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ABSTRACT

Sitc sclection for urban development requIres consideration of a comprehensive set of

factors and balancing ofmulliple objecti\es m determining the suitability 01'a particular area for

a defIned land use, The selection of an indllstrial site involves a complex array of critical factors

drawing from economic, social, technical, and environmental disciplines.

Spatial decision makmg problems, such as site selection for any particular use, require

proper means to handle the multiple socio-economie factors while considering physical

suitabihty com!Jtions. GIS that have been reeognired as useful decision support technology hut it

does not provide means to deal with multiple decision factors, With these issues in mind, this

study developed a Jramework for integrating the strengths of GIS and the AliP to incorporate the

deeision-maker's preferences on a range of factors in fInding optimally suitable sites. This study

illustrates how land suitability analysis can be applied to an urban development site selection

problem.

The aim of this research is to gain a better understanding of the concept of Land

suitability analysis related to urban development in a secondary city of Bangladesh. This is

IJIlderlaken by means of Analytical Hierarchy Process (AHP) methodology. This stndy provides

a methodology tor site selection process in the presence of multiple and diverse dceision criteria

using AHP, The nsc ofthc AHP in the fIeld of property development/estimating the value of a

residential real cstatclhouse selection is very promising.

In this study, Pabna municipality has been chosen for developing the concept of Land

Suitability Analysis for Urban Development. The model kno,,", as ABP has been ulililed to

developing the cone cpt of Land Suitability Analysis for Urban Developmcnt. Data was eollceted

from Experts and field survey (Inter-Grid-ceJl Survey).
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CHAPTER-ONE

INTRODUCTION

1.1. BACKGROUND OF THE STUDY:

Urbanization is one of the global social transformations of tile present century. From an

ovcn.vhclmingly rural dominance in 1920, with only arO\lnd one-fifth of urban population,

the world is rapidly transfomling into a predominantly urban-based society. By 1995,

more than half (2.58 billion) of/he world', population lived in urban areas and around 46

percent of this urban population lived in Asia compared to around one-tenth in 1920,

Asia's demographic situation is dominated by five highly populated developing countries,

viz. China, India, Indonesia, Pakistan and Bangladesh. Together they hold nearly three-

quarters of Asia', total population, two-thirds of Asia's urban popliiation and 30 percent

of the world's urban population. Of these five countries, Bangladesh has the lowesllevel

of urbanization (only about one-fil1h) but it also has the highest growth rate of urban

population in the region. The rate of urbanization in Bangladesh is over 5%, one of the

hlghesl in the world. Rap"j population increase with a highly skewed land man ratio is

putting continuous pressure on land and other natural resources of Bangladesh. lbe ratio

of land to population has already gone far beyond aeceptahle levels. Land in Bangladesh,

specifically ill the crowded urban centers, therefore deserves most attcntion with regards

to its utilization.

Land suitability analysis is an important part of land.use and envirOlUllental

planning. It was developed to allow planners to use various phys'cal criteria for potential

site selcction ror diITerenl urban uses. It IS applied to interpret how suitable for a specific

use. The results of land suitability analysis serve as a roundallon for the formulation and

evaluation of land-use plans (Xlang and Whitley, 1994).

Land use suitability mapping is a technique whieh ean help find to the best

location for a variety of developmental actions given a set of goals and other criteria, The



mapping technique is based on natural and human processes and analyses the interactions

amoug three sets of factors: location, development actions, and ew...ironmental effects

(McDonald and Brown, 1984).

This study employed a mcthod for assigning priorities to conflicting decision criteria

called the analytic hierarchy process (AHP) developed by Thomas Saaty. The AHP is a

mlllt1-cnteria decision method that uses hierarchical structures to represcnt a problem and

thcn develops priorities for altcrnatives hased on the judgment of the user (Saaty 1987a).

Sauty has shown that weighing activities in multi-criteria decision making can be

effecli~ely dealt "ith via hierarchical structuring and pairwise comparisons. Pairv.,ise

comparisons are based on fonning judgments between two particular elements rathcr than

attempting to prioritize an entire list of elements (Saaty 1980). Adding the prioritization

module for settmg priorities enhances existing G1S analyses and visualization

capabilities. This study illllstrates a method for constructing an integrated system of these

rom decision support tools (GIS and AHP module), and apphes it to an urban

development site selection problem. The role of the GIS is to generate a set of feasible

solutions representing the relative land suitability with respect to any given map layers

and to display it.

The present study is intended to find out the suitable/potential areas for urban

development through the application of Land use suitability Model to ensure pllliUled

urban gro"th in H secondary town ofBanglade,h.

1.2. RATIOJII'ALEOFTHF. STUDY

land is a scare resource in Bangladesh. VI'here land " relatively abundant, compared with

the needs of the penple dependent on it, land use can be planned infonnally or, if by

fonnal method" relatively simply, by sequentially deciding on the best locations for

different uses.

The tremendous number of inhabitants has been ahs()rbed by mcreasmg residential

densities within the existing neighborhoods or by converting the mralland uses to urban

,



land uses from surrounding agricultural land. These planned changes from rural to urban

wIll no! only affect production structure, but also it will affect the present deltaic

biological process. This transfonTlation of land should not conflict directly with the

existing ecological process. Otherwise, it will create devastative ecologIcal hazards.

Therefore, for smooth transfonTlation ofrural land to cuUural urban land and to minimize

the future ecological advcrse impact, there is a need for a land suitability analysis

technique to analyze the existing land use pattern for better usc.

1.3, OBJECTIVES OF THE STUDY:

The main ohjeetive of this research was to identIfy potential urban land for furnre

urban expansIOn of Pabna municipality by using Urban Land suitability analysis

technique.

The specific objectives of the study were:

• To study existing land use ofPabna city

• To locate/identify the suitable/potential areas for urhan developmenl.

• To develop land use planning policies for a balanced development of the city.

1.4. METHODOLOGY OF THE STUDY:

The study was mainly earned out based on primary data. To achicve thc objeethes of the

study the following methodological steps were adopted (Figure-l 1):

• Litemture review

• Identification of Land Suitability factors to be included in the planning exercise.

• Defining nominal types and detennination of scores for nominal types.

• Acquisition of preferences through questionnaire

• Determination of weights for each factor and preparation of inventory maps for each

factors by weighting various categories in terms of suitability.



• Division of study arca into grid cells and convention for labeling cells.

• Computation of the sum of weighted factor scores for each grid cell.

.,

Literature reviev,'

Identification of T.and
suitahility factors

cquisition of preferences

Determination of
welghtage of Land
sUltability Factors

Land Suitable fo
Urban Deve10 ment

Figure-T.l: Research Design

1.4.1. LITERATURE REVIEW;

_xpert Opinion

To idcntify possible land suitability factors and other informallon related to the research

were collected from all available existing relevant books/journals, books, unpublished

thesis, seminar paper, magMine, newspaper. The study was also used recommendations

of different study reports related with the research. It was useful to collect opinions of

different researchers in this matter. Some literatures on land suitability analysis and AHP

are as follows:

Campbell et.al. (1992) and Chuvieeo (1993) presented the application of linear

programming (LP) in combination with GIS in planning land use strategies, The LP

model is a mathematical model that maximizes or minimizes some objective function



,

subject to a set of constraints. Chuvieco (1993) designed a test application of the LP-G!S

to maximize tbe most labor-intensIve organizatIOn of land use. The objective was

constrained by limited resources and the GIS were use<.! for demarcating resource

availability by means of overlay map analysis.

A similar study by Xiang (1993) employed a multi-objective LP technique. In many

practical sitllations, it would be desirable to achieve a solution that is "best" with Tespeel

to multiple criteria rather than one criterion as in Chuvieeo (1993) (i.e., maximizing labor

productivity). In multi-objective LP, all objectives are assigned target levels for

achievement and a relative priority on achieving these levels. Tt then attempts to find an

optimal solution that is "as close as possible" to the targets in the order of specified

priorities. However, the major drawback ofrnulti-objective LP is that it requires the user

(0 fomlulale the model by specifying constraints and variables and to quantifY the

priorities in advance, which is difficult in reality.

By contrast, preference-oriented methods gencral1y interact with the user for preference

setting during the analysis. The multiple criteria decision making (MCDM) techniques

have proved useful in situatIons that require the selection of the best alternative from the

number of feasible choices in (he presence of multiple deciSIOn criteria and diverse

criterion priorities. Some applications coupled with the GIS arc found in recent research

approaches (e.g., Carver 1991, Eastman et.al. 1993, Jankowski and Richard 1994,

Janko\vski 1995, Hickey and Jankowski 1997). Jankowski and Richard (1994) illustrated

how a land suitability problem can be solved u.sing the MCDM-GIS by enabling the

procedure to select a site and set priorities in a systematic manner, taking into aecount

spatial and non spatial infonnation. A study by Hickey and Jankowski (1997) was notable

in tem)s of the level of coupling. In this, the contribution of the GIS was considered not

only as a method for data gathering but also as the tool for mapping the result. A

composite overlay map was visualized m the GIS that reflects the weights for criteria

obtained from the MCDM module.



Other MCDM techniques include a method called the analytic hierarchy process (AHP),

which has recently gained attention in GIS applications due to its ability for dealing with

the multiple factors required in most GIS site suitability analyses. The primary popularity

of this method can be found in the fact thal users with a non-mathematical background

are provided with steps to handle complex criteria through forming a hierarchical

structure and performing pairwise comparisons.

Banai (1993) used this teclmique in combination WJth GIS. Banai (1993) had the search

for landfill area guided by the relative weights of the Sllitabilily lactors obtained in the

AHP. Notably, the fuzzy set theory by Zadeh (1990) was also employed in assigning

shadings with the union of various polygon buffers generated by GIS overlay operations.

Although the approach by Zadeh (1990) is vIewed to be notable for addressing the trade-

off prohlem among eonOieting criteria, it leaves some room for improvement as a land

evaluation technique as follows. First, deciSIon-making processes such as site suitability

analysis not only require numerical weighting of criteria as in zaheh's approach but also

involve steps using judgment. Such qualitative processes can be effectively manipulated

using the expert systems as described III the previous sectIon. Second, as Zadeh (1990)

included in the final remark for future improvements, instead of performing the AHP

operations outside the GlS environment, the applications can be linked 'tightly' by

developing user-interface, which has been dealt with in this study.

1.4.2. SELECTION OF THE STUDY AREA:

Pabna municipality was selected as study area. Pabna is one of the oldesl districts of

Bangladesh. The geographical location of the Pabna district aud its regional setting are

shown on the location map. Pabna is one of the oldest urban centers in Bangladesh. Pabna

mumclpality is a distncl headquarters, which is also considered as a secondary town in

Bangladesh. It is located in the northwest comer of Bangladesh in Rajshahi division. It is

a 'A' category mumclpality. Tt has a total population of 1,03,277 of which 53,698 are

males and 49,579 arc females with a density of 5,547 persons per sq. km. The lotal



household number is 17,649, The literacy (7+) is 60.1% for both scxcs. The presenl

municipality area is about 18,26 sq. kIn consisting of 15 wards (BBS, 1998).

It has got no industry based economIc aetlVlty except three Phamlaceutieals and

some small manufacturing like weaving, furniture making, metalworking and personal

selyiees, The importance of Pabna has been due to its unique location as a

communication center and also Pabna serves as the gateway between the north and south

particularly from Dhaka to other important cities of the country. Secondary To\\'U

Infrastructure Development Project (STlDP) of LGED has upgraded the status ofPabna

in the urban hierarchy. Therefore, thcre is a need for proper policy for guiding future land

u:;e.

1.4.3. OPINION SURVEY:

To acqUiSltion preferences from expert aboll! land suitabihty factors, an opinion survey

was conducted in the month or December '1999. It was an open ended questionnaire and

comments could be added if experts found them necessary, 3 experts have given their

opinion in the questionnaire of opinion sliney. In the AHP model, the individual expert's

preference weights were considered.

1.4.4. FJELD WORK/GRID-CELL SURVEY:

For the plllpose of Grid-cell Survey, the study area was dl'lflded into 220 grid cells. A

total of 220 grid-cells were surveyed with the heIp of structured questionnaire by

considering 27 influential land suitability factors in January-February '2000.

,



1.4.5. DATA PROCESSING A.N"DANALYSIS

The major steps of data processing and analysis were as follows:

Firstly, land use maps ofPabna city was prodnced by using PC AIcilnfo 3.5 and Arcview

GIS software, The map of Pabna municipality was taken as base map. Secondly, the

different aUributc data from field survey was inserted using EXCEL, which was

compatible for analysis in AIcview, Thirdly, a composite map was thcn prodnccd taking

account of sums of weighted scores for eacb land nse. Thc cclls with higher scores were

indicated more suitable land/area for urban development, The AIcview Package was used

to produce thc final land snitability map, whIch identified areas suitable for urban

development.

1.4.6.DATA SOURCE:

Thc usc of expert judgments in weighting land Sllitability factors was an important

part of the study. For eacb land-nse t}PC, a human expert was identified as a source of

valLIejudgments. This was done by the researcher in COu]l.mclionwith the City's planning

staff, Professionals, pm'ate developers etc.

Data tor 3 major Urban Land uses (residentl<!l, commcrclal, mdllstrial) and 27

influential land suitability factors affecting urban development were collected from

Geological Survey of Bangladcsh (OSB), Bangladesh Water Development Board

(BWDB), Pabna Municipality, Land Record Officc, Local Goverruncnt Engineering

Departmcnt (LOW). Bangladesh Bureau of Statistics (BBS), Survey of Bangladesh (SOB),

Meteorological Department, SPARRSO, Soil Research Developmcnt Institute (SRDI).

Data for each land-usc groups were collected from field survey (Table-l.1).

(



Table- 1.1: Sources orData

ParalneterfFactors M<osurcment Sources

E"vlro"m~"'all eeolo ieal
(imund ,Vater Condition
Qllletne" of the area
Di,~ [0 land flU sites
Qu~ofvlew Good \'leW
Air Poiiulion
Ph ,.ica:~olo 'i,'a/
SOlI lIa~ollndanon cond,t,on)
Land ,10 "
l\'anll'al draina e svstem
Vulnerable 10nood IE!evalion
PosSlb,litv of Earth uake
Socio-e<'Onomie & d~aw r- !lie
Po ulalion den,it ,IS. Km Gross
Existi land nse on-Slle
Land value/ rice
Soo"l Slandm • of lhe area
Soew/ oeili/ies & Iro"s orraliOl'
Distance 10Scbool
Di,tanee 10Medical facilicies
D"l,uoe to Recreation faeilit,es
Di,lante [0 Hi bwa'
D"l.uoe to Warenva
Di'lante [0 Local bus st
DlStanoe to Comrnel ciat f.ci!ltle,
Dislance 10C!lD
VliU oj Urba" .ervkes
D"tonce to S",,'er lines! drama~e
A,ailabilil' of Fresh w.lef su 1
DIStance to Pow<r1inc,
Distoncc to Tele comm. lJues
Available Vaeanll""d

l1'dro eolo ieol Ma
Oh,cn'almn
!lase "fa
Pc.,-cc lion

Genlo 'ical Ma
COnlou!' rna s
To orra hic~

To0 '" hie~
Tcel<lnic!Sci,mie Ma

Pour",", a Ba,e Ma
M.rkel Value

Poura,",', B.sell1!'.!'-
POllrasav. B.se J~
Pou",,",'a Ba,e rn.
POllrasa". Base ma
Pou""a"a Ba,o rna

Pournso>'a Ba,e rna
Pourasava !lase rna

Ul,li Ma s
Utili Ma s
Utilit Ma ,
Ut~i 'Ma s
POLlIa>ava!lase rna

DWD!lIGS!l
Field SWYC
FIeld Surv
Field Surve
Fleld Surye

Geoh",ical Sun'c of Ban '.
BWDD/SODiLGED
BWDB/SOB/LGED
BWDD/SODiLGED
Goolo ical Surve of!lan

Pourasava/ DBS
FieldSLlT\ev
FIeld Sun.::L
Field Sur'!L

fieldSun~
Field SlI"~
field Survo
field Sun'e
field Sun-o'
Field Smv
Field SWYC
Field Surve'

Munici alit i F,cld Sun'
Muniei ali I Fleld S",,'e
~l)BIFicid Sun'e =:---
T&TDe t/FleldSu~
Land record off I Field Surw

1.5. LThUTATIONS OF TIlE STUDY:

Land suitability analysis for urban development in a secondary town is a new t)iJleof

study. The sOme limitations of the study "ere as follows:

,/ It "as expected that necessary digital thematic maps and essential data would be

collected from LGED, SOB and other organization. Unfortnnately, it was not possible

to co1IeClall maps/data due to absence of Spatial & Attribute data. & Digital

Thematic Maps.
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,/ The Grid-cell survcy oflarge area (surrounding ofPabna municipahty) was nol

possib1c due to limited fund.

t.6. ORGANIZATION PLAN OF THE STUDY:

The present study has been divided into seven chaplers. The first chapler discusses

background of the study, nltionale of thc study, objcctivcs of the study, scope of the

study, methodology of the study, limitations of the study, organizatIon plan of the study.

Chapter-2 describes location of the study area, topography, climate, geological and hydro-

geological conditions, temperal<.lre, rainfall, humidity, winds. Chaptcr-3 discusses past

and presenl population, projected population, density of population, occ<.lpational pattern

and employment, income levels, housing sedor, source of drinking water, sanitation

facihties, industrial activity, storage and warehouse facilities, commercial activities,

roads, public health, social services and infrastructure. Chapter-4 presents the existing

land use of Pabna municipality. Chaptcr-5 dcscribcs AHP and its application in land

sUIlabliily analysis, mathematical description of AI'iF, procedures of survey. Chapter-6

presents the derail analysis and findings of the study. Lastly, Chapler-7 provides a

summary of research and the need for furlher research direction.



_.
CHAPTER-TWO

DESCRIPTION OF STUDY AREA

2.1. BACKGROUND OFPABNA MUNICIPALITY:

Pabna municipality was first constituted in 1876 (Pahna District Gazetteers). The area of

Pabna municipality was 5-sq. km. and divided into 4 wards. The Paboa municipality was

reconstituted as a Municipal Committee as per provision of the Municipal Administration

Ordinance, 1960. Tn 1972, it was reconstiluled as a Pourshava.

There arc fifteen wards in municipality. The mauzas belong to the municipality are

Cliliatiani, Shadhupara, and Shibrampur, Gopalpur, A(ua, Chak Gabinda, PaiJanpur,

Jolnarayan, Salgana, Lakshanpur, Dilalpur, Dakshin Raghabpur, Arippur, Gangkala,

Hcmayctpur and part of Dakshin Ramchandapur and Radhanagar. Pabna municipality is

responsible for samlation and conservancy oflhe town and the mamtenance uflhe roads.

2.2 LOCATION:

Pabna municipality is located bctwccn 23° 53' and 24" OS' north latirndes and between

89" 09' and 89° 25' east longitudes (Figure-I!). It is situated on the bank of Tchamoli.

The total area of Pabna municipality is 18.62 sq. km. But the study area extends to

approximately 19,8 sq. km (220 Gtid-cells- each Gtidcell eqlIals to 300 m X 300 m).

2.3. TOPOGR<U'HY:

The land of Pabna district including Pabna municipality is a wide alluvial plain

presen\mg a low and flat topography, The district may be divided into two major

physiographic units, They arc the Ganges flood plain and the Jamuna flood plain. The

food plains occlIPY more than 90% of the total area and are charactcrized by a gentle

slope.
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The rivers of varying magnitude intersect this district. But in fact, the Padma and the

lamuna with their tributaries constitute the river system. The Padma river forms the

whole of the southern boundary of the district for a distance of about 90 miles. The bed of

Padma is wide and the river is split up into severa] channels.

The lamuna is a very wide river and has lot of influence on the topography of this district.

During the rainy season it is about 7 to 8 miles rrom bank to bank. The Baral river flows

through the northern part of district, passing by the larger village of Chatmohar and

continues its course to southeast. In the later part of its course, it fOiliS the boundary

between the districts of Pabna and Serajganj. Its length within the district is about 35

miles. Thc Ichamoti, a branch of the Padma passes through the Pabna City and finally

falls into Bera thana/municipality. The length of its course from its origin to Bern is about

52 miles.

2.4. GEOLOGICAL AND HYDROGEOLOGICAL CONDlTlO;"<S:

Bangladesh is part of the largest alluvial basins in the world formed by the vigorous

actions of the ancestral and present Ganges, Brahmaputra and Meghna river systems,

which eventually ralls into the Bay of Bengal. The streams, starting deep in the

Himalayas, continue to transport and deposit along their courses tremendous volume of

alluvial materials. The thlclmess of the material, inclnding the earlier one deposit in the

Pleistocene time and the yonnger one in the reecnt epoek, varies rrom a thin mm near the

monntain.ous area in the northern most area upto 10,000 fl. III the southern part of the

Bengal basin. It is at least 2,00 fl, thick near Dhaka and is less in the northwestern part of

the country, The Tertiary sediments of mostly sandstone underlie the alluvial deposits or

shale, part of which is marine nature. These sediments are reported based on complex

geology comprised of rocks ranging from the Mesozoic to the Precambrian time.

Throughout the country for ages, ground water in the alluvial deposit, particularly

younger ones occurring at a shallower depth has been sources of supply immediately



available in quality, With a relatively high precipitatIon and a closely interconnected

network of surface water as recharge SOI.m:es,the whole country depcnds upon the ground

wateT with monitoring systcm ofthc water table fluctuation throughout the country. This

also thc case with the district of Pabna mcludes the study area. The central low-lands

where Pabna hes are thickly maskcd with recent flood deposit, consisting of clayed soil of

about 60 to 70 ft, in thickness, sand, medium to coarse in grains, makes a good water

table acquire varying from 100 to 200 fl, in thickness. Although espccially sizeable in

scale, this aquifer shows the characteristic features of unconfincd aquifcr with no

interfeds of confining layers through its whole thickness subject to direct rainfall or

rcgional rainfall. Although there may be slight variation in the nature of the material or

thickness, the shallow aquifer is estimated to extend over most part of the region as is

testi lied by thc existing drilling records.

The hydro-geologic structure of the region is quite simple with a singlc water table

aquifer underlain hy a thick confining bed of solid clay. The structure prevails allover

this northwestern part of the country except in highland areas \~here earlier clay deposits

are left unco\'ered with recent flood plains dcposits. Ground line rising up north and the

northeast, therefore, takes their courses southerly thrOllgh this permeable formatlOn, wIth

its drainage on a large scale occurring perhaps in the downstream of the Ganges and the

Jamuna. This ground water now north to south appears quite regular and constant,

judging from the record of the nation-wide water level fluctuation monitoring, which

shows the average annual water levcl during the past 10 years marked no significant

change. It indicates at the same \lme the influent and the emuent of groundwater flow are

well balanced on the annual basis.

2.5. TEMPERATURF.:

From mid-November to February, the weather is dry and relatively cool. The average

temperature for this period is 66.7 F with the extreme minima and maxima ranging a httle

over 45 0 I' and 91 0 l' respectively, The moderating influence of cool breezes from the

•



Bay in the south and mountains in the north keep the changes of the day temperature

\vithin narrower limits. The period March-May is one of the hot and increasingly violent

thIJndershO\,ers. The average temperature is about 84 0 F with extreme minima and

maxima ranging between 60 " F and 106" 1'. June to September is the period of true

monsoon, but hUlllld conditions conlinue uplo early November. Tn lhese months, !he

average temperature ranges between 83 0 F and the extreme minima and maxima range

between 72 0 F and 97 " F. The statistics of monthly and aJmual temperatures togethcr

with relative humidIty, wind velocily and day llght per day hours al Pabna Clly is sho\vn

In the following table:

Table-2.l: Annual Maximum, Minimum and Mean Temnerature ofPabna Citv
Records Maximum Mean dally M,m Mean daily Minimum

'" maximum C 1') '" mlnlmum(" 1') (" F\
January 85 78.5 66.2 53.6 39
February 97 82.8 69.7 57.3 46
March 104 88.5 78.8 65.2 54
April 109 98.7 86.4 70.1 60
M'l 109 95.8 86.5 77.2 67
June 103 91.5 84.8 78.1 70
July 97 89.3 84, I 79.1 73
August 9G 88.7 84.3 80.0 74
September 97 89.1 84.1 792 73
October 97 88.1 81.8 75,0 64
Nuvcmb~T 97 83.8 73.8 63,6 51
December 90 78.7 67.1 55,6 43
Ann,," 109 88.7 79.0 69.5 J9
Source: B B S. 1999.Bangladesh StatistICSYear Book, 1998, pp 116

2.6. RAINFALL:

The average annual rainfall of the district for the period ending 1997-98 was 1397 mm.

Thcre bcing no marked difference in c1evation, Thc distribution of rainfall at different

places of the dislnct in different season is remarkably even but the eastern part of the

district receives more rainfall than the \vestern. The average monthly rainfall from

December to January was a little over 6 mm. The monsoon bursts over the district in June

when the highest 290 mm rainfall is obtamed. This standard is not maintained in the

succeeding months: July yielding 267 mm, August 275 mm, and September 224 mm. The

•



rainfall in October and November amounts to 145 mm and 13 mm respectively (average

for the year 1991 for Pabna municipality).

The statistics of the mean and extreme monthly and mlliual rainfall in inches, for the

following long-tcrm stations ofPabna City for the period 1981.91 are given below:

Table-2.2: Annual Maximum, Minimum and Mean Rainfall orPabna municipality

Records Mean (m.m) Maximum m.m Mimmum m.m
January 000 000 000
February 25 33 17
M=h 17 22 12
April 105 110 100
May 67 70 G4
June 294 305 293
July 155 170 140
August 271 290 252
September 269 300 238
October 189 220 158
November 000 000 000
December 000 000 000
Source: BoB.S. 19~9 Banglade,h Statistics YearBook, 1998,pp 118

2.7. HUMIDITY:

The humidity of alrnosphere is lowest in March (64.3%) and April (65.7%). After this,

there is a gradual increase, but although cloud is thickest and rainfall heaviest in Juue, the

maximum is not reache<11111July or August when the samration amounts to 88 and 87 per

cent. During the monsoon period (I6'June- 16 August) the humIdIty is always above 85

per cent.



Table-2.3: Annual Maximum, Minimllm and Mean Hllmidity ofPabna City (in Percent)

Records 1934 1985 1~&6 1?37 1~&3 1989 "" '"' 19~2 '", '"' '"' 19%

JanilllI) m " m ., '" " '" '" n " '" '" n
February m " "' M "' '" M •• " '" "' '" "March " " " " " " 0; " '" " " •• '"April " "' •• " " n " " "" " 00 " "'May n n " " '" n M n " " n 00 eo
'''' "" 0; ,; " "; •• '" n "' n •• eo 0"
July " "' "' " '" " '" " "' 0; "" 00 00
August " " ~ " " "' "' "' 0; " " " "September " •• "' " " "' "" "' •• "' " " "'October " eo n " " " " •• n •• "' " ""Kovember " '" " " n 00 n n 00 n " " '"December m '0 m " '" n '0 n '" " n n n
Source: H.H.S. 1999. Bangladcili Stalislics Yenr Book, 1998, pp 122

2.8. WINDS:

From October to may, the prevailing wind direction is northeast or east. On the same day,

the wind may blow from the north in (he early morning. Dllring the monsoon months, the

wind blows consistenl from the east or southeast and the atmosphere receives a sudden

ascension of moisture in June whieh is maintained throughout the season. Hot and dry

west winds occasionally blow for a few days during tbe months of February, March and

April. Storms arc Ireqnent in the months of April and may and sometimes in September

and October, The district is not ordinarily liable to cyclones, probably on account of its

distance from the sea.

Tab1c-2.4: Wind Direction. Ave. Wind Velocity and Ave. Wind }'oree (Pabna City)

ScaMm Wind DiTedi,m Ave. Wmd Month Ave. Wind Force
Velocltv

Winler GeneraUy1\'orth-west/West 0.8 -2,5 mile December, IOI2.4mileb.r
Somelimes NorlhiNorlh_east JanuaT ,FcbruaT

PTe_m<m,oon Generally Soulb_cast!Soulb 1.6_7.9mlle MaTch-May 101)4.1mile bar
Sometimes South-west' East

Monsoon Generally SouLh-ea,l/b""t 3.4 _7.0mile June_Scplc'TTlbc"T 999.0 mile baT
Sometime, South!South-we,t

Post-lllOU'OOIi GenerallyNorth'North-easl 0,8 -3.0 mile Gctober- 101l.5 mile baT
S",nctim,,, We,ti"e,l.ea.,t Nm'cmhcr

Source: B,B,S. 1999. Bangladesh Stati,ties Year Book, 1999. pp 132
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Tab1c-2.5: Annual Maximum and Average Wind Velocity ofPabna City

Records A,.er:f~\~md Maximum Wmd
VeJoci (Knot) Velocuv

January 0.87 10
February 1.9 15
March 1.77 20
ApnJ 0.13 20
Mo, 8.27 30
June 8.3 25
July 8.63 25
August 4.5 18
September 3.03 24
October 1.47 15
November 0.57 15
December LOO 10
Annual 3.63 30

Source: rH~.S. 1999 Banglade.h Statlst;c. Year Book, J998, pp. 132

• Mile Bar: Unit of Wind Pressure/Force (1,00,000 Mili Bar = 1Bar)
• Nott: Unit of Wind Velocity (1.2 mile = I Knot.)

2.9. SUMMARY:

The study area is Pabna municipality. In this chapter, location, description, PhYSICal,

Geological and meteorological situation of Pabna municipality have been discussed.

Pabna is a neat and compact city, The climate of the district including Pabna municipality

is generally moderate, as it is not inJluenccd by conditions that give rise to rapId variation

in temperature because of the geographical location and the topognlphical feature of the

distneL The district usually remains under cold weather from December to February. Hot

weather prevails during the months of March and April. The average lowest temperature

IS 19.30" C in January and the highest average arc 28.90 0 C in April. The level of

hwnidity is the lowest in March (around 64%) and the highest during monsoon and is

always above 85%. The average annual rainfall ofthc district for the period 1998-99 was

1397 mm,
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CHAPTER-THREE

DEMOGRAPHIC & SOCIO-ECONOMIC ASPECTS

3.1. PAST Ai'lD PRESENT POPULATION:

Pahna is fast growing and has now a population of I ,03,277 according to the 1991 Census

as against 78,371 in 1981. Dunng the decade 1981-1991, it had increased by 3.48 percent

per year. The city had 62,254 persons in 1974. The sludy area ofPabna Municipality had

an area of 10.5 sq. km with a population of78,371 in \981. The density of population

was 7,464 per sq. km. In fact a significant fraction of the urban population within the city

came [rom mTa! areas.

Table-3.t: Area, population, density and variation of population of the municipality area
during 1901-91

Year h" Population Density Gro",th Rate Variation m Vanation in
in Sq. pIT >q. per Year 1981 over 1991 ';IT

Krn km. 1974 1981
1901 NA 18424 N.A -

1911 NA 19274 N.A 0.46
1921 N.A 19343 NA 0.03
1931 N.A 21904 NA 1.32
1841 NA 32299 N.A 4.74 25,89 % 31.77%
1951 N.A 32240 N.A - 0.02
1961 N.A 40792 N.A 2.65
1974 N.A 62,242 NA 4.04
1981 10.50 78,371 7,464 3.70
199\ 18.26 1,03,277 5,6% 3.18
Source; B.B S. 1999.Bangladesh Statlstics YearBook, 1998, pp. 172

3.2. PROJECTED POPULATION:



Urban population growth rate is higher than the rate of nat unII increase of population. The

grO\~1hof urban population is dependent on factors like natLlral growth rate, emigration

from rural areas,

Changes in uTbanboundary and changes in the definition of area. The population of 1991

census hall bccn treated as the base population (1,03,277) for the purposc of projection.

Three levels of projection are made in thc land usc plan, with gruwth ratc 2.25 %, 3,25 %

and 4.25 % all low, medium and high projections respectively, The three levels of

projections for thc years 1996,2001 and 2006 AD in the study area is sbown in Table-3.2.

Table-3.2: Projected population from 1991 to 2006 AD in thc study area

Year Hi h Medium Low
Population gro'" th Population growth ratc: Population gro\~1h ratc
rate: 4.25 % 3.25% as assumed 2.25 %

1991 1,03,277
1996 1,27,170 1,21,186 1,15,430
2001 1,56.590 1,42,201 1,29,013
2006 1,92,816 1,66,861 1,44,195

The present population (2000) in thc study area with gro\\1h rate of 3.25 in estimated as

1,37,725 and with growth nile 2.25 % is estimated as 1,26,175.

3.3. OCCUPATIONAL PATTERN AND EMPLOYMENT;

Occupational involvcment of the population gives a picture of the nature, t)1le,

distribution ofthe economic activities carried out in the area. Information on occupational

pattern helps in detennining the current trend of employment and the prospective

economic activity that may become dominant for the future development of the area. It

has been found tbat the people arc usually dividcd into a munbcr of occupational

activities. The main occupation of a household is defined as the main occupation of the

head of a household. Table--3.3 shows the distribution of hOllseholds according to the

category of occupation.



Table-3.3: Distribution of Households according to Category of Occupation, Pabna City

T es of oecu atlon No. of Household % of total household
Service 5535 31.36
Agrielilture 748 4.24
Industry 1045 5.92
Business 5515 31.25
Construction 520 2.95
Transporl 1594 9.03
Day Labor 588 3.33
Olhers 2104 11.91
Total 17,649 100.00
B.B.S, 1995, "Bangladesh Population CenSLls:Community Series, Pabna, 1991" pp. 175

The table shows tbat lhe principal occupation of the municipality is senice (31.36% of

the total households) followed by business that is 31 ,25 % of the total households. About

9,03% of the households are engaged ill transport sector and 5.92 % of the households is

mduslrial worker.

3.4. INCOME LEVELS:

The average household income in Pabna municipality in 1991 is estimated to Tk.4000 Per

month, 44.98 % of the households are ill the middle income group. 55.95 % of the

households are in low income group and 3.07 % M(he households are in the high-income

group. The detail of lhe income group dislribution is shown ill Tab1c-3.4.

Table-3.4: Monlhly Income according to Head of Household, Pabna City

Monthl income in Tk. No. of Household % ,,[ l"tal household
0-1500 2947 16.70
1501-2500 2323 13.16
2501-3500 3899 22.09
3501-4500 3396 19.24
4501-5500 2970 16.83
5501-6500 1572 8.91
6500+ 542 3.07
Total 17,649 100,00
B.B.S, 1995. «Bangladesh Pop"lation Censlls: Community Series, Pabna, 1991" pp. 240



3.5. HOUSING SECTOR:

AbOld 30.86 % of the residential buildings in Pabna municipality arc found to be

permanent, 60.17 % as semi-permancnt and 8.97 % as temporary. The classification of

houses according to building materials used is ShO\Hlin Table-3.5.

Tahle-3.5: Category distribution of households according to \vall and roof materials used

Catcl:'.orvof house No. of Household % of total household
Permanent 5446 30.86
Semi- penn anent 10620 60.17
Temoorarv 1583 8.97
Total 17,649 100.00
RRS, 1995. "Bangladesh Population Census: Community Series, Pahna, 1991" pp 254

Most of the pennanent buildmgs are located within the core area of Pabna municipality,

while majority of the houses of semi-pennanenl and temporary in nature are located in the

fringe areas of the municipality. Type and structure of dwelling umts may also be

considered as indicator of income levels in the municipality.

3.6. SOURCE OF DRINKING WATER:

About 79.91 % of the population use tube well water and 15,82 % population use tap

water. About 0.28 % usc pond water and 0.31 % use river water (Tablc-3.6).

Tahle-3.6: Source of Drinking Water according to Head of Household, Pabna City

Source No, of Household % of!otal household
Tap 2792 15.82
Tube Well 14103 79.91
Well 649 3.68
Pond 49 0,28
River 56 0.31
Total 17,649 100.00
B.B.S. 1995. "Bangladesh Population Census: Community Series, Pabna, 1991" pp 197-8
3.7. SANITATION FACiLITIES:
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About 56.61 % of the Household usc sanitary latrine and 36.82 % household use

unhygienic latrine. 6,77 % Household has no latrine facilities (Table-3.7).

Table-3.7: Sanitation Facilities according to Head of Household, Pabna City

T , No, of Household % ofto(al household
Sanitary latrine 9991 56.61
Unhygienic latrine 6498 36.82
No latrine 1160 6.77
Total 17,649 100.00
B.B.S. 1995. "Bangladesh Population Census: Community Series, Pabna, 1991" pp 197-8

3.8. SUMMARY:

In this chapter, Socio-cconomic, Demographic, Water supply and Sanitation situation of

Pabna municipality have been discussed,

,



CHAPTER-FOUR

LAND USE ASPECTS

4.1. EXISTING LA,"ID USE;

The following Table and the existing land use map depict the genera!, land use paUern of

the designated municipality area (Figure-4.1). The non-agricultural land covers an area

4052,26 acres that is 89.77 percent ofthc total municipality area and the agricultural1and

covers an area of 461.74 acres that is 10.23 percent of the total area.

Tablc-4.!: Existing Land uses Pattern ofPahna Mllnicipali(y

SI Types of Land use Area in acres % of Ih, total
No Study Area
I Agriculture 461.74 10,23
2. Commerce 95.16 2.11
3. Industry 198.20 4.39
4. Edlwation 129,40 2.87
5. Health 128,00 2.83
6. Administration, Govt & AlI1onomolls 231.70 5,13

Dept. etc
7. Recreation: 19.35 0.43

4) Open: 14.42
b) Closed: 4,93

8. Socia-culture 54.3\ 1.20
9 Urban services 31.39 0.69
10. Roads: 452.62 10.02

,j Major Roads: 106.9
b) Secondary Roads: 140.69
0) Loea1 Road: 205.03

11 Residential 2418.54 53.58
12. Water bodies 172.98 3,83
13. Reserves & S ecial uses 120.61 2.67

Total 4514 100.00
Source: Field Survey, 1999 and UOO,1988.





4.2. COMMERCIAL LAND USE:

Pabna has some shopping and one commercial center or Central Bl.lsiness District

(C.RD). Abdul Hamid Road is the Central Business District of Pabna. The important

busincss ccoter is known as Pabna Bazar, Branches of several banks, the booking office

for good traffic and passenger traffic of the Bangladesh Railway out-agency are located

close to this Bazar. Pabna New market and 7 super markets are located in this area. Daily

temporary baz.ar or vegetable markets and fbh markets are located in Pabna bazar. Somc

small-scale daily hazars and live weekly hats are also located 1Il the municipality arca.

Pabna is an important trading centcr. Thc main articles or trade in the city are handloom

cloth, the hosiery prodl.lcls, locally manufactured pharmaceutical goods, bread and

biscuits and somc other consumer articles. There are 20 reSIdential hotels with an average

capacity of24 beds and 70 nos. of registered restaurants mostly located in aml around the

city center. There are five cinema halls with capacity ranging bctwcen 300 to 500 seals

each.

Commcrcia1 usc covers an area of95.16 acres that,S 2.11 % of the municipality area. Thc

detail of the uses under commercial purposes is shown in thc following Tab1e-4.2.

Table-4,2: Commercial land usc

51. Types k,~ ill % of Location
No. acres Total
L Whole sale market 10.18 10.70 Dilalpur & Atua
2. New market & some Super 30.03 3L56 Di1a1pur, Gopalpl.lr & Atua

markct
3. Daily/Weekly market 26.52 27,87 Dilalpur, Atua & Remayetpur
4. BMk, 2.50 2.63 Gopalpur, Shibrampur & Atua
5. Other 25,93 27.25 Sal'"aria, Chhaliani etc.

Total 95.16 100,00
Source: Field Survey, 1999 and UDD,1988.

The ahove Table shows that the whole sale market covers an area of 10.18 acres and

located at Dilalpur and Ama mauza. Pabna New Market and some super market cover an

area of30.03 acres of land. Daily bazar covers an area of26.52 acres orland.
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4.3. INDUSTRIAL LAJ'liD USE:

The geographical location of the Pabna town has greatly favored for flourishing industrial

establishments of different nature. Significant progress in the field of industry was started

in the distnct shahar from 1951. Bangladesh Small and Collage Industnes Corporation

(BSCIC) set up an industrial estate at Chhatiani on the north-west part of Pabna

mumelpality for providing incentives and infrastructure facilities to private industrial

units.

Manufacture of medicine is also important industry of Pabna. There are 3

Pharmaceuticals, namely, Square Phannaceutical Ltd, EDRUC Works and Universal

Phannaceutieal Ltd. Of these, the Square Pharmaceutical Ltd. Is the largest and most

important. It is one of the leading pharmaceutical industries of Bangladesh.

Hosiery is a very important cottage industry of Pabna City. In this particular cottage

industry, Pabna is only second to Narayanganj. AboUl327 power-driven hosiery factories

arc working in Pabna providing an employment to about 5,000 persons in diflcrcnt

industries. In fact, most of the houses of this tovm serve the dual purpose of residence-

cum factory, It is almost a common sight to see scaffold like contrivances on the top of

the buildings for drying hosiery knitting.

There are also other industnal units of bakery, confectlonery, nee and flour mills, saw

mills and timher products, pottery, printing presses, general engineering and metal

products and soap factories, Considering the importance of Pabna as a scat of cottage

industry, an industrial estate has been established at Hemayetpur in the neighborhood of

the city,

" Industrial usc covers an area of 198.20 acres that is 4.39 % of the municipahty area. The

detail of the uses under different industrial purposes is sho\\'Il in the following Tab1c--4.3.

• •



Tahlc-4.3: Jndustrialland usc

SI. Types Areas m % of Total Location
No. acres
L BSCIC Industrial 94.50 47.68 Chhatiani,

estate
2. Small lndustries 18.85 9.51 Pailanpur, Chhatiani, Atua,

Shadhupara, Shibrampur.
3. Brick Fields 58.95 29.74 D. Raghabpur.
4. Pharmaceuticals 20,90 10.54 Salgaria, Shibrampur.
5. Engg. VVorkshopl 5.00 2.52 Salgana.

Go-down
Total 198,20 100.00

Source: Field Survey, 1999 and UDD,1988.

TIle BSIC Industrial Estate is the biggest industrial area III Pabna municipality which

covers an area of 94.5 acres of land and located at Chhatiani mauza. Small-scale

industries cover an area of 18.85 acres of land. Brickfields cover an area of 58.95aeres of

land. Pharmaceuticals cover an arca of 10.18 acres and located at Salgaria and

Shibnunpur mauza.

4.4. EDUCATIOJl\AL LAND USE:

Pabna has five degree/intermediate colleges, one University college, one Polytedmie

institute, one Law College, two Govt. Vocational and Commercial institutes, one district

textile institute, 12 high schools for boys, 5 hlgh schools for girls and 40 primary/K.G

schools, Among these, the most promment IS the Pabna Edward University College,

siluated on the Pabna-Ishurdi road. Established in 1898, it is one of the oldest colleges of

Bangladesh and a great scat of learning. There are three more colleges in Pabna which

teach uplo higher secondary stage. One is exclusively lor girls and is named Pabna

MahiJa College, one is Shaheed Bulbul College and the other is known as Pabna Night

College.

The educational land covers an area of 129.0 acres that is 2,87 % oCthe municipality area,

The detaIl of the uses under different categories educa\lonal institutions is shown in the

following Tablc-4.4.



Table-4.4: Educational land use

81 Types No. of Areas % of Location
No. units In acres Total
1 Pabna Edward College 1 23.30 18.00 Radhanagar
2. Pabna Degree College 1 20.10 15.53 Radhanagar
3. Pabna Polytechnic Institute 1 23.00 17.78 Singa
4. Shaheed Bulbul College 1 3.90 3.01 Dilalpur
5. Gov\. Women's College 1 1.50 1.I6 Dilalpur
6. Aminuddin Law College 1 0.60 0.46 Dilalpur
7. Pabna Night College 1 0040 0.31 Dilalpur
8. Gov!. Vocational ~d 2 6.90 5.33 Gopalpur

CommerClallnslitute
9 District Textile Institute 1 4.00 3.09 Salgaria
10. Primary Training Institute 1 2.00 1.54 Alua
11 Pabna Automobile 1 0.50 0.39 Shibnnnpur

Training Center
12. Pabna Alia Madrasa 1 1.50 1.16 Radhanagar
13 Madrasa 8 7.20 5.56 Shibrampur, Salgaria
14. Pabna Homeo College I 3.50 2.70 Shibrampur
15. Boys High School 12 10.50 8.11 Chhaliani,
16. Girls High School 7 5.50 4.25 Radhanagar, DilalplJr
17. Primary/K.G. School 40 15.0 11.59 Dilalpur, Am" &

Gooalour
Total 129,40 100.00

Source: Field Survey, 1999 and OOD,1988.

Pabna Edward College and Pahna Degree College covers an area of 43,40 acres of land.

Pabna Polytechnic Institute covers an area of 43.40 acres of land and located at Singa

mauza Gov!. Vocational and Commercial Tn"titute cover an area of 6.90 acres of land.

4.5. HEALTH FACILITIES:

Pabna occupies a unique position in Bangladesh hm ing the only Mental Hospital of the

country. This inslitution is located at Hemayetpur, only 4 km away from the municipal

area, There arc a 100-bed sadar Hospital, a 40-bed T.B hospital, a diabetic center, five

Family Planning centers and a Maternity and Child Welfare Cenler. There are two more

hospitals, one belonging to the police and the other is attached to the District Jail. Bolh

(hese hospitals have 20 beds each.



The land under Health facilitIes covers an area of 128.20 acres that is 2,83 % of the

mllnicipalily area. The detail of lhe uses under differenl heallh facllitles is shown in the

following Table-4.5.

Table-4.5: Land under Health facilities

51. Typcs Ano,~ m % of Total Location
No. acres
L Pabna Sadar hospital 20.00 15,62 Salgaria
2. TB Hospital & Clinic 5.70 4.45 Salgaria
3. Pabna Mental Hospilal 100.25 78.32 Hemayetpur
4. Pahna Maternity Center 0.30 0.23 Chak Godinda
5. Private Clinic 1.75 1.37 Atua, Salgana, Raghahpllr

Total 128.00 100,00
SOllrCe:Field Sllrvey, 1999 and UDD,1988.

About 100.25 acres of land covered by Pabna Mental Hospital and located at Hcmayetpur

mauza. Pabna Sadar hospital covers an area of 20 acres of land and located at Salgaria

maLlZa. Pahna TB Hospital covers an area of 5.7 acres of land and located at Salgaria

mauza.

4.6. LANDUSE FOR ADMINISTRATION, GOVT. & AUTONOMOUS BODIES:

Different administrative, government agencies & alllonomous bodies cover an area of

231.70 acres i.e. 5,13 pereent oflhe municipality area. Power Development Board has the

highest percentage ofland in this category that is 28.40 acres and located at Radhanagor

mauza. Bangladesh Agriculture Developmenl COTpomlion covers an area of 26.6 acres of

land and located at Atua mauza.

Bangladesh Watcr Dcvelopmcnt Board has 12.35 acres of land and located at Atua

mauza, Upazila Panshad covers an area of23.1 0 acres of land and located at Radhanagor

mauza, Bangladesh Agriculture Rcscarch Institute covers an area of 17.50 acres ofland

and localed at Chak Gobindapur

Pabna Jail covcrs an area of 10.20 acres of land and located at Gopalpur mauza. Pabna

Judge court covers an area of3.30 acres ofland and located at Gopalpur mauza.



'Inc dctail uscs in this category are givcn in thc following Table-4.6:

Tablc-4,6: Land use for Administration, Go\1, & Autonomons Bodics

51 Name ofGo,1. Department Areas m % of Location
acres Total

I District Commissioner's Ollice 1.60 0.69 Atua
2. Judge Court 3.30 1.42 Gopalpur
3. Supenntendent of Police . 3.70 1.59 A""
4. Pabna Municipality 0.90 0.39 Gopalpur
5. Police Line 8.40 3.62 Gopalpur
6. Policc Station 2.10 0.90 Radhanagar
7. Pabna Jail 10.20 4.40 Gopalpur
8. Roads & Highways Office 3.00 1.29 A<M
9. Bangladesh Water Development Board 12.35 5.33 Atlla
10. Public Works Department 6.70 2,89 Chhatiani
II Power Development Board 28.40 12.26 Radhanagar
12. Civil Surgeon Office 1.30 0.56 Gopalpur
13. District Parishad 5,20 2.24 Gopalpur
14. Thana Parishad 23.10 9.97 Radhanagar
I 5. District Education Office 0.85 0.37 Am,
16. Thana Education Office 0.45 0.19 Atua
17. Family Planning Department 0.40 0.17 Atua
18. Bangladesh Agriculture Rescarch 17,50 7.55 Chak Gobindapur

Institute
19 Pllblic Health Engmeering 1.90 0.82 Radhanagar
20. Forest Extension Department 10.20 4.40 Sulgaria
21. Ansae & Village Defense Party 3.30 1.42 Chhatiani
22. Registry Office 0.80 0.34 Gopa1pur
23. Food Go-down/Office 1.40 0,60 Salgaria
24. Bangladesh Agriculture Development 26.60 1.15 Shibrampur, Atua

Corporation
25. District Animal Husbandry Officc 0.85 0.37 Atua
2&. Thana Revenue Office 0.40 0.17 Gopalpllr
27. Social Welfare Office 0.35 0.15 Gopalpur
28. Go\1, Alcohol Wholcsalc Department 0.40 0.17 Atua
29. Government Housing 18,05 7.79 Chhatiani
30. Fisheries Olncc 6.00 2.59 Radhanagar
31. Circuit Office 2.00 0.86 Atua
32. Other 60.0 12.94 Different Places

Total 231.70 100.00
SOllrce: Field Survey, 1999 and UDD,1988.

.'..



4.7. RECREATIONAL SPACES:

Recreational spaces COveran area of 19.35 acres that is 0.43 % of the municipality area.

Out of which 14.42 acres of the total land in this category co,ered by recreational open

spaecs (Stadium, Playground etc,) Thc detail of thc uses under dilferent categories

recreational spaces is shown in the following Table-4.7.

Tablc-4,7: Recreational spaces

51. Types No. of N'~ % of Location
No. umts IIIacres Total
I. Recreational Open sPaces 14,42 74.52

" Stadium I. 8.72 45.06 Chak Gobindapur
b. Swimming Pool 2 0.75 3.87 Chak Gobindapur,. Children Park I. 0,20 1.03 Gopalpllr
d. Play Ground 5 4,75 24,55 Atua
2. Recreational Closed sPaces 4.93 25,48

" Cincma Hall 5 2,05 10.59 Dilalpur, Raghabpur
b. Auditorium I. 0.45 2.32 Gopalpur,. Town Hall I. 0.40 2.07 Gopalpur
d. Public Library I. 0.28 1.45 Gopalpur, GymnasIUm I. 0.75 3.87 Chak Gobindapur
f Other 0.50 2.58

Total 19.35 100.00
Source: Field Survey, 1999 and UDD,1988,

4.8. LAND USI': FOR SOClO-CULTURU, PURPOSE:

There arc 16 mosques, scveral Hindu temples and one Bap1J~tMission Chllrch, Among

the mosqlles the most notable is the Jarni-I-Mosque which is situated ncar the

Col1cctoratc.

Socio-cuitura! centcrs cover an area of 54.31 acre" thal 1S1.20 percent of the municipal

area. Mosqlle covers an area of 13.76 acres of land, EidgallS cover an area 0[6,0 acres of

land and located at Atua, Chhatiani, Salgaria mauza. Graveyards cover an area (,f 30.65 ,

acres of land and located at Chhatiam and Raghabpur mauuza. The foJlowing Table

shows the distribution of the same:

,



Tablc-4.8: Land use for Socia-cultural Purposes

Sf Types No. of Areas % of LocatIOn
No. units m Total

acrcs
1. Mosque 90 13.76 25.34 In all mouzas & Wards
2. Eidgah 7 6.00 11.04 Atua, Chhatiani, Salgaria
3. Graveyard 12 30,65 56.43 Chhatiani, Raghabpur
4. Mondlr 6 1.35 2.48 Radhanagar
j Church 1. 0.15 0.27 Dila1pur
6. Crematorium I 2.40 4.42 Sa1D~ria

Total 54.31 100,00
Source: Field Survey, 1999 and UDD,1988.

4.9. URBAN SERVICES:

Pabna City offers the usual civic anlcnities. The city has two telephone exchanges with

4000 telephone line, 10 post offices "ithlO the city including the general post office. The

City is fully electrified and power by PDB through three 11-KV suh-stations. A fire-

senice station IS also located here. The municipality constructed watcr works and

drainage system (Pueea-40.5 Km -i- Kmeha-20 km) in the elty. There are four Graveyards

and one cemetery on the bank of Padma. There is no public sewerage system in Pahna

municipality. There are four cinema halls, one community center, three parks, and a town

hall with an auditorium and a stage for theatrical perfonnances and other culrnral

functions. The town has a circuit house, maintained by PWD.

Urhan Services cover an area of 31.39 acres, that is 0.69 percent of the municipal area.

About 35 percent (11.20 acres) of the total arca in this category is covered by Pabna Bus

Terminal which is located in Shibrampur mauza, Water supply and Pump houses cover an

area of 2,00 acres, that is 8,28 percent of the total land in Ihis category. Telephone and

Telegraph offices cover an area of 0.50 acres, that is 1.6 percent of the total land in this

category and Fire Service Station eover an area of 1,00 acres, that is 3.18 percent of the

total land in this catcgory. The other detailed uses in this calegory are shown in the

followmg Table-4.9.



Table-4.9: Urban Services in the Municipality Area

81. Types No. of Areas in % of Location
No. units acres Total
1. Telephone and 2 1.50 4.78 Gopalpur

Telegraphofflee
2. Post office 4 0.40 1.27 Gopalpur
3. PabnaBu.s Tennina1 2 11,20 35.68 Dilalpuf, Shibrampur
4. BRTC Terminal 1 2.10 6.69 Shibrampur
5. Police Outpost 2 0.60 1.91 Radhanagar
6. Water supply and Pump 3 2.60 8.28 Dilalpur, Atua

house
7. Fire Service StatIon 1 1.00 3,18 Dilalpur
8. Town Tahsil Office 1 0.30 0.95 Gopalpllf
9. Waste Disposal Office 1 1.39 4.43 Salgaria
10. Electric Supply Office 2 0.30 0,95 Radhanagar
11. Others 10.0 31.39

Total 31.39 100.00
SOlll"Ce:Field Survey, 1999 and UDD, 1988.

4.10. LAND UNDER ROADS:

Within thc municipal area ofthc town there are about 93.50 !an of roads of which 60 km

are paved (permanent) and the rest 33.5 km are unpa~ed (temporary). Out of the paved

roads, 6 km of roads are maintained by RHD. The municipality maintains the remaining

87.5 !an of roads. Among the import3Ilt thoroughfares the following are notable: Pabna-

Pakshy Road, Abdlll Hamid Road, Stand Road etc. Abdlll Hamid Road is perm3Ilent road

and runs through the heart of the town and connects the Pabna-lshurdi road wlth Pabna-

Nagarbati road. Almost all important Government offices, pubhc instl[utions and banking

and commercial concerns are located either sides of Abd",l Hamid Road.

Dhaka-Rajsllahi national highway passes through Pabna municipality, A by-pass has been

constructed, a part of which has passed through the northern part of the municipality. This

has reduced the town-center frce from inter district traffic congestion and also increase

the efficiency of the national highway. Pabna municipality has two bus terminals, one

truck terminal and five baby taxi/tempo stands and a number of ticks haw stands.



Roads cover a total area of 452.62 acrcs which is 10,02 percent of the municipal area. Thc

total mileage comes to 155 miles, that includes all kinds of roads. The roads are classified

into three categories according to their right olway:

1. Local Road: Up to 24 ft. widc

2. Secondary Road: 25 fL to 39 ft, wide

3. Major Road: 40 ft. wide and above

The existing crest width or the pavement widths of the road, however, have not been

considered in the above classifications.

Again, according to thcir surface conditions the roads have bcen classified into two

categories viz.

I. Temponny Road: only soil, no sllrlace treatment

2. PcrmanentRoad: rigid (concrete) or flexible (bitumen) pavements or hcrring bone

bond brick solmg.

Table-4.10: Land under toads

Land use Permanent Tem ora Tow
L~"llgth Are. m Length Area m Lrngili A". m % of
mmile acres in nulc a~7CS mmile acres Total

Major Road, (40 20,0 106,90 0,00 0.0 20,0 106.9 2.36
ft. und nbovc)
Sccond"I)' Ro"d: 25,00 90,05 15.0 50.64 40,0 140.69 31.08
(25 ft. to 39 ft.)
Local Road: (Up 50.0 118.39 45.0 86.64 95.0 205-03 45,30
to 24 ft. wide)
Total' 95.0 315.34 4H05 137.28 155.0 452.62 100.00
Source: Field Survey, 1999 and OOD,1988.

4.11. RESIDENTIAl, LAND USE:

Residential Land use covers an area of 2418,54 acres that is 53.58 % ofthc municipality

area. Pemmnent stmc(ures cover an area of 1023.77 acres or 22.68 % of the mumClpah(y

area. Semi-permanent structures cover an area of 868.56 acres or 19.24 % of thc

municipality arca and 35.91 pcrccnt of total arca uscd in this category. Temporary



houses/temporary structures cover an area of 526.21 acres or 11.66 % of the municipality

area and 21.76 percent of total area used lor residential purpose.

4.12. LAND UNDER \VATER BODIES:

A considerable amount of land havc been used as domestic ponds, ditches and

depression, canal and river, which is 3mounted 172,98 acres or 3.83 percenl of

municipality are3, Ponds and ditches cover an area of 88.03 3eres that is 1.95 % of the

municipality area and 50.89 percent ortotal3rc3 in this e3tegory. Canals cover an area of

28.20 acres that is 0.62 % of the municipality area and 50.89 percent of lola 1 area under

water bodies. The Ichamoti river covers an area of 56.75 acres th3t is 1.25 % of the

municipality area and 32.81 percent of total area in this catcgory.

4.13. RESERVES AND SPECIAL USES:

Reserve lands and special uses have been classified as those lands, whIch are to be

retained pcrmanently and do no fall III any categories. This category covers an area of

120.61 acres that is 2.67 % of the municipality area. More thml 58 perccnt of this category

is eamJarked for proposed park. Proposed municipality office covers an area of 2.20 acres

lhat is 1.82 percent of total area in this category. The table below shows the detail U5esin

this category.

Table-4, 11: Reserve Land and Special Uses

5L Types No. of Areas in % of l.ocation
No. emits acres Total
L Brick Field (PWO) L 4,60 3.81 Chhatiani
2. Proposed Municipality office L 2.20 1.82 D. Ramchandrapur
3. Proposed park L 10.36 8.59 D. Ramehandrapur
4. Deep Tube well 4 0.45 0.37 Chhatiani
5. Vacant land rban deferred) . 103.00 10.78

Total 120.61
Source: Ficld Survey, 1999 and UDD,1988.



4.14. SUMMARY:

From the land use study, it is clear that Pabm municipality has grown haphazardly. No

plmmed development is found in Pabna municipality. Thrcc Pharmaceuticals and some

indl.lstries have developed in residential area that creates an envirolllllcntal problem in

Pabna municipality. And, there is aeute shortage of housing and recreational facilities in

Pahna municipality.

f



CHAPTER-FIVE

APPLICATION OF AHP IN LAND SUITABILITY

ANALYSIS

5.1.I,'ITRODUCTlON:

Thomas 1 Saaly developed AHP in 1977 for military contingency planning to allocate

scare resources, and for political participation in negotiated disarmament agreement.

Vargas referred that it is a multiple criterion methodology. In 1990, Saaty explained the

AHP as a structured process consisting of a goal, criteria, sub-criteria, and alternative

(options) and a set of judgements to establish a relationship amongst them. The ultimate

objective is to obtain a scale of relative importance for the alternatives.

Land use suitability mapping is a techmque which can help find [0 (he best localion for a

variety of developmental actions given a set of goals and other criteria. TIle mapping

technique is based on natural and human processes and analyses the interactions among

three sets of factors: location, development actions, and envlronmental effects. The

weighting of land suitability factors by human experts is integral to land suitability

analysis.

A suitabihty map assesses the abihty of each increment of land under study to support a

given usc, The urban suitability map can provide a basis for urban growth policies and

infrastmclure locations and other long-range planning decisions,

5.2. ANALYTICAL HIERARCHY PROCESS (AIIP)

The analytical hierarchy proccss (AHP) is a multi-attribute modeling methodology which

was de~eloped and applied by Saaly. AHP has become a popular tool for problems of

multi-attribute decisiou modeling.

Tbe principal idea of AHP is based on pairwise comparisons at the different hierarchical

levels of a problem which is conccmcd with evaluating the relative imporlance of a set of



criteria. Pair-wise comparisons of (he crileria are represented in a matrix form from which

the relatIve weights may then be calculated by special procedure. TIle basic obscrvation is

thai it is easier to compare the importance of two different criteria than to make an overall

companson m one sweep. For the sake of assessment, a hierarchy of the weightings of the

land suitability fador is structured. Such a hicrarchical structure helps to clarify the

relationships among various suitability factors. It, in fact. confoffils to the way in which

hum3n beings view things.

After defining the problem parameters, the tirst step in AHP is to decompose the

decision-making process into hierarchical criteria levels, For each hierarchy level, the

criteria are examined through pair-wise comparison matrix. The weights to be allribuled

to the different criteria arc then calculated as the components of the normalized Eigen

vector for the maximlUll eigen-value of this matrix. This process is repeated for each

hierarehical level of (he decision tree. The hierarchy is constructed so that the lower

levels of hierarchy are refinements of its upper levcls. The decision alternatives are placed

on thc lowest level of the hierarchy.

5.3. MATHEMATICAL DESCRIPTION OF AHP:

The logic of pair-wise comparison of n elements (different criteria) is earried out in 3

matrix A = (alf).

WI/WI WI/W2 WI/W3_
W2!W I W2!W2 W2!W3
W3/W I W3/W2 W3!W.l _

WI!Wn
W2!W"
W3/IF"

W"!Wl WIIIW2 WIIIW.l... W"!Wn

Where the elements oflhe matrix are the pair-wise comparison ratios of the weights Wi.

The pair-wise comparisons are done so that one compares the column unit to the row unit.

Thns a matrix ratio is formed wlth aif = w'!wI The matrix A is reciprocal aJ' = 1/ am and

all its diagonal entities are unity (aii = I). For snch 3 stndy, a total of n*(Il-I)/2

•



comparative Judgements are thus required, where n is the number of criteria used to

evaluate !he considered hierarchical level.

The matrix rank of A is one and the followmg equation holds: A *W = nlW

Where W= (w1, .w2,..... wn)'.

W is the relati~e weigh! vector and n is the number of elements.

The problem of finding W has thus been recast in teml5 of a ma!nx algebra eigen- value

equation with n as lhe eigen- value and W as right eigen vector of the matrix A.

5.4. STRUCTURE OF AHP MODEL:

AHP organizes the ~arious factors of a problem into a hierarehy similar to a tree type

structure (Figurc- 5.1). Thc top level contains the Goal. Intermediate levels represent the

factors and criteria of the problem. Al the botlom of the tree are the leaves, which

represent the choice. A complex model may have additional level to reprcscnt fnrther

breakdowns of thc main criteria into sub-criteria,

l£"d I. GoaLI
Overall Ob,lect;ve

Ln'd 2:
Cnteria (Factors)

Level 3: Sub-
criteria (ParamdtTj

I

II I

I I I I I
I

Le\'eI 4:
Altomative.

Figurc-5, I: Structure of AHP Model
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5.5. AllP MODRL AND LAI'I'D SUITABILITY ANALYSIS:

According to AHP model cholce process is to he stmctured in a hierarchical order, in

different levels such that thc factors in cach level is related to at least one factor of cach

prcceding and the succeeding levels. Here in the best policy choice method, the selection

process has been divided mt() four levels as follo\vs:

l.evel-l: Goal 01' the structure is to find out a Suitable Community for Urban

Development

Lcvc1-2: Criteria- the t:.~ctorsof Land Suitability Analysis

However, based on the human capability in comparing thc factors in the paired

companson mcthod, only five most important factors have been considered in this

analysis.

Level-3: Sub-criteria- sets ofparamctcr havc bccn considcrcd in this analysis.

Level-4: Altcrnativcs- 3 3ltcrnativcs havc bcen considered in this analysis.

The process begins by preparing the decision factors and constructing a hierarchical

stmcture that will serve as the input data in the AHP module. The AHP involves

prioritizing the decision factors based on the hierarchical framework, descending from a

goal of the task, to grollp criteria, down to subcritcria (and further to their children cnteria

if they exist), and finally to the alternatives (i.e., communities to be compared). Figure-

5.2 shows an example of how the hier<lrchical structure of decisJon factors ClUJbe

cst3blishcd, in which Environmcntal IEcological factor is one critcria, while Ground

Watcr Condition, Quictncss of thc arca, and Quality 01' vicw are sub-criteria, and three

sites are presented as final alternatives.

Once the necessary information is prepared using the GIS, the AHP can begin. In the

AHP, it is possible to attach a relative preference measure to each critcrion selcctcd in the

prcvious step. Thc hierarchy orthe decision criteria that has been estabhshed facilitates

this process by pcrmitting thc focus to be on comparing a sm311numher of criteria at a

time. Selling pnoritles is aided by the pair-wise compsrison aspect of the AHP, which

allows a comparison of only two criteria at once, eliminating the potential C<lnfusion of



having to estimate multiple critcria simultaneously_ The acquired relatIve weights of the

cnteria in diffcrcnt stages of comparisons are synthesi,ed, yielding the composite

priorities of all criteria and eventually the relative weights of the alternatives (i,e., the

communities)_

Levell:
O,'eraU Objecllve

Seleclmg a SUItable
Communily [or Urb.n

Develo ment

Levell, Environmental PhYSlcal & Social UhtityJ
Crite". (Facto") /Ecologital Geologkal f"tllltie> & Utban

Iran, OIt.tHIn .omcc,

1,0\'013: Sub_ Grournl Waler Distance to Distance to
criteria (Porameter) Condition ",bool 'O"CT hoe,

QUIetness of Land Di'tance to Availabihty
lhc aroa >atue/priee 10c.1 bu' ,top offre,h

~"'
Vulnerable Soclal DIStance to Distance to

Qualil)- of,iew to flood Standing of ,"D Power line,
the area

Lc,-c14:
Ailem.ti'-e,

Land Suitable [or
Re"denlJaI
Develo ment

Land Snitahle fot
C-OmITlCTCi.l
Deyelo ment

Land Suitable
fOTlndw;tri.1
Deye10 menl

Figure-5.2: Hierarchy for sele<;ting a site for UTbanDevelopment

5.6. INTEGRATION OF THE AHP WITH THE GIS:

Some applications that incorporate GlS data and operating capabilities into an cxpert

systcm to Conn a geographic decision support system for resource managemenl, territorial

planning, or land suitability analysis. Djokic (1991) linked the Arc/Info GIS with an

expcrt syslcm 10 crcatc a drainage network assessmcnt system that checks for

completeness and cOimectivity of nell-york elements of GIS data. Evans ct.a\. (1993)

stated in theu study that the improved version of SITE CODE (Shaw et.al, 1993) can



provide regulatory information to the user by linking regulatory facts stored in a database

to sites located in a GTS through an expert sy;tem query mterface. A study by Miller

(1994) illl.lstrated an increased utility of integrated decision tools by showing how the GIS

can be coupled not only to the knowledge base but also to the cnvironmcntal model \0

addrcss vegetation change problems.

Once the hierarchy for a problem is cstablished, the same prototypical methodology can

be applied level by level, regardless of the complexity of the hierarchy. Basically, the

process seeks to assess the weights of the lower hIerarchy level with respect to the level

of criteria immediately above. Locally obtained weight values are used to generate the

composite weights of the next lower hierarchy level and, ultimately, to produce the global

weights ofthe alternatives with respect to the overall objectives of the problem.

5.7. PROCEDURES OF LAND SUITABILITY ANALYSIS:

The procedure of land suitability analysis for urban development (a total of three possible

land-use types such as residential, commercial and industrial land uses) involved the

following steps:

• Identification of Land Suitability factors to be included in the plmming cxcrcisc.

• Deflning nominal types and detemlination of scores for nominal types. (Higher scores

indicate greater suitability for development).

• Acquisition of preferences through qucstiolUlairc

• Dctermination of weights for each factor and preparation of inventory maps for each

faclors by weighting various categories in ternlS of suitability.

• Division of study area into grid cclls and convention for labehng cells.

• Computation of the sum of weighted factor scores for each grid cell.

• Producing composite maps by o~erlaying two or more inventory and sums of

weighted scores for each lmld use.



5.7.1. Identifying Land suitability factors and Parameters:

First the facton: relevant to assessing the suitability of land for urban development has

becn selectcd. Based npon literature suney and discClssion with expcrts live types of land

suitability factors have been idenlified. The factors have been again snbdivided into 27

parameters.

5.7.2. Defining/Specifying Degree of Impact:

For each parnmeter, Degree oflmpact with scores has been defined. A Six-point scale: 5

(High), 4 (Moderately High), 3 (Moderate), 2 (Moderately Low), I (Low), and 0

(Exeluded) scale was used to mcasure degree of impact (Vi) of surveyed paranleters. For

land slope, the Dcgree of Impact are high, medium and low and corresponding ratings are

1,3 3Ild 5, respectively. The highest numerical score is associated wilh the l1attest ground

,md indicates land with slopes most suitable for urb3ll development. For quality of views

factor, the Degree of Impact are also good, fair and poor. In this case, lhe highest nllings

go to cells with the highest quahly views, since these areas are judgcd more sClitahle for

urban development. The Degree of Impact and corresponding scores arc shown in Table-

5.1:



Table-S.l: Degree of Impact orLand suitability Parameter's (Vi)

Foctors Parame!er De ree of 1m act wnh Score, ,
FalT Poor
Moderate N ,
IOOO_2ooClm >2000m
),foderare ",k Hi h risk
f.ir Poor
Fair Poor
10-20% 20:> (22,5%
Modemte Puor
Model,te risk H'gh n,k (I,m 10nJ)

Modera\c ri,k Hi ,h mk
4000-5000 :>5000
Mi~~d C"nni",in'
MedlUm H, ,
Fair Poor
500_IOOOm :> 1000m
500-1000m :>1000m
IOOO_2000m :>2000m
1000-2000m :>2000m
500_ll100m :> IOOOm
500-1000m :>1000m
IOOO.2000m > 2000m
1000-2000m :>2000m
500_100Clm > IOOOm
500-1000m ). 1000m
500-1000m > 1000m
500_1ooClm > lOOOm
Fa" LlOlited

Good
No
<2t~)(lm
No mk
Good

""'"<10% 5%
G<:lOd
i'Jo fisk III h wnd
No ri,k
<4000
Parent
Low
Good
<.100m
< .100m
< 1O(~lm
< 1000m
< 50Clm
< .100m
< IOOClm
<: 1000m
< 501lm
<: .100m
<: .100m
oOOm
Vast

AV.Llabli, of Fresh water su ,1
Distance to Power lines
Di,tane~ to Tole eamm. Lin~,
Avallable Vacant land

Tramporto/ion Di,lance to Hi wa'
D"tance to Wale",,,,v
Dislan,e to Local bus s~
Distmce to Commercial facil,!,es
Dislance to CBD
Di,rancc to Sewer lmo,'" draina 'c

Socio-
Eeonomlc &
DemographIc
FaclO'-'
Social
Facilities

( 'n'IIty/
Urban
Sen"L'es

&

Envi,rmmenl"l. ~'ronnd WaterCondinon
melne" ufthe ""'.

leeologlcal Distance to Green aT<a

~ ;irpFu:;u.l1 ot y,c Good Vie,,)
Phy,,,,,,,1 & Soil uall Foundation cond1t'on

Land ,lu e
NaturoVSOll dralllil e ,,~rem
VulTIL'Tabk10 nood IElevation
Possibill ofEartb uake
PopuMion dC"[l>lty!Sq,KIn- (Gross!
Existin' land use OIl-,ito
L.nd value! rice Per Acre)
Soc,al ,undm" of tho are.
DlSlance to School
Di'lance 10Medical f.cililies
DIStance to Recro.tlOTI tac,litlc,

5.7.3. Elicitation of experts' preferences:

1l is a process by which to elicit the value judgments of human experts on lhe relative

importance of land suitability factors in respect to a land-use type. The expcrts'

prefercnces or value judgments arc 'raw data' for the wcighting ofJand suitabilily faelors.

There are five sleps of acquisition of experts' preference (Figure-S.3).



•

f
==~'"~m~;~'~i"~'~i'~"~"~'~"~i~"~"~'h~'!d~m~"~"~i'~JIdenlijicalion of human expert I

--fkiection of acquisition method I

reparation of questionnaires I

."clta/ion of preferences

I
Satisfactory preference

infonnation

Figure- 5.3: Elicitation of experts' preferences

0). Familiarization witll the domain:

The first task in preference acquisition is to dctermine precisely the objects or attributes

on whICh preferences were elicited. To this end, a knowledge worker (the analyst who

ehclls experl,' valLIejudgments) needs to become familiar with the work accomplished in

the two previous stages of problem definition and hieraTchy construction. The Olltcomes

of these sleps incillde a detailed list of potential land-usc types, the influencing land

suitability factors with their groupings, and a hle<archy ofsuilabih!y factor weightings.

b). Identification of expert:

For each land-usc type, a human expert was identified as a source of value judgments.

The researcher in conJllnCll<lTIwith the experts accomplished this. Tahlc.26 listed the

specialties of these experts in relation to land sliitabiiJ ly factor weigh lings_

Table-5.2: Jdentity and ,pccialty of human expc"11.'and their role, ;n w~,ghlmg uf lhe land 'Ullab,!ily factur.

Identil ' S edah' Land-use I' e assessed
hncswr In'.estment anal SIS CommerCLal
1m.cstorJ1nduSlnalist Economtc developer lndu,trial

Private develo er/ Gov!. authorit Rcsidenlinl dcvclo ment Rcsldenttal



(c). Selection of acqaisition method:

The knowledge worker then needs to find out, for each of the experts, what method

should be used to elicit preferences. There are various methods to collect data. Among

these methods, interviews (either stmetured or unstructured) arc the most commonly used

and widely accepted approach to preference acquisition. Pair wise comparisons provide a

useful and efficICllt tool fOT preference acquisition, This is hecause it is psyehologleally

easier for most individuals to form pair wise judgments bCl\vcen two particular elements

than to compare among the 'n' objects at one lime (Saaty, 1992).

(d). Preparation of que.,'/;onnaire."

The questlOnnaire is prepared for its simplicity and Jlexibility characterizes a stmclured

interview. The requests for pair-wise comparisous are made through tables rather than

questions or matrices. These tables contain seven columns. The firsl and lasl columus are

land suitability factors for comparison; the remaining columns arc for preference added.

All that an interviewee needs to do is to simply tick to mark with his or her valuc

judgments on whIch of the hllo factors is more important and how many times, The

interviewee can choose either a numcrical or a linguistic scale for pair-wise comparisons.

lbe level/degree of preferences for each pair-wise comparison and the corresponding

dennitions are contained in Table-53. A level of 1 means that both characteristics are

equally important. A level of2 implies thal one factor is slightly more important than the

other is; whereas a level of 5 mcans that one factor is absolute dominance of one factor

over the other.

••



.,
Table-5.3: AI-IF Scale for the pair-"ise comparisons

Inten,ityof Deflllllioll and explanation
ll11ortance,. "" Oltance Two factoTScontribute uallv to Ibe ob' eel;, c,. Sli bt i Mance m erience and 'lld em ,holltl' favor one factor over I~e another},. .Moderate lmportance {Expcnenee and judgmenl mudcrateJy fa,ur one faClor over ""anolh~rl',. Stron ' i, rtanec Ex c.,-ieneeand' ud ment,lro , favor one factor over lIJe anorller,. Exlreme or Ab,olllle lmporl.nce (One is of lIJe llighest posSlbte order of atnrrnation as

com .red to the other)
C One of Ihe factors h.s absolll1ely notlung to do with I~e select'oTI of tbi. p.meu1ac 1aTId

lise,

An exee1}ltof the questionnaire is given in Appendix-A.

5.7.4. Determining Factor '''eights for land suitahility factor groups/factors:'

Deriva1ion of relative Factor Weights of land suitability factors is completed in this stage.

A pair-wise comparison matnx IS constructed in Tahle-5.4. In the right margin of the

table the normalized solution of this pair-wise comparison matrix is shown with the

relative of the factors, wi. Saaty states Ihat if A is 'n' time preferred 10 B, B is lin times

as preferred as A. The preference information from the experts is entered into matrices

and saved as files in a spreadsheet package. A computer progrdlll is developed and then it

is applied to these matrices to ealclilate the \veighting scores.

Tablc"5.4: Dcriving relativc weightage ofland suitability factor

'uhahHit}' f",tm ~m,mnm,""t Phy,,,"1i SO" •. """",,,,, Su,,,i [,,,,1,,,,, , V"htylU,b.", ~;;"htl"",t",,,,1 ,., ,,,I &. 0<," " h" """' "'''tlO" S"'>l'"
Emimnn=<at , , , v, lil "I""oto "001

"0 "'""""0 ", , , , , " "S""D-c«)OO"'" & , , , , ". '"~"'" hie
S",,,,I r,,,I,Lies & , , , , • e,
"'. ,~"''""
LJtiHtyll "",n , , , , , "'><Tvi,,,,

WOOhtll:~i , " '"
The results of the calculations were then presented to the experts who provided the

preference information for approval. Table-55 listed the final weighting scores of the

twenty-sevcn land suitability factors with respect to all three land-lisc typcs,

Table-5.5: The Welgbt ofland suitability factors and parametec for each land use lyre (W,)



S(Jci(J.ec(Jn(Jm,e Po ulalion dcTI,il err"",,

Total wei t of land ,uilahHiI,. faclors

Factors

Enwmnmemal
/ Ecological

Physical &
GeologICal
Faclo"s

&
D~,"ograph,t
Factor,

Socwl
Facilitie,
&
Tra"-'p0l'lation

Unluy/
Urban
8en,;ce<

Parameter

Gronod Wat~r Condition
uieme" of the a",a

Dismnceto een"",a
Au Pollution
Quali ob',,,,, Good View

SOli uaiJtv FOUTIdationCOTIditwTI
l<md sio e
N.tmal/Soll drama., ,tern
VU~lerable 10Flood
Po"ibiiJ 'ofE.rt~ uako

ExlSnn Land me
Land valne rice
Social ,taTIdm ' of the arca

Dis",nc~ to School
Di,raTIC<to Medlcat facliities
Dismnce to R~crealion f,ciiilies
Di,raTIee to Hi ,hwav
DIstance to Walerwa
D"t.nce 10Ulcal hu, SID
DlStanco to ConllllercJai faCllilies
Distaoce 10CBlJ

D"tauce to S",,'or lines! draina e
Availabiiil ofFre,b waler ,u I
DistaTIce to 1'0""" hues
Distance to Tele comrn. LiTIe,
A>oitahte Vacant tand

Re"dential
;
;,,,
m
;,,
w
;

'",
;
o
;

'",,,,
",,,
",
o,,
W

"'00

land_u,e r c<
Conllllerc",1,,,,,

m,,,
o,
'",,
•
"'"o,,,
",
w,
",,,,
W

"'00

Indusuial,,,,,
",,
;
w,
",
;
w
o

",,
,,,,,
",,,
"'"'00

5.7.5. Division oCthe Study area into Grid Cells:

Next the study area was divided into 220 grid cells (l'igure-5.4). The size and shape of the

cells was determined using professional judgment, and it was assumed thaI lhe areas

within (he cells are, in some sense, homogeneous. The 300-ill square grid cell is accllralc

enough Cor land suitability mappmg (Ortolano, 1990).
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5.8. SUM;\f,\RV:

The detail concept of AHP model, 1('S calibratlon procedllTe and analysis process of

experts' opinion by AHP model has bccn discusscd in this chapter. Land suitability

factors, factor rating and factor weight have also been found. From the opinion of experts

using AHP technique, these data and factor weight, factor rating have been determined.

The result of expert opinion survey was userlll to determine composite score or a Grid

cellllu-ough inter-grid analysis.



CHAPTER - SIX

ANALYSIS AND FINDINGS OF THE STUDY

6.1. COMPOSITE AJIIALYSIS:

The composite or final analysIs luen\ified and evaluated the Grid cells by taking into

account the results from weighted factor method. The weighted-factors method provided

a procedure where each suitability factor (Vi) with a score (Table-S.l) was multiplied by

the weIght of that factor (WI) (Table-55). The results of the multiplication were added

and then a composite score (Wi x VI) for each suitahility factor was determined (Table-S.6).

w; & V, were found from AHP and sUlyey/other sources, respectively. Total Composite

Score (Relative impact) of each cells was calculated by the following equation:

E=I'W,'Vi
i = I

where II= total number of parameter related to the study
Wi= the relative importance or weight of parameter i.

v, = Relative change in the value of quality of parameter i with respect to existing

situation (Degree of impact).

Relative impact ~ Relative importance (weights)* Degree orimpact

6.2. PREPARATION OF FINAL LAN"DSUITABILiTY MAPS:

Total composite score (Relative Impact) for each grid cells were ranked according

to their numerical value. The cells with higher scores was indicated more suitable

land/area for urban development. The Arcvicw Package was then used to PToduee the

final compOSI(e map that l(lentlfied areas suitable for urban development. Sums ranged

from a maximum of 500, indicating the most suitable location ror development, to a

minimum of 100. The composite score was compared with a predetermined standard,

which was used to select or reject a site. Figures 6,1, 6,2 and 6.3 prcscnt least suitable

moderate suimble and most suitable lor residential, commercial and industrial

development, respectively,
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The final reslilts (shown in Figure-6.4) are presented in terms of3 classes ofland ranging

from the most to the least suitable (with a total score of 100-300, 301-400 and 401-500)

for Urban de~elopl1lenL Tfany grid-cell possesses same composite seore (same sllitabllily

type) then, the maximum potentiality 01' the cellithe existing land-use pattern has been

considered to treat it (Cell) as a land usc type.

6.3. FINDINGS OF COMPOSITE ANALYSIS:

6.3.1. Land Sllitablc for Residential Development:

Out of220 Grid cells, 158 Grid cells arc most suitable, 36 Grid cell moderate suitable and

26 Grid cell least suitable for Residential Development (Figure-6, 1). Thus, out of 19.8 sq.

km. (Study area), 14.22 sq. km. are most sllilable, 3.24 sq, kin. moderate suitable and

2.34 sq. km, least suitable for Residential De~elopmenL

Table- 6.1: Land Sllilable for Residential Development

No Typ' Grid Cell Area {Sq. Km)
No. %

L Most Suitable 158 71.82 14.22
2. Moderate Suitable 36 16.36 3.24
3. Least Suitable 26 11.82 2.34

Total 220 100.0 19.8

6.:1.2. Land Suitable for Commercial Development:

Out of220 Grid cells, 1') Grid cells are most suitable, 133 Gnd cell moderale suitable and

68 Grid cell least suitable for Commercial Development (Figllre-6.2). Thus, out of 19.8

sq. km, (Study area), 1.71 sq. km. are most sUItable, 11.97 sq, km. moderate suitable and

6.12 sq. km. least suitable for Commercial Development.

Table- 6.2: Land Suitable for Commerelal Development

No' Typ' Grid Cell Area (Sq. Kill)
No. %

L Most Suitable 19 8.64 1.71
2. Moderate Suitahle 133 60.46 11.97
3. Least Sllitable 68 30.90 6.12

Total 220 100,0 19.8
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6.3.3. Land Suitable for Indu~trial Development:

Om of220 Grid eells, 67 Grid eells are most suitable, 136 Grid eell moderate suitable and

17 Grid eell least suitable for lndustrial Development (Figure-6.3). Thus, out of 19.8 sq.

Ian. (Study area), 6.03 sq. km. are most ~ultable, ~q, km. 12.24 moderate suitable and

1.53 sq. km. least suitable for lndustrial Development.

Table- 6.3: Land Suitable for Industrial Development

No Typ' Grid Cell Area (Sq. Km)
No. %

L Most Suitable 67 30.45 6,03
2. Moderate Suitable 136 61.83 12.24
3. Least Suitable 17 7,72 1.53

Total 220 100.0 19,8
Source: Fjeld Suney, 1999

6.3.4. Land Suitable for Urban Dcvelopmcnt:

Out of220 Grid eells 139 Grid ecll are most suitable for residential development, 18 Grid

cell most suitable for commercial development and 63 Grid eell most suitable for

industrial Development (Figure-6A). Thus, out of 19.8 sq. km. (Study area), 12.51 sq.

km. are most suitable for residential development, 1,62 sq. km. most suitable for

eommercial de,elopmen! and 5.67 sq. km. most suitable for i.ndustrial Development.

Table- 6.4: Land Suitable for Urban Development

No Type Grid Cell Area (Sq, Km)
No. %

L Rcsidcntial 139 63.19 12.51
2. Commercial 18 8.18 1.62
3. Industrial 63 28.63 5.67

Total 220 100.00 19.8
Sourcc: Field Survey, 1999

57
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6.4. COMPARISON BETIVEEN
I"OR URBAN DEVELOPMENT:

EXISTING LAND-USE & LAND SUITABLE

"Land-uses in Pabna m\mieipality arc very mixed. All flood free area in Pabna

municipality has already been developed. The present land-usc pattern indicates that

residential area is eanying the major share that is around 53.58% of the total area. The

comparison between the existing land-uses of Pabna municipality and land suitable for

urban development (Identified) are presented in the Figure-6.5.

From Figure"6.5 it is dear that the existing commercial area is developed at the most

suitable location of Pabna municipality. Land sliitabili ty Analysis has also identified this

zone as a most suitable location for commercial area. But the existing residential area and

industrial area with three pharmaceutical are developed haphazardly along-with the

existing residential area in Pabna municipality. These three pharmaeeulical creates

emironmental hazards m Pabna municipality. Land suitability Analysis does not

recommended this location as a land suitable for mduslriaI development.

6.5. PROPOSAL FOR FUTURE URBAN DEVELOPMENT:

It is not possible to use the existing developed land for flitlire lIrban expansion. So, we

have to plan based on yaeant/agrieulture land for future urban expansion. Based on

composite analysis and considering the existmg land-usc and vacant/agriculture land, the

following proposals should be consider for fulure urban expansion (J-iigure-6.6).

6.5.1. Residential Development:

To accorrunodatc a population of 1,66,861 by the year 2006, there will be a need for more

residential area. Southeastern part of Pabna municipality is sUltable for residential

development. A new residential area should be deyeloped at southeastern part area of

Pabna municipality (Grid cell no. 129-131, 150-153, 173-175, 195-196 and 212).

Northwestern part ofPabna municipality 15considered, as the next suitahle for residential

development. In addition to the proposed residential area, it recommended that another

residential area should he developed at Northwestern part of Pahna mlinicipality (Grid

edl no. 11-12,23-24,35.36,48-50,61-63,73-81).
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6.5.2. Commercial Denlopment:

The present Centra! Business District (CSD) of Pabna mlmicipalily is iocated at Abdul

Hamid Road area, This area is sliffering from traffic congestion due to narrow road. To

safeguard present CSO area, the expansion of CBD should take place outside Abdul

Hamid Road area. From composite analysis, it is clear that the proposed extension of the

CBO should take place at western side of the Nagarbari-Dhaka high'~ay (Grid cell no.

103-108), It is not far way from lhe present CSO area. The new CSO area should be

developed wilh bank, insurance offices, market and shops to meet the future needs of the

people ofPabna municipality.

6.5.3. Industrial De\'elopment:

The existing industrial land use covers an area of 198.20 acres of land. 1n addition to the

existing industrial area (BISIC Industrial estate), it IS recommended that a new industrial

estate should be developed at north side of the existing Pabna bns terminal (Grid cell no

9-10, 19-22, 31-34, 44-47, 57-60,70-72, 88-90 and 109-11 0). Another induslrial area also

should be developed at south ofTchamoti river (Grid cell no 204-211, 216-219). The

Ichamotl river should be free from any development. To improve communication system,

a new road should be eonstruetcd and dredging and widening of Ichamoti nver

throughout to make it again a broad waler way for boats and other water vessels.

6.6. SUMMARY:

The objective of the srndy is to apply the land suitability analysis technique to

Pabna municipality to identify areas suitable for urban development. In this chapter, land

smlable for residential, commercial and indnstrial development has identified from

composite analysis (Inter Grid-cell suney). The suitability map displays suitability scores

for each land nse type into three categories: (1) Most suitable; (2) Moderately suitable;

and (3) Least suitable. A defalllt color is provided for each smtabilily category,
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CHAPTER-SEVEN

CONCLUSIONS AND RECOMMENDATIONS

7.1. CONCLUSIONS:

This research is mainly an exploratory type research and adopted in the context of

Pabna municipality. H is conducted to test the viability of Land Suitabihty Analysis

Technique In Pahna municipality. The AHl' has been applied to deal wilh land suitability

factor. However, the ultimate objective oflhn, research is to assess the rcplicability oflhe

technique throughoul Bangladesh. So, the research can be considered at national level.

These guidelines can help to determine practical pohcles for urban land and for its present

and future uscs.

7.2. RECOMMEI'WATION FOR POLICY GUIDELINES:

The findings (If the study would be sui13blc for strategic land use policies. The

concept of land suitability analysis would be usefLlI for planning pllrposes. The ultimate

results of the research are a set of maps showing arcas, which arc suitable for urban

development llndcr existing physical environnlent. In view of the recent mereases in

population in thc area it is expected that urban uses would replace non-urban and

agricultural uscs in the city which may have important planning implicatlons. 1l is

expected that the study would idcntify such changes and provide valuable insights for

fonnulating planning policies. For fonnlllating land use policies, we need to identify

changes in land usc and predict future land use patterns, The output of the research would

be used in policy formulation in government level regarding urhan development. It is

expected to benefit the ecntral authority, local government and different private

developers involved in housing, commercial and industrial development. It would also

help planners (0 understand the prohlenls of urhan development. 11would be replicable

for any other geographical area of the country.



Pabna municipality deals TO"'l] planning activity of Pabna municipality. But Pabna

municipality lS not capable of implementing the proposed land.use plan for future urban

expansion. Because Pabna municipality is guided by Pourashava Ordinance'?? Acceding

to this ordinance, Pabna municipality is not authorizcd to implemcnt this plan. Urban

Development Directorate (lIDD) prepared land-use/master plan in 1988. But Pabna

municipality does not follow this plan because Pabna municipality has no planner to look

aftcr thc implementation, intcrpretation and updating of that plan. The major

limitations/drawbacks of Pabna municipality to carry out town-planning activities are (i)

Legal constramt, (Ii) Lack of Fund, (iii) Lack Institutional Capability and (iv) Laek of

Planning starr. There is provision for a post of Urban Plalmer. But there is no Urban

Planner and other Planning staff. Therefore, the following policies should be considered

to apply the proposed land-use plan based on Land suitability Analysis:

• Pourashava Ordinanee'77 should be reviscd to carry out urban plannmg function.

• An Urban Plalmer should be appointed in Pabna mlmieipality to ensure a balanced

city.

• Providing adcquate training facilities of all staff sholiid strengthen the institutional

capabliity ofPabna municipality.

• Tax collcction ofPabna municipality should be increased.

Thc abovc policies would help the Government and Pabna municipality and the other

concerned agencies sllch as CIty Development authorities, City Corporation, LGED,

lIDD to ensure a sustainable development in implementing their development projects as

well as other land dcvelopmcnt project 11l Bangladesh. Depending on thc succcss of

sclecting the most slll(able land for urban development using AHP, other projects may

adopt the same technique to arrivc at thcir own de~elopment policies.
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7.3. RECOMMEND,\. nONS FOR FURTHER RES.EARCII;

Finally, suggestions for improvement and issues for future research are discussed

as follows: (i) as in this research, most appheations using the AHP method arc based on

using crisp numbers such as 1 (0 5 in (he pair-wisc judgmcnts. However, to accommodate

potential uncertainty associated with one's perception (or judgment) regarding the relative

importance of the elements, the usc of fuzzy logic is suggested. In thIS case, the priority

among the alternatives may be derived via the use of membership functions to estimate

the different degrees involving the e\'aluation (e.g., of the degree of satisfaction with the

judgmenl); and (li) the AHP can be used in a multiple user group setting, Allhough (his

research assames a single user in determining the priOrit1es of decision criteria and

alternatives, Urban development processes generally involve a mnge of stakeholders such

as informed citizens, industry representatives, elected officials, and professional

municipal staff. Very often, individuals differ in thc importance ofa particular factor in

the decision or evcn the factors that are relevant Improvements can be suggested using

the prototype in such a way that group sessions arc imbedded into the integrated system to

find a consensus between thc participants in a more general and flexible framework. The

proccss will then be focused on detennining a compromise to a multi-criteria problem

that best coincides with the preference structures of the users. Utilization of AHP and the

GIS allows all participants to visualize preferences and consequences during negotiation

sessions. The unifonn framework and mfonnallon base represented by this prototype

system could play a sigmfican( role in developmg community consensus regarding

proposed urban dcvelopment.

-
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Appendix -A

BANGLADESH Ul'\IVERSTTV OF ENGINEERING AND TECHNOI.OGY(BUET)
DEPARTMENT OF URBAN & REGIONAL PLAl'\NING

O\JE~I'ION,\IAIRIi FORPAIR-\VISE CO:\IPARlSONS OF lAl\"D-USIJ SlilTABILITY FACI'ORS

Sir/Madam

1, from the Department of Urban and Regional Planning (URP), BUET, am doing a

research on "Land Suitability Analysis for Urban Development in a Secondary Town in

Bangladesh", In this regard, I am seeking for opinions about a few vilal Land-Usc

Suitability Fadors. Your kind co-operation will be very useful for my research.

Nature of Specially:

Have you any experience of working (or any study) in urban development?

If yes, How long? ... Yrs.

•

Please TIck in 'our Choice,
""toe A F,etor B

£qu,ll) Sl'ghtly Mod","ly St[Qllgl) Ewcmcly

"' ",COnt 1m ort:l", " rt:llll !m M,", " ""m
Phy,,,al &. , , , • , En",wn",,",,1 f Em',,";«1

G""I"",,, r"Urr
>oc'Q-«;ollomlC& , , , • , EnvJrollJllcnCOI..EeologLcal
D,mo '0 hie

S""i"-=""m,, & , , , • , ehy_",,' & '''''''''l',,,1
Demo ";e

So",l wOlli"" &. , , , • , En,,,o",,,en"l i Erolo",cal
tmm "",'wn

~"d,1 f",Hi"" & , , , • , Ph),i,,1 &: o.;ologi"l
"""' >nrt'OOll
00"" "',I,,,,,.~ , , , , , S<oCJo-rolnoJl"'&,,,os "",on D,,,,,, rr" hie

litll,tvlU,"'" S"",-" , , , , , Emi",.men"'" i "~01"",,,1
lib'" "U,",," S,,,,,,,, , , , , , '" ieo' & (kolo"k.1
li(Jl'tyflJ,"'" Sc"'",, , , , • , So",o""",m"mie &,,- hie
llL;h1y,UhanS",,,,, , , , , , >0<:;,1t,,,I,"" &

""" ,,,(Jon

)

Directions:

In the follo\\lng 5-land s"'tab~jty factor glOUp' are shown lJllO pairs, YM have [0 compare IH;lwcCTlmo

different fae[Ors, Ailer examining and comparing the ",,' fact"" in each TOW,chwse the one that lS most

irnpOTlanl 10 the ,eketion of a partleular land use. Reference the scale above to select a weIght for lhe

selected factor as compared to the other factor and lick 10 mark ilie degrccJlcvol of preference,.

Comments (If any):
Name ofSlIrveyor: Date ofSnrvey:



BANGLADESU UNIVERSITY OF ENGINEERING Ai'ID TECHNOLOGY (DUET)
DEPARTMENT OF URBAN & llliGiONAL PLANNING

Questionnaire For I"and Suitability Analysis for Urban Development

AnnCXlurc-D

Grjd-e~1I No: 146 Residential Commercial Industrial
Relative Tot.1 Compoolkt R.la~Vll Tolal Compos,le Relative Total CDmpoSile

Paramelefl Fac'''''' Importance! Co, "' ScorelR.laUve ImpO/taore! Co, .m. SoorelRelatlve Import.nre! Deg. of SoorelRel.tlva

Welghl{Vlll) imp. ctiVl) Impaeti\Ni X Vi) Weight(WII Impa cliVI) Impacl{Vlll X VI) WOlght(Wj) Impact "m ImpaC'i\N1 X Vi)

Ground Water Coodltlon , 5 , 1 " , 5 , 1 10 , 5 , 1 10
QUlelneos of the area , 5 3 1 " , 5 3 1 10 , 5 3 1 10
Distance to greon area 1 5 3 1 1 , 5 3 1 , , 5 3 1 ,
A"Poliulion 1 5 3 1 , , 5 3 1 10 , 5 3 1 10
Ouallty of "iew(Good "lew) , 5 3 1 10 , 5 3 1 10 , 5 3 1 10
Soil quality (Foundallon ""'.,lIlion) 3 5 3 1 " 5 5 3 1 30 1 5 3 1 '"Land ,lope , 5 3 1 10 , 5 3 1 10 1 5 3 1 5
Natural/Soil dralMge 'yslem , 5 3 1 10 , 5 3 1 10 , 5 3 1 "Vulnerable to hood 10 5 3 1 " 5 5 3 1 30 10 5 3 1 "Pooslbility of E.rthquake , 5 3 1 " , 5 3 1 '" , 5 3 1 10
Popul.~on density (Gross) 5 5 3 1 " , 5 3 1 " , 5 3 1 "E~sting land LJSe 5 5 3 1 " , 5 3 1 , , 5 3 1 ,
Land value/price 5 5 3 1 " 5 5 3 1 " 10 5 3 1 30
Social standlr>g 01the araa , 5 3 1 " " 5 3 1 0 0 5 3 1 0
Di'tance to sr:l1ool 5 5 3 1 " 0 5 3 1 , , 5 3 1 "D;stance 10medical facililies , 5 3 1 5 1 5 3 1 , , 5 3 1 5
Di,tanoe to reoreatloo f,cl~~es , 5 3 1 5 1 5 3 1 , , 5 3 1 ,
Distanoe to highway , 5 3 1 10 , 5 3 1 10 , 5 3 1 '"Di,tance to Walatway 0 5 3 1 0 0 5 3 1 , 5 5 3 1 5
Di,tance to kJcal bus stop , 5 3 1 5 , 5 3 1 6 , 5 3 1 ,
Distance to Commerci.1 facilitlllS 1 5 3 1 '" 10 5 3 1 " , 5 3 1 10
Di,tance to enD 3 5 3 1 " , 5 3 1 '" 1 5 3 1 5
D;,tance to sewer lines! drainage 1 5 3 1 '" 5 5 3 1 " 3 5 3 1 "Availability of fresh waler supply 6 5 3 1 30 5 5 3 1 " 1 5 3 1 '"Di'tance to Pov.<!r lines , 5 3 1 30 5 5 3 1 " 5 5 3 1 "Di5ta.ce to Tele oomm. lines 1 5 3 1 '" 5 5 3 1 " , 5 3 1 "A ,.il.blo vaoanlland 10 5 3 1 eo 10 5 3 1 10 10 5 3 1 10
Total ~~~vf~.latJve Impact of land 100 110 100 eo" 100 '"suilebili factors (E = l: ",','V,)

Name of SLJIveyor: Date "fSurvey:



Col: Composite Score of Grid Cells for Residential Development
Appendix -C

Gnd No Value GnJ No Value G"d No Value Grid }io Value GriJ No Value, 3D 45 '" "' 290 133 413 m 'l3
2 3D 46 291 90 290 134 4'5 m '"3 308 " ''" " 408 135 m 179 '"4 3W '8 424 92 on 136 m ,gO m
5 3D 49 431 93 4>4 m '" '"' 420
6 3D " 433 94 416 m 422 '"' 427
3 ];5 51 434 "' 420 139 425 m 433
g 3" 5' m 96 m '40 430 I"' m
9 301 " 430 97 4'3 '" 4); m 440
;0 301 " 399 98 430 142 4); ,g6 45'

" "g 55 292 99 m 143 438 m 450

" m 56 292 100 433 144 '" '88 448
13 420 " 290 WI 4); '45 438 '89 443
14 420 58 '88 ;02 437 '" 440 I 190 445
>5 420 " 291 ;03 436 143 440 '" 443

'" 400 00 291 ;04 428 146 435 "2 435
13 m 61 '" '" 424 149 434 '" m

" 303
'"

m ;06 422 >50 430 '94 4];

" 30' 03 434 ;03 420 m 423 "5 423
20 303 " 4); ;08 416 >52 424 '96 m
21 313 65 435 109 400 >53 418 m 4;0
22 308 66 m no 398 '" 4>0 "8 'l3
23 42' 63 390 '14 413 '" on "9 4'5
24 423 08 291 H2 4>5 >56 4>4 200 4'5
25 '" 69 291 113 416 '" 415 201 m
26 425 70 ''" 114 4>' '" 415 202 m
27 426 " 291 ''5 4>g '" 4>8 203 420
2S 426 n 292 146 423 '60 4'0 '04 400
29 426 n 4>' '" 423 161 428 '00 3%
30 m 74 414 H8 428 '" '" 206 3%
]; '" 75 4>5 "" 4); 103 m 203 400
32 201 76 4>8 130 4); '" 44' '08 398
22 ''" n 4>g m 438 '" 448 209 398
34 290 78 420 m 439 166 448 2W 400
35 422 39 425 m 440 "7 445 2U 400
31, 423 80 432 '24 436 "8 444 '" 403
33 423 8' 434 m m 109 444 m 'l3
38 438 " 4); n6 4); no 440 '" ow
39 45' 83 436 m 433 m 438 m on
40 444 84 43' us 432 In '" '" 400

" 400 85 380 no m m 434 217 400
42 290 86 290 DO 428 '74 430 218 400
43 290 83 288 m 425 m 420 219 400
44 288 88 288 m 412 no 412 220 400



0-1: Composite Score of Grid Cells for Commercial Development
Appendix -0

Grid No Yalue Grid No Yalue Grid No Yalue Grid No Value GrLd No Yalue, 203 " m 89 356 133 m m m
2 205 ", 228 90 350 '" '" m 126
3 200 47 '" "' m B5 128 '" 335
9 201 48 228 12 "9 B6 338 '"' 39'
5 205 99 236 93 121 m 394 ,8' 149
0 207 50 259 99 325 m 350 '82 358
7 2W " 302 95 128 no 162 >83 369
8 207 52 30' 96 338 '90 180 '84 I 378
9 '" 53 290 97 m '" 190 m 390

" 'OO " 273 98 H4 '42 400 >86 900

" 202 55 250 09 900 <43 400 m 400

" 205 56 242 WO 435 '44 "" '" 398
B m " m '01 448 '" '" ,89 399
" 209 58 240 '02 "3 '46 "0 '90 947
" 2" 59 232 '01 448 '47 387 '" 400
>6 208 60 no "4 440 198 384 192 '"" 207 "' 213 "5 440 '" 182 '93 381
>8 203 ',2 238 "6 936 'SO 180 "4 375

" 200 63 240 "7 432 '" 178 '95 368
20 203 64 258 "8 936 '" 170 '96 360
n 205 65 '00 109 400 '" 362 '97 "6
22 200 " 200 "0 400 '" 3W '98 m
23 m 67 258 '" 313 ,;s m '99 32;
24 238 68 '" '" m 150 m 200 332
25 '09 " 240 U3 123 m 325 20' 339
26 274 30 248 "4 330 >58 m 202 398
27 200 31 245 "5 336 '59 340 201 350

'" 209 72 240 '" 33') 160 399 204 m
29 207 73 3W '" 3SO 161 308 205 350
30 200 74 120 us 380 '62 300 2" 398
" 205 75 323 '" 400 '63 323 207 346
12 202 30 32; "0 400 '64 380 208 342
33 200 77 320 '" '" 'GO 400 209 338
34 200 36 334 U2 "5 '66 400 210 335
50 232 79 390 m 455 167 "0 '" m
36 240 80 m '24 400 >68 400 m 326
17 259 "' 389 m 400 '00 446 3D 328
38 103 82 44' 026 440 "0 '00 2" DO
39 50' 83 445 m '00 m 39> m 332
40 285 89 44" us 400 m 383 216 330
" m 85 403 '29 398 m 376 m 326
42 260 86 38> no J09 '" m m 322
43 260 87 m '" 399 m 368 219 320
44 m 88 308 U2 m '" 314 220 m



E-l: Composite Score of Grid Ccl1s for lnduslfial Development
Appendix -E

Grid No Value G,id No Valuc Grid No Value Grid No Valuc Gnd No Value, '" 45 4'0 "' 426 133 360 in 360
2 413 46 m 90 426 134 361 108 356
3 412 " 4<8 91 365 135 m 179 340
4 418 48 395 92 360 130 350 180 329
5 m 4' 396 93 m m 343 181 311
8 421 50 W9 94 34' 138 338 '"' 306
3 425 5' I 400 95 348 139 330 '"' ,"0
8 425 " 400 96 343 140 300 ,84 298
9 m " 445 93 m 14' 290 185 295
10 418 54 432 OS 335 142 '"' 186 288
11 398 55 435 99 311 143 329 ,83 281
12 398 56 425 100 323 '44 329 '" 289
13 399 83 428 101 333 145 344 18' 296
14 400 58 425 102 333 148 258 "0 302

" 440 " 428 103 m 143 300 "1 315
10 412 60 438 104 ;4, 148 346 192 323
17 415 61 395 105 349 149 348 193 339
18 430 G2 393 106 355 150 350 '" 343

" 448 63 393 103 m '" 353 "5 356
20 440 64 I 390 108 363 152 358 196 363
21 440 65 400 109 422 153 362 193 363
22 438 66 401 110 420 154 361 ''" '"5
23 39g 67 430 111 362 155 m "9 '"8
24 398 68 428 '" '"0 '50 350 200 369
25 399 89 425 113 m 157 346 201 m
26 399 3" 425 114 351 158 332 202 380
21 400 21 428 115 348 159 m 2m 40'
28 400 32 425 ,to 34' 100 319 204 418
29 401 21 368 117 345 161 303 205 415
30 430 34 368 m DO 102 300 206 m
31 445 35 365 119 336 163 30n 293 413
32 440 76 365 120 m 104 296 208 410
33 438 n 358 121 327 165 290 209 410
;4 440 78 352 122 333 166 290 210 408
35 396 79 343 123 338 '67 295 211 405

'" 298 <0 ;40 124 34n 168 300 212 400
33 399 81 328 "5 341 189 300 213 400
38 400 82 315 126 340 170 306 214 440

" 400 83 312 123 338 131 318 215 400
40 400 84 309 128 342 132 329 '" 414
41 431 85 4;0 129 345 133 343 m 411
42 435 84 426 130 351 134 358 218 409
43 420 83 425 131 m 135 365 219 '"44 418 88 42' 132 360 136 360 226 405



F-i: Grid-cell-wise SlJi lab Ie Land-use TJ1le
Appendix-F

Grid_N Type CoO , ,- CoO , Type Grid N ~"Grid , Typ.
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Table _G-24: Degree oflmpact for Di,tance 10Power Line Parameler

0,11 " --'"""'""" "II N "",~of,"_ c.n_,' r~I'~of'""", C.II N """. "f ""F=
C.II_" ""'~0"_'

,"" '''"'"' ,,",,. .., ,- '"d~ .~"- ", "",' ,- "" .~,- eo"
, , , , , , , , " , , , LJ' , , , '" , , ,
, , , , " , , , , , , , '" , , , ", , , ,
, , , , , , , , " , , , '" , , , m , , ,
• , , , " , , , " , , , '" , , , '" , , ,
, , , , , , , , " , , , '" , , , ", , , ,
, , , , " , , , " , , , ", , , , ,. , , ,
, , , , " , , , " , , ,

"

, , , ,. , , ,
, , , , • , , , " , , ,

"

, , , ,. , , ,
, , , , " , , , " , , , '" , , , '" , , ,
" , , , • , , , " , , , '" , , , 'co , , ,
" , , , " , , , .," , , ,

"
, , , '" , , ,

" , , , " , , , 'co , , , '" , , , '" , , ,
" , , , " , , , '" , , , ,oo , , , ,"" , , ,
" , , , " , , , "" , , , w, , , , ,oo , , ,
" , , , " , , , '" , , , '" , , , '" , , ,
" , , , , , , , " , , , ,. , , , "" , , ,
" , , , , , , , "I' , , ,

"
, , , '" , , ,

"
, , " , , , , , , , ", , , , '" , , ,

"
, , , • , , , '0' , , , '" , , , '" , , ,

" , , , • , , , '" , , , '" , , , '" , , ,
" , , , • , , , ,. , , , ,oo , , , ", , , ,
, , , , , , , , ," , , , '" , , , '" , , ,
, , , , • , , , '" , , , '" , , ,

"
, , ,

, , , , • , , , '" , , , '" , , , " , , ,
, , , , , , , , '" , , , '" , , , ,,, , , ,
", , , , , , , , '" , , , '" , , , '00 , , ,
, , , , " , , , '" , , , ,. , , , ", , , ,
, , , , , , , , '" , , , '" , , , " , , ,
, , , , , , , , ," , , , ,,' , , , , , , ,
, , , , , , , , '" , , , '" I , , , '" , , ,
, , , , " , , , '" , , , '" , , , '''' , , ,
, , , , " , , , 'lO , , , '" , , , ., , , ,
, , , , • , , , '" , . , '0 , , , '" , , ,
•• , , , " , , , '" , , , '" , , , '" , , ,
" , , , " , , , '" , . , ",' , , , '" , , ,
" , , , " , , , '" , , , '" , , , '" , , ,
" , , , , , , , '" , , , "" , , , '" , , ,
" , , , , , , , '" , , , '" , , , 'I' , , ,
" , , , " , , , '" , , , '" , , , '" , , ,
" , , , " , , , '" , , , '" , , , '" , , ,
" , , , , , , , '"

, , , '" , , , m , , ,
" , , , " , , , '" , , , ," , , , '" , , ,
" , , , " , , , '" , , , '" , , , '" , , ,
• , , , " , , , '" , , ,

"

, , , '" , , ,

Source HdJ Sun'ey, 2000



Table_ G_25: Degree ofImpact COT Di,tancc to T deeommunieah(Jn line POTameter

C.II N __ .orL,.'" c,,_,' ""~ 0"..••" c,,_, ""'" 0'".•••_ c., N "",,",ofl",,~, C.II N "_oC'''-
lln;" '''','' '0' ," w,. L,o", '" 0.",," ,", ,.. '- •• •• c,• ,-, , , , " , , , " , , , '" , , , m , , ,

, , , , " , , , " , , , '"
, , , ," , , ,

, , , , " , , , " , , , '"
, , , '" , , ,

, , , , " , , , " , , , '" , , , '" , , ,
, , , , " , , , " , , , '" , , , '" , , ,
, , , , '" , , , " , , , '" , , , '" , , ,
, , , , " , , , " , , , 'w , , , ,,, , , ,
, , , , , , , , " , , , ,,, , , , ,,, , , ,
, , , , " , , , " , , , ,,, , , , ,,, , , ,
,,, , , , , , , , " , , , '" , , , ,,, , , ,

" , , , " , , , " , , , '" , , , ,,, , , ,
, , , , " , , , '" , , , '" , , , '" , , ,
" , , , " , , ,

'"
, , , L" , , , '" , , ,

" , , , " , , , '" , , , ,. , , , '" , , ,

" , , , " , , , ," , , , ," , , , "'l , , ,
" , , , " , , ,

'"
, , , ,. , , , ," , , ,

" , , , " , , , co, , , , '" , , ,
'"
, , ,

" , , ,
"
, , , '''', , , , "" , , , '" , , ,

" , , , " , , , '"
, , , '" , , , '" , , ,

, , , , " , , , ,,, , , , '" , , , .- , , ,
" , , , " , , , ,"" , , ,

'"
, , , 1'" , , ,

" , , , " , , , ,,, , , , 'w , , ,
'"
, , ,

" , , , " , , , ,,, , , , ,,, , , , " , , ,
" , , , " , , , '" , , , J" , , , '" , , ,
" , , , '" , , , ,,, , , , ," , , , ~" , , ,
" , , , " , , , ,,, , , , '" , , , " , , ,
" , , , ~

, , , '" , , , ,,, , , , '" , , ,
" , , , .;. , , , '" , , , '" , , , '" , , ,, , , ,

~
, , , ," , , , '" , , , '" , , ,

" , , , " , , , '" , , , '" , , ,
'"
, , ,

" , , , " , , , 'co , , , '" , , , '" , , ,
" , , , " , , , '" , , , '" , , , '" , , ,
" , , , " , , ,

'"
, , , '" , , ,

'" , , ,
" , , , " , , , '" , , , '" , , , '" , , ,
" , , , " , , , 'OJ , , , '" , , , ," , , ,
" , , , " , , , ,,, , , ,

'"
, , , '" , , ,

" , , , " , , , '" , , , II," , , , '" , , ,
" , , , " , , , '"

, , , '" , , , ," , , ,
" , , , " , , , '" , , , '" , , , 'IS , , ,
" , , , " , , , "" , , , '" , , , '" , , ,
" , , , " , , , '" , , , '" , , , '" , , ,
" , , , , , , , '" , , , '" , , , '" , , ,
" , , , " , , , '" , , , '" , , , '" , , ,
" , , , " , , , '." , , , J" , , , '" , , ,

Source: Fjeld SUTVey, 2000

,00



Table. G.2o: Degree oflmpact for Available Vacant Land Parameter

(.11_" '••••.••ofl""", C",,_, "-'''''",,~, C'"_~ D•••••• rr""~' c."_~ D,.,•• ",,"- C,"_, Do•••• ofT"",,'
R~,d '- ," "" '-

_.
",,~'- ,- ", 00= ," "" '- ,", , , , " , , , , , , , '" , , , '" , , ,

, , , , " , , , " , , , '" , , , "" , , ,
, , , , " , , , " , , ,

"
, , , '" , , ,

, , , , " , , , , I , , , '" , , , '" , , ,
, , , , " , , , " , , , '." , , , '" , , ,
, , , , , , , , , , , , '" , , , ,<; , , ,
, , , , , , , " , , , '" , , ,

"
, , ,

, , , , , , , , , , , ,
"

, , , '" , , ,
, , , , , I , , , , , , , '" , , , '" , , ,
" , , , , , , , " , , , '" , , , '" , , ,
" , , , , , , , , , , , '" , , ,

"

, , ,
" , , , , , , , ,co , , , '" , , , '" , , ,
" , , , , , , , ,co , , , '" , , , ,co , , ,
, , , , " , , , ",' , , , '" , , , '" , , ,
" , , , " , , , '" , , , ", , , , ,,' , , ,
" , , , , , , , '" , , , '" , , , '" , , ,
" , , , " , , , '"' , , , '" , , , '" , , ,
" , , ,

"
, , "" , , , ," , , , ",' , , ,

" , , , " , , , '" , , , ,co , , , '" , , ,
, I , , , , , , , '" , , , '" , , , " , , ,
" , , , " , , , ,co , , , '" , , , '" , , ,
, , , , 1,1, , , , '''' , , , ," , , , "," , , ,
" , , , " , , , '" , , , '" , , , '" , , ,
" , , , " , , , '" , , , ,co , , , ,co , , ,
, , , , I," , , , ," , , , '" , , , "" , , ,
, , , , , , , , ", , , , ", , , , '" , , ,
, , , , " , , , '" , , , '" , , , ., , , ,
, , , , " , , , 11', , , , 'CO , , , ~ , , ,

" , , , " , , , ," , , , ,0< , , , '" , , ,
" , , , " , , , '" , , , '" , , , '" , , ,
" , , , • , I , , '" , , , '" , , , '" , , ,
, , , , " , , , '" , , , '" , , , '" , , ,
" , , , " , , , '" , , , ,co , , , '" , , ,
" , , , " , , , ," , , , '" , , , ,co , , ,
" , , , , , , , '" , , , '" , , , '" , , ,
" , , , , , , , '" , , , ,co , , , '" , , ,
" , , , ;. , , , '15 , , , ,co , , , '" , , ,
" , , ,

~
, , , " , , , "" , , , '" , , ,

, , , , , , , '" , , , '" , , , '" I , , ,
, , , , ~ , , , '" , , , '" , , , '" , , ,
" , , , ~ , , ,

"
, , , '" , , , '" , , ,

, , , , ~ , , , "" , , , '" , , , '" , , ,
" , , , , , , ,

"

, , , '15 , , , '" , , ,
" , , , " , , , In , , , '" , , , "" , , ,

SOUTce: F'eld Survey, 2000

'"'


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114

