a
defined geometnic outhnes. For
example, nvers and roads can
be easily identified mm a curved
elongated shape. Pitches or stadiums

are 1 an oval rounded shape;
round-about and water tanks can
be 1dentified with circular shape.

{£) Texture: This refers to the roughness
and smoothness of an object. Some
features like forest, residential areas
and mountamous areas are shown
with rough texture while features
like water bodies, grassland and
snow appear smooth n texture.

(d) Patfern: This refers to the
arrangement of the objects, where
objects can be i aregular or nregular
pattern. Normally, urban settlements
and planted vegetabion appear in
regular patterms while natural forest,
shanty town, mountaimous regions
appear in irregular pattern.

fe) Size: Ifthe scale of the photograph 1s

known, then objects of known size

of features such as foothall pitches
and tenmis courts can be quantified.

Technigues of photograph interpretation
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(&)

Site: This techmique emables

a photograph interpreter to
identify a feature according to the

environment where such features
are found. For example, a feature
cutting across a river channel can be
a bndge, vegetation along the side
of the river such as bamboo and 1n
coastal areas can be mangroves.

Association: Is the techmique of
interpreting features from the
existing features. For example,
bulding with a chimney indicates
a commercial or industnal area.
Forest with wild animals such as
giraffe and elephants indicates

I. Carefully study the photograph below and ‘answer the guestions that

follow:

(k)

(i)

national parks and existence of
tounsm mdustry.

Shadow: Tt helps to give an
mmpression of the depth to a vertical
aerial photograph. It helps to
distinguish objects such as height
of trees or buildings by looking at
the direction of the shadow, to the
position of the sun and shape of the
shadow. Shadow can also be used
to estimate the time when the object
was photographed.

Background information: Tf all
attempt to identify objects have
failed, the mterpreter must then refer
to maps and written descniptions of
the area.

SR . B

{a) What physical landscapes does the photograph represent?
{b) Describe two environmental problems that may face the area.
(e} Tdentify the type of photograph giving at least two evidences.
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(d) Briefly descnibe the mode of  Specific skills for the interpretation of
formation for the observed  photographs

physical feature on the  spart from the qualities and elements that

photograph. can help you make a better interpretafion
€} State the main activities in the of photographs, there are several skills
(e) photograp

drea. vou need to develop for photograph

mterpretation. The understanding of
how you can determine title, estimate
time and the season, identify and explain

3. Explain the differences between  human activities, estimate the size of
a vertical aerial photograph and a features, suggest location of the scenery
topographical map in relation to the n the place, and estimate direction
applicability of their end output. arg pertinently necessary in photo

. : mterpretation. These mterpretahion skills

4. Explain aspects to consider before  :4u1d be achieved in different ways.

analysing th tents of a ground
e i Determination of the title can be

PRt ETAn, extracted from photograph mformation
5. Explain the required technical itself. Geographers should be attentive
competences in analysing ground 10 studying the foreground, middle
photograph. aronmd and the background. However,
familiarity with the photographed area
6. Carefully study the following * cap give a clue for suggesting the title
photograph and  answer the  f the photograph. Smilarly, time of
questions that follow: the day when the photograph was taken
) e it can be estimated. This can easily be
detected by using the direction of the
shadows of objects. For example, 1f a
photograph was taken during or around
noon, shadows cast by objects will be
short and centred around the object.
Shadows are shortest around midday and
they are longest early m the moming or
late i the afternoon. The time would be
(2) What type of photograph is this ? mormng 1f the shadows are n the left
{b) With reasons, sugeest the typeof  hand side of the object. If the shadow is
soil that could favour the growth  on the right hand side of the object, the
of such a crop. photograph should have been taken
{c) What other agricultural crops  the evening,
may be grown in the area where
the photograph was taken?

2. What kind of photograph 1s mostly
used m map making and why?

Consistently, 1t 15 also possible to
determine the hemisphere in which the
photograph was taken or the direction
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m which the camera faced. Beyond the
tropics, the sun never gets overhead, but
the shadows behave similar to those in
the tropics; that 15, they are the shortest
at midday and point pole wards. Bright
clear skies with dry vegetahion could
mdicate a dry penod or season. On the
other hand, luxunant vegetation, young
crops 1n the field, flowenng plants,
and clouds m the sky could indicate a
rainy period or season. Winter could be
mndicated by the presence of snow on
the ground.

The type of clothing wom by the people
can also indicate the temperature at
the time when the photograph was
taken. Also, the activities shown on the
photograph can help to determine the
time of the vear when the photograph
was taken. Activities taking place in the
photograph can also enable us judge the
time when the photograph was taken.

For example, cotton is always harvested

during noon hours; tea harvest suggests
mormng time since the leaves have to
be taken to the factory in the evening.

Estimating sizes of features on a
photograph may be difficult because
unlike in maps where the scale 15 constant

throughout the map, i photograph, there -

15 scale distortion such that images
become progressively smaller from the
camera towards the nmmddle ground and
background. The
also be approximated from the size of the
famihar object. For example, a com or
a pen may be placed against the rock or
any other feature. The size of the coin
or pen can then be used to determine
the size of the rock or any other object.
Heights of trees and houses could be

sizes of objects can

estimated using famliar objects m the
photograph such as cars or persons.
However, companson should only be
deme tor features or objects which are on
the same level and at the same distance
from the camera and not otherwise. For
example, a person in the foreground wall
appear bigger than an elephant in the
background.

Weather does not appear directly on
photographs. Information has to be
gathered from the photograph, both on
physical features and human activities.
Conclusions can be made by judging
from this mformation.  The nature of
the sky by the ime the photograph was
taken can tell the weather conditions of
that time. Presence or absence of clouds,
the type of clothes wom by the people
m the photograph can also mdicate the
weather condition experienced at the
time the photograph was taken.

Interpretation of climate
The types of houses and style of

- buildings are indicators of the climatic
- conditions of an area. For example a

short house with mud roofs m rural
areas in Tanzania indicates semi-ard
conditions. The type of crops grown n
the field and the type of amimals kept
can also help to determine the chimatic
condition of the area. For example, the
presence of sugarcane plantations would
mean the area 15 generally warm, while
the presence of tea and coffee plantation
mdicates cool chmate. Tea and coffee
also mdicate presence of high ramfall
(reliable and abundant) which is evenly
distnbuted throughout the vear. S1zal1s a
drought resistant crop; thus, it mdicates
low rainfall in the area.
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The natural vegetation present on the photograph can also help to determine the
chmatic condition within the area. For example, dense forests with tall trees sugpest
that the area receives heavy and reliable rammfall. Conversely, bushes and grass
land mmdicate dommance of low and unrehable ramnfall. Table 4.3 summanses the
mnterpretation of climatic conditions from photographs.

Table 4.3: Interpreiation of climatic tvpe from the photagraph

(1}  Cloud covenng the sky, g‘reeni Wet season

vegetation and grasses
(ii) Plants without leaves (shaded} Dry season
and dry grasses |
Nature of crops

(1) Sugarcane, cotton, sisal, cloves, Tropical climate
maize, wheat, ground nuts,
cashew nuts, and maze. Mostly
experience high temperature and
moderate rainfall |
(1v) Coffee, tea, rubber, cocoa and Equatorial climate or Tropical highland,
palm oil. Survive in area with Montane climate
reliable rainfall |

(v} Millet, sorghum, and cassava. Semi-and region
Thnve or survive mostly in low
rammfall and high temperature
region '
Vegetation cover s
(vi) Dense forest with tall trees In consideration of other factors,
this mmdicates equatonial climate or
mountamous climate.

survive better m areas with heavy rainfall

(vil) Scattered trees with tall grasses, In consideration of other factors, this
baobhaband swamps. These nmsﬂ:,rf mdicates tropical chimate.
thrive m areas with moderate
rainfall and temperature. |

(vii1) Thicket, scrubs, grasses, thorn In consideration of other factors, it
trees, cactus and scrubs thnve or  indicates semi-and climate or tropical
| survive mostly in areas with low  climate.
rainfall and high temperature.

Kinds of animals

[lx} . Goat andﬂheep muostly found in Semi -arid TEEIon
dry conditions.
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(x) Giraffe, elephants, lions, and Tropical climate

antelopes survive n scattered
trees and long grasses. '

(x1) Monkeys, gorilla, chimpanzee, Equatorial climate
leopard mostly found i tall trees
and forest. '

Water body

(xii) Large inland water body such as . Equatorial climate

a lake, nver or dam.

.I,‘_xi.iij Water holes, wells, streams Tropical climate/semi arid

indicate an average amount of
temperature and rainfall. '

(x1v} Chasis

Interpretation of human activities

There are several human activities
that can be i1dentified or need to be .
identified on a photograph. These mclude
farming, transport, fishing, forestry and -

communicaton.

Agmiculture or farming: Agnculture
includes crop cultivation and

livestock keeping.

Subsistence crop farming: 18
charactensed by several features
such as permanent and temporary
houses, the land being sepmented
into small portions and fields
separated by hedges sisal or planted -
trees. Subsistence farmang also uses
rudimentary tools such as simple |

hand hoe and machetes.

Commercial crop farming: 1s .
charactensed by the presence of cash -
crops such as tea, coffee, and sisal_
Presence of modern machinenes -
and processing factories are also
good evidences. Presence of feeder :
routes within the farm and facihities
of collecting produced goods can -
also help to determine the type of
farming. A large farm size 15 more |

Semi-ard and and ::litnate_

charactenised by presence of large
plantations.

Plantation farming 15 evidenced by
a single crop covering extensive
stretches of land. Examples of crops
in this regard are sugarcane, tea, sisal
and wheat. Storage facilihes near the
farm also are good evidences. Many
labourers 1n the fields, for example
picking tea or coffee and nucleated
settlements meant for workers within
the farm can tell a lot about plantation
farming.

Livestock farming: this may be
grouped mto traditonal, ranchmg and
dammying. Tradrional livestock keeping
15 charactenzed by cattle prazing m
natural grassland, especially m semm-
and areas. Also, tradifional livestock
keepers keep large herds of tradional
breeds of cattle, sheep and goats, for
example, Zebu cattle.

Ranching can be evidenced by the
presence of a large field divided into

paddocks, a presence of cow sheds
nedr the farm houses. Presence of
windmills and water supphes, for

example, water tanks, ponds, water
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holes, or reservoirs accompanied
with cattle dips on the farm may
also mdicate ranching. Dairying 15
evidenced by high-grade cows with
big udders, milk processing plants
and zero grazing units.

There are two aspects to consider on
describing the scale of production,
these are:

Small scale production: 1t 1s
suggested by the presence of food
crops cultivation, use of local tools
such as hand hoe, axes and machete
(panga), uses of family labour force
and a small farm size.

Large scale production: 15 sugpested
by cash crop producthion, use of
modern tools such as harvesters and
a large farm with modemn machimery.

. Tourism: 15 indicated when the

photograph shows large water
bodies, forest wild anmimals, hills,

coast, caves, historical sites or
mountains.

. Trade: this may be evidenced by the
presence of towns and shop malls.

. Fishing: 15 mdicated by the presence
of boats, large water bodies such as
oceans, rivers, lakes, dams and net
drying yard.

. Lumbering: 18 evidenced by the
presence of forests, saw mlls, cham
saws and fimber or logs.

manufacturing: 1s
indicated when the photograph
shows an industry, a ginnery or a
large plantation of sisal, tea or coffee.
These crops require processing
mdustry withm the farm.

. Mining: 15 mdicated by the presence
of quarry or quarmes.
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Interpretation of physical featores
The landscape 15 formed by several
features. The common features we
expect to find on photographs mclude
relief, settlements and dramage.

Relief

Relief features are many and varied in
nature they melude the following:

Flat landscape

These can be found m both lowlands and
uplands. In the lowlands, flat landscape
15 called a plamn. Flat landscapes are

normally less than 500 m above the
mean sea level and are associated with

meandering rivers. Flat areas m uplands

{above 300 m above mean sea level) are
called plateaus. Plateaus always have

stecp slopmg edges.
Sometimes, flat lands can be identified

- by the type of crops grown in the area.

For example, sugarcane and rice growing
15 practised on flat lands. Activities such
as nrgation also indicate that the area
15 relatively flat.

Mouniainous landscape

A landscape with an elevated landform of
more than 2000 m above mean sea level
15 referred to as mountainous landscape.
It 15 charactenised by steep slopes on an
mdividual block of land or an extended
mountainous range.

Crops grown In an area can also be
used to deduce the altitude of an area.
Crops such as pyrethrum, tea, wheat and
coffee are ighland crops. For example,
tea 1s grown in the Southern highlands
m places such as Mufindi (Irnnga) and
Rungwe (Mbeya) in Tanzania.
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Settlements
settlements can be divided into two major
types: rural and urban. Rural settlements

can be evidenced by simple architectural -

designs of semi-permanent houses.
The dwellings are also not planned and
unevenly distnibuted. There can also be
evidence of farming or fishing activities.

Conversely, urban settlements can be
mdicated by permanent buldings, regular
street patterns, buildings with several
stores, industrial areas and warehouses,
high population density, port facilibies
such as docks, cranes, contamers, and a
well-developed communication network

(Figures 4.16a).

Read materials from various sources, then describe the criteria for categorising
settlement patterns of an area. Give reasons for each.

Figure 4.16: fa) Lrhan settlements

Figure 4.16: (h) Rural sertlements

Giodent’s Book Form 5 & 6

_
———————————



Dramage

Drainage 1s the natural or artificial flow
of water from an area by streams to the
rivers and draining water from the land to
the lakes or oceans. However, dramage
may include features such as swamps,
water holes, ponds and reservoirs. Water
features are easily recognisable m all
types of photographs. Deep waters in
lakes and oceans appear darker while
shallow water m rivers and continental
shelves appear brighter. Presence of
waterfalls and rapids indicates that the
river 15 flowing along a steep region or
landscape. River meanders show that the
miver 15 1n the middle or old stages. A rver
delta can be identified by the presence of
many channels or dis-tributaries before
the nver enters the lake or ocean. In
acrial photographs, niver patterns, for
example dendntic, trellis and radial can
easily be recognised.

Limitations to quality photograph
nterpretation

Efficiency and the accuracy of photo
mterpretation 1s subject to some barmers
developed from the photographing and
unaging sensors. The resolution level of
the image, the qualty and clanty of the
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photograph may affect mterpretation.
Photograph mterpretation 1s affected by
weather condition at the time when the
photograph was taken. For example,
cloud cover and fog may affect the
guality of the photograph. Also, the angle
of the sun when the photograph was
taken may determine the darkness or
brightmess of the photographs. Moreover,
gquality of the camera lens (size) may
determine the quality of the photograph,
s0 can the type of the paper as well as
the method used to print the Image.

Other addihional factors melude season
of the year whereby durmg raimy season
when vegetation is green, the photograph
will appear darker, while it would appear
brighter dunng the dry season when
vegetation 1s less green. The position
of the camera towards the object 15 also
important. When photo 1s taken with a

_ camera near the objects, it will appear

¢learer than when the camera, 15 a bat
far. The colour of the object also affects
mterpretation. For mstances, objects
with black colour may not be clear due
to their dark tones while bright coloured
objects will be clear.
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el L

(a) With reasons, name the type of photograph.
(b) Describe the given photograph according to its divisions.
(c) With evidence, identify the time when the photograph was taken.

(i) Relief and drainage.

I. How can you link the various (1)  The time when the

existing types of photographs photograph was taken.
with the fields such as journalism, (i1]) Economic activities carmied
agriculture, transport and planmng? out in the area.
2. Suppose you have been e (iv) Giving reasons, identify
;;;EIL;I[I Eﬂhﬂm?ﬂphs jﬂr mplysis. environmental problems which
w vou would recommend .
for the quality photofe e are l]]c-e]}r to face the area.
3. Refer tothe photgaliph T Activity (v) Explain ways to overcome
4.2 and answer the following those problems.
guestions: (vi) With evidences from the
(a) With reference to the photograph, describe the
photograph in Activity sections of the photography.
Efu’mg:a;}?z;uﬂlt:ntﬁ.:[;fﬁ 4. Ajymal 15 a new Geography student
™ icllita imare? ;c Ehirrtl:: Sn?jmndar}r Sul::]'u:h::lti
L e wanted to mt el 8 groun
{b) With evidence(s) from the o hﬁ‘j 5 uf
photograph m Activity 4.2, photo Emp]"'_ E 3 :
z ent on the following: how to begin. (ive him hints on
how to interpret his photograph.
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l. Tfdistance between village A and B is 12 em on a photograph, find the scale
of the photograph when the corresponding map distance 1s 24 cm and the
map scale 15 1: 200 000,

2. An aircraft flying at the height of 5000 m above mean sea level took a
photograph of the land at 1200 musmg a camera with 152 mm focal length.
Calculate the scale of the photograph.

3. Descnbe the desirable competences for a person intending to interpret the
vertical aenal photographs.

4. Assuming the scale is 1:25 000, calculate the height of an area shot by a
camera whose focal length 15 152 mm, mounted on aimrcraft flying at 10500
m above the sea level.

5. Brnefly explain the way satellite images and extraterrestnal photogram can
be used m development planning and management,

6. Tlustrate the strength of photographs over maps in obtaining field information.
7. Carefully stody the photograph provided and answer the questions that follow.

(a) MName the type of photograph.
(b) Explain the mam physical features found in the area.
{c) State the mam activity of the area.
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(d) Name the scale of achivity stated i 8(c) and support your answer by
providing three reasons.

(e} At what ttme was the photograph taken?

8. (a) Why do we need to determine the scale of vertical photograph?
(b) Describe factors that are hkely to affect the scale of photograph.

9. How do different charactenistics of aenal photograph diversify the usage
of photographs?

10. How would you use different elements for vertical aenal photographs to
distinguish the given feature types, grasslands, natural forests, shrubs, forest
plantations, orchard trees and lakes?

11. Give a enitical classification of aenal photograph.
12, Examine eight factors affecting the quality of aerial photographs.

13, The side of the building measures 20 em on the photograph taken by a 160
mm focal length camera. If the same side measures 4.25 em on the 1: 50 000
map, calculate the lymg height of the aircraft above the ground.

14. The garden measures 24 4 cm and 34 5em on a 1: 25 000 map. Determine
the measurement of the garden in the photograph if the photo scale 1s 1: 20
000.

15. Bishara and Grace are best Geography students. Bishara 1s taking a vertical
aerial photograph while Grace 1s drawing the map of the same area.

(a) What hints should Bishara use m making the mterpretation of such
phenomena? Provide six points.

(b} Descrnibe the main charactenistics of the phenomenon taken by Bishara.
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Maps and map interpretation

Introduction

In developing map reading and interpretation capabilities and skills, hasic pr"fgﬁﬂa
must be applied. Map symbols and s:gm' are important tools in map iﬁg
and interpretation. The symbols and sign introduced to the map madah.ﬂmu!d
he those which refer to landscape features shown on the map. In iﬁ:.gﬂrhaprer
you will learn about the definition, characteristics, types and map scale. You
will also learn measurements on topographical map and the use qf prmmp!m af
map interpretation. The competences developed will enable you to do some daily
activities such as distance measurements, area calculation :mﬂ decision making
On socio-economic activities of an area with rqference t ﬂ;e*ghﬂr ahiained from

map and maps interpretation.
Think abamt
Knowledge of maps in the
manipulation of the earth’s
spatial relationships

1. Suppose you want to show
development of physical
infrastructures, agricultural
projects, settlements, relief and
natural vegetation, which type
of a map will yon use and why?

. Collect sample(s) of topographical
maps from your school library, study
them carefully and then answer the
following questions:

(a) Describe the basic principles

you have used in reading and
interpreting maps.

(b) Explain the significance of
studying topographical maps in
your school.

(c) Name the factors that affect
contents of your map.
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Maps

The basic principles of map reading
arc essential for effectively interpreting
and using maps. The primary principles
mclude concept before complation,
which emphasizes understanding the
map’s definition, charactenstics, types
and nature of the content betore creation.
The principle of hierarchy with harmony
dictates that important features such as
vegetation, relief, drainage, settlements
and important buildings should stand
out while less significant details should
not overwhelm the map mterpretation,
ensunng clanty and focus. The principle
of simplicity from sacnfice suggests that
a map should convey only necessary
mformation, avolding confusion and
enhancing mterpretability. Addinonally,
cartographic design imvolves thoughtful
use of colors, symbols, typography, and
labels tallored to the map’s purpose,
scale, and andience.




Maps and map interpretation

Understanding how to interpret a
topographic map allows one to identify
geopgraphical features and potential
hazards hike landshdes such as the one

occwrred mm Hanang-Manyara m 2003,

and floods, often occurring m Morogoro, -

and planning, designing and construction
of different engmeenng structures. A
well-designed map with these basic
components, guided by cartographic
principles, will mimmize confusion and
maximize the effectrveness of the spatial
mformation presented. Henceforward,
understanding the basic prninciples of
map reading 1s essential for effectively
mterpreting and using maps.

Maps are scaled representation of all or
part of the Earth on a flat surface such as
sheet of paper or wood. Tt 1s a graphical
representation of places by using points,
lines, symbols and colours to show how
selected cultural and natural features
are located, arranged and related to one
another. Maps can represent distnbutions

and patterns of settlements, streets,

transport routes, chmate and location
of human activities. A person who makes
maps 15 called a cartographer.

Main characteristics of a map

Maps of whatever kinds have more or
less common defining identities, acting
as the charactensing features. A typical
map 15 represented to scale since the area
on which it 15 drawn 15 much smaller
compared to the reality on the earth’s

surface, which 1s much larger with a lot -
of features. That 15 why every map 18 = a flat surface. Therefore, maps are

drawn to a certain scale, the size of which -

depends on the coverage intended by the

cartographer. Therefore, the amount of
reduction by which the ground reality 1s
reduced vanes from one map to another,

- due to the use of different types of

scales. Usually, the amount of reduction
Increases with an increase in the ground
surface coverage mtended to be mapped.
Therefore, a map compnses a scale to
show the extent or degree by which the
ground reality has been reduced to suit
the desired area of the matenal on which
the map has been drawn.

The map uses signs and symbols. The
surface of the Earth, that a map represents,

15 of awide coverage and consists of
- different features such as vegetation,
- water bodies, relief, and settlement

patterns, among others. Normally,
symbolic representation of these features
15 conventionally agreed. Different
symbols are used depending on the
nature of the features to be represented.
Common symbols used melude point
symbols, which stand for features that
appear in point form such as houses,
line symbals representing features which

- appear in the form of lines such as roads
- and area symbols that stand for features
- of wide coverage such as swamps. All

these symbaols are defined 1n a key which
gumides meaningful map interpretation,
since each symbol 15 purposely selected
to stand for a particular real object or
fact 1n the real ground surface.

Map 15 a projection. Maps are drawn
from the mathematically transformed
curved earth so as to present them on

representation of the three-dimensional
earth into the two dimensional flat
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surface. A map is a two-dimensional -
model of reality. Tt 1s a representation of -
certain geographical features that exist -

in real life.

are not in the same size and quality.

In addition, a map is communicative
as 1t conveys meamng of different

kinds, depending on the nature of the hydrology.

area it represents and the purpose of Maps provide an outstanding base for

its production. With important map -
terpretation skills, even a person who phenomena. The knowledge and skills
15 not famihar with the place on the map

can extract or mterpgt thenap and get keys for understanding the geographical

- charactenistics of the area in terms of

the meaming represented by the map.

A map 15 a source of peographical data.
It 15 difficult for human bemngs to store
in mind different trends of events on the |
earth’s surface such as land cover and
seneral spatial distribution of cultural - skills mcluding cartographical techmiques
and natural features. Therefore, a map -
is the best medium in which information -
is stored. Data from a map can be used -
n different fields such as pedology,
engimeering, demography, geology,
hydrology and policy formulation for -
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sustainable development. A map shows

only a static situation. For example, the
map of Babat produced 30 years ago

~would not show the current situation

- 1in th but that of 30 103,
A map 15 a generalisation of mformation - S e N i

and is selective. Since it cannot include
everything found in the area, some
information 15 generalised The extent .
of generalisation depends on a mumber
of factors mcluding the scale, the
purpose of the map and the lpter_est 1 - .
of the cartographer. Generalisation
normally increases with the coverage |
which 15 determined by the size of the
scale. Symbols which stand for the
real objects on the earth’s surface are
generally selected. For instance, a dot

may be used to represent houses which © §.14¢ in which they are applied. Since

- maps represent the earth’s surface, they

However, due to changes caused by
nature and the influence of human
activities, geographical areas also
change. Due to this, 1t 15 important for
the user of the map to consider the date of

its production to get the most appropriate

The value of maps in geography

Maps are widely used in human hife, and
particularly in Geography as a disciphne.
Maps act as bases for the descnption of
the area depending on the nature of the

portray the existing relabionship between
features such as geomorphology and

spatial descnmphon of geographical

of map reading and interpretation are

relief, climate, dramage system, soil type
and their relative significance to human
life. The map onents the geography
student to the knowledze of geographical

related to map production, and prepares
them to become the best cartographers
m the future. Maps also enhance
critical thimking of the students as they
require the integration of knowledge m
mterpreting and understanding a certain
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mapped area. For instance, to clearly
understand the nature of drainage, one
must integrate basic knowledge about

geology, pedology and geomorphology.

Maps act as the muror of past geographical
events through which one can see the
mapped area today and detect some
changes that have oceurred overime.
Maps provide much information
about the nature and distnbution of
geographical phenomena such as
settlement and settlement patterns. The
use of maps enables students to gain
msight mto the existimg relatonships
between 1gneous rocks and tectomic
activities, relief and draimnage, climate
and wvegetahon, and the way these
natural relafionships mfuence peoples
maode of hife, paricularly construchion
and distribution of human settlements.
Maps also provide a basis for studying
geographical problems such as floods,
storms and droughts. Maps provide
valuable data for statistical analysis such
as population distnbution and rainfall
patterms. Researchers acquire valuable
imformation for research projects with
the help of maps.

Types of maps

Maps are normally of different types.
Despite the existing vaneties of maps,
gach of them serves the purpose of
1ts production in the mtended area
of specialisation. The following are
different types of maps and their
respective critena for classification.

(a) Basing on the function and content:
maps are classified mto topographical
and statistical maps.

Topographical maps: are maps designed
to represent both cultural and natural
features. The word topography 1s
derived from the Greek word “topos’
which means “place’ and *gralia’ which
means writing. Topographical maps
are drawings of a part of the earth’s
surface. These maps show location by
using compass bearing, gnd reference,
latitudes, longrtudes and names of places.
They also show cultural features such as
roads, railways, cifies, town and dams;
landscapes such as mountams, valleys
and plateaus; and drainage ke nivers,
lakes and oceans. Therefore, through
mterpretation of maps, someone may
have a thorough understanding of an
existing area even without their physical
presence 1n the area.

Topographical maps are useful for
describing features of the earth’s
surfaces, planning the best uses of
land and guiding people to reach their
destimations. In general, development
of physical mfrastructures, agricultural
projects and sustainable human
settlement depend on the data from
topographical maps.

Stafistical (distribution) maps. are maps
which represent the distnibution of
sengraphical phenomena. Geographers
are also nterested n careful imvestigation
and visualisation of spatial distribubion
of different geographical events and
phenomena, particularly chmatc
elements hike rainfall, temperature,
atmospheric pressure, wind speed,
sunshine, among others. Moreover,
distribution of ammals, agncultural
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activities and movement of goods are .
among the mterests of geographers.

Statistical maps are of different types such = gurface, such as school or part of an urban

as dot maps, 1solme maps, and choropleth -

maps among others. Statistical maps are of features and are more detailed.

also called gquantitative maps as they -
communicate 2 message of magmitude.
They show vanation m value and
- major kinds of contents which are

(b} Basing on the degree of accuracy: natural contenfs, cultural contents,

maps can be classified as surveved and - contours and supportive contenis.

- Natural contents are all features that

S . . A - gre not man-made, they include features
A i - .- such as mountains, valleys, soil types,
principles and theories in their.

production. Since the map represents - forests. wiber hallaLs fivars dkos,

the earth’s surface which is spherical in .

nature on a flat surface, mathematical all man-made features such as roads,

principles and theories are applied so

as to transform a curved and sphencal -
- planted forests and . Contours

shape of the Earth to a flat surface. Thas - L™ AR ks

application gives us topographical maps. - b W1 tion to define the configuration

Sketch maps: are types of maps which
are roughly drawn with no mathematical -
basis like scale. They can be drawn even
mn other subject texthooks such as hstory -

to illustrate certain concepts or showing Supportive information
- Due to the symbolic nature of maps, 1ts

(c) Basing on the size of the scale: maps © ., oot 20 d meanin gful interpretation

are classified as small scale, medium and -

gquantity over a space.

sketch maps.

historical sites in a particular country.

large scale maps.

Smiall scale maps: are drawn by using
a small scale to pive a large coverage
of the earth’s surface, even the entite
Earth. These maps usually contain large
guantity of features and are less detailed,
- and copynght, pnd reference, coordinate

~ system and projection technigues. Th
Medium scale maps: are drawn by using - ¥ proj q ey

a medium scale to provide a medium ' help the map user to interpret the map

depending on the extent of coverage.

representabion of the earth’s surface.
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Large-scale maps: are drawn to a large
scale to cover a small area of the earth’s

area. These maps contain less quantity

Contents of topographical maps
Topographical maps consist of four

plateaus, natural vegetation like natural
and oceans. Cuoltural contents imclude
railways, bmldmgs, dams, arnficial or
imaginary lines connecting points of the
of the earth. The supporhive contents
mclude mformahon of the map which

are provided with the aim of assisting
the reader of the map.

15 1mpaossible without supportive

~ information. Supportive contents of a

map are written close but not limited
to the margin of the map. They mnclude
title, boundary, North direction, scale

and key or legend. Others include date
of compilation, sheet number, publisher

are called supportive because they

correctly.
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Title

The fitle, also known as the heading, 1s
an element i a map that describes the
theme or subject of a map.

The title sometimes appears as the name
of the mapped area or as the combmation
of the name of the mapped area and the
purpose intended to be shown, When
it appears Just as the name, 1t 15 called
general fitle, tor mstance, “Songwe
region map’. A map with this kind
of a title can show a wide range of
mformation. However, when it appears in
combination with its purpose, 1t 15 called
specific title. For mstance, “Songwe
region relief features™ will normally
mtend to show specific information hike
rehef features of Songwe region. The
title 15 normally communicative to some
extent as it provides some important
clues on the nature of the mapped area
n terms of economic activities, drammage,
so1] quality and elimate in particular. The
title should always provide an answer to
what and where.

Margin

Marzin, also known as boundary, 15 the
frame that encloses the map to show the
endmgs and the coverage of the area,
often varying n size from one map
to another. If the map covers a more
extended area, 1ts boundary 15 ikely to
be larger, than when it covers a small
arca. Usually, the map boundary has a
uniform space i all sides from the map.
But there are maps which show only part
of a place within its boundaries. Usually,
maps of this type do not have margins
or boundanes.

Legend

Legend, also known as a key, 15 a
collection of symbols and signs used m
the map and their respective meaning.
Though some symbols used in the map
are self-explanatory, the key 15 actually
mtended to act as the map dictionary, to
facilitate the comect and meaningful map
mterpretation by deseribing all unknown
or unigque symbols used on the map. Since
map symbols are conventionally agreed,
the key helps the map users to translate
the map language into ordinary language
which can easily be understood. Map
language 15 the system of conventional
symbols and signs used to represent
features of the mapped area. It also helps
the map user to know the relationship
between different features on the map.
For instance, point («) symbols that stand
for settlements, always appear along
the hne symbol which stands for roads
and rivers.

Map scale

Map scale 15 the ratio between distance
on a map and the actual distance on the
ground. Therefore, 1t allows translabon
of distance on the map to their equivalent
distance on the ground. This simply
means that the scale 15 the determinant
factor of each feature that 1s represented
m terms of s1ze. Map scale 15 important
n map making since it commands the
coverage and amount of information
to be mcluded. It also helps the map
users to make the mterpretation of the
real features they read on the map. The
scale also acts as the basis for map
classification.
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Direction indicator

A direction indicator 15 an arrow printed

are used to determine other directions,
such as South, West and East. Tt enables

Maps and map interpreiation

the map user to determine trend and
alignment of features on the map, and fix
positions of other features by resechon
and intersection method. Other maps
mdicate direction by using a compass
rose, with arrows pointing m all the four

on a map to indicate the onentabion of
the map m reference to cardimals N-5-
E-W. The mdicator deterrines the
orientation of the map which facilitates
mterpretation of the map by locating the
posttion of each feature. The direchon
mdicator shows the north direchion of the
map using North arrows (Figure 5. 1) that

N N N N
(a) (b (<) (d) (e)

C

cardinal directions.

Figure 5.1: Examples of direction indicators commonly used on topographical maps

Date of compilation

It indicates the time when the map was pubhshed. This gmides the readers to select
map versions basing on their time barred needs. The date of compilation 15 very
useful m recogmising some changes that might have occurred 1n the area within a
given fime interval. Normally, land eover such as vegetation, settlement and water
sources keep on changing with ttme. For mstance, “Dodoma region map” taken
twenty vears ago will be quite different from the current map.

Sheet number

Maps sharing the same series are distinguished by the sheet number that shows
what geographical area 1s covered by the map. This means that maps of the same
senes have different sheet numbers for different areas. Sheet number also shows
how many fimes a given map has been up-dated.

Publisher and copyright owner

Maps mndicate the owner of each particular map and the publishing company. The
author or publisher of a map 1s indicated, so as to be fanmhar wath the cartographer
to easily get useful clues on information regarding the extent to which the map
15 biased or reliable. This will be useful in drawing attention on guestions such
as “Does the map maker or orgamzation have vested interest in how the map 15
perceived by the map reader?”
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Grid references

Omd references refer to the patterns of
equally spaced vertical and honzontal
lines that are perpendicularly intersecting
to each other forming squares. Gnd
references are based on projected or

geographical coordinate system by
which different parts and features on the -
map are located. When based on project

coordmate systems, the vertical lines are
called eastings as their numbers increase
ecastwards, while the honzontal ones
are called northings as therr numbers
mcrease northwards. In reading the gnd
reference, we start with the eastings

and finmish with the northings. This 15 -

normally determined by the type of

projection used in the preparation of a -

particular map.

Apart from locating the position of
different features, the patterns of squares,
are used m determining the area of
features by gnd square method.

Factors that influenee the contents of
topographical maps

number of factors. Maps are drawn by
different cartographers, with different
objectives using different scales to
represent the earth’s surface that differ
in terms of nature and amount of the land
cover. The followang factors determine
the content of topographical map.

Scale of the map
The choice of a scale depends on

the paper size and extent of the area
represented. Under this, the emphasis
15 put in three cartographic choices of -

a map scale, namely large, small and
medium scale. For example, small scale

maps are less detailed. Therefore, maps
of the same area produced n the same
penod of time, by the same cartographer
are likely to differ in their content, 1f
their scales are not the same.

Purpose of the map

Any type of a map 15 made by a
cartographer based on a certain aim.
In this regard, not all informatnon will
be depicted on the maps. The aim
of the cartographer 15 to construct or
make a map and determine what need
to be shown 1n a given map. Therefore,
the content that appears on the map
15 determined by deswred purpose.
If the purpose of the map 1s to show
vegetation distribution, other features
like settlements will automatically be

- excluded on the map.

Date of compilation

The date shows the period of time at
which a certain map was produced or
published. The mformation that exists
on the earth’s surface 15 not static, it

- changes over a peniod of time. Due

- to this fact, 2 map shows mformation
Amount and the nature of the map

content are a combined function of a

which was represented at the time 1t
was produced. Therefore, the maps
of the same area drawn at different
periods of ime possibly differ in terms
of contents. For example, the map of Dar
es Salaam drawn m 1960°s 15 definitely
guite different from the map of Dar es
Salaam dravwn i 2022,

Nature of the land

Normally, the surface of the Earth that a
map represents 15 not umformly covered
by features. It is covered by features that
differ i terms of amount and nature.
Some parts of the earth’s surface are
covered by water bodies ke oceans and
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ks i ot covers by s (T

and settlements. Therefore, the map
shows what 15 found in the area mehuding
the differences such as physical features
found 1 a given geographical area. It
can then be concluded that maps are
mirror images of the real surfaces they
represent.

Level of technology

The maps drawn by using modern
technology like computer, digital
camera, and satellite 1mage, contain
maore features than those produced by
hand using data from conventional land
surveying like compass and plane table

SUrVEYITE.
Seasons of the year

A map of the same area drawn at
different seasons of the year will depict
different information. Almost all places
do not look the same throughout the four
seasons of the year.

Prepare a sketch map of your school
compound:

(a) State in which category the sketch
map falls,

(b) Classify symbols that you have
used in the sketch map.

(c) State the title of the sketch map.

(d) Name factors that affect contents
of the sketch map.
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Assume that you have leamed
the topic on principles of map
interpretation and your best
friend was absent on the day you
leamned that tomc. Use three (3)
pomts to tell vour frnend about
the basic concept of the topic you
have leamed.

Why do you think maps are
important to you?

. Suppose you want to show the

population distribution on a map,

which kind of a map will you use

and why?

Explan the importance of direction

mndicators to the map maker and

map User.

Explain factors that influence the

content of topographical maps.

Classify maps based on the content

and degree of accuracy.

study the map extract of Mkoma=z

sheet 109/]1 and answer the

questions below:

(a)} Explan six supportive contents
of the given map.

(b) Provide at least four
characteristics of the map
extract given.

(c) With examples, classify the
content of the given map.

(d) Highlight five factors that have
mnfluenced the content of the
gZIvVen map.

() When was the map printed?

(f) Who 15 the owner of the map?
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Map scale and its importance

Map scale 15 the relafionship or a rahio
between the distance measured on

the map and its corresponding actual
- represents the corresponding ground

distance on the earth’s surface (ground).
The earth’s surface 15 much larger than
the paper on which a map 15 drawn.
This necessitates reduction of such
wide earth’s surface, to fit the selected

paper size. Therefore, the scale shows

the extent to which a given area has been
reduced to fit a particular size of the
paper. As a reflection of the reduced
degree, map scale can be small, large

or medium. Map scale 15 generally
very important to the map maker as it

determines the content and the coverage
of the area bemg mapped. On the other

hand, map scale 15 important to the map
- represented, the size of space to represent
In fact, the map scale tells the reader how ; and.amuu.nt of details to be shown on a
- particular map. It the area to be mapped

18 large, a small scale 15 selected, a 1f

user as it 15 a tool for mterpretation.

the map relates to the real world features
1t represents. To represent the earth’s
surface on a map requires sufficient
adjustment of the scale to cover the

desired objective. The extent of reduchon
15 expressed as a ratio or fraction in which

- the numerator represents the distance

on the map while the denominator

distance. The larger the denominator,
the smaller the scale and the smaller the
denommator, the larger the scale. A scale
can be expressed as follows:

Map scale = Mﬂpdﬂt"ﬂ“{&_
Cround distance

Types of map scale

The map scale 1s broadly classified into
three types, namely; small, mediwm
and large scale as shown m Table 5.1.
The selection of the type of map scale
15 guided by the size of the area to be

the area i1s small, a large scale 1s chosen

- (Table 5.2).

Table 5.1: Classification af map scales and their units

I | Small scale map 1250000 —1:1 000 000 1 em to 2.5 km
lem to 10 km

2 | Medium scale map  1:50 000 —1:125 000 | cm to 0.5 km
| cmto 1.25 km

3 | Large scale map 1:5 (00 —1:25 000 | em to 0.05 km
| cm to 0.25 km
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Small scale map

small scales are scales ranging from
1:250 000 to 1:1 000 000 which are
used when much detail 15 not required.

The ratio of these scales has the largest
denommator indicating a high reduction -
of their mapped area which is reflected
on the size of the resultant maps. A small -

scale map contains a large quantity of

the content of the covered area. The map

covers a large area such as a country or a
continent or the whole world. Features
are greatly reduced and appear very
small. In small scale, the content 15 less
detailed.

Medium scale map

Medium scales range from 1:50 000
to 1:125 000 and are vsed for maps of

medium sized areas. They are scales
that represent areas which are nerther
too large nor too small. The maps show
moderate contents as the features on the
ground are relatively reduced.

Large scale map

we want to represent higher levels of
detall. A map drawn using a scale of
this type shows detaled information as
everything can be seen clearly becanse
of the minimal reduction. This scale
however, contams little content due to
the small area covered. This scale 15 used

to represent areas hike schools or hospital

compounds and villages covenng small
surface areas.

Table 5.2: Tipes af scale, surface
coverage and details

Small zcale map Large Little

. Medium scale map | Medium I Moderate

l Large scale map Small ‘ Large

Ways of expressing scales

A scale can be expressed in three
different ways, namely; representative
fraction, statement, and linear scale.

- Representative fraction

Representative fraction (RF) scale 15 also
known as raho scale. RF 15 a form of scale
which 1s expressed mn rafio and frachon
m which the numerator represents the
map distance while the denominator
represents the ground distance. So, the

RF 1:10 000 means | unit on the map
- represents 10 000 units on the ground.

Large scales have scales gopiniPfrom | The s1ze of scale n thas form can

15 000 to 1:25 000 ang Qe W when ;| “TPIY be determined by the sizz of the

denonmmator. The scale indicates how

- many units on the earth’s surface are

represented by one unit on thE:I map. It
can either be expressed as

100 000
or 1100 000. With regard to the given
example one centimetre on the map
represents 100 000 centimetres (1
kilometre) on the ground. Other common

- RF scales include 1:63 360 (1 inch to

| mile) and 1:1 000 000 (1 cm to 10
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km). The numerator of a representative
fraction 1s always 1.

Statement scale

It 15 a written descrniphion of a scale, such
as ‘Une centimetre on the map represents
one kilometre on the ground” or *One
centimetre to ten kilometres.” Based on |
these two statements, the first map would
show much more detail than the second -
because one centimetre on the first map
covers a much smaller area than the -
second map. Tt should be noted that both
RF and statement scales are meffective -
particularly for a map produced through
photocopying and when the size of the -
map 15 modified. Under this circumstance -
there is a possibility of a mismatch of |
distances m the produced map and the
origimal map. This can however, be

Linear scale

Linear scale, also called line scale, bar
. scale, plain or graphical scale is the
- way of expressing the scale by the use

ot a lime representing the distance on the
around (Figure 5.2). The linear scale 15

- commonly placed at the bottom of the
- map. It consists of two main parts, the

primary section on the nght side with
units i kilometres and the secondary
section on the left side with units in
metres. It helps the map user to determine
quickly the ground distance of two points
on the map.

However, the scale cannot be directly
used to calculate the area, slope, and
vertical exaggeration and n redrawing
the map. Instead, 1t demands some
skills to prepare 1t. Une of the major
advantages of the linear scale 1s that 1t

e

— e

addressed using a linear or graphic scale. - 15 not affected by photocopymg.
1(H¥0m Fm 1} 1 2 km
N O O O |
Sy s
o =N /

Secondany section

.~

Primury s2ction

Figure 5.2: 4 simple linear scale

Also, 1t 15 easy to understand. Similarly, 1t allows direct lmear measurement.

However, its construction requires fime, special skills and expenence. Furthermore,
the seale can be used by those who are familiar with the units of measurement

used 1in the lmear scale.

Scale conversion

Dealing with scale 1s possible to change one form of scale and express it into another
form. For example, changing from representative fraction scale to statement scale,
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representative fraction scale to linear
scale, statement scale to representative
fraction scale, statement scale to linear
scale, limear scale to representative
fraction scale, and from linear scale to
statement scale.

This means
If the unit 15 in centimetres, then

Lot = 30 000 cm

Unit on the ground distances are expressed

Solution

| unit to 50 000 umts.

in kilometres.

Example 1:

Change the statement form of scale to
representative fraction scale given that,
one centimetre on the map represents
half a kilometre on the ground.

Solution
Data given

1 T = 100 (K0 cm

P 500000 cm
1 km = 50 000 ¢m

100000 cm

:lkmxln

=0.5km

Therefore, statement seale 15 one

Statement scale, lem = 0.5 km
First, convert ground distance from km

centimetre on the map represents halt
a kilometre on the ground.

to cm. Smee | km = 100 000 cm, 0.5 lom
is given as; m

0.5 km 100 000 cm L

1km
= 50000 cm

Fmally, equate map distance in cm to
ground distance m cm, and divide both

sides by map distance: ik

lcm_iﬂﬂ[ﬂ]cm

lecm

lcm
1 = 50000 = 1:50 000

Example 2:
Change the representative frachon
scale of 1:50 000 to simple statement

scale.

On a map of 1:40 000 scale,
the distance measured between
town A and town B 15 8 cm. What
ground distance n kilometres
does this represent?

What iz the R.F scale, if the
statement scale 15 one cenhimetre
on the map represents two
kilometres and a half on the
around?

Convert the statement scale of
one centimetre on the map to
ong hundred kilometre on the
ground into ratio scale.
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Construction of linear scale

The construction of a linear scale can be
divided mnto two ways:

{a) Drawing of linear scale

Linear scale can be drawn mto forms
which are simple or plam or normal scale
and as graphic scale.

The procedures of constructing linear
scale are basically the same, though
graphic scale will mvolve some more
additional steps. The following are
the procedures to be considered when
constructing a graphic scale:

(1} Determine the scale given such
as 1:50 0040,

Convert scale mto statement
scale. For example, 1:30 000
becomes | em to 0.5 km.

(11)

(i)

baselme (If not guided, choose
any reasonable length of baseline
or length of scale, for instance &
km).

(1v)  Then, determme the cormespondimg

map distance of the baseline as
follows:

lem =0.5km
=6 km
= lem =<6 km
0.5km

= 12 cm
Thus
Gkm =12 cm

(v} Draw abaseline and divide it mto
primary and secondary sechions.
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Use statement scale to find the
length of scale or length of

(v1) Draw perpendicular auxihary
lines at the starting and ending
point of the the secondary
section, downwards and upwards,
respectively from the baseline
with ten division.

(v} Join the points of perpendicular

auxiliary lines to divide secondary

section mto ten equal parts.

(vm1) Draw oblique auxihary lines at
both ends of the baseline. These
auxiliary lines should be drawn
to equal angle between 257 or
307 from the baselme. Auxihary
lines should have a length which
can be easily divided to required
sections.

(1x) Join the points of auxihary lmes

to divide the baseline in equal

divisions.

Trace a clear linear scale at the

bottom of drawing.

(x)

Example

Use 1:50 000 to draw a graphic scale to
read 4 km.

Solution

Data given
E.F scale = 1:50 000

Length of the basehne = 4 km
First, convert RF scale to statement
scale.
1: 50000 = ]| cm =350 000 cm
lkm = 100 000 cm
T = 50000 cm
1 km x 50 000 ¢m
~ 100000 cm
=[0.5km

lem = 0.5 km
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Fmally, use the statement scale to determine the corresponding map distance of

the basehne.
Iflem=0.5km
?=4km
| cm < 4 kem
~ 0.5km

=8 cm

Figure 5.6: (rraphic seale to measure § km

Primnary side 2 emo= 1 km
Secondary side 2 mm = 100 m

Draw a linear scale to measure 4.5 km
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{b) Linear scale in relation to the speed | Since 30 cm on map is equivalent to
of a moving object - 60 km on around, then:

Craphic :-:.-r:ale_ can 1.1]5[! be c:nnm_:m-nted . S0 60

from the relationship between distance .

=9
and time that describes a speed (that 15, - b=y
speed is the ratio of distance to time) - =Imxﬁﬂhﬂ=2km
of 2 moving body or object such as a 30 ecm
mumrr_:yala, train or any other object | em = 60 ke
n motion. _
Example In statement, one centimetre on the

A bus travels at a speed of 180 kny/h | AP Tepresents two kilometres on the
from Morogoro to Dodoma covering a - ground.
map distance of 30 cm for 20 minutes.

{(a) Calculate ground distance - Determining the basehne length

(b) Determine the statement scale

{c) Draw the graphic scale - Since the length of the scale is not pro-
Solution - vided, we can choose any

Data given - 8o, let it be 22 km

Speed of the bus = 180 km'h

Map distance = 30 cm P
Time taken = 20 minutes W1 oo =7 lan
7T=22}m
[Mstance .
Formula: Speed =————— :
Time _ lemx 22 km
Dhstance = Speed ® Time S
180km 20 ? e
h 60 ' The baseline length = 11 em

= 60 km
Ground distance = 60 km
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2000 M 311 Kan

2000 M [

Seale
Primary side=1 cm = 2 lom
Secondary side =1 mm = 200m

Figure 5.7: Graphic scale fo measure 22 ko

Linear scale based on a given distance  Solution

can be drawn when RF scale and spectfic  Data given

distance on the ground are given. See Speed of the bus = 70 km/h
the example below. Time taken = 30 min

Example Map distance = 7 cm

A Bus Rapid Transit (Mwendokasi) in Oround Distance =2
Dar es Salaam, travels at a speed of 70 Formula:

kmvhr, covenng the distance of the road St [hstance
between Kivakoni to Mbezi Magufuli T Time
bus terminal m 30 min. Assuming the
same distance measured on a map 15 7

cm, constct a linear scale to read 60
km =70 kmvh > 30 min

Dhstance = Speed x Time
To change minutes into hours
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If | h = 60 min To find the length of the baseline
? = 30 min i
| h=30min
- ? = 60km
=05h lem x 60km
Dnstance = Speed ¥ Time 5km
=T0km'/h x 0.5 h
e p T =12 cm

To find the scale of the map (Map scale) Base line length = 12 cm (Tt represents

7 cm on map = 35 km on the ground 00 km). In the baseline, every |lem will

Tom  35cm represent 5 km.

7 T To construct a linear scale.
lem=5km

SO0

51 i% = 3 W 315 d4p & W 55 Km

Seale

Primary side =1 cm represents 5 km
Secondary side = 1 mm represents 500 m

Figure 5.8: Graphic seale to read 60 bm
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Exercise 5.3

1. Explain the uses of a map scale to

the map maker and map user. Wnte
3 points for each.

2. Descnibe basic procedures for the

preparation of the graphical scale
and state 1ts strength.

3. E=xplamn the differences between

primary and secondary sections
of a graphical scale.

. Search for a topographical map
and prepare a graphical scale of
5 km and show the reading of 4.7

km.

. Summarise the procedures that
were considered to prepare the
graphical scale in (1) above.

Map interpretation

Map interpretation refers to the
identification of features or phenomena
on a map using symbols and signs. It also
mvolves estimating posihons, distances,
direction and areas of different features
describing confizuration of terraims.

With the map scale, the size and length of
both natural and man-made features can
accurately be transferred from the map

to the actual ground. It 15 also possible
to know the extent of steepness on the

real ground surface. The method used

m measurement of the length and size,
depends on the nature of the feature

in terms of shape and straightmess.
Among the common measurements 1
topographical maps mclude distance
and area.

- Distance measurements
- Measurement of distances on maps

mmvolves features that occur in linear
forms such as roads, coasthne, rivers

- and raillway hnes. It can also mvolve

two points that are not connected by
any elongated feature. Basing on such a
concept, distance measured on the map
are of two types, namely; strajght and

- curved or winding distances.

- Straight distance
. To measure the distance of thas kind. a line
- 15 drawn to connect the identrhed points,

then the distance 15 directly measured
by the ruler and the actual distance 15
obtained with the aid of the Imear scale,
or by using the representative frachon
scale. This kind of distance 15 much less

- common n elongated features.

Winding/curved distances

_This 15 very common n elongated
* features such as roads, raillways and

pipelines. The methods for measuring
distance of curved features include the
following: a pair of dividers, a stnng and
a straight edge of the paper.

- A pair of dividers

Measurements on topographical maps It 15 commonly used to measure short

straight distances between two points
on & map. For distances shorter that
the span of the divider, the following

procedures are followed:
(1}  Tdentify the starting and the ending
points where measurements are to
be taken;

(1)  Set the dividers between the two
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pomts;

(iif) Then, move the dividers to the

scale bar and read the distance as
shown m Figure 5.3.

=

Map scale 1:108 00
Figure 5.3: Marking of distance on a linear

seale using a pair af dhiders

For distances longer than the span of the
pair of divders, the following procedures
are followed:

(i)  Idenhfy the starting and the endmg
points where measurements are to
be taken;
set the divider to a known distance
mterval using the scale bar, say a
quarter of a kalometre (0.25);
Then, set the dividers at the
starting points along the straight
line connecting the ending point.
‘Walk the divider along the straight
line by rotating it from point to
point and count the number of
the complete mtervals travelled,
say 10 for mstance.

(11)

(iif)

(iv)

Hindent’s Book Form 5 & 6

(v) If the last interval, the eleventh
n this case 15 beyond the ending
point, adjust the divider to
comcide with the ending point.
Move the adjusted divider to scale
bar and measure the distance of
the last segment.

Finally, the distance between the
two points 15 given:

Dhstance = Number of complete
interval * Distance Interval +
Distance of the last segment.

(v1)

If distance interval and the distance
of the last segment are map distance,
the comversion to ground distance 15
necessary. This conversion 1s done
using statement scale. For example, 1f
the measured map distance between two
pomts 15 37 cm and map scale 15 11100
000, the corresponding ground distance
15 determined through the followmg

procedures:

(i) Convert the representative
fractional scale mto statement

scale;
1100 000 =1 cm : 100 000 cm
Smce, | km = 100 000 cm

2 = 100 000 cm
~ 1kmx 100000 cm
T 100000 cm

Statement zcale1s | em ;1 km

Use statement scale to convert
map distance as follows:

(i1)

Sinee lem =1 km
3ITem="7

| km 37
s

lem

Therefore, the equivalent ground
distance 15 37 km.

Maps and map interpreiation
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String or thread From the data given,

A piece of a thread can be used to
measure curved distances on a map using

1 km = 100 00K cm

the following procedures. 2=25 0 cm
Procedures _ 1km x 25000 cm
(i}  Identify the two end points you - 100 000 cm
want to take measurements. '
(11) Lay a piece of a sting along the - ﬂfj o
points. | cm =025 km
=9
(11} Shift the string onto the linear Fom =]
scale or ruler to read the actual _025em x1km
distance (using a lmear scale) or lem
distan ' ler).
map distance (using a ruler) g s

(1v) If map distance 15 measured, use : .
statement scale to convert it into [ herefore, the ground distance of the

ground distance. curved Ime =1.75 km.

Example Straight edpe of a paper
Use Figure 5.4 to determine the ground = 4 piece of paper with a straight edge

distance of the curved line by using © .., o e840 measure curved distances
thread method provided that the map g0 5.5) using the following

scale 15 1:25 000. ~ procedures.

- (i) Tdentify the two end points of the
; feature you want to measure.

: (1) Dhiwvide the distance into small
short straight distances.

- (1) Take a straight edge of paper and
lay 1t on the map and move all

"prqm||rrr|rr'1|||'n|1rr|||rp1|[rn||ﬁr[n11F||[r|]'meri1n||1|nrp1n|1n : points defining the shot straight
0 1 2 F 1 Aagy?” & # do distances between the two end
S points.

e e 8 N [y UEiRE (iv) Shift the piece of paper onto

o the linear scale or ruler to get
Solution the ground or map distance,
Data given : respectively.
Map distance = Tecm ~ (v) I map distance 1s measured using
Map scale = 1:25 000 a ruler, use statement scale to
convert 1t into ground distance.

Constant 1 km = 100 000 cm
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Example

Find the ground distance of the curved feature in Figure 5.5 by using a straight
edge of paper method, provided that the map scale 15 1:50 000 and the measured

map distance 15 8.6 cim.

- | 'L ﬁ L\_"’” M} {—M
Qt \kl ;f%“—*—ﬁi > f
H}(I  —
57/ \}T‘%&\ :
;j | \ 1:‘:\\\ |\:_T_: |

=~ Strip of paper

I

Figure 5.5: Measuring divtance of the curved feature by using o straight edge of a poper

Solution
Drata given
Map distance 8.6 cm
Map scale = 1: 50 000
Cround distance =7
From the data given,
1 km =100 0 cm
7 = 50000 cm
Tkm =50 000cm
~ 100000 cm
=0.5 km

0.5 km

I'l|

l cm

.6 cm ,
i B.6cm = (0.5 km

lem

=4.3 km

Therefore, the ground distance of the
curved feature 15 4.3 km.
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- Area measurements

- In topographical maps, areas of natural

features such as swamps and cultural
features such as race truck can be actually
determined on the ground. The method
apphed in determining the area depends
on the shape of the particular feature.
Actually, the shape of some features are
regular while others are irreguolar. Tt is
the mterest of the map user to determine
the area coverage of features for social,
economic and cultural purposes.

Regular shaped areas

The area of regular shaped features
such as fmangles, rectangles, trapezium
and circles on the topographical maps
can be simply determined by applymg
mathematical formula depending on the
shape of that feature. For instance, to
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calculate the area of a rectangle, multply 1tz length by width. Remember, 1f vou
want to determine the area in ground measurements, use the map scale to convert
length and wadth from the map into ground distances. The formulas for caleulating
areas of different shapes are shown m Figure 5.12.

Length
i
| Breadth  Area = Lengthx Broadth/Width
| (Width)
|
¥
(a) Rectangle
i
| |
Height Area== x Base Height
v
- i =
Base
(b) Triangle
Area = % radius® or 1’
{c) Circle

Figure 5 12: Shaper and formulas for calculating areas
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Example - 1cm=0.5km
Find the ground area of the following G d length

feature. If 1ecm=0.5km
Length ; i
; 44em="1

et | _44cmx0.5km
; A
3 ™
36em | B =2.2km

Ground length = 2.2 km

. Ground width
If, lem=05km
Scale 1 : 50 000 cm . 36cm="7
_ 3.6emx0.5km
Solution : | cm
Formula: L (to scale) ® W {to scale) = 1.8 km

) Ground width = 1.8 km
Drata given :
- Area = ground length x ground width

Map length = 4.4 cm : v ol

: =22kmx*18km
Map width = 3.6 cm = 396 k'
Map scale = 1:530 (00 :

- Irregular shaped areas

Ground length = 7 ; )
- Irregular shapes on topographic maps
Ground width = ? - include swamps, lakes, forest and the
 like. The area of such features is obtained
- by using various methods such as prid
From the data given, - method or square method or tracing
- method, strip method, graph paper

I km = 100 000 cm - method, and geometrical fipures method.

7 =50 000 cm :
- Grid method
T km x 50000 cm - This 15 the method which 15 more
© 100000 cm ' accurate for caleulating areas of tmegular
= )& lem - features. In this method, the shape of

~ the land which has to be calculated is
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covered by complete and incomplete  Therefore, the total number of
grd (squares). Grid method mvolves - squares =
the tollowing procedures.

Inc lete
(i) Count the number of complete Complete squares + omp ; S UATES
grid units (squares) covered in
the roquired area; ~ (v) Change the RF scale into simple
(i) Count the number of incomplete - statement scale;
grid units (squares);  (vi) Findthe area of one square; and

(iii) Divide the total number of (Vi) Multiply the area of one square
incomplete squares by 2; by the total number of squares

counted.
(1v) Add the results in (i) and (ii1) to
get total number of squares; - Example, find the area covered by the
pond n Figure 5.6.

Seale 1; 50000
Figure 5.6: Area coverad by the pond
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Solution

Complete squares = 4
Incomplete squares = 12
Map scale = 1:50000)

Incomplete squares
Total number of squares = Complete squares + 5 =
2
= 4+406
= 10 squares

Measure the sides of gnds nsing a ruler, say 2 cm and convert them into ground
distance using statement scale as indicated below:

lem=0.5km
2ecm= 7

i 2cm 0.5 km

lcm

= |l km

Find the ground area of one grid as:
lkm x | km=1 km’

Finally, find the total area of the pond as follows:

Area = Total number of gnds % area of one gnd.

Area = 10 gnds x| km?® /grid = 10 kim*
<« Area of the pond 15 10 km?

The method 15 useful on a map with gnd lines.
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The strip method

The strip method 15 used to find the
area of rregular shaped features which
mvaolve the division of the feature into
stnips of equal width. Stnip method
mvolves the following procedures:

{1}  Divide the required area into strps
of equal width;

Measure the length of each strip
using a ruler;

(i)

Convert the map length and wadth
of each strip into ground distance
using statement scale;

Calculate the area of each sinip by
the formula length x wadth; and

Sum the areas of mdividual stnps
to get the area of the desired figure.

(111}

(iv)

(v)

Example
A map shown in Figure 5.7 was drawn
to the scale of 1:25000 and divided into

5stmps 1,2, 3, 4 and 5 of equal width of
| cm. If the length of strips 1, 2, 3, 4 and

5 were measured as 4 cm, 6 cm, 5 cm,

& cm and 5cm, respectively, determine

the area of the figure.

e ————

L

=T

M

|

Figure 5.7: Strip method

Solution

Data given

Map scale = 1:25000
Strip | =1 cm by 4 cm

Strip 2 =1 em by 6 cm
Stmp3 =] cm by 5cm
Smpd=1cmby 6 cm
-Smp5=1cmby 5 cm
1 km =100 000 cm
7=25 000 cm

Thkm » 25 000 cm
100 000 cm

= (.25 km

Then, convert the width and map
length of strips into ground lengthis).

The width of each strip will be obtammed
as follows:

| cm=0.25 km
lem =7
Width of strip =0.25 km
Length of stnp |

1l cmn=0.25km

decm="17
dem 025 km

| cm B

Length = 1km

Length of the stnps 2 and 4
| cm=0.25 km

Gem=7
Gem=0.25km

lem

Length = =1.5km

Length of the stnps 3 and 3
| e =025 km
Scm="7

Bemx 025 km

Length
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Then, calculate the area of each strp.

Area of stnp | = Length of stnp 1 x Wiadth of stnp |
1km x 0.25 Jan = 0.25 ki?

Area of stmip 2 = Length of stnp 2 %X Width of sitnp 2
1.5 km x 0.25 km = 0.375 lan’

Area of strip 3 = Length of stnp 3 x  Width of strip 3
1.25km x 0.25km=03125 km*

Area of strip 4 = Length of stnp 4 ®x  Width of stnip 4
1.5km x 0.25 km=10.3175 km*

Area of strip 5 = Length of stnp 5 X Width of sitmp 5
1.25 km x¢ 0.25 km = 0.3125 kin®

Fmally, sum the areas of the five strips to get the total area of the figure of mterest.
In our case, the total area = 0.25 km* + 0.375 km® + 0.3125 km* + 0.3175 km* +
03125 km*

Therefore, area = 1.625 k'

The geometrical figures method (111} By using appropriate formulas,
calculate the area of each

This 15 also called a division method. seometrical figures separately; and

It mvolves the division of the feature
into several peometrical figures such (V) Sum the areas of individual
as triangles, rectangles, and squares geometrical figures to get the total
depending on the shape of the feature area of the entire figure.

itself. The area of the whaole feature 15
the sum of the areas of all individual
geometrical figures. Geometrical
fipures method involves the following

procedures:
(1}  Dmvide the area into convenient

geometnical figures such as A, B,
C, D and E as shown m Figure 5.%;

(11) Measure ground or map distance
of each side of the geometrical
figure using a linear scale or a ruler.
If map distances are measured,
convert them mto ground distance
using statement scale;
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-
e

Figure 5.8 in a map drawn to a scale
of 1:100 000 was divided into 5

geometrical figures. If the dimensions
of the geometrical figures are map
distances in centimetres, calculate
the ground area of Figure 5.8 by
using geometrical figures method.

Map enlargement and reduction

Map enlargement and reduction can be
described as a cartographical technigue
of increasing or decreasing the size of a
map In a given area according to scale.

Map reduction and enlargement (re-
drawing the map) 15 governed by two
mathemanecal principles. Firstly, when
the small scale map is redrawn by using
a large scale, 1ts size becomes large,
its content becomes detailed while the
covered area 15 reduced. This process

15 referred to as map enlargement.

Secondly, when the larze scale map 1s

redrawn by using a small scale, its size

becomes smaller, less detailed covenng
a large area. This process is referred to
as map reduction. Both of them mvolve
the following redrawing procedures:

(11)

(111}

(1)

(v)

(vi)

(vii)

study the map or required area
of the map to be redrawn.

Identify the map scale and
covert 1t into statement.

Determine changing factor!
scale factor

New scale
(Nd scale

Scale factor =

Measure the length, width
and side of the prid square.
But if the distances are given,
comvert the map distance into
ground distance.

Using the given map scale for
re=drawing, convert or change
the old map dimensions into
new map dimensions, by
using the scale factor,

Eedraw the map and 1f
the onginal map had gnd
references, then indicate them
n the new map.

Show the main features and
remember to show the title,
key and the scale.
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Example
Re-draw the map provided below by using the scale of 1: 100000
15 24 17 28 il A0 k| ¥
T il
e /_ 70
B i
af i
By &7
13 \ %y
31 il
Scale 1:50 (00 'KEE
e \_\ Road
it | Raibaray line
\"-"\IH Rrver
Solution Smnce the new scale 15 smaller than the
. old scale, then the resultant map will be
Jauge small in size (reduction).
O1d map scale = | :30004)
New map scale =1:100000 Then;
i i = New scale
sSide of each gnd square = 2Zem ol e e 5Ca
Old wadth = 10 cm Old scale
0ld length = 14 em
New side =7 _ /100 000
New width =7 1/30 000
New length =7
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__ 1 50000

w0000 1
50 000
100 000
1
]

Finding the new dimensions:

New side of a gnid =
01d side = Scale factor

kS 0 |
= 2 cm 2

= | cm

MNew length = 0Old length « Scale factor

=l£1c:n1“%=?|:am

Mew wadth = Old wadth x Scale factor

— 1
—ll]::l'n='=1
= 5cm
rL I T BN~ T S ' N § S -]
7 Y 1
- \\_ 1 '—'_'_"'.:_—"I—_.-"'d"_—'.l'll
-
o f F
Lo . | N 2 =k ._N_......m
&7 H“.&\-‘\q\_‘_ h—-"‘"ﬁ_.r
&5 [ l‘\" i
L T
Key
Scale 1:100 000 R
| Boitweny Hine
—_| Elver
Example 2

Study the hypothetical map provided
and redraw 1t using a scale of 1: 12500

Scak 1;2500K]
KEY
v Geblemenit
®  \Water stand pipes ——— Hajor road
I Froeest

—— Hinar raad

Solution

Data given

Old map scale = 1:25000
MNew map scale =1:12500

Old side of gnd square =2 cm
Old width = 6.3 cm

Old length = 5.5 cm

New side of the gnd square =7
MNew width =7

Mew length =7

Companson between the old and the
new scale shows that the new scale 15

larger than the old scale. Therefore, the
resultant map will be larger in s1ze than
the old map (Enlargement).

MNew scale
Old scale

Scale factor =

1712500
1/ 25000

1 25000
= A — s
12500 1
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Finding the new dimensions:

New side of a grid = Old side = Scale factor
=2¢cmx2
=4 cm

MWew width = (d width = Scale factor
=H3cmx2
=12.6 cm

New length = (1d length = Scale factor
=355cmx2
= 1llem

Maps and map interpreiation

65 70

Fis]

65 70

KEY
B Seitlement = Mirr rond [ Forest
@ Water stand pipes == Major road

753

Scale 112500
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1. Analyse three effects that are hikely to occur when the map 1s reduced or

enlarged.
2. Study the hypothetical map of area X and redraw it by using the scale of
1:10000.
Hypothetical map of area X
2 B
35 5 —i—- SN
] . I
L]
:.m-..j -— 30
- =
L] L]
25 15 25
] T |
.
20 20
/ L] L]
15 T\ﬁ-li
i 30
KEY
B Setbemert — Minor s — Ry Seale 1 - J0M0H
) vater stand pipes == Major road

Determining locations and directions of places

Location, direction and distance are everyday ways of assessing the space around us
and identifying posinons n different features relabive to each other. They are also
very basic in understanding the processes of spafial interaction that are important
n the study of both physical and human geography.

Giodent’s Book Form 5 & 6




Location
Locattom can be classified m two

different ways that are absolute and
relative locations.

Absalute location
Absolute location,
as mathematical location, 15 the
identification of a place by some precise
and accepted system of coordinates.
There are several such accepted systems
of pmpomnting positions, for example,
global prid of parallels and mendians,
that 1s, latitudes and longitudes.
Absolute location 15 unique to a specific
place and it 18 independent of any other
characteristics or observation.

also known

Creographers remark location of features
a lot although their reference 15 usually
not absolute but relative. Locations that
15, the position of a place or things in

relation to that of other place or things -

expresses spatial intercomnection.

Relative location

Relative location tells us that people,
things and places exist in the world of
physical and cultural charactenstics
that differ from one place to another.
In reality, when geographers talk of
location, they refer to the physical and
cultural characteristics like climate, soil,
minerals, and attributes of the place
itself.

Direction

This 15 another important aspect in
meography. Itis also expressed in absolute
or relative terms. Absolute direction 15
based on the cardinal points of North,
South, East and West. Relative direction
refers to “far West” or far East.
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Distance links location and directions

Dhstance 15 also divided into absolute and
relative sense. Absolute distance refers
to the spatial separations between two
points on the earth’s surface, measured
by some accepted standard units such as
miles or kilometres. Relative distance
transforms those linear measurements
mnto other units more meanmmgful for
spatial relationship.

Fixing or locating positions on maps
Frxing or locating a posihon on maps 15
an 1mportant aspect i map reading. A
person 1s able to adentify a place atter
the position has been fixed and located.
The position and direction of the place
on the earth’s surface and on maps can
be expressed mn vanous ways such as
the use of place names, latitudes and
longitudes, prid reference systems and
bearing.

Place names

Places 1 topographical maps are
identified and located by the name of
the particular area. For example, n the
map of Tanzania, different regions can be
identified by their names such as Arusha,
Dodoma, Shinyanga and Iringa (Figure
5.9).

Latitude and longitude

These are West-East and North-South
angular distances on the earth’s surface.
They are the traditional and mostly
used peographical ways in locahng
the position of features on the earth’s
surface. Most topographical maps
indicate latitudes and longitudes along

their edges, so as to give their respective
locatiom on the earth’s surface although
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not all maps show these divisions n detail. Therefore, by means of these hines,
one can identify the exact location of a feature on the mapped area.

In reading the latitudes and longitudes, start with latitudes then longitudes. For
example, Dare es Salaam region 15 located at 6% 48'S and 397 |2'E. Latitudes
and longitudes 1 maps are important for locating places precisely whereby two
reference lines are needed and adopted on the uniform basis by all countries in
order to avold confusion. Using latitude and longitude, we can know how far an
area 15 from the Equator and Prime Mendian, respectively. Also, lahtudes are very
important in charactenzing the chimate of the mapped area.
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Figure 5.9: 4 map of Tanzania locating position by place noming

(md reference system

A gnd systermn 15 a pattern of honzontal and vertical limes of uniform sizes which are
drawn on a map. The vertical hnes are called eastings simce their values increases
eastwards from the gnd ongin while honzontal hines are called northings since
their values increases northwards. Gnd reference system depends on the type of
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projection used to prepare the map. For example, 1n Affica, the gnd systems are

based on the Universal Transverse Mercator (UTM) projection which divides the
entire world mto 60 zones. Within each zone, coordmates are measured as northings

and eastings values i meters. These hines are essenhial for fixing position. The

reading 1n a gnd system 15 referred to as grid references and 15 provided n a six-
digit number in which the first three digits are eastings and the last three digits are
northings. For example, the position of point A m Figure 5.10 15 2806 10.
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Figure 5.10: Locating position by grid reference
Bearing and direction
This 15 another way of fixing position or showing geographical position on the
map. The compass bearng can be measured by using a compass. A compass 18
an mstrument used to find direction and bearng. Tt consists of a free-swinging
magnetic needle which can pivot to align itself with the magnetic north. It the local
wvartation between the magnetic north and the true north 15 known then the direction

of the magnetic north gives the direction of the true north. Compass beaning can be
explamed along the points such as compass direction, bearning of compass, direction of
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a place (trend and ahgnment)
and North direction.

Compass direchions are
measured from North 0000
to 360" of a circle clockwise.
It 15 the beanng which
determines the direction.
For example, when the
measured bearing 15 4537,
then the direction 15 North
East; when the bearing 15 90°,
then 1ts direction 15 East. The
directions are divided mto
three categories which are
the four cardinal points, the
eight cardinal points and the
sixteen cardinal points as
shown in Figure 5.11.

Bearnng of a compass shows the direction
of point with respect to another point
measured clockwise from 007 to 360°.
Bearng 15 expressed m degrees, which
are further subdivided mto mmutes and
seconds.

Calculation of bearing
There are two types of bearmgs, namely:

(a) Forward beanng (FB)
(b} Back bearmg (BB}

Forward beanng (FB)

This 15 the degree measured from an
observer to the object along the line of
sight or the degree reading to an object
n front of the observer along the line
of sight, with reference to the earth’s

180¢
Flgmre 5.11: Steiven cardine’ polriy

magnetic north pole. An observer can
check FB's accuracy by taking BB from
the object to his former position.

Procedures of measunng bearing

(1) Identify the two pomnts.
(11)  Join the two points with a
straight line. For example,

from gnd reference A to pnid
reference B (Figure 5.12).

(11} At one point, either A or B
(depending on the queshon
asked), draw a line parallel

to the North direction or gnd
vertical lines.

(1v) Using a protractor, measure the
angle or bearing at point A or
B dependmg on the question.
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Bearing of B finm A = 060~

Figure 5.12: Forward and back hearing

Back beanng (BB)

to get BB. This implies that BB = FB .

+ 1 80°".

Forward and back bearing from one .
pomt to the next on the given map can

be revealed by a application of parallel .
limes and angles of transverse. This

rule provides a map reader with pairs
of corresponding angles and pairs of

wvertical opposite.

FB of *A’to *B’ is the same as FB of ‘B”

vy
FB of ° B’ to ° A’ 18 the same as FB of

from “Al= 60°

A’ from B = 240°

FB of ‘B’ from A’ is equal to BB’ of |
- A prismatic compass surveyor recorded
. U s - forward bearing as 68° and its back
oot SRR ERet D bearning 250°. Correct the discrepancy
~ of these readings.

‘A’ from B = 60°

from A = 240°

Hindent’s Book Form 5 & 6

The significance of backward bearing

- Backward bearmg 15 useful for checking
- the accuracy of forward bearing reading
- as taken from the observer to the object
- along the lme of sight. The accuracy
- 18 normally checked by identifying
- the difference i deprees between the
Eioarieg of A Bom B = 240° - forward and backward bearnng. The
- difference between backward bearing
- and forward bearing 15 normally 1807,
- 1f the difference appears to be less or
- greater than 180°, it shows that forward,
- backward or both beanngs are not

This is the degree mes 1f o - correct. It indicates the presence of

object to the observer along the line of : -
kit Theryliathink £ tho T s proater A AU SIS, T XLl oy
than 1807, then subtract 180° from the
FB to obtain BB. This implies that BB -
=FB -180°. If the FB is less than 180°,

then add 180° to the forward bearnng

errors which may be caused by different

corrected by mean error method using

- the following procedures.
(1} Identify the two bearmgs (forward
and back bearings);
- {11} Find the difference between the two
bearings, for example (FB-BB);
~(iii) Determine the amount of error,

Amount of error = difference n
(i1) — 180°;

Find the mean error. Mean error =
amount of error m (1) divide by
two;
Subtract the mean error from the
reading with a large value then add
the mean error to the reading with
a small value; and

Prove the reading. When proving
the reading, FB — BB or BB -FB
= | 80°.

Example

Maps and map interpreiation



Maps and map interpretation

Solution
Data piven
FB = 63"
BR =250°
Procedures
(1) Find the difference between BB
and FB.
BB —FB = |&0°
250° — 68" = 182"°
Dnfference = 182°
The difference (D) 15 above 180°,
mplying presence of a positive
SITOT.

(1) Determine amount of errors.
Amount of error = Difference — 1 80°
|B2° — 180° =2°

{111} Find the mean error.
Error

Mean error =

Mean error = 1°

(1v) Subtract the mean error from the
reading with a large value then add
the mean error to the reading with
a small value.

BR 788 — 1°
-1
= 249°
FB = FB +1°
= 6HE+1°
= /OO
FR =607

(v) Prove the readings.
BB - FB = 180"
2499 — (97 = 1807

Therefore, the correct readings are:

BB =249°
FB =69°
Example

Correct the discrepancy 1f the forward
and back beanngs are 254° and 75°

respectively.

Solution
Data given

FB,=254° FB =1

BB =75 " BB="

Procedures

(1) Find the difference between FB and
BBE.
FB— BB = 180"

2547 - 757 = 119"
The difference (D) 15 below 1807,
mmplying presence of a negative error.
(11) Determine the amount of error.

Amount of error =D — 1807

= 179°— 180°
Sikew
E
(iii) Find the mean error =
_'I 2
)
2 — -

Mean emmor=— 03"
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(iv) Add the mean error to the reading (i) Determine amount of error.
with a small value and subtract mean
error from the reading with a large value.

Amount of error = D — 1 80°

= 183° — 180° =3°
BB, = BB + Mean error P ] Erii
BB,=75%+ (- 0.5%) (1) Find the mean error = >
BB = 745" 30
FB. =FB — Mean error =E =1.5
£y = b0 '\ v} Add the mean emror to the reglfe
FB,=1254"+ 05" with a small value and subtract
FB =12545° : mean error from the reading with

a large value.

(v) Prove the readings. BB,= B'B" + Mean error

FB,— BB, = 180°

D e =662+ 1.5°
254.5° — 74.57 = 180 - : _£A

Therefore, the correct readings are: BB, =67.5°

FB, =12545" :

BB, = 74.5° : FB.,= FB, — Mean error

: = 249° —1.5°

Example : = 247.5°
Detect errors and correct, if any, in FB, =247.5°
the i_"ulluwing forward and backward (v) Prove the readings.
bearings as recorded by a surveyor. FB,— BB, = 180°

FB=249°, BB =66°, FB,=?BB,=7 .
247.5° — 67.5° = 180°

Solution
Data given Therefore, the comrect readings are:
FB = 249° : FB, = 61.5°
BE = 662 EB.I = 247T.5°
P CEE—
(1) Find the difference between the -
FB and BE. - 1. An amateur surveyor reads forward
Ny o ~ bearing as 265° and backward
L y bearing as 80°. Correct the
= 249° — 66° e
= 183° - 2. The headmaster’s office is
Difference = 183" located at the centre of the school
The difference (D) is above 180°,  compound. The bearing measured
implying of positive error. : by Fatma from the headmaster’s
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office to the library was 3207, but
Mr Azwar measured the bearing
of 144% from the hibrary to the
headmaster’s office. Correct the
discrepancy of their measurements.

Fixing position of an object on the
map by intersection and resection
methods

Bearing and direction as the method
of, among others, locating position, 1s
the basis for intersection and resection
methods.

Intersection method

Intersection method is a method of fixing

unknown posttion of an object on the map
by taking bearings to it from two or more
fixed pomnts. Intersection involves more
than one observer at fixed posibons and
only one object at the unknown posiion.
In this method, forward bearmgs are
used but not changed into back bearing.
It 1s the simplest method of 1dentifying

the position of an object compared to

resection.

When the two forward beanng measures -

at known positions are provided, it is
possible to locate the position of the
unknown point or the object, by fixing
the positions of the given points and
taking the beanngs towards the unknown
point as directed by the bearmg method.

Using mtersection method, the posihion
of an object or location on a map 15 fixed

or found using the following procedures:

(1) Using gnd references, mark the -

posttion of the two known
locations (towns);

(1) Draw the hine parallel to the north
direction at the position of both
known posihions;

(111) Using a protractor, measure the FB
from the two parallel lines at the
two known posions;

{(1v} Draw straight lmes from each pomnt
along the measured angle; and

{v) Read the gnd reference location
where the two lines imntersect.

Example
- Suppose the forward beanngs from Dar

es Salaam and Morogoro to Arusha were
353° and 22°30°, respectively. If the
and reference of Morogoro and Dar es
Salaam m Figure 5.13 are 516224 and
5356225 respectively, find the posihion of
Arusha by intersection method.

Procedures
{1} Using gnd references, mark the
position of Dar es salaam and
Morogoro on the map;

(11) Draw the line paralle] to the north
direction at the position of both
Dar es Salaam and Morogoro;

(111} Using a protractor, measure the FB
of 3537 and 22°30' from the two
parallel lines at Dar es Salaam and
Morogoro;

{(iv) Draw straight lines from each
pomt along the measured angles;

(v} Read the gnd reference location
where the two lines intersect. The
and reference at the point where
lines intersect 15 the coordinate
of Arusha.
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Figure 5.13: fntersection of points
Therefore, Arisha 1s located at gnd reference 543282,

Resection method

Resection method identifies the location
of the unknown object by taking the
bearings from 1t to two or more known
points located on the map. The readings
are converted to back bearings and angle -
lings drawn from the points to meet at
the observer’s posihion. It imvolves only -
one observer who is at the unknown
position, viewing more than one object -
at the same time. !

Procedures

(i) Identify and mark the location
of each object by using gnd
reference; '

Hindent’s Book Form 5 & 6

(n) Measure forward beaning from an
object of unknown position to two
or more objects of known position;

(1) Change the forward beanngs to
back bearings;

{iv) Establish the cardinal points
by drawing lines parallel to the
vertical gnd at each marked
object’s position;

(v} Using the protractor, measure the
back bearmg from paralle] lines at
each marked objects; and

(v1) Draw the straight lmes along the
measured bearings. The observer's
locatiom 15 the point where the two
lines cross each other.

Maps and map interpreiation
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Example

Ms Audrey observed a feature ‘x7 at
and reference 040160 from a bearnng
of 45%and feature "y’ at gnd reference
060115 from a beanng of 135", Locate
the position of Ms Audrey.

Solution

(1)  Mark the position of point X
and Y on the map as shown in
Figure 5.14;

Fmd the back beanng from X
and Y to Audrey’s position;
BB, = 45°+ 180" = 225°
BB, = 135° + 180° = 315°
Draw vertical lmes at X and Y as

shown in Figure 5.14 to define
Maorth direction;

(i1)

(iii)

(1v) Using a protractor, measure
the BB of 225" and 31 5°from
vertical hnes at points X and

; and

(¥) The point where the two lines

mtersect 1s Audrey’s position.

Changing the forward to back beanngs
BB =FB=|R(F

From X
From Y

45° + 180° = 225°
135° + 180° = 315°

Figure 5.14: Mlotting point C by resection
uring back bearing of x and y

Trend and alignment

Trend, also known as direction of place,
15 a general layout of elongated features
such as a river, valley, coasthne, raillway
or road. Trend 15 expressed n degrees.
Usually, trend 15 gpiven In compass
bearings and the bearings are used to
determine the direction. It helps the
map user to know the general layout
of features and extent of the general
curvature, The procedures for measuring
trends are as follows:
(1)  Tdentify the two points;

(i)

Join the two pomnts with a

straight line;

(i1} Mote the middle point of the
Tine;

(1v) Draw the North direction on the
noted point (middle point); and

(v) Measure the angles and pive

their degrees.

Trend mvolves two angles. The first
bearing iz measured from the North
direction clockwise until it touches the
drawn line that joins the two points. The
second beanng 1s drawn i the same
ways, but it crosses the drawn line and
touches it in the second part as shown
mn Figure 5.15. The first angle 15 the FB
where the second one 1s the BB.

If the first angle 15 well measured, the
second angle 15 given by the use of a
mathematical formula. For example, 1f
the first bearmg 1 Figure 5.15 15 55°,
then:

x° =Y°+ 180°
x° = 55° + 180°
x° = 235°
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Note that, the correct second bearing -
will be obtamed only 1f the first bearing -
is properly measured. Trend is 55° to
255.:_ A

Figure 5.15: Trend of a coastline

Alignment 1s a general direction uf:

elongated features such as a ndge and .
a coastline. Usually, alignment 1s stated £ i J
using the direction in which the feature which all mendians or longitudes
lies. The same procedures of determiming
trend are used to determine ahgnment.
But 1n alignment, the measured angles -
are used to describe the general direction
of the feature imvolved. For example, 1f - r
the trend of the feature is 55° to 235°ag . Sno™T on the map by a star headed lme.
shown m Figure 5,28, its alipnment 15 NE
to SW. From the illustration abowe, trend -

and alignment can be stated 1n a general | ; : i
- morth to the object along the line of sight

- is called true bearing.

NB: The best way of showing trend or

alignment is by using both bearing and - Magmetic North

- This 15 a direction indicated by the

form as 55° NE to 235 SW.

direchion.

TN

A
P | (M

Figure 5.16: The typer af North direction

True North
This 15 the type of north direction

converge in the northern hemisphere. Tts
direction s towards the (0007 North from
amy place on the earth’s surface. It1s very
near to the point at which the rotation
axis of the Earth passes through. It 15

TN 15 also called geographical North
Pole and 1t 15 always fixed. The angle
measured clockwise from geographical

~ freely suspended magnetic needle.

Types of North directions

(Figure 5.16).

- Magnetic North 1s the line representing

The North direction on a map can be  the direction of the needle of a magnetic

shown by using different types of north.
These are True North (TN), Magnetic -

North {MN) and Grid North (GN) :
- morthern Canada where lines of the

compass pomnting when the map was
published. MN enables to obtain  the
magnetic bearing. It 15 the point

- earth’s magnetic fields intersect. MN

Hindent’s Book Form 5 & 6
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15 naturally a migratory pomt caused
by the shifting behaviour of the earth’s
magnetic field which 15 influenced by a
number of factors mcluding the earth’s

rotation and 1omsation of the higquid metal -

mn the outer core. This 15 called polar
shift theory, as the world 1s not static, but
dynamic. The Earth changes every day,
plate tectonics push continents apart, sea
levels fluctuate up and down, voleame

eruption discharge ash and smoke on the
surface, denudation occurs and clhimate -
- of magnetic vanation depends on the

changes.

A Magnetic bearing 15 the angle at which
the line from the observer’s position to
the object meets with the line pointing
n the direchion of the magnetic north.
The angle measured clockwise from the

magnetic north to the object through the

line of sight 15 called magnetic bearing,.

(md North
(md north 15 the direchion towards the
north in maps drawn by gnd system.

Gmd north 1s a direction that 15 parallel to
the easting lines found on the Umiversal -

Transverse Mercator (LTTM) gnid system. -
The grid north aids in obtamming a -

topographical map since it 15 used as a
baselme of clockwise direchion. GN 15
shown by a bare lime.

Magnetic variation

Magnetic North and the True North

gap apart which always changes with
time due to the shifting tendency of the
magnetic influence. Therefore, magnetic
vanation 15 the angular distance between
the Magnetic North and the True North,

which usually keeps on changing with

time and space. The decrease and the
merease of the angle depends on the
position of the Magnetic North m
relation to the True North. Magnehc
North keeps on changing its position at
a specific rate with time n relaion to
the position of the True North. Tt may
be located m the western or eastern part
of the True North which never changes
its position. However, in the African
continent, Magnetic North 1s located to
the west of the True North. Determunation

position of MN m relation to the TN.

Principles governing calculations of
magnetic variation, magnetic bearing
and frue bearing when the magnetic
north is to the west of the True North.

As shown in Figure 5. 17, the posihion of
the Magnetic North 15 west of the True
North. The gap between Magnetic North
and True North denoted by MV, 15 the
mitial angle recorded before the change
m position of the Magnetic North. As the
Magnetic North started to shift eastward,
glowly, the gap started to become smaller
with time, giving the second angle n
between denoted by MV,. The angle
between the new position and old posihion
of the Magnetic North 15 called total
change (TC). The observation made from
the Figure 5.1 7 therefore establishes that:
when the Magnetic North iz in the West

= solgille. They normally leave a - of the True North and the rate of annual

change iz eastward, the final magnetic
variation is the difference between the
initial magnetic variation and the fotal
change ( TC).

hw2= W’I_TC'I
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TIN

Object

MV, =MV, - TC

Figure 5.17: Annual change of magnetic variation from eastward

Example

Fnd the magnetic vanation of town X
m March 2020, 1f 1n September 2010 :

1ts magnetic vanation was 20°10'05"
W and the rate of change stood at 10
eastward per year.

Solution
,'.-:!"FI= MV —-TC

Data given

MV =20° 10' 05"

P Month
3

Momth

9

Year
2020

T

3 Year

2010
Rate = 10" E
C=7

="}
MV~

Find the difference in time
il
Years  Months

2020 03
2010 09
09 06
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: 1
- =8— vyears

- Find the total change.

Tf | year=10'E
o1

© B vears=7
By

9-5x1ﬂ=95,E

- Remember: 1% = 60" and 1" = 60"
Therefore, 95' E=1735'00" E

Total change =1°35'00" E
MV=MY,-TC

MV, =20°10005" — 1°35'00" = 18°35'05"

Therefore, magnehc vanation of town X
- in March 2020 was 18°35'05" W,

- If you carefully study Figure 5.18, you
- will note that the diagram represents an
- 1dea bit opposite to the first diagram.
- The arrow pointed in solid line marks

~ the initial position of the Magnetic North
- {(MN) separated by a narrow angular
- distance from the True North (TN),
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denoted as MV . Slowly, the narrow
angular distance started to widen as the
Magnetic North (MN) shifted westward
mto the new position indicated by the
dotted arrow-pointed line MN,. Then
the new wider angle denoted as MV,
exists between the new position of the
Magnetic North and the True North.
Simmilarly, the narrow angle denoted
as TC 15 between the new and the old
position of the Magnetic North. This
can generally be concluded that, when
the position of the Magnetic North is
in the West of the True North, and the
rate of annual change 1s westward, the
final magnetic vanation 15 the sum of
the mitial magnetic vanation and the
total change.

MV, =MV +TC

,J'IH AT
b,
' i
J."'I Il-}"'-.. |
¥ ™ |
N,
% |
B by
WoThE |
e T
N
W, A
~ T "f_Mi-"E

= w |
\.
- h

i
£
-,
=7

Figure 5.18: Annwal change of Magnetic

Example

Fmd the magnetic vanation of town X
in March 2020, if in September 2010 its
magnetic vanafion was 20°10'05"W and
the rate of change stood at 10" westward

per vear.

Solution
M’I”I= M'F’] +TC

Drata given
MV, =20 10' 05"
T, = Years Months
2020 03

T1 = ¥ears Months
2010 09

Rate = 10"W

TC="
MV.= 7

2

Find the difference in time.
TI_T'I
Years Months

2020 03
— 2010 0%
09 06

1
=8= years
23’

Find the total change.
Then, 1f

1 Year= 10" W

B-—l"’r'eam=?

2

b, S CRR—

Remember: 1° = 60" and 1" = 60"
Therefore, 95' W= 1°35' 00"

Total change = 1°35' 00" W

New magnetic variation

MV =MV+TC

MV =20°10F 05" + 135" 00"=21°45'05"
Therefore, magnetic vanation of town X
in March 2020 was 21°45'05" W.
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Rules governing calculations of magrnetic  Example

variation, magnetic bearing and true  Determine the magnetic vanation
hearing when the magnetic novth is in of Mafia Island in April 2025 if its
the East of the true north magnetic variation in September 2010
was 15°30°12" E and the rate of change
15 #' easbwards per vear.

As shown in Figure 5. 19, the position of

the Magnetic North 15 i the East of the

True North. The gap between magnetic  Solution

north and the true north denoted by MV, MV=MV~+TC

15 the mhal angle recorded before the

change m position of magnehc north.

As the Magnetic North started to shaft

eastward, slowly the gape started to Rate of change =8"E

become larger with time, giving the new T,= Years Months

wider angle denoted as MV, . The angle M5 04

between the new and old position of the

Magnetic North 15 called total change. T,= Years Jgis
X s 20100 09

From the observation made m Figure

5.1, it can be deduced that: when the  1© =7

Magnetic Novth is in the East of the True MV =1

North and the rate of annmffi chm:igel is LRI e g

eastward, the final magnetic variation

is the sum of initial magnetic variation I,

and the fotal change. Mathematically ™ Years Months

Data given
MV =1530'12"

given a: 2025 04
MV,= MV +TC 2010 09
14 07
™ =14 L VeAars
T =
B, = = 14.58 years
%
j,f 1 If | year=§'
" : 1458 = 7
—~ MN ;
» _ 14.58x8
L _h_l"l-r: .._,-".. ) o — —1
IEV:?;H'-. S
FAT =116.64'E

Ot Remember: 19 =60' and 1" = 60"
Figure 5.19: Annual change of magnetic Therefore,=116.64' E —1°56'38"
TS o Esiy Total change = 1°56'38" E
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New magnetic varation
MV~ MV +TC
= 15°30'12" + 1°56'38"
= 17°26'50" E
Therefore, magnetic vanation of Mafia
[sland m Apnl, 2025 wall be 1 7°26"50" E.

As shown in the Figure 5.20), the posthon
of Magnetic North 15 still in the East of
the True North. The gap between the

Magnetic North and the True North -
denoted by MV, 15 the mitial angle

1

recorded before the change n posihon -

Example

Fmd the magnetic vanation of town X

m March 2020, if mn September 2010
- 1ts magnetic vanation was 207 10' 05"
E and the rate of change stood at 1
westward per yvear.
Solution

MV = MV~ TC
Dhata given

MV, = 20°10'05"

TI = Years MMonths
2020 03

of the Magnetic North. As the Magnetic -

MNorth started to shift westward, slowly
the pap started to become smaller and
smaller with time giving the new narrow
angle in between denoted as MV .. The
angle between the new position and the

old position of the Magnetic North 15 -

called total change (TC). Generally, it
can be deduced that, when the magnefic
north is in the East af the frue north and
the rate of annual change is westward,

the final magnetic variation is the
difference af initial magnefic variation

and the total change.
MV =MV-TC

£,

¥
%

)

H'l.-". MV, .__
_I- ._.ﬂ'"l

-"--

e Clct

Figure 5.20: Annual change of magnetic
variation from westward

T, = Years Months
2010 09

Rate=10'W

="
MV=2
Find the difference 1n fime.
T,
Years  Months

2020 03

—2010 09

09 06

1
= B— years
Find the total change.
Then, if
Tyear=10"W

Remember: 17 = 60" and 1'= 60"
Therefore, 95' W =17 35" 00"
Total change = 1= 35" 00" W
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New magnetic vanation

MV, = 20° 10' 05" — 1° 35" 00"
=18°35'05"E

Therefore, the magnetic vanation of
town X in March 2020 was 18° 35' 05" E.

The following are rules goverming

caleculation of true bearning, if the

magnetic bearmg of an object from its
observer 15 given:

{a) When the magnetic declimation
15 in the West of the True North
as shown i Figure 521, subtract
magnetic declination or magnetic
variation {(MV) from the magnetic
bearmg (MB) to obtain the True
Bearmng (TB).

That 15, TB = MB — MV and MB
=TB + MV.

™
X

0

Figure 5.21: West declination af MN

(b}  When the Magnetic North 15 m the
East of the True North as shown
m Fipure 5.22, add Mapnetc
dechnation or Magnetic vanation
(MV) to magnetic beanng (MB) to
obtain the True Beanng. That is, TB
=MB + MV and MB =TB — MV.

Hindent’s Book Form 5 & 6
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T

MM

]

Figure 3.22: Kast declination of MN
When magnetic variation changes,
magnetic bearing changes as well, but
true bearing remams constant.
Example

True Beanng and Magnetic Bearing of
Mbuyum village m September 2010 were
120°35' 25" and 7530 36" respectively.
Determine its magnetic declination and
Magnetic Bearmg m May 2020, if the
rate of change was 20' W, miven that
Magnetic North 15 declined to the East.

Solution
MV= MV — TCand MV = TE— MB
Data given
T = Years Months
2010 09

i"1 =Years Months
2020 05

Rate = 20'W
Determine the position of WM.

If MB-=¥8 it means that MN is in the
East of TN

Rate of change
-5
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Year  Month
2020 09
- 2010 @5
09 08
= 9.67 vears
Fmnd total change
If 1 year = 20"
9.67 years =7
9.67 years x20
Tyear
=93 4'W
Remember: 17 = 6 and 1' = 60"
Therefore, 193 4'W =371324"
Total change 3°13'24" W

MV, = MV, -TC
MV, =TB-MB
Thus,
1'|::I"'.l3"1 = 120 35' 25" — 75° 30" 38"
MV, = 45°04'49"
From
MV, =MV, —TC

MV, 45° 04" 48" —03° 15" 24"
=41751"25"
Then,
MEBE_=TB - MV,
MB.=120° 55' Z5" — 41 535"
MB_=73%44'00"
Therefore, magnetic vanation and
magnetic beanngs at Mbuyum village
in May 2020 were 41°51'25" E and
TEZ44'00" respectivel).

Example 2

Magnetic vanation of town Y by October
2012 and December 2021 were 45°30'05"
E and 36750'09" E respectively, while
Magnetic Beaning was 85°45'35" by
October 2021.

change.
(1) Compute Magnetic Bearing and
True Bearing in December 2021.

~ Solution

Diata given
Magmetic Vanation, (MF) = 45°30°05"
Magmetic Variation, (MT,) = 36°50°05"

Magnetic Bearing, (MB,) = 85°45'35"

1'; = Years Months

2012 10
T, =Years Months
2021 12
Rate of change (R)="
MB =1
OdTB="7

Find change m time (t)

TI_ T'I
Year Month
2021 12
- 2012 10
g 2
- QE years

Time interval = 9.17 years

Since both old and new magnetic

- variations are givem with Eastern
- directions, magnetic north 15 1n the east

of true north. Further, the direction of
annual change 1s westward since old
magnetic vanatnon (A7) 1s greater than
new magnetic variation (M4F).

MV, =MV, —TC
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Then, Solution
TC = MV, — MV, . Data given
= 45730'05" — 36°50'09" - MEB = 248°05"00"
= §°39'59" = 519.98%" © MV=15"26'00"
Total change = 519.9%8 . MB=MV+TB
To find magnetic variation, if . MB-MF=TB
9.1 7years =519.98 - When the magnetic dechnaton 1s to the
Tyear =7 - East of the True North, add the magnetic
TyearX519.98 - declination to the magnetic bearing to
9.17years ~ obtain the True Bearing. Thus means,
- - if variation was 15° 26' 00".
=56.7 ]
: - Solution
=06.7 = westward i
; s ]
The annual bearmg m 2021 December T5 Sk w2
R ; = 15°26' + 232729
{.J I:}
TB = MB + MV = 2dgg

Remember; MV'is to the East of TN | Therefore, the True Bearing of the town
TB=MB + MV, or=MB + MV, | Yis 248°05"

Note: When Magnetic Vanation changes,

Nanee e rnger e vl ot

Trug Bearmg samaing constaot, I. By March 2007, town Z located
Then, 7B = MR, + MV, in West Africa had MB and TB
= R5°45'35" of 45°23'12" and 250°34'57",
+ 45°3005" respectively. If the rate of change
131°1540" was |5 minutes per annum
TE = [31°1540" negahvely, caleulate the following

September 2022:

J.".:i.B.I = TB’I %0 lilIdFF‘:I h}r EP

(k) Magnetic vanation

=_ 1;;:;;:;2: (c) True beanng
R d) Magneti 1
94225'31" (d) Magnefic bearing
New Magnetic Bearing in 2021 2. Magnetic bearing of Kibo Hill n
(MB._) = 94°25'31" September 2010 was 120°35'25"

while its TB was 75°30'36".
Deetermine 1ts magnehic vanahon
mn May 2020, if 1ts annual rate of
change was 20' eastward.

Example

(nven that Magnetic Bearing of town Y
was 248°05'00" and magnetic variation
was 15726'00", find the true bearing of
the town Y.
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Using principles of map
interpretation

The map interpretation principles
apply the techmiques of cross-cutting
relabiomships. By mastenng conventions
and alphabets of a map, 1t becomes
possible to spell out situations 1n
the landscape from the association
and relationships of symbols. In
topographical maps, all the information
about landscape, themes, cultural features
and location and direction are depicted
with the assistance of convenfional signs
and symbols. It should be noted that
comventional signs and symbols are used
to define the features represented on the
map. Thus, they should be relevant to the
actual features represented. They should
also be common, famihiar and widely
accepted by map readers; otherwise,
there will be misinterpretation of the
mformation. One can read and nterpret
the position, climate, reliet, vegetation,
drainage, settlement, rocks and human
activities shown on the map.

Extracting position of features or points

The use of latiudes and longitudes of
an area studied will tell where the piece
of land or features hes m the world.
When one knows this, it becomes easy
to picture out the chief geographical
charactenisties of the area by applving
general knowledge of geography. In
addition to that, latitude degree helps
to determine hermspherncal posihon

{location) of the mapped area. If a
latitude degree 15 followed by the letter
"5 it means it 15 taken from the Southern
hemsphere while letter "N indicates the
MNorthern hermisphere.

Therefore, 1t 15 possible to find the
position of a plece of land or object on
the earth swrface by using labtudes and
longitudes (graticule system).

Example

Calculate the longitude and latitude
coordinates of Dodoma town which 1s
found at prid reference 328590 in Figure
5.10. Start wath 30° E and 05°5.

Solution
Longitude

(1) Find difference in degrees between
longitudes 40° E and 30° E as

40° E—30° E s 108E

(11) Measure the map distance, say
4.8 cm, between longitudes 407
E and 30° E:

(1) Measure the distance, say

8.2 cm, from longitudes 30° E
to Dodoma.

(1v) Convert the distance measured m
(111} ko angular umits based on linear
and angular relabonships estabhished
n (1) and (11). That 15,

14.8 cm = 107
B3cm="
B2emx 07
14.8cm

= 5.54"

554 =5"4+0.54°

1° = 60"
0.54°=7
E u.54:jmu' s
32.4'=32'+0.4'
I'= 60"
04'=7
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_ 04" 60"
ll
Therefore, 5.54°% =5°32"24"

= 74"

(v) To find the longitude of Dodoma,
add the angular distance n (1v) to

the longitude of 30° E.
Thus, 30°00°00" E
+ 5ﬂ32|24'||
35°3224" E
Lafitude

(1) Find difference in degrees between
two latitudes, say 1075 and 5°8 as
follows:

10°— 5°=5°

Measure the map distance, say
7.6 cm, between latitudes 10°5
and 5°8.

(111} Measure the distance, say 1.8cm

from latitude 578 to Dodoma.
(1v) Convert the distance measured
in (iii) into angles based on the
relationship established in (1) and
(i1) that 1s,
7.6 cm= 5"

l.Scm="7?

(it)

1.Bcmx5®
THhom

1L18%=1"4+0.18"°
1° = 60"
MmaE" =7

0187 % 60"
-I|:|
108" =10+ 0.8
'= 60"
08'=7?

=1 18"

=10.8'

Hindent’s Book Form 5 & 6

. 0.8 60"

BT
[L187=1"+ 10"+ 48"

Therefore, 1.18% =17 10" 48"

= 48"

(v} To get the latitude of Dodoma,
add the angular distance m (1v) to
latitude 5°5 as follows:

5700700" 5
+ _1°10'48"
6o 1048" 5

Therefore, position of Dodoma town at
arid reference 328590 hes at longriude
35° 32' 24" E and latnitude 6° 10" 458" .

Climate interpretation

A preat deal of chhmatic information can
be deduced from the topographical maps
using latitude, drainage (water bodies),
relietfand vegetation as explained below.
Latifude

This 15 the most commeon hint used in the
mapped area. [t gives general indications
concerning rainfall and mean annual
temperature. For instance, areas between
(” to 5" north or south of the Equator fall
under the equatoral climate. These areas
are charactenised by high temperature
and high raimnfall. Areas between 3° and
5% north or south of the Equator are
mn the category of tropical climate with
maoderate rainfall marked by wet and dry
seasons and the temperature 15 also high.
Areas between 15° and 35° north or
south of the Equator are categonsed as
desert climate with very high temperature
and little or non ramfall.

Altitude: the mean temperature decreases
with altitude at an average rate of 6.3°C

Maps and map interpreiation
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for every | 000 m. Thus, if one notes
the height of a place, they can make an
easy arithmetic guess whether the area
experiences high or low temperature.

Raimnfall type can also be determined by -

the presence of mountains which induce
orographic ramnfall. Thus, the latitude
sometimes does not give exact type of
chmate. When relief interrupts the area,
it results to modified climate such as

modified equatonal climate, modified
tropical climate and mountainouns
- landforms. An area can be desenibed as

chimate.

Water badies

These are very good gude to clhimate
types. The presence of many rivers
mdicates high ramfall, hence suggests
equatorial chmate, while the presence

of salty lakes, bore holes, water holes, -
springs and wells imply dry conditions

or semi-and climate. Seasonal lakes and
swamps suggest low ramnfall and the area
15 marked by wet and dry seasons which
denotes a tropical climate.

Fegetation

equatorial chmate m the area. Moreover,
woodlands or grasslands reflect medium
rainfall, while scrubs, thickets, thorny
bushes and scattered bushes imply low
rainfall which represents a semi-and
climate.

Crops

Crops can indicate the type of the
chmate of an area. Some of the crops
such as coffee, rubber and tea are grown
n areas which receive high ramnfall,
hence indicate presence of equatonal or

mountamous climate. Other crops such
as sisal, millet and cassava tolerate dry
conditions and survive under moderate
rainfall, hence indicate presence of
tropcal climate.

Relief

Thas 15 the surface form of the ground
which shows size, shape, and slopes
of the highland and lowlands. It 15 the
changing nature of the land as observed
from the sea level with its charactensmg

highland relief 1T 1ts average elevation 1s
higher than one thousand metres above
mean sea level.

Transport and communication

Though all types of transport are shown
n topographical maps, the most common
15 land transport which includes rathway

lings, pipelines, and roads. Roads are
shown m different forms hike tarmac

roads, also called all-weather roads,

- which are represented by a thick red
¢ Iime. Loose surface roads are indicated

This is a good guide to map interpretation. by thick broken line, dry weather roads

The presence of forests and bamboo trees -
indicate high rainfall, which denotes

by a contimuous white hne and footpaths.

Some topographical maps show well
developed and distnbuted transport and
communication routes than others. This
shows that there 15 unequal development
of transport and commumication systems.
Some of the factors that determine

- unequal development and distribution

of transport and commumication mcludes
dramage, relief, human activities and
chimate. Apart from land transport,

topographical maps also show air
transport which 15 mdicated by arfield
runway and water transport mdicated
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by large water bodies like lakes, seas
- shading, block diagram (physiographic
- diagram), layer coloring, form Ines and
- maming methods.

Different land uses both in urban
and rural areas are well shown m the

and oceans.

Land use and functions

topographical maps. Urban land use
15 mdicated by commercial land use, -
industrial land use, residential land use
and open space land use. Rural land 15

used for different economic, political and
- and density increase with the increase

social achivities including commercial

cultivation. The common land uses in |
rural areas are ntensive cultivation land

use, forestry land use, grazing land use -
- a quite specific shape of the terrain. They

~ are suitable for mountainous regions
- for depicting landforms such as craters.
- They also give general ideas on the

and village settlement land use.

Relief representation and
interpretation

The relief of an area 18 the surface form
of the ground which shows size, shape, :
and slope of the ighlands and lowlands. Firstly, they cannot show the extent of
It can also be defined as the chanping -
nature of the land or variation in the they represent. Secondly, different
shape and form of the earth’s surface as -
observed from the sea level. Highland |

relief 1s normally characterised by e 0 10 Be interpreted with the use

- of hachures. Thirdly, hachures are likely
escarpments, ndges, plateaus, valleys

and spurs as well as, hills and ndges. .

Lowland relief shows average elevation
below | 000 m above the mean sea level.

It 15 charactensed by lowland features -
such as deltas, plains, estuanes and chiffs.

highland landforms such as mountams,

Representing relief on a map

There are two methods of showing rehef, -
which are quantitative and qualitative |
methods. A quanhtative method shows
elevation of points, normally by using
contour, spot height, trigonometrical and -

benchmarks. Qualitative method does not

Hindent’s Book Form 5 & 6

show numbers but uses hachurimg, hall

Hachuring method
This refers to the non=-numerical

traditional way of showing the nature

of the terrain, by means of straight-short
limes drawn in the direchion of steep

slopes (Figure 5.23). Their thickness
n the degree of land steepness. Despite

the fact that they are non-numerneal,
hachures can successfully commumcate

nature of the slope.
Hachures have the following limitations;

height and steepness of the landform
relief features such as mountains, hills,

and direction of the water courses are

to obscure other features and their use
CONSUmMEs more time.
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Contour method

Contour lines on a map join points
representing equal elevation above mean
sea level. Usually, contours show varous
features or landforms like nlls, plateaus,
mountains and valleys, basins and plains.
Contours also show gentle slopes when
the contour lmes are drawn far apart
from one another and steep-slope when
they are drawn closely. Contour lines
are drawn at defimite mmtervals, for
mstance 20 m or 50 feet, and do not
cross one another. Contour lines form a
V' pointing upwards to denote a valley
and *V’ pommting downwards to denote
a spur. The merits of contour 15 to give
the exact height for a particular area
since the contours are numbered (Figure
5.24). They are also used to give clue
of physical features depending on the
comtour layout and they can be mtegrated
with other methods like spot height and

trigonometrical station.

Figure 5.24: Contour lines

Form [ines: are usually unnumbered
lines drawn on a map joming pomts of
nearly the same height. They are hke
contours but they use unnumbered hnes.

Hypsometric colouring method

Hypsometric colouring, also known
as layer tinting or colouring, is a
method used on maps to re-enforce the

mmpression of relief and to make the land
forms more easily understood by map
users. It 15 not a complete method in itself
because 1t relies upon the presence of
erther contours or form lines to provide
the basis for colounng. By convention,
the lower elevations are coloured n
varous shades of green, mtermediate
areas n vellow, higher altitude zones
m brown or red, then purple and white.
The lightest colours are used where
maost details are 1n the lowland areas
and the brightest colours where details

are sparsely high.

With layver colounng, it 15 simple to
1dentify the nature of the rehef, whether
lowlands or highlands, just by obsenang
the change m colour rather than stnving
to find the values of height as with other
methods like eontour Imes. The method
15 mostly used on small scale maps and
atlas maps.

Dhfferent tones used n indicating the
change m elevation make the map more
attractive. For instance, green colour
15 used to mndicate lowland and white
or red colour 15 used for highland. A
stereoscopic 15 produced m which the
warmer colors such as brown and red
appear nearer the map reader while
the cooler colors hike green and blue at
lower elevahons, appear further away.
Although good 1n appearance, this may
bring about confusion to some people
since colors have multiple implications
m people’s minds. For example, green
colour may suggest vegetation or ferhihty.
However, not all lowlands coloured
green are fertile. Additionally, layer tint
maps are very expensive to produce.
Lastly, the method cannot show a clear
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boundary between highland and lowland
arcas, though 1t uses different colours to -

mdicate them.
Hill Shading

Hill shading 15 a method of showing
rehief in which parts of the map are -
darkened by a tint or stipple of chosen

1 1t th 1 hadow cast -
S A S e % The method is used with contour lines
by an imaged object. It can give a fine, - < :
. for mathematical mterpretabion of the

strikes cut eyes at once. The sl can . AP such as determination of the slope

be shown easily as the shadow tone is
darker on steep slopes and lighter on -
gentle slopes. The method tends to make |
the slopes i shadow to look steeper than
they really are. The impression of relief
is sometimes much greater than the sense . mean sea level is shown in metres or
ofit, for example, the location of "ups™ - feet on amap. The method is normally
- represented by dot and exact height such
- as @ 5895 m, or represented by a small
. gircle with dot and height number, for
__example® 5895 m. In this method, there

15 o physical evidence of spot heights m

modelled 1mpression of rehef that

and “downs™

e

(Figure 5.25).

T

height. For example, /8848 m. After
surveying, the surveyors erect concrete

- pillars on the summts of the halls, which
- act as comers of the main triangles of

the survey. In this method it 15 easy to
recognize the height of a given point on
the map. Sometimes, a trigonometric
pomt 15 called a ngonometne station.

and drawimng of relief section.

Spot height method

apot height 15 the method of representing
relief whereby a point 15 accurately
surveyed and i1ts actual height above

g | the field, but they appear frequently on

Figure 5.24: Hill shading method

Trigonametric point method
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- maps, along roads and between contours
U mear sea-level to help in interpretation
| . of relief.

. With spot height it 15 easy to recognise
" the height of a given point on the map,
- unlike with the use of contour lines

and psychometric timting method. Spot

- height method can be used with contour
Trigonometric point 15 the method of -
representing relief whereby a point 150 very useful in some mathematical
15 accurately surveyed and shown on
the map, with their actual heights n ~ as determination of slope. Tt may provide
metres or feet above mean sea level.
The method 15 usually represented on the

map by a mangle and a dot with exact -

lines to prepare the cross section. Tt is
mnterpretation of the mapped areas such
mmportant elements or clues on the nature

of the relhief, and become the basis of the
rehief descniption. The use of spot height
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Maps and map interpretation

as the method of showing relief features -
does not obscure other details. However,

with this method, 1t 15 very difficult to
clearly understand the nature of rehiet
features hike mountains, valleys and
steep slopes in a particular mapped area.

Benchmarks methods

A benchmark (BM) 15 a mark on a .

permanent object, which indicates
an elevation of a point. Benchmark

serves as a reference point from which
measurement of topographical surveys
may be made. They can be found in the
brick or stone of a bulding or a wall. Tt
15 shown by a symbol BM followed by a

numerical height, for example BM 1554
Narming method

Naming method is the method of showing

relief whereby specific landforms (reliet
features) are identified on a topographical
map by using their names.

Relief section

A relief section, also known as cross
sechion, shows the shape of a feature

(such as a mountain) viewed from the

side, as 1f cut through with a kmfe. Itisa

lateral view of the relief and a graphical
representation of the terrain along the
line. There are three (3) forms of cross

section which are:

(a) Simple relief section: this shows only
rehief between two points.

(b} Amnotated sechion: 1t shows relief
with other information that crosses

between two points mcluding
vegetation, road and niver.

{c) Sketch transcend sechon: this shows
only the highest and the lowest

points. It portrays a rough picture
of the general appearance of the
landscapes.

The construction of a rehief sechion
mvolves the followmg procedures:

(1} Identify and mark positions,
features and heights;

(11) Draw alight-pencil line joining the
two points;

{111} Transfer the hne drawn on the map
between two points to the graph

Paper;

{iv) Place or lay the straight edge of
the paper along the drawn line,
mark the point where contour
crosses the lme and indicate the
responsive elevation. If the same

contour crosses twice or more,
mark 1t with the same elevation;

Choose a vertical scale which wall
show the variations in relief but
without exaggerating them too
much. For surtable vertical scale,
use gudelmes by observing the
type of scale given;

(v)

Determine the vertical interval as
. 1H1 —H,
n+l

where by H, 15 the upper labelled
contour and H, is lower labelled
contour, and n 15 number of non
labelled contours between H, and
H.;

Diraw the vertical lines and plot
the points; and

(v1)

(vii)

(vi1) Link the dots using a continuous
smooth line to indicate the rehef.
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Example

Study the contour map and answer the followmng questions.

(a) Prepare simple cross profile between pomt A and B.
(b} Draw an annotated relief section between point A and B.
(c) Prepare sketch/transcend relief section between pomt A and B.

S
..-r"-i___‘-\-\""‘-\-._ -\_‘_-‘_\_\_\_"u
L~ -
| —|___\_\_\_\_‘_‘-\-\_ ‘-\-\-‘-\-\-‘"‘—\-
e i

e

Scale 1:50 000
Solution
Formula for vertical interval (V.I)
AP (W)
n+l n+l
Where by

D = Dnfference between two contours, example AB
n = Number of contour lines which are unnumbered

From the map

H, = 1500m at ¢

H.= 1000m at I}

n=4

_ (1500 —1000)ym
T 4+

Then WV.I
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VI = 100m

Therefore, the interval between two consecutive contour lines 1s 100 m.
An annotated cross profile between point A and B
VS=lcm: 100m
| em =100 X 100 cm
Tem e 10000cm

Tem Tem

V.5 =1:10 000
Therefore: V.5: | cm represents 100 m
H.5 =1:50 000 { lem represents 50 000 cm)

(a) Smmple cross profile between pomnt A and B

M Ha M
16N - - &9 " 1600
1500 1500
1400 9—1 1 11400
1500 1300
1200 1200
1100 — —1 1100
1M 1000

A B
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(b) An annotated cross profile between point A and B

(oLl

b
L7IHI

LM

1500

140

(]

{opg 1 T

Bl mounizin

LRI

L2IHI

110

TR

L1IHI

LI1HI

(c) Transcend/sketch relief section between point A and B

. i |
£ | o1 E 3
b | : ;
EE i_-ﬁ“: rf; Htern slape i Rk minnaniizin E!‘EIH:]:. slinpe
R ! i
o f :
-l : : i
L - :
M R i i
g | L R4 i a
g | 5 E I ;
P v i H
B i a
L e T o : .
AN | £
1417 | e | i
Y :
100 _E_.| ',,_
BT £
a4 ¢ -
e | :
g |+
1000 e

V& =1 cm represent 100 m
HE = lcm represent 0.5 km
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.1{5]]5 and m ap I i'eq:-rm'n.ﬁ.pﬂ -

All procedures followed when drawing annotated cross-section are the same
for drawing sketch or transcend cross section, only that in sketch cross-section,
labelhng of rehef features and other mformation found between the points of cross
section area are shown on the table above the cross-section graph.

Fertical exaggeration

Wertical exaggeration 15 a scale that 15 used in raised-rehief maps, plans and technical
drawing m order to emphasize vertical features, which might be too small to identify
relative to honzontal scale. Altematively, 1t 15 defined as the number of times the
horizontal scale 1s greater than the vertical scale. For example, from the above
relief section, vertical exagperation can be calculated as follows:

erfical scale
Vertical Exaggeration = L - o
Honzontal scale

Demominator of hornzontal scale
Demominator of vertical scale

or Vertical Exaggeration =

For example, if
V5 =1:10 000
HS = 1:50 000

L: 10000
T 150000
50 000 5
10 000
VE = 5 times honzontal scale
Note: V.E Has no unit.

WVE =

(rradient

Cradient refers to the steepness or gentleness of the ground m relabon to the
horzontal plane. Gradient is expressed as the ratio or fraction of vertical nse
to the honzontal equivalent, in which the numerator represents vertical nise and
the denominator represents the honzontal equivalent. The extent of steepness
or gentleness depends on the size of the denominator in the sense that when the
denominator 15 too small, the gradient 1s steeper and when the denominator is too
large, the gradient 1s gentle.

Procedures for calculating gradient.

(1} Tdentify and mark two points by usmg grnid reference or any other means of
locating posrhion;

(1) Join the two points by a straight line and measure the map distance apart;
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Maps and map interpreiation

(111} Identify the highest and the lowest pomnts and extract their elevation. I they
are i feet, change them mto metres;

(1v) Convert the measured map distance mmto ground distance to get honzontal
distance in metres;

(v) Divide the difference between the highest and the lowest elevation by the
corresponding  honzontal distance. Leave your answer in the simplest form

of fraction such that gradient= ; where “a” represents verfical mcrease and

“b" represents honzontal equivalent.

Example
Study the map provided below and then find the gradient from point C to D.

&
T

_..z

= "

Scale 1:50 000

Solution:

Grodiciig —ret pomt — Lawest pomt
Honzontal equivalent

Drata given

Highest pomt =1 50 m
Lowest pomnt = 1000 m
Map distance =7 cm
Map scale = 1:50 000
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Maps and map interpretation

Changing map scale from RF to statement
scale as follows:
1:50 000

1 cm ; 50 000 cm
Since | k= 100 000 cm
7 =50000 cm

Therefore, 1 cm :
50000 cm 1 km

100000 cm
lem:0.5km

Convert honzontal map distance mnto
horizontal ground distance using
the statement scale as demonstrated
hereunder:

lem=10.5km
Tcm="7
_'?r:-m}ci[I'.Skm
lem
=3 5km
Since,
|l kmi=1 000 m
1i5km="7
_ 35 kmx 100{) m
| km
=3 500 m

Finally, the gradient is calculated as
follows:

1500 m—1000m

Gradient =
3500 m
L S m
T 3500m
5 ]
35 _1_"?

Gradient=11n 7 or 1:7

This imphes that, for every horzontal
distance of 7 m, the land rises by | m.

Dramage interpretation

Drainage can be defined as the muning
water in an area by natural or artificial
streams, nivers, and infiltration as it 1s
commanded by the nature of geology
and rehef of the particular area.
Waration m the nature of relief and rocks
determine the types of dramage patterns.
Drainage pattern is the layout or plan
made by nivers and their tnbutanes on
the landscape. Streams and nivers are
by far the most important landscapes
forming elements. In map reading and
mterpretation, the dramage pattern forms
a convenlent unit of study which can be
outlined and readily defined on a map.
Dramage can be classified according to
the pattern formed n relation to surface
rehef'or the slope of the land, differences
in rock hardness and rock structure.
Wanous dramnage patterns are related to

- the surface rock structure. Such patterns

are explained below.

Dendrific patiern

It 15 shaped like a trunk and branches of a
tree, usually with fnbutanes converging
on the main stream from many directions
and mergimg at acute angles as shown
in Figure 5.26. Such patterns occur in
rocks which are homogeneous (simmlar).
They are commonly formed on massive
crystalline rocks hike granite or honzontal
to gently dipping sedimentary strata.
They are not related to rock structure or
differences m rock hardness.
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-+ Main river

Figure 5.26: Dendritic drainage pattern

Trellis drainage pattern

It 15 a linear pattern in the shape of a
lattice with the chief tributanes joming -
the main stream approximately at
right angles as shown m Figure 5.27. -
Usually, minor tributaries join the
chieft tnbutanes at nght angles and
flow more or less paralle]l to the mam
stream. The pattern 15 strongly related
to structure or differences in rock -
hardness (heterogeneous rocks) and is
commonly found in scarp land arcas and - 8t sharp angles but arranged in a series
regions of folded rocks. Normally, it is
found in folded sedimentary rocks and
metamorphic rocks. The chief tributaries
are usually aligned along down-fold or

paralle] zomes of weak rocks separated :
- common m volcanic regons.

by resistant uplands.
Tritatarics
\‘(__/ 7 joining the

;miain Tiver

Figure 5.27: Trelliz drainage pattern
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River mouth

Figure 5.28: Radial drainage pattern
Annular drainage patiern
Is the pattern with streams often joimning

of curves about a dissected dome, basin
or crater area. On a dissected dome

with alternating bands of hard and soft
rocks the pattern may appear as several
concentric curves (Figure 5.29). It 1s

Maps and map interpreiation

. Radial drainage pattern

- This is an arrangement of streams flowing
- putwards down the flanks of a dome
- or cone-shaped upland such as a larpe
- voleano (Figure 5.28). It 15 common n
- volcanic regioms and 15 controlled by the
- gradient of the land.
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Rectangular drainage patiern

This pattern 15 similar i plan to the
trellis, with tnbutanes jomming each
other at approximately right angles.
Rectangular pattern also tends to have
mdividual streams taking sharp angular
bends along their course (Figure 5.30).
The pattern i1s the result of structural
control, with streams following joints
or fault lines m the rock. It 15 commaon
n volcanic regions, and gramtic rocks.

™

Tribrtarics
< joining the main
river

Main river flow
Figure 5.30: Rectangular drainage pattern

Braided drainage patiern

This 15 common in broad flood plains
with low gradients, often due to back

tiltmg (Figure 5.31). A good example 15
at Mazinde area, Lushoto in Tanga regon.

Figure 5.31: Sraided drainage pottern

Regulated drainage patiern
Fegulated pattern 15 common in fat

sediments of recent age m coastal zones,
associated wath tidal nvers, numerous

cracks and coastal swamps (Figure 5.32).
It 13 very common along the coasts of

West and East Africa.
z P
;*:‘%ﬁq:“&}]-f:;:‘t::_- .~
[ e e i -
Pl WA D
i ~ 3 L9 L P5
o [ o -
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Anastomotic drainage paitern

This pattern 1s very common in areas
with flood plains in coastal zones or
reduced gradients mland due to back
tilting (Figare 5.33). It 1s very common
for numerous double channels, ox-bow
lakes, cut-ofts, and abandoned meanders.
Ravers or streams will generally follow
the Ime of least resistance such as along
a band of softer rock, a fault line or the
crushed fault breccia between two faults.

Figure 5.33: Anavtomotic pattern

Centripetal drainage paitern

This dramnage 15 opposite to the
radial drammage pattern because 1t 18
characterised by the streams which
comverge at a point which 15 generally
a depression or basin. This dramage
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15 formed when a senes of streams
converge in a central low basin or crater
lake (Figure 5.34). A good example of
this dramage pattern can be found n
Kondoa District, Tanzania.

k Stream fow

Figure 5.34: Censripetal drainage pattern

Parallel drainage pattern

Parallel drainage pattern comprises
a number of rivers which are parallel
to each other and follow the onginal
slope (Figure 5.35). This pattern is
more frequently developed on umiformly
sloping and dipping rock beds such as
Cuesta or newly emerged coastal plains.

Figure 5.35: Parallel draimage pattern
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Vegetation interpretation

A topographical map shows both
natural vegetations such as forests,
Savannah, thicket, shrubs, thommy,
swamp vegetation, bamboo, mangrove
swampy, scattered bushes and others as
well as artificial vegetation which may
be indicated by plantations. Somehmes
vegetation 15 also indicated by pictonal
syimbols which show increasing density
by placing the symbols closer together or
giving the area a green tint. Dark green
colour may be used to this effect.

In interpretation of vegetahon, a
geographer should consider the nature
or type of vegetafion and the way 1t 15
distmbuted. To determine what vegetation
appears in which part of the mapped area,
consider the cardinal points or names to
mdicate the nature of dismbution. For
example, the Eastern side of the mapped
area 15 covered by scattered trees and
scrubs while in the North-western part
15 dominated by thick forest.

In describing vegetahon distnibution,
the geographer should also consider
factors which influence the presence
of vegetation 1n the particular area.
Normally, the mumber of factors mcluding
soil quality, relief, water bodies, human
activities and climatic conditions
mfluences vegetation distribution. A
detailed descnphon of vegetation, sml

and climatic relationships 1s presented
in Table 5.3.
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Table 5.3: Vegeiation, soil and climatic relationships

Forest Closely spaced tall and  Rain most of the Thick and fertile
medium trees, mixed | vear, rtamy slopes | soil
or i simple stands of mountains,
with or without bushy  tropical and
undergrowth equatorial coastal
lowlands
Savanna Open with fewer trees A pronounced Widely varying
than closed savanna dry season, but soil from black
Scattered tress; all annm?] total rainfall | cotton to sandy or
| gassesandthoms  Permits tree growth | voleanic
Dense, The dner the chmate, Long dry season similar to
medium or | the frequent the bush, | generally prevents | Savanna but
sparse bush | thickets frequent trees prowth except | usually thinmer
(tangles of several for occasional and drier sandy
bushes) tufts of grass | euphorbias or tvpes
or bare sandy patches  baobab
between bushes and
thickets
Scrub Low profile thom Very long dry Usually sandy
trees often rugped and | season, rain thin smls
twisted with scattered  umrehable
clumps of thorny bush |
and drought resistant |
: ETass _l
Heath Tufts of grass growing | Moderate to heavy | Infertile acidic
n close formation, reliable rainfall soil
heath and sometimes | at high alttodes
grant groundsel and {above 3500 m) with
; lobehia cool temperature
Mangrove | Low bush-like trees with  Hot, wet lowland &1t or mud soml,
SWamp long roots often exposed | areas along coasts | salt or fresh water,
at low water | or lake shores Water logged soil
and nvers; ligh along nver banks
hummdity and lakes
All strong prass with | 11 gh temperature,
stiff spikes which often rainfall not reliable
key sense growth water supplies by
lake
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settlement mterpretation

Settlements refer to a orgamsed
permanent or temporary mhabitations
of humans on a small or large area of
land meluding slums or the requisite
infrastructural facihities. Settlements
range in size from small to large.
settlement 15 another basic aspect of
topographical map interpretation.

Types of settlement

There are two types of settlements,
namely whan and rural settlement. Urban
settlement 15 an area where approximately
80% of the population are engaged in
non-agrcultural activities. This type of
settlement 15 commonly found m distnct
head quarters, regional admmistrative
centres and along transportation routes.

Urban settlement 15 simply 1dentified
through highly built areas. as well as
dense linear and nucleated settlement
pattems.

Rural settlement 1s an area where
approximately 80% of the population
are engaged m agncultural activities.
Rural settlements are commonly found
in countryside areas and villages.
In the interpretation of settlements,
geographers have to consider how and
where the dots representing people,
houses or buildings and the town are
located. Rural settlements are revealed
in the map by sparsely huts, hight linear
and nucleated settlement patterns.

Settlement should be studied
systematically by looking on aspects
such as site, siuation, form, pattern and
function.
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Site: 15 the nature of land on which the
scttlement 15 built or where a town or
village 15 built. The site may be chosen
for different reasons such as relief
and pradient. For example, flat areas
may be preferred for easy building.
Areas with availlability of water bodies
such as nvers, streams, and lakes;
fertile soi1l; presence of transport and
commumnication network, defensive sites
such as mountainous areas can also be
chosen. Sometimes, site choice can be
nfluenced by government policies. The
govermment can allocate the use of land
depending on its potentiahty.

Situation: 15 the settlement’s position
n relation to other conditions such as
physical features, important economic
zomes and communication. For example,
the village may be situated on a niver
bank above flood level. The site wall be
convenient because of the avairlabihity of
a nearby water body. This means that,
settlement 15 well established 1n an area
when site and situation condihons are
not conflicting.

Form: this refers to the general shape of
the settlermnent. Usually, a topographical
map may ndicate the features which
have mnfluenced the form of the
settlement. For example, the basic
urban forms are linear which may result
from existing linear features such as
valleys, the alignment of a route way or
river or an elongated relief feature such
as a ndge or escarpment base. Other
forms of settlement nclude concentne
circular form, where growth has been
generally outward from a central core or

Maps and map interpreiation
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nuclens. With rectangular form, the town
develops i blocks. A pood example 1s
Hastings town n Sierra Leone.

Settlement pattern: describes how the
settlement 15 distnbuted. In this aspect,
we can examine the size of settlements
mm relafion to the environment and
we can study the pattern and shape
of settlements. Normally, settlement
morphology (pattern) 15 determined
or controlled by i1ts maimn function,
particularly human activities. There
are three types of settlement pattens,
namely linear, nucleated and dispersed

settlement patterns as shown m Figure
5.36.

Linear setftlement patfern: occurs m
the area where the marketing of cash

crops depends upon ease of transport,

b
L]
n
|

or along communication and transport
routes such as roads and railways. Some
arcas tollow the pattern of miver valleys.

Nucleated settlement paticrns: represents
settlement areas charactensed by
clustered or closely grouped buildings
normally for economic and social
purposes. [t 1s common m town centres,
village centres, coastal areas, borders of
two countries and around road junctions
or river crossing. It 1s common in places
where there1s settlement around nuelel
areas such as market or mining centers.

Dispersed settlement pattern: occurs

- in the area with sparsely or scattered

people, with few houses far apart. Such
pattern can be found i pastoral sociehies.

Figure 5.36: Theee types of seitlement patterns
NOTE: Settlement morphology or pattern changes with ime due to social,
political and economic development. An area with scattered settlement may
over fime be dominated by nucleated settlement.

Function: 15 another technigue of interpreting settlement. Land use pattern within
a form of larger settlements may reveal well-defined functional zones, m which
there are vaneties of specified activities. Such zones include the Cenfral Business
Dhstrict (CBD), which 1s a rectangular prid pattern of hagh class and specified shops,
offices and banks located near the centre of the settlement. The zone 15 neither
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residential nor industrial. Generally,

the funchon of a settlement reflects
its economic and social development

activities. More examples of functional
zomes which can be indicated on a map
are as follows:

The administrative Jfuncfion 1%
mndicated by government offices such
as Headquarters (HQ)), Distriet Couneil
(DC) and Regonal Council (RC).

Recreational function 15 usually mdicated
by different man-made features such as
car parks, gardens, football grounds,

boating lakes, race courses, golf courses
and zoos.

Cultural function 13 normally indicated
by cinermnas, museums and libranes.

Educational function 15 depicted by
schools, colleges, umversities, research
centres, library buildmgs and educahon
otfices.

Industrial function 1s usually spacious |

mn layout and well away from the man
centre and residential areas and very
often downwind to avoild pollution.

Cultivafion function 15 normally located
m margins of most large towns and cihes.
Horticulture 15 practiced to serve the
industrial and business purposes.

Hindent’s Book Form 5 & 6

Marketing/trade function 15 Indicated by
buying posts, town, market, and nuclear
settlement pattern.

Residential function 15 classified on
the basis of low, medium and hgh
density. The infrastructure serving the
settlement like electmicity, water pipes,
dams, railway lines and roads are pood
mdicators of a residential zone.

The number of insttutions such as
government offices, police stations,
army barracks, churches, colleges and
the ke, are significant to support living,
hence considered important indicators
for this zone.

Functional zones may be more easily
defined in large urban centres than
m smaller settlements. In smaller
settlements, one looks for emerging or
embryo functional zones and tries to

- depict what future development they are
~likely to produce.

Rocks mterpretation

Rocks wvary 1 hardness with
metamorphic being the hardest while
the sedimentary are the softest. Table
5.4 shows some hints that help to
deduce types of rocks on a given
topographical map.
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Table 5.4: ldentification of fypes af rocks on a topographical map

- Land forms ‘ Water bodies Vegetation & Crops

Igneous rocks | = Mountain | = Radial drainage = Thick dense forest

Maps and map interpretation

- Hill patiem « Tea plantati
. Crater « Dendritic drainage 00
attern = Coffee plantahon
« Caldera P :
; = Annular drammage | - Pyrethrum
pattermn
Sedimentary |+ Coral reef | = Salt lake * Mangrove swamps
rocks = Coastland | = Regulate pattern * Tree swamps
« Cave - Braided drainage  ° Seasonal swamp
= Delta pattern * Sugarcane
s plantation
« Chff » Water holes « Rice P].E.'I'.I.'l'ﬂﬁl]'l'.l.
= Depression  * Bore holes » Seaweed
plantation
Metamorphic | = Outcropped = Trellis dramage = Scrubs
rocks rock pattem
= Undulating
platean

Interpretation of geomorphic processes

In topographical maps, it 15 possible to 1dentify geomorphic activihies reshapmg
the mapped area. A geographer can identify both endogemic (folding ,faulting and
vulcanism) and exogenic (denudation and deposition) activities. This can be done
with the help of the nature of relief depicted and its associated landforms. Table 5.5
shows some hints for identifying geomorphic processes affecting the landscape.

Table 5.5: (reomorphic processes affecting the landscape

l_ Vulcanism Crater, mll, mountain

2 | Faulting Escarpment, mountains, valleys

3 |Folding Mountain, valleys and spurs

4 | Erosion Rivers, lakes, oceans, hills, valleys
5 | Deposition Lakes, nvers, swamps, oceans

6 | Weatherng Rocks, out crops, mountains
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Interpretation of human activities
Maps describe the way man feeds himselt
and earns his living. The following are
some simple hints that can be used to
describe economic activities.

Cultivation

Farming 15 among the basic and the
widespread economic activities of
man. The topographical maps show both
small and large-scale farming. Small
scale farming 15 represented by scattered
settlements, scattered cultivabon and
mnland water bodies while large scale
farmuing 15 portrayed by estates or
plantations.

The presence of gimnenies for cotton;
hullers for coffee; nggery works for
sugrar; tea factores, Cotton Buying Post
(CBP) and maize mills mdicates farmmg,
In addition, cultivation can be presented
by the word scattered cultivation.

Pastoralism

Livestock keeping 15 not easily seen on
maps. Grassland areas with scattered
clusters of dwellings and perhaps water

pans, water holes, dams and boreholes
are the settiings hikely to represent

pastoralism. In addition, look out for
named veterinary mnstallations, water-
pump tanks, cattle and quarantine camps,
trough races, cattle and creameries.

Manufacturing Industries

(rmming, hulling, tea and si1sal processing
are often done mm the countryside, but
East African indusires are in or near the
larger towns. Normally, urban settlement
mdicates mduostnal activities. Special
symbols and signs can also be used to
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dentify mdustnes. Some words such
as gmnery, factory or industry can be
apphed. Stmilarly, large scale plantafion
mdicates the presence of processing
mdustry.

Trade

It focuses on buying and selling goods
and services. It 15 depicted by the
presence of a commumcation network
(roads, airways and railways), markets,
shops, trading centres and settlements.

Mining and quarrying

Some places mn the drer nft valley
floor are exploited for salt or soda.
Mevertheless, muneral symbols, salt
works, mineral works and gquames are
mostly preferable. They are also indicated
by presence of bnck or cement industries
since they depend on limestone or sand
as their raw matenals.

: Logging
- Logging, also known as lumbering, refers

to the activity of cutting down trees
order to use their related products hike
wood. Woods are used to produce timber
(lumbenng), charcoal and poles for
electneity, furmture as well as different
mndustnal matenals. On amap, evidence
such as saw mills and minor roads ending
m forested areas depict logging. Some
forest reserves are exploited for imber,
but many are not meant to be exploited.
Fizhing

Settlement along water bodies such as
rivers, seas, oceans and dams indicate
fishing activihies. Similarly, this 1s
mdicated by the presence of fish traps,
fishing market centres and net drying
yards.
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Tourism

The presence of National Parks or
Mational Reserves anhquities, volcame
and coastal features, hotels, gymnasium,
cultural features physical or scenery can
be preferred to mdicate tourism 1n the
mapped area.

Social activities

Social activities are services provided
for the benefit of the commumity.
They are acfivities which aim at
solving social problems or needs and,
therefore, penerate social 1mpact.
some social activities are like rehgious
activities, health services, educational
activities, transport and commumication,
admimistrative activities, securty
services, power supply services, bankmg
services and recreational activibies.
These social activities can be presented
on a map n different ways.

Religious activities can be indicated by
worshipping centres such as churches,

mosgues, and temples. Health services
are indicated by health facilities such as
health centres, hospitals, dispensaries
and climies. Educational activities are
depicted through schools, colleges
and traiming centres. Admimsirative
actrvities are indicated by Headquarters
(HQ) offices and Local Government
Headquarters (LGHQ). Security
services are shown by Police posts and
military camps. Fecreational achivities
are denoted by play grounds such as
tenmis grounds stadium, cimema halls,
race tracks, camp sites, and resorts.
Water supply services are denoted by
water tanks, taps, large water bodies,
or underground pipelines. Power supply
services areg shown through power
stations, power houses and electneity
poles. Transport and commumecation
are indicated by roads, railway lines,
airports, aerodromes, ports, large water
bodies, and telephone lines.
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Revision exercise 5

I. Study carefully the map extract of Mpanda and answer the following questions.

MPANDA

Scale 1:50 000
KEY
T -n...n.,,. [(ERAE] s e
b Propelaia Aras, -“"'"'T'":' T Thapraslon - T Frrm -
i ? A¥r Pt Princil Frie =t
e — - -
AR Ferdar Crwma, WAl - P -
Wriar Crwma, (W), Skl B, Ry Sr, Wis -
et i =3
e e E. 3
lvfn Track (sobls) Wnsre e Triediia) _
ok, W= -_— -
o L Soxirarad Trem
s e o -., (L
Pl gkt e - Smurasl Swrn -
F &
¥
. 5 .
" {a) Re-draw the map provided using a scale of 1:100 000, then show the

following features:
(1) Shanwe hill (ii) Railway line (iii) Dam (iv) ridge {vi) Airport
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(b) Madam Halima was dnving a car from Kasimba village gnd reference
8679604 to milestone area grid reference 823001,

(1} Find the distance covered by Madam Halima in km if the map scale
15 changed to 1:25 000.

(11) Find the trend and ahgnment.

{c} (1) Draw an annotated cross profile between gnd reference B10970 and
840010.

(1) Calculate its vertical exaggeration.
(1) Are the two poimnts mtervisible? (ive reason(s).

(d} (1) Name the feature located 4.75 km (2707) from gnd reference 890003,
(11) Determine the area of the feature i (d) (1).
{1i1) Enumerate ecological, social, and economic importance of the feature

mentioned 1 d (1).

(e} Re-draw the part of the map bounded by the following gnd references

240040, 860040, 840010, and R60010. Recommended scale is 1:25 000.

(f) Mr. Kipanda, a regional surveyor, recorded 256° and 728° as his forward
and backward bearing, respectively. Correct discrepancies.

(g) Describe the type of the map title.
(h) (1) Why 15 contour used as the most common method of showing a rehef?

(n) Apart from contour lines, what other method(s) have been used to
show relief of the mapped area?

{c) Descnibe social economic activities of the mapped area.
(d) Identify types of rocks that are predominant in the area.
{e) Comment on the population distribution of the area.

(f) With clear evidences from the map, suggest the type of climate and dramage
pattems.
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2. Study carefully the map extract of Arusha Sheet 35/3 and answer the questions
that follow.

?.E @

Scale 1:50 000
KEY

“Teern or o, whh
Tamesrar: Tolkdhyg
[t Propelois Aras,
Herweam

AT Tasthar Rrad-
Theawrall Sorvhs

AT Fsthar Road:
Tirsras Arrifica

Ty W aier Fosle
Telnn Trask Pdezmobia]
Thrar Trazke ard el

e L 2
Fltros Riding, Biathr,

Tl Crassing -muum.w = Tair T
S — = e

(a) Descnibe geomorphic activities shaping the landscape of the mapped area.
(b} Comment on the possible types of soil on the mapped area.

(c) Describe the relief of the mapped area.

(d) Provide three reasons for the absence of swamps in the area.
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(e} With evidence, provide three critenia which can be used to deduce human
activities 1n the area.

(f) Outhne hmitation of contour lines m depicting rehef features.

() Name two drainage patterns shown in the map and for each, provide at
least ome factor that determunes 1ts formation.

{h} Descnbe the nature and distnbution of vegetation n the area.

(1) Comment on the factors that have influenced the nature of land use n
the mapped area.

{(j) Briefly explain the strength of marginal information i interpreting the
Z1Ven map.

(k) Explain the factors which determine the nature of settlement patterns
n the mapped area.

4 &
Conduct a project in Geography:

Select an issue related to Practical geography, then
design and conduct a project.

A 4
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Bench mark

Data
Database
Electromagnetic

Multi spectral

Parameter

Population

Radar

Radinmeter

Sample

Satellite

=can

Sensor
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Glossary

a reference mark of known elevation cut or set in stone, concrere
or other durable and used in the determination of altimudes

information or facts about a particular phenomenon
an electronic memory
consisting of electromagnetism

operating in or involving several parts of the electromagnetic
spectrum occurring or recurring simltaneonsly

a descriptive property of the population while statistic is a
descriptive property of a sample

a group of people, events, things, or ather phenomena that you
are most interested in; it is often the “who™ or “what™ that you
want to be able to say something about at the end of vour study.
The set of all elements that share one or more characteristics for
which we wish to make an inference

an instrament which discovers the position or speed of ohjects
such as aircratt or ships when they cannot be detected by using
radio signals

an instmument for the detection or measurement of radiant energy

a smaller (but hopefully representative) collection of units from
a papulation used to determine truths about that population in a
research process

an object which has been sent into space in order to collect
information or to be part of a communication syatem

examine it using a machine that can show or find things inside it
that cannot be seen from the outside

an instrument which reacts to certain physical conditions or
impressions such as heat or light, and which is used to provide
information




Spectrum

Trigonometric station

Variahle

Wavelength

X-rays

a range of different colours which is produced when light
passes through a glass prism or through a drop of water

a fixed surveving station, used in geodetic surveying and
other surveying projects in its vicinity

is any characteristic, number or quantity of a person, object
or phenomenon that can be measured or counted

distance between a part of a wave of energy such as light or
sound

atype of radiation that can pass through most solid materials
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