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ABSTRACT

Site sclection for urban development requires consideration of a comprehensive set of
factors and balancing of mulliple objeclives m delermining the switability of a particular area for
a defined land use. The selechion of an industral site involves a complex array of enhical faclors

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

Spalial decision making problerns, such as site selection for any particular use, require
proper means to handle the mulliple socio-economic faclors while considenng physical
suitability condilions. GIS thal have been recognized as useful decision support technology hut it
does not provide means 1o deal with mulliple decision lactors. With these issucs in mind, this
sudy developed a framework {or integrating the strengths of GIS and the ALIP to incorperate the
deeision-maker’s preferenees on a range of factors in finding optimally suitable sites. This study
illustratcs how land suitability analysis can be applied to an urban development site selection
problem.

The aim of this resgarch is to gain a betler understandmg of the concept of Land
suitability analysis related to urban development 1n a secondary cily of Baneladesh, Tius 1s
undertaken by means of Analytical Hierarchy Process (AHP) mcthodology. This study provides
a methodology lor site scleetion proecss in the presence of multiple and diverse decision criteria
nsing AHP. The usc of the AHP in the field of properly development/estimating the value of a

residential real cstatehouse selection is very promiising.

In this study, Pabna municipality has been chosen for developing the concept of Land
Suitahility Analysis for Urban Development. The model known as AHP has been ufllized to
developing the concept of Land Suitability Analysis for Urban Development. Data was collceted
from Cxpens and field survey (Inter-Grid-cell Survey).
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CHAPTER-ONE
INTRODUCTION

1.1. BACKGROUND OF THE STUDY:

Urbamization 1s one of the global social transformalions of the present century. From an
overwhelmingly rural dominanec in 1920, with only around one-lilth of urben population,
the world is rapidly transforming into a predominantly urban-based society, By 1995,
more than half {2.58 billion} of the world's population lived in urban arcas and around 46
pereent of this urban population lived in Asta compared {o around one-tenth in 1920,
Asia's demegraplic situation is dominated by five highly populated developing countries,
viz. China, India, Indonesia, Pakistan and Bangladesh., Togeiher they hold nearly three-
quarters of Asia's total populatien, two-thirds of Asia's urban populahion and 30 percent
of the world's urban population. Of these [ive countries, Banpladcesh has the lowest level
of urbanization {only about one-fifih) but 1t alse has the highest growth rate of urban
populaticn in the region. The rate of wrbanization in Bangladesh is over 5%, one of the
highesi m the world. Rapd population merease with a highly skewed land man ratio is
pufling continuous pressurc on land and other natural resources of Bangladesh. The ratio
of land to population has already gone far beyond acceptahle levels. Land in Bangladesh,
specifically 1n the crowded urban centers, therefore deserves most attention with regards

to its utilization.

Land suttability analysis is an impertant pant of land-use and environmental
planning. It was developed to allow planncrs to use vancous physical critena for potential
site sclection for dilTerent urban uses. It 1s applied to interpret how suitable for a specific
use. The results of land suitability analysis serve as a foundation for the formulation and

cvaluation of land-use plans (Xiang and Whitley, 1994).

Land use suitability mapping is a technique which can help find to the best

lacation for a variety of developmental achions given a set of geals and other criteria. The



mapping technigue is hased on natural and human processes and analyses the interactions
among three sets of factors: loecation, dcvclnpm‘("mt actions, and environmental effects

{McDonald and Brown, 1984},

This study cmploved a method for assigning prionues lo conflicting decision criteria
called the analytic hierarchy proccss {AHP) developed by Thomas Saaty. The AHP is a
multi-cniena decision melhod that uses hierarchical structures to represent a problem and
then develops pricritics fer alternatives based on the judgment of the user (Saary 1987a).
Saaty has shown that weighing activitice in multi-cntena decision making can be
effectively deall with viz merarchical structuring and pairwise comparisons. Pairwise
comparisons arc based on forming judgments between two parlicular elements rather than
atlempting to prioritize an cntirc list of elements (Saaly 1980). Adding the prioritization
module for setting prionties enhances existing GIS analyses and visualization
capabilitics. This study illustrales a method for constructing an integrated systcm of these
two decision support tools {(G1S and AHP moduale), and applies it to an urban
developmeni sile selection probleni. 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 sludy 15 intended to find out the suilable/potential areas for urban
development through the application of Land use suilability Model to ensure planned

urban growth in a secondary town of Bangladesh,

1.2. RATIONALE OF THE 5TUDY

Land is a scare resourcc in Bangladesh. Where land 1s relatively abundant, compared with
the nceds of the people dependent on it, land use can be planned informally or, if by
formal methods, relatively simply, by scquentially deciding on the best locations for
different uscs.

The tremendous nummber of inhabitants has been absorbed by increasing residential

densitics within the exisimg neighborhoods or by converting the niral land uses te urban



land uses from surrounding agricultural land. These planned changes from rural 1o urban
will not only affect production structure, but also it will affect the present deltaic
biological process. This transformation of land should not conflict directly with the

existing ccological process. Otherwisc, it will create devastative ecological hazards.

Therefore, for smoocth tmnsformalion of rural land 1o culiural urban land and to minimize
the futurc ceological adversc impact, there is 2 necd for a land suitabilily analysis

technique to analyze the existing land use pattern for betier usc.
1.3. OBJECTIYES OF THE STUDY:

The main ohjective of this research was to 1dentify potential urban land for future
urban expansion of Pabna municipality by using Urban Land swilability analysis

techmique,
The specific objectives of the study were:

s To study existing land use of Pabna city
+ To locate/identify the suitable/potential arcas for urban development.

* Todevelop land use planmng policies for a balanced development of the city.
1.4 METHODOLOGY OF THE STUDY:

The study was mamly camed out based on primary data. To achicve the objeclives of the
study the fellowing methodological steps were adopted (Figure-1.1}:

+ Literatire review

» [dentification of Land Suitability factors to be included in the planming exercise.

¢ Defimng nominal types and detennination of scores for nominal types.

s  Acquisition of preferenecs through gquestionnaire

o Determination of weighis for each factor and preparation of inventory maps for each

factors by weighting various categories in terins of suitability.



¢ Division ol study arca inte grid cells and convention for labeling cells.

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

Literature review IExpert Opinion

Identificaiion of Tand
suitahility {actors

Acquisition of preferences

Dctermination of
welghtage of Land
switability Faclors

Preparation of inventory!
Composite Maps

Land Suitable fon
Urban Development

Figure-1.1: Research Design

L4.1. LITERATURE REVIEW;

To identify possible land suilability factors and other information related to the research
were collected from all available cxisting relevant books/journals, books, unpublished
thesis, semmar paper, magasine, newspaper. The study was also used rccommendations
of different study reports related with the rescarch. It was usciul to colleci opimons of
diTerent regearchers in this matler. Some literatures on land suitability analysis and AHP

are as follows:

Campbell et.al. {1992} and Chuvicco (1993) presenied the application of lincar
programming (LI') in combimaiion with GIS m planning land use stratcgics. The LP

model 15 4 malthematical model that maximizes or minimizes some objective function



subject to a set of constrainls. Chuvieco (1993) designed a test application of the LP-(GGIS
to maxinuze the mosi labor-mtensive orgamization of land use. The obhjective was
consirained hy limited resources and the GIS were used for demarcating resource

availability by mcans of overlay map analysis.

A snmilar study by Xiang (1993) employed a multi-objective LP techmque. In many
prachical situations, it would be desirable to achieve a solution that 15 "best" with respect
to multiple critcria rather than one criterien as in Chuvieco (1993) (i.c., maximizing lzhor
productivity). In muli-objective LP, all objectives are assigned target levels for
achievement and a relative pnonty on achieving ithese levels. Tt then allempts to ind an
optimal solution that is "as close as possible” 1o the targels in the order of specified
priorities. However, the major drawback of multi-objective LP is that it requires the user
o formulate the model by specilying consiraints and vanables and o quaniify the

prioritics in advance, which is difficult in reality.

By contrast, preferencc-oncented methods generally interact with the user for preference
sching during the analysis. The multip;ll:: critcria decision making (MCDM) technigues
have proved useful in situations that require the selection of the best alternative from the
number of feasible choices in the presence of muliiple decision cntenia and diverse
critcrion prioritics. Some applications coupled with the GIS arc found in receni research
approaches (e.z., Carver 1991, Eastmnan et.al. 1993, Jankowski and Richard 1994,
Jankowski 1995, Hickey and Jankowski 1997). Jankowski and Richard {1994) illustrated
how a land sustability problem can be selved nsing the MCDM-GIS by enabling the
procedure to select a site and set priorities in a systematic manner, taking into account
gpatial and nonspatial information. A study by Hickey und Jankowsk: (1997) was notable
m terms of the level of coupling. In this, the contmibution of the GIS was considercd not
only as a method for data gathcring but alsc as the tool for mapping the result. A
compasite overlay map was visushzed m the GIS that reflects the weights for critcria

obtained from the MCDM module.



Other MCDM techniques melude a method called the analviic hierarchy process (AHP),
which has recenily ganed attention in GIS applications due to its ability lor dealing with
the multiple faclors required in most GIS site suilability analyses. The primary popularity
of this methed can be found 1n the fact thal users wilh a non-mathemaiical background
are provided with steps to handle complex criteria through forming a hierarchical

structure and performing pairwise comparisons.

Banai {1993} used this technique in combimation with GIS. Bana (1993) had the sezarch
for landfill arez guided by the relative weights of the suitabilily faclors obtamed in the
AHP, Notably, the Mzzy sct thecory by Zadch (1990) was also cmployed in assigning
shadings with the union of varicus polygen buflers generated by GIS overlay operations.
Although the approach by Zadeh (1990} 1s viewed to be notable for addressing the trade-
off problem among conflicting critcria, it lecaves 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 eriteria as in Zahch’s approach but also
involve steps using judgment. Such qualitative processes can be effectively manipulated
using the expert systems as descnbed n the previous section. Second, as Zadeh (1290)
mcluded in the hmal remark {or {uture improvements, instead of performing the AHP
operations outside the GIS covironment, the applications can be linked ‘tightly’ by

developing user-interface, which has been dealt with in this study.
14.2. SELECTION OF THE STUDY AREA:

Pabna mumeipalily was selecled as study area. Pabna 1s one of the oldest distnicls of
Bangladesh. The geographical location of the Pabna distrct and its regional setting arc
shown on the location map. Pabna is onc of the oldest wrban centers in Bangladesh, Pabna
mumeipahty 1s 4 disinel headquarlers, which 15 also consudered as a secondary town in
Bangladesh. It is located in the nerthwest commer of Bangladesh in Rajshahi division. it is
a 'A' category mumcipahly. Tt has a tolal population of 1,03,277 of which 53,698 are
malcs and 49,579 arc females with a density of 5,547 persons per sg. km. The tolal



houschold number is 17,649, The litcracy (74} iz 60.1% for both sexes. The preseni
municipality area is about 18.26 sq. km consisting of 15 wards (BBS, 1998).

It has ¥ot no mdustry based econotmic activity except three Pharmaceuticals and
some small manufachuring like weaving, fumiture making, metalworking and personal
gervices. The importance of Pabna has becn duc to its uonique location as a
communication center and also Pabna serves as the gateway between the nonh and south
pariicuwlarly from Dhaka to other imporlani cities of ithe country. Secondery Town
Infrastructure Development Project (STIDP) of LGED has upgraded the status of Pabna
in the urban hicrarchy. Therefore, there is a need for proper policy for guiding future land

UsE,
1.4.3. OPINTON SURVEY:

To acquisifion preferences from experl aboul land swtabilily factors, an opinion survey
was conducted in the month of December '1999. Tt was an open ended questionnaire and
comments could be added if experts found them necessary. 3 expers have given their
opimmian m Lhe questionnaire of opmion survey. In the AHP niodel, the individual expert's

preference weights were considered.
L4.4. FIELD WORK/GRID-CELL SURVEY:

For the purpose of Grid-celi Survey, the siudy area was divided into 220 grid cells. A
total of 220 grid-cells were surveyed with the help of stuctured questionnamre by
considering 27 influential land suitability factors in January-February 2000,



1.4.5 DATA PROCESSING AND ANALYSES

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

Firstly, land use maps of Pabna city was produced by using PC Arc/Info 3.5 and Arcview
GIS software, The map of Pabna municipality was taken as base mlap, Secondly, the
different atiributc data from field survey was wmserled using EXCEL, which was
compatiblc for analysis in Arcview. Thirdly, a composite map was then produced taking
account of smns of weighted scores for each land usc. The cells with higher scores were
indicated more suilable land/area for urban development. The Arcview Package was used
lo produce the final land suitability map, which identified areas suitable for urban

developmenit.

1.4.6. DAT4 SOURCE:

The use of expert judgments in welghling land suitabilily factors was an important
part of the study. For each land-use typc, a human cxpert was identified as a source of
value judgments. This was done by the researcher i comjunction with the Cily’s planning

staff, Professionals, pnvate developers ete.

Data for 3 major Urban Land uses (residential, commercial, industrial) and 27
influcntial land suitability factors affecting urban developmeni were collecied from
Greological Survey of Bangladesh (GSB), Bangladesh Water Development Board
(BWDB), Pabna Mumcipality, Land Record Office, Local Government Enpincering
Depanment {LGED). Bangladesh Bursau of Statistics (BBS), Survey of Bangladesh {S0R),
Meteorological Department, SFARRSO, Soil Rcscarch Development Institute (SRDI).

Data lor cach land-usc groups were collected from field survey (Table-1.1).



Table- T.1: Sowrces of Data

Parameter/Factors Measurcment Sources
Environmental 7 ecological
Cirorund Water Condition Hydrogeological Map | BWDRIAGSD
Cetness of the atea Ohzervabion Ficld Survey
Distance to land fill sites Base Map Field Survey
Ouality of view({Gosd vicw) Prrecplion Field Survey
Air Pollution - Field Survey

Phvsical & Geological

Soul quality {Foundanon condibon) | Geological Map Cieological Survey of Barng.
Land zlope Contour maps BWDER/SOR/AGED
Namral drainage svstem Topouraphic maps BWDR/SOB/LGED
Vulnerable lo Qood /Blevation Topopraphic maps BWDLR/SORAGED
Possibility of Farthquake TectonicfSeismic Map | Geological Survey ol Bang
Nocig-coonomic & demographic

Population density/Sy. Km {Gross} | - Pourasava/ DS

Existing land use [on-site] Pourasaia Base Map | Field Sunev

Land valueprice Market Value Freld Survey

Social Standimny of the area

Field Survey

Social facilities & transperiation

Distance o School

Pourasava Base map

Field Survey

Dhistance o Medival facilines

Pourasava Base mmap

Tield Survey

Thstance to Becreation facilities Poyrazava Base map | Ficld Survey
Diislance tor Hirhway Pourasava Base map | Tield Survey
Thstance o Waterway Pourasava Basc nap Ficld Survey

Distancee to Local busg stop

Field Smrvey

Thstance to Commer cial facilibcs

Poorasava Base map

Ficld Survey

Distance o CBL?

Pourasava Base map

Field Survey

Lhiling Urban services

Dhstance to Sewer limes’ dramage LItlity Maps MMunicipality’ Field Survey
Asailability of Fresh water supply | Utdity Maps Municipality/ Field Survey
Dstance to Power lines Lnlity Maps FLE ¢ Ficld Survey

Tristance vo Tele cormm, lines

Thility Maps

TET Trept! Field Survey

Available Vacant Yand

Pourgsava Base map

Land record off / Field Survey

1.5, LIMITATIONS OF THE STUDY:

Land suitability analysis for urban development in a sccondary town is a new type of

study. The some himitations of lhe study were as follows:

¥ Il was expected that necessary digital thematic maps and essential data weuld be

collected from LGED, SOB and other organization. Unforunately, it was nol possible

to collect all maps/data due (o absence of Spatial & Attributc data. & Digital

Thematic Maps.




¥ The Gnd-cell survey of larpe area (surrounding of Pabna municipahty} was nol

posgible duc to limited fund.
1.6. ORGANIZATION PLAN OF THE STUDY:

The present study has been divided into seven chapters. The [imst chapter discusses
background of the study, rationale of the study, chjcctives of the study, scope of the
study, methodology of the study, limitations of the study, oreamzation plan of the study.
Chapter-2 describes location of the study area, topography, climate, geological and hydro-
peological conditions, lemperature, rainfzll, humidity, winds. Chapter-3 discusses past
and present population, projected population, density of population, cccupalional patlern
and cmployment, income levels, housing secior, source of drinking watcr, sanitation
facihties, industnal activity, storapge and warehouse facilities, commeercial activities,
roads, public health, social services and infrastruciure, Chapler-4 presents the existing
land use of Pabna municipatity. Chapter-5 describes AHP and its application in land
swilabilily analyms, mathematical description of AHP, procedures of survey. Chapter-6
presents the detail analysis and findings of the study. Lastly, Chapter-7 provides a

summary of research and the need for further research direction.
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—tr = wommes  CHAPTER-TWO

DESCRIPTION OF STUDY AREA

2.1. BACKGROUND OF FPABNA MUNICIPALITY:

Pabna mumicipality was firsl constiluled in 1876 (Pabna District Gazetteers), The arez of
Pabna municipalily was 5-sq. km. and divided inte 4 wards. The Pabna municipality was
reconstitited as a Municipal Committee as per provision of the Municipal Administration
Crdinance, 1960, Tn 1972, il was reconstiluled as a Pourshava.

There arc fificenr wards in municipality. The mauzas belong to the municipality are
Chhatiani, Shadhuparz, and Shibrampur, Gopalpur, Atwa, Chak Gabinda, Pailanpur,
Jotnarayan, Salgaria, Lakshanpur, Dilalpur, Dakshin Raghabpur, Arippur, Gangkala,
Hemayctpur and parr of Dakshin Ramchandapur and Radhanagar. Pabna municipality is

responsible for samitation and conservancy of the town and the mantenancs of the roads.
2.2 LOCATION:

Pabna municipality is located between 23° 53 and 24° 05° nonh latiudes and hetween
89° (09" and §9° 257 east longitudes (Figure-2. 7). It is sitnated on the bank of Tchamoti.
The total arca of Pabna mumcipality 158 18.62 sq. km. But the study area extends (o
approximately 19.8 sq. km (220 Gnd-cells- each Gnid cell equals 10 300 m X 300 m}.

2.3. TOPOGRAPHY:

The land of Pabna district including Pabna municipality is a widc alluyial plam
presenting a low and flat topography. The distnet may be divided into two major
physiographic units. They arc the Ganges flood plain and the Jamuna food plain. The
food plains cccupy more than 90% cof the total area and are characterized by a gentle

slope.

11
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The rivers of varying magnitnde intcrscet this district. But in faci, the Padma and the
Jamuna with their wributaries constitute the river system. The Padma dver forms the
whole of the southem boundary of the distnct for a distance of about 90 miles. The bed of

Padma is wide and the river is split up into several channels.

The Jamuna 15 a very wide river and has lot of influence on the topography of this district.
During the rainy scason it is about 7 to 8§ milcs [tom bank to bank. The Baral fver flows
throngh the northern part of district, passing by the larger village of Chatmohar and
continues ils course lo southeast. In he laier parl of 1ts course, it foms the boundary
hetween the distriets of Pahna and Serajganj. Its length wilthin the distnct is about 35
miles. The Ichameoti, a branch of the Padma passcs through the Pabna City and finally
falls mto Bera thanamunicipality. The length of its course from its orgin to Bera is about

52 miles.
2.4. GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS:

Bangladcesh is parl ol the largest alluvial basing in the world formed by the vigorous
actions of the ancestral and present Ganges, Brahmapurra and Mcghna river systems,
which eventually falls mio the Bay of Bengal The streams, starling dcep in the
Himalayas, continue to transport and deposit along their courses remendous volume of
alluvial malenials. The thickness of the material, including the carlicr once deposit in the
Pleistocene tiime and the younger one in the recent cpock, varics [rom a thin film near the
mountainons arca in the nonhern most area upto 10,000 fi. mn the southern part of the
Bengal basmn, T 1s af least 2,00 £, thick near Dhaka and is less in the nornihwestern parl of
the country. The Teniary sediments of mostly sandstone underhie the alluvial deposits or
shale, part of which is marine nature. These sednnents are reported bascd on complex

geology comprised of rocks ranging from the Mcesozoic to the Precambrian {rme.

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

younger ones occurring al a shallower depth has been scurces of supply immediately
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available in quality. With a relatively high precipitation and a closely nlerconnecied
netwark of surface water as recharge sources, the whole country depends upon the ground
water with momitoring system of the water table fluctuation throughout the country. This
also the case with the distmct of Pabna mcludes the study area. The central low-lands
where Pabna hes are thickly masked with reeent flood deposit, consisting of clayed soil of
agbout 60 to 70 A, in thickness, sand, medium o coarse in graing, makes 2 good water
tablc acquire varying from 100 to 200 N, in thickness, Although especially sizeable in
scale, this agquifer shows the charactenstic [caturcs of unconfined aquifer with no
mterfeds of confining layers through its whole thickness subject to direct rainfall or
regional rainfall. Although there may be slight vanalion in the nalure of the material or
thickness, ihe shallow aguilcr is cstimated to extend over most parl of the regicn as is

testificd by the existing drilling records.

The hydro-geologic structure of the region is guite simple with a single water tahle
aguifer underlam by a thick conlining bed of selid elay. The structure prevails all over
this northwestem part of the country except i highland areas where earlier clay deposils
are Jefl uncovered with recent [lood plains depesits. Ground line rising up north and the
northeast, therefore, takes their courses southerly through this permeable formation, wilh
ils drainage on a large scale occurnng perhaps tn the downstrecam of the Ganges and the
Jamuna. This ground water llow north to socuth appears quitc rcgular and constant,
judging from the rceord of the nation-wide water level [luctualicn monitoring, which
shows the average annual watcr level during the past 10 years marked no significant
change. It indicates al the same time the influeni and the eMuent of groundwaler fAlow are

well balanced on the annual basis.
2.5. TEMPERATURE:
From mid-November to February, the weather is dry and relatively cool. The averapc

temperalure for this period is 66.7 F with the extreme minima and maxima ranging a hitle

over 45 ° I¥ and 91 " F respeclively. The moderating influence of cool breezes from the
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Bay in the south and mountains in the north keep the changes of the day temperature
withm narrower limits. The penod ‘Ma.rch—ll'vlay 15 ong of the hot and increasingly violent
thundershowers. The average (emperature is about 84 ° F with exireme minima and
maxima ranging between 60 " F and 106 " ¥, June to Septeniber is the period of true
monsoon, but huimud condibions conbinue uplo early November. In these months, the
average lemperalure ranges between 83 ° F and the extreme minima and maxima range
between 72 ° F and 97 © F. The statistics of monthly and annual temperatures topether
with relative humidity, wind velocily and day hght per day hours al Pabna Cily is shown

m the following table:

Tahle-2.1: Annual Maximum, Minimum and Mean Temperature of Pabna City

Records Maximum | Mean  daily | Mean | Mean  daily | Minimum
(° F} maximumn CT) | (°F) [ mummum{"F) | (° F)
January 83 78.5 66.2 | 536 39
February 97 22.8 69.7 57.3 46
March 104 88.5 78.8 | 0652 54
April 109 ag8.7 864 | 70.1 60
May 109 058 80.5 77.2 07
June 103 01.5 24.E 73.1 70
July o7 349.3 4.1 79.1 73
August 96 88.7 843 | 80.0 74
September o7 89.1 E41 | 792 73
October 97 88.1 21.8 [ 750 64
November 97 B3k 738 | 636 51
December a0 8.7 67.1 | 55.6 43
Annual 109 88.7 79.0 | 69.5 39

Source: D B 8. 1999 Banpgladesh Statistics Year Book, 1998 pp 116

2.6. RAINFALL:

The average annual rainfall of the district for the peniod ending 1997-98 was 1397 mm.
There being no marked differcnee in clevation. The distribution of rainfall at difierent
places of the disinct m different season 15 remarkably even but the eastern patl of the
district receives meore rainfall than the westem. The average monthly rainfall from
Decomber to Januany was a little over 6 mm. The monsoon bursts over the district in June
when the highest 290 mm rainfall 15 obtained. This standard is neot maintained in the
succeeding months: July yielding 267 mm, Augnst 275 mm, and Sceptember 224 mm. The

15



rainfall in October and November amounts 16 145 mm and 13 mm respectively (average
for the year 1991 for Pabna municipality).
The statistics of the mean and extreme monthly and annual rainfall in inches, for the

following long-term stations of Pabna City for the pennod 1981-91 are given below:

Table-2.2: Annual Maximum, Minimum and Mecan Rainfall of Pabna municipality

Records Mean (m.m) §} Maximum (man) | Mimmum (m.m)
January 000 000 000
February 25 33 17
March 17 22 12
Apnl 105 110 100
May 67 70 64
June 294 305 293
July 155 170 140
Augusl 271 200 252
September 269 300 238
October 189 220 158
November 000 000 000
December (00 000 )]

Source: B.B.S. 1999 Bangladesh Statistics Year Book, 1998, pp 118

2.7. HUMIDITY:

The humidity of atmosphere is lowest in March {64.3%) and Apdl (65.7%). Alter this,
there is a gradual increase, but although cloud is thickest and rainfall heaviest in June, the
maximm is not reached 1l July or August when the sauration amounts to 88 and 87 per
cent. During the monsoon peried (16 June- 16 August) the hurmdity 15 always above 85

per cent.

16



Table-2.3: Annual Maximum, Minimum and Mean Humidity of Pabna City (in Percent)

Records 584 10 4] 1984 | ST 1988 [9EF | 1991 | 1901 10492 1943 1094 15 19590

Jamuary &7 65 a7 &9 70 4 KL FLY 72 T T Fh TT
February a7 62 Gl oh &l 70 & 61 62 23 63 0 71
March 47 52 53 43 6 %] LX) 54 0 51 AT 6l T

April 49 69 &1 54 52 73 i 5% G 54 69 62 1]
May 72 77 75 49 76 77T | 66 77 75 71 72 69 80
June &0 85 g3 71 83 Bl 80 77 B3 79 81 &0 86
July 83 e 822 52 B4 L1 &0 12 83 A3 AR EY g9
August B4 82 - B2 84 83 83 &3 83 82 84 84 g8
Sepmember | 82 gl Ly g2 L) B &0 B4 Bl Bl ) 84 85
October 78 80 79 78 a2 74 74 81 79 81 84 82 &0
Kavember | 71 76 71 74 T3 649 73 73 Lo FE! 82 T Th

December | 67 70 a? 74 70 72 70 73 70 71 74 74 74

Source: B.R.S, 1999, Bangladesh Statistics Year Book, 1598, pp 122

2.8. WINDS:

From October to may, the prevailing wind direction is northeast or east. On the sune day,
the wind mnay blow [rom the north in ihe early moming. Dunng the mounsooen moenths, the
wind blows consisient from the east or southeast and the atmosphere receives a sudden
ascension of moisture in June which is maintained throughout the seasen. Hot and dry
west winds occasionally blow for a few days dunng the months of February, March and
April. Storms arc [requent in Lhe menths of April and may and sometimes in September
and October. The distnict 15 not ordinanly Liable to cyclones, probably on account of is

distance from the sea.

Tablc-2.4: Wind Dircction. Ave. Wind Velocity and Ave. Wind Force (Pabna City)

Scasom Wind Dircetion Ave. Wmd | Month Ave. Wind Force
Velocity

Winter Generally Worth-westWest 0.8 -2.5 mile | Decentber, 1012.4 mile bar
Sometimes Norih/North-east January, February

Pre- momsoon | Generally Sooth-east! South [.6-79mmle | March-May 1004.1 mile bar
Sometimes South-west’ Fast

Mongeon Generally South-east? bagl 3.4 -7.0 mile | June-Seplember 9950 mile bar
Sometimes South! South-west

Post-monsoon | Generally Morth/Naorth-gast {+.8 -3.0 mile | October- 101 1.5 mile bar
Sometimes Westiwost-cast MWovember

Source: B.B.5. 1999, Bangladesh Statistics Year Book, 1998, pp 132
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Table-2.5: Annual Maximum and Avcrage Wind Velocity of Pabna City

Records AverageWimnd Maximum Wind
Yelagity (Knot) Velocity
January (.87 20
liebruary 1.9 15
March 1.77 20
Apnl 6.13 20
May 8.27 30
June 2.3 25
July B.63 25
August 45 18
Seplember 3.63 24
October 1.47 15
November 0.57 15
December 1.00 10
Annual 3.63 30

Sourse: B.B.5. 1999 Rangladesh Statistics Year Book, 1998, pp. 132

s Mile Bar: Unit of Wind Pressure/Force (1,00,000 Mili Bar = 1 Bar)
s Notl: Unit of Wimnd Velocity (1.2 mile =1 Knot.)

2.9. SUMDMARY:

The study arca is Pabna municipality. In this chapter, location, descriplion, Physical,
Geological and meteorological situation of Pabna municipality have been discussed.
Pabna 15 a neat and compact city. The climate of the district including Pabna municipality
is generatly moderate, as it is not influenced by conditions that give nse (o rapid vanation
in temperature because of the geographical location and the tlopographical feature of the
disingl. The distnel usually remams under cold weather from December to Febmary. Hot
weather prevails during the months of March and Apnl. The average lowest temperature
18 19.30" C in January and the highest average arc 28.90 ° C in April. The level of
humidity is the lowest in March (around 64%) and the highest during monsoon and is
always above 85%. The average annual rainfall of the district for the period 1998-99 wus

1399 mm.
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CHAPTER-THREE

DEMOGRAPHIC & SOCIO-ECONOMIC ASPECTS

3.1. PAST AND PRESENT POPULATION:

Pabna iz fast growing and has now a population of 1,03,277 according 10 ihe 1991 Census
as agamsl 78,371 1n 1981, Dunng the decade 1981-1991, it had increased by 3.48 percent
per year. The city had 62,254 persons in 1974, The study area of Pabna Municipality had
an area of 1.5 sg. kin with a population of 78,371 in 1981. The densily of population
was 7,464 per sq. kan. In fact a significant fraction of the urban population within the cily

came from rural aneas.

Table-3.1: Area, populalion, density and variation of population of the municipality area
during 1901-G1

Year | Area | Population | Density | Growth Rate | Variation in | Vanation in
m 54y per 5. | per Year 1981 over | 1991  over
Km k. 1974 1981

1901 | N.A | 18424 N.A -

1911 | N.A [ 19274 N.A .46

1921 | WA [ 19343 N.A 0.03

1931 | N.A 21904 N.A 1.32

1841 | N.A 32299 N.A 4.74 25,89 9, 31.77 %

1951 | N.A 32240 ™A - (102

1961 | N.A | 40792 N.A 2.65

1974 |N.A | 62242 N.A 4.04

1931 | 10.50 | 78,371 7,464 3.70

1991 | 18.26 | 1,03.277 | 5,656 3.18

Source: ILB 5. 1999. Bangladesh Statistics Year Book, 1998, pp. 172

3.2, PROJECTED T'OPULATION:



Urban population growth rate is higher than the rate of natural merease of population. The
growth of urban population 1s dependent on factors like natural growth rate, emigration
from rural areas,

Chanues m urban boundary and changes in the definition of arza. The populalion of 1991
census has been treated as the base population (1,03,277) for the purposc of projection.
Three levels of projeclion are made in the tand usc plan, with growth ratc 2.25 %, 3.25 %
and 4.25 % as low, mediom and high projections respectively. The three levels of
projections lor the years 1996, 2001 and 2006 AD in the study area is shown in Table-3 .2,

Table-3.2: Projected population from 1591 to 2006 AD in the study area

Year High Medium Low
Population grow(h | Population growth rate: | Population growth ratc
rate: 4.25 % 3.25% as assumed 2.25 %
1991 1,03,277
1896 1,27,170 1,21,186 1,15,430
2001 1,56.590 1,42,201 1,29.013
2006 192,816 166,861 1,44,195

The present population (2000} in the study area with growth rate of 3.25 in estimated as
1,37,725 and with growih rule 2.25 % is estimated as 1,26,175.

313 OCCUPATIONAL PATTERN AND EMPLOYMENT:

Occupational involvement of the population gives a picture of the nalure, type,
distnbulion of the economic activitics carricd out in the area. Informaticn on occupational
pattern helps in determiming the current trend of employment and the prospective
cconomic activity that may become dominant for the future development of the area. It
has been found that the pcople arc usually divided into a number of oceupational
activities. The main occupation of a househeld is delined as the main occupation of the
head of a househeld. Table-3.3 shows the disinbulion of households according o the

calegory of occupation.
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Table-3.3: Disinibution of Households according to Category of Occupalion, Pabna City

Types of occupation No. of Houschold % of lotal household
Service 5535 31.36

Agnculture 748 424

Industry 1045 502

Business 5515 31.25

Construclion 520 2.95

Transporl 1594 0.03

Day Labor 388 3.33

Chihers 2104 11.91

Total 17,649 10000

B.B.S. 1995, “Bangladesh Population Census: Community Scrics, Pabna, 1991 pp. 175

The table shows that the principal occupation of the mwucipality 1s senvice (31.36% of
the total househelds) followed by business that is 31.25 % of the total houscholds. About
9.03% of the households are engaged in transpor sector and 5.92 %% of the households 1s

imndusital worker.

3.4. INCOME LEYELS:

The average household income in Pabna municipality in 1991 is cstimated to Tk.4000 Per
month, 44 98 % ot thc households are in the middle income group. 55.95 % of the
houscholds are in low income group and 3.07 % of the households are in the high-income

group. The detail of the income group distrihution is shown in Table-3.4.

Table-3.4: Monthly Income according to Head of Houschold, Pabna City

Monthly income in Tk. | No. ol Houschold | % ol lotal houschold
0-1500 2947 16.70

1501-2500 2323 13.16

2501-3500 3E59 22,09

3501-4500 3396 19.24

4501-5500 2970 16.83

5501-65{0) 1572 2.91

6500+ 542 3.07

Total 17,6459 100.00

B.B.S, 1995, “Bungladesh Population Census: Community Series, Pabna, 1991" pp. 240
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3.5. HOUSING SECTOR:

About 30.86 % of the residential bwldings in Pabpna municipality arc found to bhe
permanent, 60.17 % as semi-permancnt and 8.97 % as temporary. The classification of

houses accordmg 1o building materials used is shown in Table-3.5.

Table-3.5: Calegory distnibution of households according to wall and roof matcrials used

Category of housc No. o Houschold % of total household
Permanent 5446 30.86

Semi- permanent 10620 60.17

Temporary 1583 8.97

Total 17,649 100.00

B.B.5, 1995, “DBangladesh Population Census: Community Series, Pabna, 191" pp 254

Mast of the permanent buildings are located within the core arca of Pabna municipalily,
whiie majority of the houses ol semi-permanent and temporary in nature are located in the
fimge areas of the municipality. Type and structure of dwelling umits may also be

considered as indicator ol income levels m the mumicipality.

3.6, SOURCE OF DRINKING WATER:

About 7991 % ol the population use tube well water and 15.82 % populalion use tap -

water. About 0.28 %, usc pond water and .31 % use river water (Table-3.6).

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

Source No. of Houschold % of tolal hoasehaold
Tap 2792 15.82

Tube Well 14103 79.91

Well 640 3.68

Pond 49 0.28

River 56 0.31

Total 17,649 10:0.00

B.B.S. 1995, “Bangladesh Population Census: Community Senes, Pabna, 1991 pp 197-8

. 3T SANITATION FACLLITIES:
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About 56.61 % of the Household usc sanitary latrine and 36.82 % household use

unhygienic latrine. 6.77 % [louschold has no latrine facilitics (Table-3.7).

Table-3.7: Samiation Facilities according to Head of IHousehold, Pabna City

Tvpe No. of Honschold % of total household
Sanitary latrine 9541 56.61

Unhygicnic latrine 6498 36.82

No latrine 1160 6.77

Tatal 17,649 100.00

B.B.S. 1995. “Bangladesh Population Census: Community Series, Pabna, 1991" pp 197-8

B SUMMARY:

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

Pabna mumicipality have been discussed.
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) ' CHAPTER-FOUR
LAND USE ASPECTS

4.1, EXISTING LAND USE:

The following Table and the existing land use map depict the gcncraIL land use paltern of
the designated municipalily area (Figure-4.f). The non-agricultural land covers an area
4052.26 acres that is 89.77 pereent of the total mumicipality area and the agricultural land

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

Table-4.1: Existing Land nses Pattern of Pabna Municipalily

Sl. | Types of Land use Arcainacres [ % of ihe total
No Study Arca
1. Apriculture 461.74 10.23
2. Commerce 95.16 201
3. Industry 198.20 4.39
4. Education 129.40 2.87
5. Health 128.00 2.83
6. Administration, Govt. & Aulonomouos [ 231,70 5.13
Dept. elc
7. Recreation: 19.35 {143
a) Open: 1442
by Closcd: 4.93
g. Socio-culture 54.31 1.20
. Urban services 31.39 (.64
10. | Roads: 452.62 10.02
a} Major Roads: 106.9
h} Secondary Roads : 140.69
¢) Local Road: 205.03
i1. | Residential 2418.54 53.58
12, | Watcr bodies 172.98 383
13. | Reserves & Special uscs 120.61 2.67
Total 4514 10000

Source: Field Survey, 1999 and 1IDD,1988.
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4.2, COMMERCIAL LAND USE:

Pabna has somc shopping and onc commercial center or Central Buginess District
{C.B.D). Abdul Hamid Road is the Central Rusiness District of Pabna. The important
business ecnter is known as Pabna Bazar. Branches of several banks, the booking office
for good traffic and passenger (raffic of the Bangladesh Railway out-agency are located
close o this Bavar. Pabna New markel and 7 super markets are located in this arca. Daily
temporary bazar or vegetable markeis and fish markets are located in Pabna bazar. Some
small-scale daily bazars and five weekly hals are alse localed 1n the municipality area.
Pabna is an important trading center. The main adicles of trade i the ity are handloom
cloth, the hosiery productls, locally manufactured phannaceutical goods, bread and
biscuits and some other consumer articles. There are 20 residential hotels with an average
capacity of 24 beds and 70 nos. of registered restaurants mostly located in and around the
city center. There ae five cinema halls with capacity ranging between 300 1o 500 seals
gach,

Commereial nsc covers an area of 95.16 acres thal1s 2.11 % of the municipality arca. The

detail of the uses under commercial purposes is shown in the following Table-4.2,

Table-4.2: Commereial land use

Sl | Types Areas in | % of Location
No. acres Total
1. Whole sale market 1015 10.70 Lxilalpur & Ahia
2. New market & some Super | 30.03 31.56 Dilalpur, Gopalpur & Atua
market
3. Daily/Weekly market 26.52 27.87 Dilalpur, Alua & Hemayetpur
4, Banks 2.50 2.63 Gopalpur, Shibrampur & Atua
5 Other 2593 27.25 Salgana, Chhatian: etc.
Total 95.16 100.00

Source: Field Survey, 1999 and 1JDD,1988.

The above Table shows that the whole sale markct covers an area of 10.18 acres and
located at Dilalpur and Ata mauza. Pabna New Market and some super market cover an

arca of 30.03 acres of land, Daily bazar covers an area of 26.52 acres ol land.
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4.3, INDUSTRIAL 1 AND USE:

The geographical location of the Pabna town has greatly favered for flourishing industrial
establishments of different nature. Significant progress in the field of industry was slarted
in the district shahar from 1951, Bangladesh Small and Collage Industnes Corporation
{BSCIC) sel up an mdustnal estale al Chhahani on the north-wesl parl of Pabna
mumeipahly for providing incentives and infrastructure facilitics to private industrial

units.

Manufacture of medicine is also impomant industry of Pabna. There are 3
Phamaccuticals, namely, Square Phanmacentical Ltd, EDRUC Works and Universal
Pharmaceutical Ltd. Of these, the Square Phammaceuwiical Ltd. Is the larzest and most

important. Tt 15 one ol the leading pharmaceutical industnes of Bangladesh.

Hosiery 15 a very important cotlage indusiry of Pabna City. In tlus pariicular cottage
indusiry, Pabna 1g only second to Narayanpanj. About 327 power-dnven hosery faclones
arc working in Pabna providing an cmployment te about 5,000 persons in diflerent
industries. In fact, most of the houses of this lwwn serve the dval purpose of residence-
cum faclory. T is abmosi a common sight 1o see scafiold like contnvances on the top of
the buildings for drying hosicry knitting.

There are also other indusinal unils of bakery, confechionery, nce and flour mills, saw
mills and timber products, pollery, pnnting presses, genetal engmeenng and metal
products and secap factories. Considering the imporlance of Pabna as a scat of cotlage
indusiry, an indusinal estate has been established al Hemayelpur in the neighborhood of
the city.

Industrial usc covers an arca of 198.20 acres that 15 4.39 % of the mumeipalily area. The

detail of the uses under different mdustrial purposes is shown in the following Table-4.3.
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Tahlc-4.3: Industrial land usc

Sl | Typcs Arcas  in | % of Total Location
No. acres
1. BSCIC Indusmal | 94.50 47.68 Chhatiani.

eslale
2. Small Industrics 18.85 0.51 Pailanpur, Chhaltiani, Atua,

Shadhupara, Shibrampur.

3. Drick Fields 58.95 2094 1. Raghabpur.
4, Pharmaceuticals | 20.90 10.54 Salgaria, Shibrampur.
5. Engg. Workshop! | 5.00 2.52 Salgana,

Go-down

Total 198.20 100.00

Source: Field Survey, 1999 and UDD, 1288,

The BSIC Industnal Estate is the biggesl indugtnal area i Pabna municipality which
covers an area of 94.5 acres of land and localcd at Chhatiani mauza. Small-scale
indusiries cover an area of 18.85 acres of land. Brickfields cover an area of 58.95acres off
land. Pharmacenlicals cover an arca of 14,18 acres and localed at Salgaria and

Shibrampur mauza.
4.4, EDUCATIONAL LAND USE:

Pabna has five degree/intermediate collcges, one University collede, one Polytechnic
institute, one Law College, two Govi. Vocational and Cnmmcmia]-institutes, one district
textile institute, 12 high schools for boys, 5 high schoaols for girls and 40 primanyE.G
schools. Among ihese, the mosl prominent 15 (he Pabna Edward University Coliegs,
situated on the Pabna-Ishurdi road. Established in 1898, it 1s one of the oldest colleges of
Bangladesh and a preat scat of learming. There are three more collepes in Pabna which
tcach uplo hgher secondary stage. One is exclusively lor girls and is named Pabna
Mahila College, onc is Shaheed Bulbul College and the other is known as Pabna Night
College.

The cducational land covers an area of 129.0 acres that is 2.87 % of the mumicipalily erea.
The delail of the uses under different catcgories educational institutions is shown in the

following Tablc-4.4.
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Table-4.4: Educational land use

SI. | Types No. of | Areas | % of | Location

No. units n acres | Total

1. Pabna Edward College I 2330 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 Bulbu! College 1 3.90 3.01 Dilalpur

3. Govt, Women's College 1 1.530 Ll.16 Dilalpur

6. Aminuddin Law College 1 0.60 0.46 Dilalpur

7. Pabna Night Collepe 1 (.40 0.31 Dilalpur

8. Govt.  Vocational and |2 6.90 5.33 Cropalpur

Commercial Tnsiilute

0. District Textile Institute 1 4.00 3.09 Salgaria

10. | Primary Training Instiuie | 1 2.00 1.54 Alua

11. | Pabna Automabilc | 1 (.50 0.39 Shbrampur

Training Center

12. | Pabna Alia Madrasa | 1.50 1.16 Radhanagar

13. | Madrasa g 7.20 5.56 Shibrampur, Salgaria

l4. | Pabna Homco College 1 3.50 2.70 Shibrampur

15. | Boys High School 12 10.50 3.11 Chhaban,

t6. | Grls High School 7 5.50 4.25 Radhanagar, Dilalpur

17. | Pnmary/K.G. School 40 15.0 11.59 Dilalpur, Ama &
Gopalpur

Total 12940 | 100.00

source: Field Survey, 199% and UBD, 1988,

Pabrra Edward Collcge and Pabna Degree College covers an area of 43.40 acres of land.

Pabna Polytechnic Institute covers an area of 43.40 acrcs of land and localed at Singa

mauza Govl. YVocational and Commersial Tnstitute cover an area of 6.90 acres of land.

4.5 HEALTH FACILITIES:

Pabna occupics a unique position in Bangladesh having the only Mental Hespital of the

country. This mshitution 15 located at Hemayetpur, only 4 k.m away fromm the municipal

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

Family Planming centers and a Matemnity and Child Wellare Center. There are two more

hospilals, one belenging to the pelice and the other is allached to the District Jail. Both

these hospilals have 20 beds each.
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The land under Health facihities covers an area of 128.20 acres that is 2.83 % of the
mumeipalily area. The detail ol the uges under different health facilities 1s shown in the

following Tablz-4.5.

Tahble-4.5: Land under Health lacilities

Sl ) Types Arcas in | Y% of Total | Location

No. acres

1. Pabna Sadar hospital 20,00 15.62 Salparia

2. TB Hospital & Clinic 570 4.45 Salgaria

3. Pabna Mental Hospalal | 100,23 78.32 Hemayetpur

4. Pabna Maternity Center | (.30 (.23 Chak {zodmda

5. Private Clinic 1.75 .37 Atua. Salgaria, Raghabpur
Total 128.00 100.00

Source: Field Survey, 1599 and UDD, 1388,

About 100.25 acres of land covered by Pabna Mental 1lospital and located at Hemayetpur
mauza. Pabna Sadar hospital covers an area of 20 acres of land and located at Salgaria
mauza. Pabna TB Hospital covers an area ol 5.7 acres of land and located at Salgaria

mauza.

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

Dificrent administrative, govermnment agencies & aulonomous bodies cover an area of
231.70 acres i.e. 5,13 percent of the municipality area. Power Developmoent Board has the
highest percentage of land in this catcpory that is 28.40 aecrcs and located at Radhanagor
manza. Bangladesh Agneuliure Developmeni Corporation covers an area of 26.6 acres of
land and [ocated at Atua mauza.

Bangladesh Watcr Development Board has 12.35 acres of land and located at Atua
mauza. Upazila Parishad covers an area of 23,10 acres of land and located at Radhanagor
mauza. Bangladesh Agriculture Rescarch Institute covers an area of 17.50 acres of land
and localed af Chak Gobmdapur

Pabna Jail covers an arca of 10.20 acres of land and located al Gopalpur mauza. Pabna

Judge court covers an ared of 3.30 acres of land end located at Gopalpur mauza.
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The detail uses in this calegory are given in the ollowing Table-4.6:
Table-4.6: Land use for Administralion, Govt. & Autonomons Bodics

51. | Name of Govt. Departiment Areas in | % of | Location
ACTES Total
1. Distriet Commissioner’s Qflice 1.60 (1.69 Alua
2. Judge Court 3.30 1.42 Gopalpur
3 Supenntendent of Police . 3.70 1.59 Aa
4, Pabna Mumcipality {190 0.39 Gopalpur
a. Police Line 240 362 Gopalpur
6. Police Station 2.10 0.90 Radhanagar
7. Pabna Jail 10,20 4.40) {zopalpur
5. Roads & Hiphways Offlice 3.00 1.29 Atua
9. Bangladesh Water Development Board | 12.35 533 Atua
10, | Public Works Depariment 6.70 2.89 Chhatiani
11. | Power Development Board 28.40 12,26 Radhanagar
12. | Civil Surgeon Office 1.30 0.56 Gopalpur
13, | District Parishad 5.20 2.24 Gepalpur
14. | Thana Panishad 23.10 9.97 Radhanagar
15, | Dustrici Education OfTice 0.85 0.37 Atua
16. | Thana Education Ofiice 0.45 0.19 Atua
17. | Family Planning Depanment {1.40 0.17 Alua
1%, | Bangladesh  Apgriculture  Rescarch | 17.50 7.55 Chak Gobmdapur
Institute
19. | Pubhe Health Engingennyg 1.90 0.82 Radhanapar
20. | Forest Extension Depaniment 10.20 4.44) Salgana
21. | Anser & Village Defense Party 3.30 1.42 Chhatian:
22, | Remistry Office 0.80 0.34 Gopalpur
23. | Food Go-down/Qffice 1.40 0.60 Salgaria
24, | Bangladesh Apgriculture Development | 26.60 1.15 Shibrampur, Atua
Corporation
25. | Distriet Animal Husbandry Oftfice 0.85 0.37 Atua
26. | Thana Revenue Office (.40 0.17 Gopalpar
27 | Soctal Welfare Office 0.35 {.15 Gopalpur
28, | Govt. Alcohol Wholesale Department | 0.40 .17 Atua
29, | Government Housing 18.03 7.79 Chhatiani
30. | Fisherics Oflice 6.00 2.59 Radhanagar
31. | Circuit Office 2.00 (.86 Atua
32. | Other 60.0 12.94 Different Places
Total 231.70 100,00

Source: Field Survey, 1999 and UDD, 1988,
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4.7. RECREATIONAL SPACES:

Recrealional spaces cover an area of 1935 acres that 15 0.43 % of the municipality area.
Out of which 14.42 acres ol the total land in this category covered by recreational open
spaccs (Stadium, Playground ete.} The detait of the uscs under different calegories

recreational spaces is shown in the following Table-4.7.

Table-4.7: Recreational spaces

Sl Types MNo. of | Areas Y of | Location
No. units in acres | Total
1. Recreational Open spaces 14.42 74.52
a. Stadium 1 872 4506 Chak Gobindapur
b. Swimming Pool 2 0.75 3587 Chak Gobindapur
C. Children Park 1 0.20 1.3 Gopalpur
d. Play Ground 5 4.75 24.55 Atua
2. Recreational Closed spaces 4.23 2348
. Cinema Hall 5 2.05 10.59 Dilalpur, Raghabpur
b. Auditorium 1 (.45 2.32 (ropalpur
C. Town Hall | 0.40 2.07 Gopalpur
d. Public Library | (.28 1.45 Gopalpur
€, Gymmasium 1 0.75 387 Chak Gobindapur
f. Ciher (.50 2.58
Total 19.35 100.00

Source: Field Survey, 1999 and UDD, 1988,
4.8. LAND TSE FOR SOCTO-CULTURAL PURPOSE:

There are 16 mosgues, several Hindu temples and one Baptist Mission Church, Among
the mosgues the most nelable is the Jami-I-Mosque which is situated ncar the

Collectorate.

Socio-cultural centers cover an area of 54.31 acres, that 1s 1,20 percent of the mnunicipal

area. Mosgue covers an area of 13.76 acres of land. Eidgahs cover an area of 6.0 acres of

land and located at Atua, Chhatiani, Salgaria mauza. Graveyards cover an area of 30,65

acres of land and lecated al Chhattam and Raghabpur mauuza. The following Table

shows the distribution of the same:
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Tablc-4.8: Land use for Socio-cultural Purposcs

5l | Types Mo, of | Areas | % of | Location
No. urils |1 Tatal
ACHCS

L. Mosque 90 1376 | 2334 | Inall mouzas & Wards
2. Eidgah 7 .00 11.04 Atua, Chhatiani, Salgaria
3. Graveyaril 12 3065 | 5643 | Chhatiani, Raghabpur
4, Mondir ¥ 1.35 248 Radhanagar
5, Church 1 .15 .27 Dvilalpur
6. Crematorium | | 2.40 4.42 Salgaria

Total 54.31 100.00

Source: Field Survey, 1999 and UDD, 19435,

4.9, URBAN SERVYICES:

Pabna City offers the usual civic amenities. The city has two telephone exchanges with
4000 {elephone line, 10 post eMces wilhin the eily including the general post office. ‘The
City is fully electrified and power by PDB through three 11-KV sub-stations. . A [ire-
service slalion 15 also locaied here. The municipality constructed watcr works and
drainage system {Pucca-40.5 Km + Kutcha-20 km) in the ¢ity. There are four Graveyards
and one cemetery on the bank of Padma. Therc is no public scwerage syslem m Pabna
municipality. There are four cinema halls, one community center, three parks, and a town
hall with an audilorium and a stage for thealncal perfonmances and other culmral

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

Urban Services cover an area of 31.39 acres, that is 0.69 percent of the municipal arca.
About 35 percent {11.2{) acres) of the total arca in this catcgory is covered by Pabna Bus
Terminal which is located in Shibrampur mauza. Water supply and Pump houscs cover an
area of 2.60 acres, that is 8 28 percent of the total land in tlis category. Telephone and
Telegraph oflices cover an area of (.50 acres, that is 1.6 percent of the total land in this
category and Fire Service Station cover an area of 1.00) acres, that is 3.18 perceni of the
total land in this catcgoery. The other detailed uses n this calegory are shown in the

following Table-4.9.
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Table-4.9: Urban Scrvices in the Municipality Arca

5. | Types No. of | Aressin | %  of | Localion

No. uniis acres Torlal

1. Telephone and | 2 .50 4.78 Gopalpur
Telegraph offlce

2. Post office 4 0.40 1.27 Gopalpur

3 Pabna Bus Termmal 2 11.20 35.68 Inlalpur, Smbrampur

4, BRTC Terminal 1 2.10 6.69 Shibrampur

5. Poliec Ourpost 2 (.60 1.91 Radhanagar

f. Water supply and Pump | 3 2.00 828 Dilalpur, Atua
house

7. Fire Service Station 1 1.00 318 Drlalpur

8. Town Tahsil Oflice 1 0.30 .95 Gopalpur

9. Waste Disposal Office 1 1.39 4.43 Salparia

10. | Electric Supply Office 2 0.30 0.95 Radhanagar

11. | Others 10.0 31.39

Total 31.39 100.00

Source: Field Survey, 1999 and UDD, 1988.

4.10. LAND UNDER ROADS:

Within the mmnicipal area of the town there are about 93.50 km of roads of which 60 km
are paved {permanent) and the resl 33.5 km are unpaved (lemporary). Out of the paved
roads, 6 km of roads are maintained by RHD. The municipality maintains the remaining
57.5 km of roads. Among the imponant thoroughfares the following are notablc: Pabna-
Pakshy Road, Abdul Hamid IRoad, Stand Road etc. Abdul Hamid Road is permmanent road
and nmms ihrough the heart of ihe town and connects {the Pabna-Ishurdi mad with Pabnoa-
Nagarbar road. Almosi all importani Governmeni offices, public mstitulions and banking
and commercial concemns are localed etther sides of Abdul Hamnid Road.

Dhaka-Rajshahi national highway passes through Pabna municipality. A by-pass has heen
construeted, a part of which has passed througlh the northern part of the municipality. This
has reduced the town-center free from inter district traffic congestion and also increase
the efficiency of the nauonal highway. Pabna municipality has two bus tcrminals, one

truck terminal and {ive baby taxifternpo stands and a number of nckshaw stands.
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Roads cover & total arca of 452.62 acres which is 10,02 percent of the municipal arca. The
total mileage comes to 155 miles, that includes all kinds of moads. The roads are classified
mto three categones according to their nght of way:

1. Local Road: Upto 24 ft. wide

2. Secondary Road: 25 fi. to 39 . wide

3. Major Road: 4 ft. wide and above

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

considerad in the above classifications.

Again, according to their surfacc conditions the roads have been classified into two
categonies viz.

1. Temporary Road : only soil, no surface treatment

2. Pecrmancnt Road: rigid {concrete) or flexible (bitumen) pavements or herring bone

bond brick seling.

Table-4.10k Land under toads

Land use Fermangnt Tempaorary Total
Length | Ares 1o | Length | Arca i | Lengpth | Arca in | %% of
wmmnle | acres moule | aeres mmile | acres Tatal
Myor Road. (40 | 200 10650 | 0.00 0.0 200 106.9 2.36
[i. and abowve)

Sceondary  Road: | 2500 | 9005 | 150 | 5064 |400 | 14069 |31.08
(25 L. 10 39 11.)

Local Road:  (Up | 30.0 118.3% | 430 Be6d | 950 20503 4530
to 24 ft. wide)
Total® 250 31534 48 04 13728 | t5331) 452,62 10000

Source: Field Survey, 1999 and UDD, 1388,

4.11. RESIDENTTAL LAND USE:

Residential Land use covers an area of 2418.54 acres that is 53.58 % of the municipality
arca. Permanent strictures cover an area of 1023.77 acres or 22.68 % of the mumeipaliy
area. Semi-permanent slructures cover an area of %68.56 acres or 1924 % of the

municipality arca and 35.91 percent of total arca used in this catepory. Temporary



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

area and 21.76 perceni ol lolal arca uscd tor residential purpose.

412, LAND UNDER WATER BODIES:

A considerable amounl of land have been used as domestic ponds, dilches and
depression, canal and rver, which is amounted 17298 acres or 3.83 percenl of
municipality arca. Ponds and ditches cover an area of 88.03 acres that is 1.95 % of the
municipality area and 50.89 percent ol total arca in this category. Canals cover an area of
28.20 acres that is (.62 % of thc municipality area and 3089 pervent of lotal area under
water bodics. The Ichamoil river covers an area of 56.75 acres that is 1.25 % of the

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

4.13. RESERYES AND SPECTAL USES:

Reserve lands and special uses have been classified as those lands, which are to be
rctained permancntly and do no fall 1 any calegones. This calegory covers an area of
120.61 acres that is 2.67 % of the mumicipality area. Morc than 58 pereent of this category
is earmarked for proposed park. Proposcd municipality office covers an area of 2.20 acres
ihat 1s 1.82 pereent of total area in this category. The lable below shews the detal uses in
this category.

Table-4.11: Reserve Land and Special Uses

51l | Tvpos No. of | Areasin | %  of | Tocation
No. units acres Total
1. Brick Field {PWD) 1 4,60 3.81 Chhatiani
2. Proposcd Municipality office | 1 2.20 1.82 D. Ramchandrapur
3 Proposed park 1 10.36 .58 D. Ramchandrapur
4. Deep Tube well 4 (.45 0.37 Chhatiani
5. Yacant land (Urhan deferred) | - 103.00 | 10,78
Tutal 120).61

Source: Field Survey, 1999 and UDD, 1988,
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4.14. SUMMARY:

From the land use study, it is clear that Pabna municipality has grown haphazardly. No
planned development is found in Pabna municipality. Three Pharmaceuticals and some
mdustnes have developed in residenlial area that creates an environmental preblem in

Pabna municipality. And, there is acute shorlage of housing and recreational facilities in

Pabua mumcipality.
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CHAPTER-FIVE
APPLICATION OF AHP IN LAND SUITABILITY
ANALYSIS

5.1, INTRODUCTION:

Thomas 1. Saaty developed AHP in 1977 for military centingency planning to allocate
scarc rcsources, and for political panticipalion in negeotiated disammmament agreement.
Vargas referred that 1t 15 a2 multiple cntenon methodology. In 199, Saaty explammed the
AHP as a structurcd process consisting of a goal, criteria, sub-criteria, and altcrnative
{options) and a set of judgaments to establish a relationship amongst themn. The ulimate

ohjective 1s lo oblain a scale of relative tmporiance lor the alternatives.

Land use suitability mapping 1s a techmque which can help find 1o the best location for a
varicty of dcvelopmental actions given a set of goals and other criteria. The mapping
technique is based on natural and human processes and analyses the interactions amonp
ihree seis of faclors: locahion, development actions, and environmenlal effects. The
weighting of land suitability factors by human experts is intepral to land suitabilily
analysis.

A suttability map assesses the ability of each increment of land under study to support a
given use. The urban snitability map can provide a basis for urban growth policies and

mfrastructure locations and other long-range planning decisions,

5.2, ANALYTICAL HIERARCILY PROCESS (AIIP)

The analytical hicrarchy proecss {AHP) is a multi-attnbule modeling methodology which
was developed and apphed by Saaty. AHP has become a popular tool for problems of

multi-attribute decision modeling.

The prinecipal 1dea of AHP 15 based on pairwise comparisons at the different hicrarchical

levels of a problem which is concemed with cvaluating the relative importlance of a set of
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criteria. Pair-wise compansons of the crilena are represented in a matrix form from which
the relative weights may then be caleulated by special proccdure. The basic obscrvation is
that 1113 easier to comparc the importance of two different criteria than to make an overall
comparison in one sweep. For the suke of assessment, a hierarchy of the weightmgs of the
land suilability factor 18 structured. Such a hicrarchical structurc helps to clarify the
relationships among various suitability facters. It, in fact. conforms to the way in which

human beings view things.

Afler defimng ihe problem parameters, the first step in AHP is to decompose the
docision-making process into hierarchical criteria levels. For each hierarchy level, the
criteria are examimed through pair-wise companson mainx. The weighls to be alinbuted
to the diflcrent criteria arc then calculated as the components of the normalized Eigen
vioctor for the maximum eigen-value of this matrix. This process is repeated for cach
hierarchical level of the decision tree. The luerarchy i1s couslrucied so that the lower
levels of higrarchy are refinements ol its upper levels. The decision alternatives are placed

on the lowest level of the hierarchy.

3L MATHEMATICAL DESCRIPTION OF AHP:

The logic of pair-wise companson of 1 elements {different criteria) is camed out in a

matrix A4 = fa).

WL W2 WIAW3 . WA
W2 WAV WAAET . WX
A = WaWI WL WIWE D 3 W

Wh/H! W2 W W3, Wrn
Where the elements of the matrix are the pair-wise comparisen ratios of the weights Wi

'The pair-wise comparisons are done so that one compares the column unit to the vow unil,
Thus a matnx ratio 18 formed wilh gy = w. Awf. The matrix A is reciprocal @. = 1/ @ and

all its diagonal entilies are unity {aii = 1). For such a study, a total of n*(n-1)/2
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comparative judgements are thus required, where n is the humber of critcria used to
evaluate the considercd hicrarchical level.

The matrix rank of A is one and the following equation holds: 4*BF = n/F

Where W= fw/f, w2, ... wn)".

W is the relalive weighl vector and n is the number of clements.

The problem of finding W has thus been recast m terms of a malnx algebra eigen- value

equation with n as the elgen- value and W as right cigen veetor of the matrix A.

5.4. STRUCTURE OF AHP MODEL:

AHP organmizes the vanous factors of a problem into a hicrarchy similar to a trec type
struclure (Figure-5.1). The top level contains the Goal. Intermediate levels represent the
factors and criteria of the problem. At ithe botiom of ihe iree are the leaves, which
represeni the cheice. A complex model may have additional level to represent furher

breakdowns of the main criteria into sub-criteria.

Level 1. Goal!
Crverall Ob)jective

Lovel 2:
Criteria (Facuors)

Lewel 3: Sub-
crileria { Parameler)

Level 4
Altcrmatnves

Figure-5.1: Structurc of AHP Modcl
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5.5. AIIF MODEL AND LAND SUITABILITY ANALYSIS:

According to AHP model choce process is 1o be siructured in a hierarchical order, in
different levels such that the factors in cach Icvel is related o at least one factor of cach
preceding and the succeeding levels. Here in the best policy choice methed, the selection
process has been divided mio four levels as lollows:

Level-1: Goal of the sbucture is to find out a Suitable Community fer Urban
Development

Level-2: Criteria- the factors of Land Suitability Analysis

However, bused on the human capability in comparing the factors in the paired
comparison method, only five most imporlant facters have been comsidered in this
analysis.

Level-3: Sub-criteria- sets of parameter have been considered in this analysis.

Level-4: Alternatives- 3 altcrnatives have been considered in this analysis,

The process begins by prepanng the decision factors and consimucting a hierarchical
structure 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 lask, to group enleria, down to subentenia {and [urther to their children enteria
if thoy cxist), and finally o the alternatives (i.e., communities 1o be compared). Figure-
5.2 shows an example of how the hierarchical structure of decision factors can be
cstablished, in which Environmental /Ecological factor is onc criteria, while Ground
Watcr Condition, Quictness of the arca, and Quality of view are sub-cntenia, and three

sites are presented as final alternatives.

Once the necessary information is prepared usmg the GIS, the AHP can begin. In the
AHP, it 15 possible to attach a relative preference measure to each criterion sclected in the
previous step. The hierarchy of the decision criteria thai has been eslablished facilitates
this process by permirting the focus to be on comparing a small number of entena at a
imme. Setting prnonties 1s aided by the pair-wise comparison aspect of the AHP, which

allows a comparison of only two eriteria at onec, climinating the potential confusion of
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having lo estimate multiple criteria simultaneously. The acquired relauive weighis of the
enleria in different stages of comparisons are synthesived, yielding the composite

priorities of all cntena and eventually the relative weights of the alternatives (ie., the

communilies).
Lewel 1: Selecting a Suitable
Orverall Obijective Community for Urban
Drevelopment
Level 2: Euvironmental Physical & Socine Social Llnlity!
Cniena (Factors) {Beological Geolopical ECONOMIc & facilities & Urban
demwpraphe fransporiation LETYICES
Level 3: Sub- Ground Waler Soil quality Paopulation Distance to Distance to
criteria (Parameter) | Condiion density schonl sewer lmes
Chuetness of Land slope Land Distance w0 Avaalahility
the arca valueprice lacal bus stop of (regh
. WART
| I | | I
Yulnerable Social Dnstance to Distance to
Qualily of view to MNood Standing of CED Power lines
the area
Level 4: Land Suitable [or Land Suitable for Land Soitable
Altematives Remidential Comimercial for Industrial
Development Development Development

Figure-5.2: Hierarchy for selecting a site for Lirban Development

5.6, INTEGRATION OF THE AHP WITH THE GIS:

Some applications that meorporate GIS data and operating capabilitics into an cxpert
gystem to fotm a geographic decision supporl gystem for resource management, lerritonal
planning, or land suitability analysis. Dyokic (1991} linked the Arc/Infe GIS with an
cxperl system to create a drainage network assessment system ihal checks for
completeness and conneclivity of network elements of GIS data. Evans ctal. {1993)

siated 1n their study that the improved version of SITE CODE (Shaw et.al. 1993) can
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provide regulatory informaiion to the user by linkmg regulatory facls stored in a dalabase
to siles located m a GIS (hmoueh an experl syslem query inlerface. A study by Miller
{1994) illugtrated an mereased utility of intcgrated decision tools by showing how the GIS
can be coupled not only to the knowledge base but also to the environmental medel 1o

addrcss vesetation change problems.

Once the hierarchy lor a problem is cstablished, the same prototypical methodology can
be applicd icvel by level, regardless of the complexity of the hierarchy. Basically, the
process seeks to assess the weightls of the lower hierarchy level with respect to the level
of criteria immediately above. Locally oblained wei evht values are used lo generate the
composite weights of the next lowcer hicrarchy level and, ultimately, to produce the global

weights of the alternatives wilh respect to Lthe overall objectives of the problem.

5.7. PROCEDURES OF LAND SUTTABILITY ANALYSIS:

The procedurs of land suitability analysis for urban development {a total of three possible
land-use types such as residential, commereial and indusinal land uses) mvolved the

E

following steps:

« Identification of Land Suitability faclors o be included in the planning cxcreise.

«  Defimng nominal types and determination of scores for nominal types. (Higher scores
indicate greater suitability for development).

s Acquisition of preferences through questionnaire

* Dctermination of weights for each facior and preparation of inventory maps for cach
factors by weighting various categories in terms of suitability.

» Division of study arca into grid cclls and convention for labehng cells.

¢+  Compulabion of the sum of weighted factor scores for each grid cell.

s Producing composite maps by overlaying (wo or more inventory and sums of

weighted scores for each land use.

43



5.7.1. Identifying Land suitability factors and Parameters:

First the factors rclevant to asscssing the suitability of land for urban development has
been scleeted. Based upon literature survey and discussion with cxperts live types of land
suitability factors have been ideniified. The [actors have been again subdivided into 27

parameters.

5.7.2. Defining/Specifying Degree of Impact:

For cach parameter, Degree of Iinpact with scores has been defined. A Six-potnt seale: 5
{High), 4 (Moderalely High), 3 (Modcratc), 2 (Moderately Low), 1 (Low), and 0
{Excluded) scale was used to measure degree of impact (Vi) of surveyed paranmieters. For
land slope, the Deprec of Impact are high, medivn: and low and corresponding ratings are
1, 3 and 5, respeciively. The highesl numencal score 1§ associated with the attest ground
and mdicates land wiih slopes most suitable for urban development. For quality of views
{actor, the Degree of Impact are also good, fair and poor. In this case, the mghesl ralings
go to cells with the highest qualily views, since these areas are judged more suitable for
urban develepment. The Degree of Impaet and comresponding scores arc shown in Table-

5.1:



Table-5.1: Degree of Tmpact ol Land suitability Parameter's (Vi)

Factors Parameter Degree of Impact with Scare
5 3 1
Environmental | Ground Water Condition Crood Far Foor
CQuetness of the area No Moderate High
seeologiond Distance to Green area <HHIWm 1000-2{m >2000m
Air Pollution No 11sk Moderate sk | Hiph risk
Cuality of view{Cood View) Good Tair Poor
Phwsical & Soil quality {Foundation condibion) | Good Fair Poor
Land slope <10% (5%) 10-20% 20=[22.5%)
Geelugecal MNatural:501] drainage svstem {Food bModerate Poor
Vulnerable 1o Mood fElevation Mo nsk {Theh land) | Modeate risk | High sk {Low lund)
Possibility of Earthquake Mo Tisk bModerate risk | High nsk
Socta- Population demsityfSq, Km. {Grossy < 4000 A00H-5000 =3000
Eronomic & Existing land use (gr-sitg) Parcnt bied Conflicting
Demagraphee | Land value/price {Per Acre) Low Medium High
Factors Social standing of the arca Giood Vair Poot
Socied Thstance to School Ll S00-10080m = 1000m
Facilifies Distance o Medical facilities = 5{{m JO0-1000m = 1000m
& Thstance to Recreation facilitics = 1{Hhm 1000-2000m 2 2000m
Franspariation | Dhslance o Highway < 1000m 1000-2000m = 2000m
Dhstance to Waterway < A00m FO0-1000m = 10{{Im
Distance o Local bus stop = A00m S00-1000m = 1000m
Distance o Commercial facihies = 1000m 1 000-2000m == H00m
Distance to CBD < 1000m 1000-2000m = 2000m
Citings Diistance to Sewer lines! drainage < S0 500-1000m = 1000m
Clreban Avalabihty of Fresh water supply | < 500m a0R-1000m = 1000m
Ferveces Distance to Power lines < H0m S00-1000m = 1000m
Distanee 1o Tele comm. Lines < S{Hm 500-1{{}hm = 1000m
Available Vacant land Vast Far Limited

5.7.3. Elicitation of experis® preferences:

T s a process by which 1o elicit the value judgments of human experts on the relative

irmportance of land suitabifity factors in respect to a land-use type. The cxpens’

preferences or value judgments are ‘raw data’ for the weighting of land suitability factors.

There are five sieps of acquisition of experls’ preference (Figure-5.2).
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Familiarization With the domain

ilentification of human expert

I

Sclection of acquisition method

Preparation of questionnaires

T
“hcitation of preferences

Satisfactory preference
infonmation

Figure-5.3: Elimiation of expcrs’ preferences
a). Familiarization with the domain:

The first task in preference acquisition is to determine preeisely the objects or altributes
on which preferences were elicited. To this cnd, a knowledge worker (the analyst who
ehicits experts’ valoe judgments) nceds to become familiar with the work accomplished in
the two previous stages of problem defimtion and hierarchy construction. The oulcomes
of these sleps mclude a detailed list of potential land-usc types, the influencing land

snitability factors with their groupings, and a hierarchy of suitabihily facior weightmgs.

b). Fdentification of expert:

For each land-usc type, a human expert was identified as a source of value judgments.
The researcher im comunction with the experts accomplished this. Table-26 listed the

speciallies of these expers in relation to land suitabilily factor weighlings.

Takle-5.2: Tdentity and specialty of hunan experts and their roles in wenehling of the land soiwbalily Taetor.

Tdentity Specialty Land-use fype assessed
Invesion Investment analysis | Commergial
Invesior/Indusinalist Economic developer Industrisl

Private developer/ Govt. authonity | Residential devclopment | Resuwdential
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(c). Selection of acquisition method:

The knowledge worker then needs to find oul, for each of the experis, whal method
should be used lo ehcil preferences. There are varions methods to colleet data. Among
ihese methods, interviews (either struetured or unstructured) are the mest commenly used
and widcly aeccpted approach o preference acquisition. Pair wise comparisens provide a
useful and efficient lool for preference acquisition. This is because 1l is psychologically
easier {or most individuals to form pair wise judgments berween two particular clements

than to compare ameng the ‘n’° objects at one ume {Saaty, 1992).

(d). Preparation of questionnaires:

The queshonnaire 18 prepared for its simplicity and flexibility charactemzes a struclured
interview. The requests for pair-wise comparisons are made through tables rather than
questions or mainces. These lables conlain seven columns, The hrst and last columns are
land snitability factors for comparison; the remaining columns arc for prefercnce added.
All that an interviewee needs to do is to simply tick to mark with his or her valuc
judgments on which of the two factors 15 mote imporlant and how many times. The
interviewee can choose either a2 numerical or 2 linguistic scale lor pair-wise COMparisons.
The level/degree of preferences for each pair-wise comparison and the corrcsponding
definitions are conlaned in Table-5.3. A level of 1 means that both characteristics are
equally importani. A level of 2 implies thal one fucior is slightly more important than the
other is; whereas a level of 5 means that onc factor is absolute dominance of one faclor

gver the olher.
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Table-5.3: AP Scale for the pair-wise comparisons

Intensity of Defimtion and explanation
Lmportance
1- Equal importance (Two factors contribute cqually to the objective)
2 Slight impostance (Txperience and fndgment shghtly favor one factor cver fhe another}
i Maoderate importance {Expenence and judgment moderately favor one facior over the
another)
4- Strong tnportance (Expericnce and judement steongly favor one factor over the another}
5 Exlreme or Absolute importance (Oue is of the lughest passible order of athrmation as
cempared to the other}
- One of the factors has absolutely notlung to do with the selechon of this particular land
use.

An excemt of the questionnaire is given in Appendix-A.

5.7.4. Determining Factor Weights for land snitability factor gronps/factors:’

Derivation of rclative Factor Weights of land suilability faclors 15 completed in this stage.
A pair-wise comparison malnx 1s consirucied in Table-5.4. In the right margin of the
table the normalized solution of this pair-wise comparison marrix is shown with the
relative of the factors, wi. Saaty states (hai if A 15 *n” time preferred to B, Bas 1/n times
as preferred as A. The preference information fram the experts is entered into matrices
and saved as files in a spreadsheet package. A computer program is developad and then it

is applied to these mairices 1o calculate the werghting scores.

Table-5.4: Deriving relative weightage of land suitability factor

Nuitability factnr Environnental | Physical? Soriw-ermnumic Sovial Gicahiies & | LulieTrban Wearht
fecalueical Cealurical & Dranoeraphic Uanspiatalion SEI ICEs (W1
Envirnnnental 1 i A b 13 ol
‘eenloyrical
Physicalifionlomeal 2 1 i 1 14 0z
Lo o-coononig 2 1 1 1 LA N2
Drenographic
Secal facililies & 2 L | i Y 0z
{ranspartahion
LItiliew1 Irhan 3 X 2 2 1 (1)
SeTvices
Weight (¥wi=110) 1.0

The results of the calcnlations were then presented to the experis who provided the
preference information for approval. Table-3.5 listed the final weighting scores of the
twenty-gseven land suitability factors with respect to all three land-usc types.

Table-5.5: The Weight of land suitability factors and parameter for each land use type (W)
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Factors Parameter Land-use Pypes
ltesidential Commercial | Industrial
Emvronmental | Gronnd Water Condition 3 2 2
/ Ecological Quigmness of the area 3 2 2
Distance to green area 1 2 2
Aar Polluton 1 2 2
Chuality of view{Good Yiew) 2 2 2
it 1 1g
FPhysical & Soi quality {Foundation condition) 3 & 4
Geologweal Land slope 2 2 L
Faciors Natural/So1l dramape system d 2 3
Vulnerahle o Flood 10 & 10
Passibility of Earthquake 3 4 2
2 21 20
Sociu-economie | Population density (Ciross) fi 7 7
& Existing Land wse 3 7 3
Demogrophe Land value/price & & 14}
Facrors Social standmp of the arca 3 0 L
20 24 20
Sacial Distance to School 5 1 3
Facilitier Dhistance to Medical facilities 2 1 2
& Distance to Becreation facililies 2 1 -
Tramsportagion | Distance to Highway 2 2 4
TMhstance to Waterway 4] 0 5
Dnstance to Local bus stop 2 2 1
Ihstance to Commercial facilities 4 10 3
Distance 1o CBD 3 4 2
24 24 20
Lhedeny” Thstauce to Sewer lines/ drainage 4 5 3
Llrinin Availability of Fresh water supply ¥ 5 4
Servicet Distance o Tower hines 6 5 3
Distance to Tele comm. Lines 4 ) 3
Available Vacant land 14 0 15
3 g 34
Tatal weighl of land suitability Tactors 10 140 100

5.7.5, Division of the Study area into Grid Cells:

Next the study area was divided wto 220 grid cells (Figure-5.4). The size and shape of the
¢ells was determined using professional judgment, and 1t was assumed that the areas
within the cells are, in some sense, homogencous. The 300-m square grid cell is accurate

cnongh {or land suitabihty mapping {Ortolano, 1990).
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5.8, SUMMARY:

The detail concept of AHP model, 1f's calibration procedure and analysis process of
experts' opinion by AHP model has been disenssed in this chapter. Land snitability
factors, factor rating and factor weight have also been found. From the eopinion of experts
using AHP technique, these data and factor weight, facior rating have been delermined.

The result of experl opinion survey was usefu] to detcrmine composite score of a Grid

cell through inler-grid analysis.
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CHAPTER - SIX
ANALYSIS AND FINDINGS OF THE STUDY

6.1. COMPOSITE ANALYSIS:

The composite or nal analysis Wdentified and evaluated the Gnd cells by taking into
aceount the results from weighted factor methed. The weighted-factors method provided
a procedure where each suitability facter (¥4} with a score (Table-5.1) was multiplicd by
the weight of that factor W) (Table-5.5). The resulis of the multiplication were added
and then a composite score twi X vy for each suitability lctor was determined {Table-5.6).
Wi & Vi were found from AHP and survey/other sources, respectively. Total Composile

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

]

DN A where # = tolal number of parameter related to the study
i=1i Wi = the relalive imporiance ot weight of parameter i.

¥, = Relative change in the valuc of quality of paramcter i with respect 1o existing

situation (Degree of impact).

Relative impact = Relative importance (weights)* Degree ol impact
0.2. PREPARATION OF FINAL LAND SUITABILITY MAPS:

Total composite score (Relative Impact) for cach grid eells were ranked according
to their numencal value, The cells wiih higher scores was indicated more suitablc
land/area for urban development. The Arcview Package was then used 1o produce the
final composite map 1hal 1dentified areas suitable for urban devclopment. Sums ranged
from a2 maximum of 500, indicating the most suitable location for develupmelnt, 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 present least suilable
moderatc  suitable and most soitable for residential, commercial and industrial

development, respectively.
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The final results (shown in Figure-6.4) are presented m terms of 3 classes of land ranping
from the most to the least suitable (with a total score of 100-300, 301-400 and 401-500)
for Urban development. If any end-cell possesses same composite score (same switability
type} then, the maximum potentiality of the celliihe existing land-use paticm has been

considered to treat it {Cell) as a land usc type.
6.3, FINDINGS OF COMPOSITE ANALYSIS:

6.3.1. Land Suitablc for Resideatial Development:

Out of 220 Grid cells, 158 Grid cclls arc most snitable, 36 Grid ¢ell moderate suilable and
26 Gnd cell leasi sunable for Residential Development {Figurc-6.1). Thus, out of 19.8 sg.
km. (Study area), 14.22 sq. km. are most swtable, 3.24 sq. km. modcratc suitable and
2.34 sq. km. least suitable for Residential Development.

Tahle- 6.1: Land Switable for Residential Development

Mo | Type Grid Cell Arca {8q. Km)
No. %%
1. | Maost Suitable 158 71.82 | 14.22
.| Modcrate Suitable | 36 1636 | 3.24
3. 1| Least Suitable 20 11.82 | 2.34
Tolal 1220 11000 | 19.8

6.3.2, Land Suitable for Commercial Development:

Out of 220 Gnid cells, 19 Grid cells are most suitable, 133 Gnd cell moderale suitable and
68 Grid cell [east suitable for Commercial Development (Figure-6.2). Thus, out of 19.8
sq. km. (Study area), 1.7] sq. km. are most smlable, 11.97 sq. km. modcrate suitable and
6.12 5q. km, least suitable for Commercial Development.

Table- 6.2: Land Suitable for Commercial Development

Ne | Type Grid Cell Area {Sq. Km
Mo, %
I. | Most Suitable 19 8.64 I.71
. | Modcrate Suilable 133 60.46 | 11.97
3. | Least Suitable 08 3090 1612
Total 220 1000 | 19.8
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0.3.3, Land Suitable for Industrial Development:

Out of 220 Grid cclls, 67 Grid cclls arc most suitable, 136 Grid cell medcrate suitable and
17 Grid ccll lcast suitable for Industrial Development {Figure-6.3). Thus, out of 19.8 =q.
km. {Study area), 6.03 sq. km. are most swiable, sg. km. 12.24 moderate suitable and
1.53 aq. kun. least suitable for Industrial Development.

Table- 6.3: Land Suitablc for Industrial Development

No | Type Grid Cell Area (Sg. Km)
No. %
1. | Maost Suitablc a7 30.45 | 603
2. | Moderate Swtable | 136 61.83 | 12.24
3. | Lecast Suitable 17 772 1.53
Total 220 neo [ 198

Source: Field Survey, 1999

3.4, Land Suitable for Urban Development:

QOut of 220 Grid cells 139 Grid ccll arc most suitable for residential development, 18 Grd
cell most suitable for commercial development and 63 Grid ccll most saitable for
industrial Development (Figure-6.4). Thus, cul of 19.8 sq. km. {Study area), 12.51 sq.
km. are most suitable for residential development, 1.62 sq. km. most smlable for

commercial development and 5.67 sq. km. most suitable for industrial Development.

Table- 6.4: Land Suitable for Urban Development

No | Type Gnd Cell Area (Sq. Km)
Na. Y
1. [ Residential 139 6319 | 1251
2. | Commereial 18 5.18 1.62
3. | lndusinal 53 28.63 [ 3.67
Total 220 100.00 [ 19.8

Source: Ficld Survey, 1999
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6.4, COMPARISON BETWEEN EXISTING LAND-USE & LAND SUITABLE
FOR URBAN DEVELOPMENT: J

Land-uscs in Pabna municipality arc very mixed. All [ood free ares in Pabna
munlicipality has already been develeped. The present land-usc paticrm indicates ithat
residential area 18 carrying the major share thal ts arpund 53.58% of the total area. The
comparison between the existing land-uscs of Pabna municipably and Jand suitable for
urban development {Identified) are presented in the Fipure-6.5.

From Figure-6.5 it is clear that the existing commercial area is developed at the most
suitahle location of Pabna municipality. Land suitabilily Analysis has also identilied this
Zone as a most suitable location for commercial arca. But the cxisting residential area and
industrial arca with threc pharmaceutical are developed haphazardly along-with the
existing residential area in Pabna municipality. Thesc three pharmaceulical creates
environmental hazards 1n Pabna municipality. Land suitability Analysis does not

recornmended this location as a land switable for indusirial development.

6.5, PROPOSAL FOR FUTURE URBAN DEVELOPMENT:

It is not possible to use the cxisting developed land for fulure urban expansion. So, we
have to plan based on vacant/agriculture land for futurc urban cxpansion, Based on
composite analysis and considering the existing land-use and vacant/agriculture land, the

following proposals should be consider for fulure urban expansion (Figurc-6.6}.

6.5,1. Residential Development:

To accommodate a pepuiation of 1,66,861 by the year 2006, there will be a need for more
residential area, Southeastern part of Pabna municipality is swlable for residential
development. A ncw rcsidential area should be developed at southcastern pan area of
Pabna mumeipality (Grid cell no. 129-131, 150-153, 173-175, 195-196 and 212).
Nortlwestern part of Pabna mumicipalily 1s considered, as the next suitable for residential
development. In addilien to the proposcd residential area, it recommended that another
residential arca should be developed at Nonhwestern par of Pabna municipality {(Grid
collne. 11-12, 2324 33-36, 48-50, 61-63, 73-B1).
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6.5.2. Commercial Development:

The present Central Business District (CBD) of Pabna municipality is located at Abdul
Hamid Road area. This area is suffering [rom traflic congestion due to narrow road. To
safcguard present CBD ares, the expansion of CBD should take place outside Abdul
Hamid Road area. From composite analysis, it is clcar that the proposed extension of the
CBD should take place at western side of the Nagarban-Dhaka highway (Gnd cell no,
103-108). It is not far way from lhe present CBD area. The new CBD arca should be
developed wilh bank, insurance offices, market and shops to meet the future nesds of the

people ol Pabna municipality.

6.5.3, Industrial Development:

The existing indusinal land use covers an arca of 198.20 acres of land. In addition to the
existing industrial arca (BISIC Industrial estate), it 1s recommended thal a new industral
estate should be developed at north side of the cxisting Pabna bus terminal {Grid cell no
9-10, 15-22, 31-34, 44-47, 57-60,70-72, 88-90 and 109-110}. Anciher mdusinal area also
should be developed at south of Ichamot niver  {((God cell no 204-211, 216-219). The
Ichamot: nver should be free from any development. To improve communication system,
a new rmoad should be constructed and dredging and widening of Ichmmoti niver

throughout lo make it again 4 broail water way for beals and other water vessels.

6.6, SUMMARY:

The objective of the smudy is te apply the land suitability analysis technigue to
Pabna municipality to identify arzas suitable for urban development. In this chapter, land
swtable for residential, commercial and mduostoal development has tdentilicd from
composite analysis (Inter Grid-cell survey). The smtabihily map displays suilability scores
Tor cach land usc type into three catcgerics: (1) Most suilable; (2) Modcrately suitable;

and (3) Least suitable, A defaull color s provided for sach swiabtlity category,
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CHAPTER-SEVEN
CONCLUSIONS AND RECOMMENDATIONS

7.1. CONCLUSIONS:

This research is mainly an exploratory type rescarch and adopted in the context of
Pabna municipality. Tl 15 conducted to test the wiability of Land Suitabihity Analysis
Technigue m Pabna municipality. The ATIP has been applied lo deal with Tand suitability
{actor. However, the ullimate objective of this research 1s to assess the replicability of the
technique throughoul Bangladesh. So, the rescarch can be considered at naticnal level.
These guidelincs can help to determine practical policies for urban land and for its present

and futurc uses.

7.2, RECOMMENDATION FOR POLICY GUIDELINES:

The findings of the study would be suitable for strategic land use policies. The
concept of land suitability analysis would be useful for planming purposes. The nltimate
results of the research are a sel of maps showing arcas, which are suitable for urban
development under cxisting physical cnvironmient. In view of lhe recent increases in
population in the area it is expected that urban uses would replace non-urban and
agricultural uscs in the city which may have important plammg impheations, 1 s
gxpected that the study would identify such changes and provide valuable insights for
fonnulating planning policies. For formulating land use pohicies, we need to identify
changes in land vsc and predict future land use patterns. The output of the research would
be used in policy formulation in government level regarding urhan development. Tt is
expected 1o benciit the central authority, local government and different private
developers involved in housing, commercial and industrial development. It would also
help planners o undersiand the problems ol urhan development. It would be replicable

for any other geographical area of the country.



Pabna mumicipality deals Town planning aclivity of Pabna municipality. But Pabna
mumcipality 15 nol capable of implementmg the propesed land-use plan for future urban
cxpansion. Becanse Pabna municipality is guided by Pourashava Ordinance'?7. Acceding
to this ordinance, Pabna municipality is not authorized to implement this plan. Urban
Development Directorate (UDD) prepared land-use/master plan in 1985, But Pabna
munigipality dogs nel follow lhis plan because Pabna municipality has no planncr to look
alter the implementation, interpretation and opdatmg of that plan. The major
limitations/drawbacks of Pabna municipality to can:}f out town-planning achivibies are {1)
Legal censtraint, (1) Lack of Fund, (iii} Lack Institutional Capability and (iv) Lack of
Planming stafl. There 13 provision for a post of Urban Planner. But there is no Urban
Planner and other Planning staff. Therefore, the following policies should be considered

{0 apply the proposed land-use plan based on Land suitability Analysis:

¢ Pourashava Ordinance'77 should be revised to carry out urban plantung function.

+ An Urban Planner should be appointed in Pabna municipality to cnsure a balanced
city.

+ Providing adequate training facilities of all staff should sirengthen the institutional
capabiltty of Pabna municipality.

s Tax colleclicn of Pabna municipality should be inereased.

The above policics would help the Government and Pabna municipality and the other
concerned apencies such as Cuily Development authoritics, City Corporation, LGED,
UDD to ensure a sustainable development in implementing their development projects as
well as cther land development project i Bangladesh, Depending on the success of
sclecting the mosi swiable land for urban development using AHP, other projects may

aJopt (he same technique to arrive at their own development policies.
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7.3. RECOMMENDATIONS FOR FURTHER RESEARCII:

Finally, suggestions for improvement and issues for future reszarch are discussed
as follows: (i) as in this research, mosi appheations using the AHP method are based on
using crisp nunibers such as 1 io 3 in the pair-wisc judgments. However, 1o accommeodale
potential uncertainty associated with one’s perception (or judgment) regarding the relative
importance of the elements, the use of fiizzy logic is suggested. In this case, the pnionty
among the alternatives may be derived via the use of membership functions to estimate
the different degrees involving the evaluation (e.g., of the degree of satisfaction with the
judgment}, and (1) the AHP can be uscd in a2 multiple user group setting. Although (s
research assames a single user in determinmg the prionties of decision crileria and
atternatives, Urban development processes generally mvolve a range of stakcholders such
as informed citizens, mdusiry representatives, clected officials, and professional
municipal staff. Very ollen, individuals differ in the imporlance of a parlicular factor in
the decision or cven the factors that are relevani. Improvemnents can be sugpested using
the prototype in such a way that group sessions arc imbedded into the integrated system o
find a consensus berween the paticipants in a more general and Mexible framework. The
process will then be focused on delermining a comprormise to a multi-criteria problem
that best coincides wilh the preference strueturcs of the uscrs. Utilization of AHP and the
(IS allows all participants to visualize preferences and consequences during negotiation
sessions. The unifonn framework and nformation base represenied by this prototype
system could play a sigmficanl role wn developing community consensus regardimg

proposcd urban development.
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Appendix -A

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY(BUET)
DEPARTMENT OF URBAN & REGIONAL PLANNING

QLIES NONNALRT FOR PATR-WISE COMPARISONS OF T AND-UST SUITABITITY FACI'ORS

Sir/Madam

1, from the Departinent of Urban and Regional Planmng (UJRP), BUET, am doing a
research on " Land Suilabilily Analysis for Urban Development in a Secondary Town in
Bangladesh”. In this regard, | am seeking for opinicns about a few vital Land-Use
Surtability Factors. Your kind co-operation will be very useful for my research.

Nature of Specially:

Havc you any cxpericnec of working {or any study) in urban development?

If ves, How long? ... Yrs.

{Please Tick in your Choices)

Hactar A Factor B

Equadly Slightly Maderatcly Strongly Extremcly
Timpostact Irportant Linpsottant Imponant Timpodtant

Phywical & ] 2 3 4 5 Environmental F Feological
Genlogcal Maetor
SOCI0-CCOnommc & 1 2 3 4 5 Environmental ¢ Ecologieal
Diemoraphic
Sncig-seanomec & 1 X 3 4 3 Fhysacal & Creolmecal
Deorographic
Social Tacilines & | 2 i 4 5 Chetrenmenlat / Coological
Transpurabion
Sorial fueilitey & 1 s k! 4 3 Phyzical & Cweological
transpartagion
HSoctal facilitigs & 1 2 3 4 3 Soclo=cootmig &
{TanSpaELALan Diemuyraphic
Dl TIeban Services L 2 1 4 5 Lnv ironemienial ! Beotoweeal
Ty Tebun Services l 2 3 4 5 Fhysical & Cienlogical
Vit rban Scrvices l 2 3 4 5 Sacio-eonamic &
iJemngraphic
LilityTrban Services | 2 3 4 5 Social tacilities &
REDILEpOnTAla0

Directions:

o the faltowing 5-land =uabality factor groups are shown i 10 pairs. You have w compare belween pao
dilferent facrors. Atlter examining and comparing the two factor. in cach row, choose the one that 15 most
irmportant ke the selection of a particalar land use. Reference the scale above to select a weight for the

selected factor as campared to the olher factor and tick to mark the degree/leve] of preferences,

Comments (If any):
Name of Surveyor: Date of Survey:
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Anncxturce-B

BANGLADESI UNIVERSITY OF ENGINEERING AND TECHNOLOGY (BUET)
DEPARTMENT OF URBAN & REGIONAL PLANNING

Questionnaire For Land Suitability Analysis for Uirban Development

Grid-Cell No: 146 Residential Commercial Industrial |
Relative Total Composlte| Relabva Telal Composite| Relatve Total Composita
Parameter! Factors mportance!| Deg of | Score/Relalve (Imporlancsd| Deg. of. ) Scors/Relatve |importancef]  Dog. of Scora/Ralativg
WaightfWi} | impacttyl) | Impactfdi X ) | Weightvin) | impactivi} | impactiti X i) | Waightnay | impactidTy | impactii X V)
3round YWater Condition 3 5311 15 2 50311 10 z 5|31 10
Quietress of the area 3 50311 15 2 AREE i0 2 51311 10
Distance to green area 1 5314 1 2 5(311 z 2 Slal1 2
A Pallutlon 1 51311 5 2 5131 10 2 51311 10
Quallty of view(Good view) 2 5(311 10 2 531 10 2 53 |1 10
Soil guality (Foundabion candition) 3 51201 15 5] 51301 an 4 513l 20
Lard slope 2 50211 10 2 5131 10 1 513(1 5
MaturalfSoil drainage system 2 50311 10 el 531 10 3 51311 15
Vulnerable to Bood 10 50311 &0 B 5(3|1 a0 10 5131 30
Possibility of Earthquake 3 5031 15 4 5(311 20 2 5131 10
Prpulabon density {Gross) G 5131 18 7 5131 21 7 5131 21
Eusting land use 5 5131 25 7 5131 Fi 3 5131 3
Land valuefprica G 513101 18 § AERE 18 10 531 30
Socizl standing of the araa 3 50301 15 0 5131 0 Q 50311 L
Distance to schoal 5 (31 25 4, 5131 0 3 5031 15
Distance to medical facilities 2 5031 8 1 5|31 3 2 5131 G
Distance tu recreation faciibes 2 50311 8 1 5131 3 0 531 1]
Distance to highway 2 5031 10 2 531 10 4 5131 20
Distance to Walsrway 0 5031 0 0 5031 0 5 51311 5
Distance to bosal bus stop g 5131 & 2 531 6 3 5131 Lt}
Distance to Commercial facilites 4 5031 20 10 5(al1 a0 2 50311 10
Distance to CBD 3 5131 15 4 5(3|1 20 1 531 9
Distanoe to sewer ines! drainzge 4 50311 20 5 5 3|1 25 3 531 15
Axailability of ush water supply & 531 30 5 5031 25 4 5(3(1 20
Distance to Power fines 6 531 30 5 8531 25 5 531 23
Distance to Tele comm. Lines 4 531 20 5 51301 25 3 5 3|1 15
Available vacant land 10 5(311 30 10 5121 10 15 5131 15
Total weight'Relatve Impactof and| {00 440 100 380 100 356
suitability factors (E =Y W1*¥1)

Narne of Surveyor:

Date of Sunvey:



Appendix -C
C-1: Composile Seore of Grid Cells for Residential Develepment

Grd No | Value | Gnd Neo | Valwe | Ond Ne | Value | Grid No | Value | Gnd No | Value
311 45 288 R4 290 133 413 177 413
311 46 291 G0 250 134 415 178 415
308 47 290 a1 408 135 417 1749 415
310 48 424 a2 412 136 417 180 417
313 44 431 a3 414 137 419 181 420
315 50 433 04 416 138 423 182 427
315 51 434 05 420 139 425 183 433

316 32 432 56 421 140 430 184 433
301 33 430 97 423 141 435 185 440
30 34 398 88 430 142 435 186 451

418 55 292 99 433 143 438 187 430
418 56 292 100) 433 144 438 188 448
420 57 290 101 435 145 438 189 447
420 38 288 102 437 146 440 190 445
420 59 291 103 436 147 441} 191 443
400 &0 291 104 428 143 435 192 435
g1 61 435 105 424 149 424 193 433
303 62 432 106 422 15 430 194 431
301 £3 434 167 420 151 427 195 427
303 &4 435 108 416 152 424 196 418
313 65 4335 119 400} 153 418 197 410
308 50 432 110 308 154 4110 198 413
421 67 390 111 413 155 412 199 413
423 £ 291 112 415 156 414 200 413
423 69 291 113 416 157 413 201 417
425 T o0 114 418 158 415 202 418
426 71 291 1i5 418 159 418 203 420
426 72 292 116 421 160 420 204 400

426 T3 412 117 423 161 428 205 396
312 74 414 118 428 162 425 206 396
291 75 41% 119 435 163 435 207 400

291 76 418 120 435 164 441 208 388
290 7 418 121 438 165 4438 205 308
290 78 420 122 4310 166 448 210 400
432 79 423 123 440 167 445 211 400
36 423 B0 432 124 436 168 444 212 403
37 427 81 434 125 433 169 444 213 413
38 438 H2 415 126 435 170 440 214 410
39 452 53 436 127 433 171 438 215 412
4 444 54 432 12% 432 172 431 216 400
41 00 83 380 129 432 173 434 217 400
42 290 i6 290 130 428 174 430 218 400
43 290 57 288 131 423 175 420 219 400
44 283 8% 288 132 412 176 412 220 400

P [k | Led [P ] | Lad | ) [ Bt [ (B3 b [Tl [ | P2 B fbd | | o | = [ | | |t | e | et
bl DS Y oty puued o BN DS R 2o HR B il o el o By s b g Py prowg Py Py g e Lal - Rl e N R ol RNl o
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Appendix -D
D-1: Composite Score of Grid Cells for Commercial Development

Grid No | Value | Gnd_No | Value | Grid No | Value | Gnd No | Value | Gind_No | Value
203 45 232 89 356 133 315 177 318
205 46 228 50 350 134 319 178 326
200 47 211 9l 315 135 328 179 335
203 48 228 92 319 136 338 150 341
205 49 236 33 323 137 344 181 349
207 50 234 54 325 138 350 182 358
210 5l 302 95 328 139 362 183 369
207 52 301 96 338 140 380 184 378
195 53 200 97 351 141 380 185 350
160 54 273 98 374 142 400 186 400
202 55 250 99 400 143 400 187 400
205 56 241 100 435 144 398 188 388
272 57 232 101 448 145 394 159 389
209 58 240 102 453 146 390 190 447
210 59 232 103 448 147 387 191 400
208 bl 216 104 440 148 384 192 391
207 61 233 105 440 149 142 193 383
203 62 238 106 436 150 380 194 375
200 63 246 107 432 151 378 195 368
203 64 258 108 428 152 370 196 360
203 65 260 109 400 153 362 197 316
200 66 260 110 400 154 310 198 321
225 &7 258 111 313 155 315 199 325
238 68 251 112 319 156 319 200 332
269 £9 246 113 323 157 325 20 319
274 70 248 114 330 158 332 202 348
260 71 245 115 336 159 340 203 356
209 72 240 116 339 16(} 348 204 352
207 73 310 117 350 161 358 205 350
200 74 320 118 380 162 369 206 348
205 735 323 119 400 163 373 207 346
202 76 325 120 400 164 380 208 342

200 77 329 121 451 165 40 209 338
200 TH 334 122 455 166 400 210 335
232 79 340 123 453 167 394 211 331

240 & 352 124 400 168 400 212 326
259 £l 389 125 400 169 446 212 328
303 82 441 126 444} 170 400 214 338
ELI} 83 445 127 400 i71 351 215 332
285 54 440 128 400 172 382 216 330
272 &5 403 129 358 173 376 217 326

i | e | R | L | e LD (e | Lk e |k | e | ad | B | B | e f—t el v -
e b bed EA bl N B b s E b e A LA = Rad Eg Lrd s P 1] Faed 15 bl o e 1= e o o o e 1= 4 ELI B S DR RN ER T B

42 260 86 331 130 399 174 371 218 322
43 260 87 375 131 359 175 368 218 320
44 258 58 368 132 312 176 314 220 318
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Appendix -E
E-1: Composite Score of Gnd Cells for Industrial Development

Grid No  |[Valie |Grid Ne [Value [Goid No [Value |[Grid No |[Value |Grid Ne |[Value
412 45 420 ¥ 426 133 360 177 360
413 46 432 o0 426 134 36l 1758 356
412 47 438 gl ans 135 352 179 340
418 48 395 g2 360 136 350 180 325
41% 44 396 93 153 137 343 181 311
421 50 309 a4 349 13§ 338 152 06
425 51 4} 85 348 139 330 183 300
425 52 400 ) 343 1440 3} 184 20%
415 53 A5 a7 338 141 290 185 205
418 54 432 98 333 142 308 186 286
398 35 435 89 331 143 320 187 281
398 56 425 100 327 144 328 184 289
399 57 425 101 333 145 340 189 206
400 58 425 102 333 146 306 190 a0z
400 59 A28 103 335 147 300 191 315
412 60 438 104 341 148 346 192 323
415 6l 3495 105 349 149 348 193 339
430 62 397 106 355 150) 351} 194 347
14 448 63 397 107 154 151 353 195 356
20 441 64 309 108 367 152 358 196 363
21 4410 65 400 10% 422 153 362 197 363
22 438 £143 401 110 420 154 361 194 365
23 08 a7 430 111 362 155 358 199 368
24 308 ] 428 112 3ol 156 330 200 369
25 3499 09 425 113 353 157 346 201 373
26 359 70 425 114 351 158 332 202 %9

e Y IET I Py P Py P
ch‘m_hum,_:.\ﬁmﬂﬂ\mbmm—

27 400 71 428 115 348 150 327 203 401
28 400 72 425 116 348 160 316 204 418
24 401 73 368 117 345 161 307 205 415
30 430 74 368 118 338 162 300 206 415
31 445 75 363 115 136 163 306 207 413
32 440 76 36 120 332 164 266 208 410

33 438 77 358 121 327 165 290 208 410
34 440 78 352 122 333 165 280 210 408
35 396 79 343 123 338 167 285 211 405
36 398 80 340 124 340 168 300 212 400
37 399 81 328 125 kLY 169 300 213 400
38 400 82 313 126 340 170 306 214 400
3% 400 g3 312 127 338 171 318 215 4
40 4 g4 309 128 342 i72 329 216 414
41 431 B3 430 128 345 173 343 217 411
42 435 g6 426 130 351 174 358 218 409
43 420 87 425 131 359 175 305 219 412
44 418 8% 424 132 36l 176 360 220 435
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F-1: Grid-cell-wise Suituble Land-use Type

Appendix-F

Grid_N Type Gnd_M Type Gnd_M Type God_ M Type Grid_N Type
| Industrial 45 Industrigl 59 Industrial 142 Kesidential 177 Renidential
2 [ndusceial 46 Industrial a0 Induslnal 134 Kesideniial LTh Rewdenlivk
3 Inclustrial 47 Tndusinal a1 Residenial 135 Residentral e Residential
4 Imckustrisl 45 Resulearial 92 Resudcntial 134 Eesidential 180 Resdentiak
5 Imctustral 46 Resilenial L Residential 137 Residential 181 Residential
f Industrial 0 PFesudennial 93 Fesidential 138 Hesidontial 182 Resdentizl
T Induairiak 51 Rezidential s Fesidential 124 Regidontial 183 Residennal
g Industiial 52 Fesidential Yt Revidentiat 140 Rewdential 154 Renadentiul
o Industrial 53 Residential a7 Kesdenbul 141 Reodenlial 185 Residential
1l Incusimal kL] Indesinal 98 Residential l4d Resudcntial 184 Residential
1 Fesulenrial 55 Industrial o Remdential 143 Kesudential 187 Rezidennal
12 Fosidengial Al Induestrial 111 Crmroercial 144 Besadentiul 188 Residental
13 Kesidennal 7 Tnederoirzal 101 Comoercial 145 Rezidential 134 Residential
14 Rerulential 58 Ihdusrial 102 Cammercizl 140 Reztdennal 194 Commergial
15 Rezidential 30 Induseial (Rix] Cornmereial 147 Hesidential m Fesidential
10 Industnal 1] Industriat 4 Cnermmereal 148 Fesilental 10z Kesdential
17 Industmal 01 Reeidential s Comereul 140 Remdental 111 Rewdential
1% ndustnal b2 Renadential 106 Comrnersial 150 Residental 194 Residennal
14 Indusinal g1 Resdential 107 Camimercial 151 Residential 195 Residential
20 Industnal ad Fesidential 108 Carunersial 131 Residencal 19 Residential
21 Induserial 03 Resadential 1 I il 152 Rosidential 147 Residontial
22 Industrial bé Residential i Induslnal 154 Eesidential 194 Kevidential
2 Rewidenliul aT Imduslrial 11 Rezudenial 135 Residenral 199 Residenliul
24 Residential ok Industrial 114 Fesidential 154 Fisidential 200 Residential
25 Residentiat (9 Inilustrial 113 Kesdenteal 157 Kewdential X Residentizl
26 Hendenliul 0 Indusnal 114 Residentiul 158 Fesidential 02 Hewndentiat
2T Rewadenlial T1 Tndus nal LA Residential 159 Eesidenliad 203 Resadentiul
18 Residential T2 Industral l1a Residentizl 160 Fesidential A0 Indusrriak
29 Rezidential T3 Residentiad 117 Residential 14] Residential 63 Inndusrriak
o Industyial ! Residential 114 Residential 142 Residential 2000 Industriat
M Inilusimal T4 Fesdential 110 Residenbul L&3 Renadenlial 07 Inilustral
i1 Industrial T F.osidontial 120 Rcaidcntial Ifd Tesadentinl 20E Industoal
33 Tnduslnal T Residentual 121 Camercial (£-5] Resnlentiak MW Inclusimal
4 Industrial T Residential 122 Cnrmmercial 160 Residential 218 Tndustrial
33 Residential 9 Readerntial 121 Commerciul 1&7 Keaidentul m Industrial
30 Residenteal Wil Resdential 124 Resadental 168 Residential 252 Rasidenrual
37 Eesideniliul gl Renadential 125 Restdential LY Commereial 12 Residential
28 Resdentizl 52 Commergial 126 Cormimersial 17 Resudential 214 Feslential
G Kesidential %3 L omercial 127 Hesidengial 17 Fesidennal 215 Residenrial
40 Fesidential k4 {ommercal 125 Fesilential 172 Kewdential 216 Industrial
41 industrial B3 Industrial i29 Rezudenrial 173 Fesiulential 217 nduntrial
42 Imdusztriak At Indusmal Lag Residential 174 Residenrial Z1% Indusinal
43 Industtul 7 Induslnal 131 Kesidential 175 Residentigl HL [ndustrial
44 Indusrtriak ES Industial 132 Resudential 178 Kewidential M Mmedustral
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AMNNEX-,
Table-G-1 Depiee of Impact for Ground Water Parameter

el M | Npre of hrpam Cell_ M |[egree af lmpact Cell_™ i'Deg':: al looacl Cell N | Degre o Bigeand Cod b | Dot of Ingract
Remd | Camm | Indus Resul | Cuoomm | It Goand | Leoen | Buduz Fesd | Lo [ Bidua iznd | 4L conn | 12
1 5 5 5 4% A b1 b & 5 ] L] 1245 4 ] 5 1m - H 1
1 3 3 K 4 i E] H Fl 5 5 5 119 H I 5 [ | 3 k] k]
k| F] 0 H 4T H 5 = 3] ] k] k] 125 3 I = 17% k] 3 5
4 H 5 5 45 5 5 = 21 3 = 3 i34 ki = E THI: B 5 5
B3 L L 3 47 b1 h 3 Lol ] 4 E) 127 3 5 x 161 - - -
& 3 3 3 x] A 2 = Gt 5 I 3 L1z 5 3 = 1E2 - k] 5
T 5 k] ] 4l 5 5 3 L4 1 E k] I L3z 5 3 5 1E3 h] 5 3
[l B H 5 51 5 5 3 B& 1 El El L4 3 H B 1k L a H
[ 5 5 5 53 = I 3 7 . g 5 147 H F E 155 5 5 H
I} 3 3 3 3q T H 5 [T] 5 3 3 141 5 5 3 154 5 5 5
L 5 5 < i3 2 H F i 5 H 5 141 5 3 3 =7 5 5 3
12 H 2 5 SE = B 5 1o 5 3 3 144 5 3 3 £ b 3 -
K] 5 5 5 57 = 5 3 L H h 5 143 H H ] 3] H 5 5
14 5 5 3 33 = H h {IF E) 3 H 14t 5 5 5 E 5 5 5
15 3 = B u El * 4 L] 5 5 5 147 5 3 3 23] = = 5
L& h] = E All E] 3 5 104 = 5 I 3 142 3 3 5 Lez 5 = =
17 [} £ B al H 3 5 125 = 3 3 4= 5 5 3 L kS kS »
1 B ES 5 4 H 5 3 105 z 3 5 1l » E i 1% E K E
L] 5 5 = 3] 3 3 3 10?7 3 H 5 3l L E H 155 E3 E 5
20 5 B = ad 5 5 5 1K 4 H 5 152 5 5 5 196 B = 5
21 g H % [ K H H L H 5 5 153 5 5 h] L7 L] = 5
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Table- G-2: Depree of Impact for Quietness of the area Parameter
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Tahle- (3-3: Degree of Impact for Distance m Green Aiea Parameter
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Table- (3-4 Degree of Iimpact for Air Pollution Paramemr
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Tahle- G-5:Degree of Impact for Quality of Yiew FParameter
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Table- G-6&: Degree of lmpact for Soil Cuality Paramcter
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Table- G-T: Degree of Impact for Land Klope Paramerer
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Tahle- G- 8: Degree of Impact tor Natural Drainage Parameter
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Table- G-9: Degree of Impact lor Yulnerable to Flood Parameter
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Table- G-11: Degree of Inypact for Populabien Densiy Parameter
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Table- (G-11: Degree of Impact for Existimp Land.use Paramemwr
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Table- G-12: Degree of Impact for Land Yaloe Farameter
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Table- G-16: Degree of Impact for Recreation Paramcter

T TRE.] Pl g Rl
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Table- 3-17 : Degree of Tmpact for Distance to Highway Parameter

{ell_ M qu;re: n lmpocc Cell M Tepres of Tmpact {ell M | Depres of Tnopact Call_ N |13egree of Inyacn 40l M| Doyt uff Dmpasct
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Table- (3-14 : Degree of Impact for Distance to Waterway Parameter

Cell M egoiee of [pact Cell_W | e e of vyme Ll M| e e of gl Cell_M | Dy uf Dmpand Crll ¥ |Dwpres af [mpact
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Table- G-149 . Degree of Iinpact for Distance to Local Dus Smp Parameter

Cell M | Tepgree af [ompact Cell & |Dhyra. ol hingmaid el | g of irgaid Cell_M J1segree af Impnzg Cell_W | Tregres of Trpact
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Table- G-} ; Degree of Tmpact for Disance to Conemercial Facilities Parameter
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Table- G-21: Dregree of Impact for Distancee to CBD Paramemr
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‘Table- G-22 : Degree of Impact for Distance to Sewer line Paraneter

Ccll XN |Dwgrer ol Iinged L [ - 1 of laimpL Ozl M | Ly PR Call & |Dhpex ol Tl LAl M pDgam, o [mpaal
Hegd | Canmua | Indus Resil j Comm| lrdia Resid pfremm | Tndua Besd | Cnowen | Indaa Hesid J Commy ndus

1 1 1 k] 45 | | | = 5 H 5 135 E) 5 5 177 5 5 ]
2 H k] k] 4 | | 1 @] h] 5 5 134 k) = 5 17 - - 5
a 1 k] k] 47 | | 1 a1 h] 5 = 135 £ = 5 17 h] h] h]
* k] k] k] 1 1 bl 2 £ bl 5 2 1% 3 H > kI 5 5 3
5 k] 1 1 ] H H £ 34 H H ] 147 E] ] E 1K1 H H H
[ 1 k] k] 5 - H 5 ) - 5 = 115 h] h] = 1§z H H H
T k] k] k] | h] 5 = an 3 = El 22 3 h] 5 1E3 5 3 3
L] 3 i 3 bxd b ) E) ) H a a [ET] 5 5 a ik [ ] %
] 1 1 1 | H 5 ] oT H ] E) 141 - - E) 185 5 5 5
10 | | | =~ 5 5 = 5 k] 5 h] 14z h] h] h] 153 5 5 5
11 k] 3 3 iR 5 5 5 k) 5 & 3 142 5 bl H L8 1 = 5
1z 1 i i EM) 1 1 1 1 H F) ] 1dd H H E] ERR E 4 ]
it 1 ] k] iT 1 1 1 I 5 5 5 145 H H 5 7] 5 5 5
14 ] L] ] i3 1 1 L 12 5 ] 5 145 H - 5 [22i) 5 5 5
15 ] 1 1 b3 1 1 L 163 5 h] h] 147 3 h] h] 121 = = =
[ 1] 3 ] ] Gl i 1 | 114 1 3 bl 144 5 5 3 1%z 5 5 5
v A1 a % nl + 1 k] [ITE] [ 5 H 145 5 H H [E3 4 4 a
12 L] 1 1 b2 5 L) 5 108 = h] k] 150 5 H 5 L5 L) E) 5
19 1 1 1 63 5 H h] m 5 3 3 1L 5 5 h] L= 3 £ £
rin] 1 1 1 nd a 4 H T4 4 H H 152 5 5 H L] 4 a =3
2E | i 1 b L] 5 5 109 L] k] k] 153 5 5 - 187 k] k] k]
22 1 1 1 A £ h] h] 1n 5 h] 3 154 1 1 ] 195 k] k] k]
23 5 = = 47 H 3 Al m H b 5 1%% 2 2 bl 1% 1 1 k]
21 > ] b L] 1 k] 3 nz ] H H 1450 ] [) 4 ZIH) k] 1 k|
P A a 4 il E] H L] 115 ] H 5 157 5 1 5 20l ¥ 5 \
] 5 ] ] | L] ] a 11a 5 H 5 151 L] = 5 201 L] ] L]
27 5 = = | k] 3 3 115 h] 3 5 151 r = 5 203 3 ] ]
i s 5 H Ta 1 1 2 114 il 5 L] 14l = 3 5 M Al 3 3
] A 4 ] ) ] H H 117 ] H 5 a1 5 E £ 203 3 H 3
a0 T ¥ ¥ Th 5 5 5 118 h] 5 5 162 h] k) 5 il ] 1 1
| 5 h] 3 T8 h] 5 5 35 3 hd = 18 3 H H =17 a a 3
az Rl 5 a Ta H H K] 1] 4 4 E 154 ] E] 4 BN 4 4 3
a3 E) ] 5 7 - - 5 111 k] 5 = 155 5 5 ] 200 a 1 1
W 3 ] b x 4 L] L] 12= 5 L] a [{24 ] 3 4 rAb| £ £ 3
15 k] b 5 ) H 5 5 [Jp H 5 ] L&r 5 5 E) 1 1 a F
15 h] h] h] an 3 3 = 124 3 = h] L8 h] h] h] 112 1 1 1
7 3 3 bl L] | L] 5 2 1 5 2 = LA 5 bl H 21 1 1 1
1 H H H [ H K 5 126 H ] 5 LT H 5 5 114 1 1 1
xa 5 k] h] 1 5 5 3 127 5 r h] 171 h] h] = 5 1 1 1
£ L] L] L] Bd a a ] 1 L] a £ 17z H ] = Tl 1 1 1
41 E) E) E) k5 ] 5 - 124 5 h] 5 LT3 5 h] 5 20 | | 1
42 3 3 3 2] 3 3 Al 13t 2 3 3 LT+ 3 3 5 ZlB 1 1 1
F) 1 1 | = 5 5 - 131 L] 5 - 175 - 5 E) 204 1 ] 1
ad 1 1 1 EE H h] h] 132 = h] h] 1T& Al ] 3 0 1 3 L
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Tuble- G-23 . Degree of Inpact for Distance to Fresh Water Supply Parameter

Cell M | Degres af Iogacl Ced X |Chpre. of Empact el M | Brepien: of [pact Cell W nkepres nf legact Cell_ M JTegree nf Impact
Rkl | Ceaom | Jndus Pezad | Conimn | Incis Resd 1 Comm | Todos REend | Coomm | Todus Besid  Camro | [ndus

L 2 2 E) a3 L | | 1 = 5 H 133 5 3 5 L= 3 3 3
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3 3 k] i 47 L | 1 Al E] H H 153 5 5 H 17 5 5 5
q i k] k] Ak i L] K] ks ] H H (1] = 5 H L Lt} 5 5 5
3 2 1 4 40 ] ] H a% 5 5 3 157 = 5 Al 13k 5 5 5
it a 1 1 5 5 5 5 g 5 ] 5 1% b » 5 142 4 ] 3
7 3 1 K] 3l 5 5 5 a5 b ] ] 1% E) 5 H 142 5 5 5
§ 3 k] 3 %2 = b H °n H H 5 E]1] 5 5 5 14 5 5 5
L] 1 1 1 E3 3 H H ar 5 H 5 1d| = = 3 162 5 5 5
10+ 1 1 1 5d 5 5 3 9B 3 Al % 142 & 2 ] 1R hl hl hl
I 1 k] k] 35 5 5 5 T b 5 [) 14% B = 5 18T - - 5
12 2 k] 3 B 1 1 | 109 5 H 5 lad L) = 5 150 5 k] 5
11 4 ] 1 51 | | 1 01 5 3 3 145 I E % 1% 3 3 3
[E] 3 1 1 5B 1 ] 1 0 i [ ) i El i ] 100 H H H
15 a i 3 % | 1 1 10k E] H 5 147 E) 5 5 191 H H H
13 2 1 4 il 1 | | 10 5 H 5 148 r = 5 14z 5 5 3
[k F 1 k] al i L] 3 105 5 3 5 141 I & = 173 k] k] 3
14 1 1 K] 62 5 5 3 104 3 Al % 150 K b ] 1 5 H 3
1% 1 1 L a1 5 5 L] T 4 E 5 151 E) E) 5 193 H 5 -
2 1 L L & i 3 H (Ll 5 5 5 152 E) E) 5 ik 5 5 5
FI 1 1 L -5 5 H H L] 5 5 5 153 5 5 = 1w 2 2 E)
2 ] L L &3 5 5 3 119 5 k] > 154 k] 3 3 1 2 H 3
3 = b ] a7 5 H ] in H E] E) 155 L] k] 1 144 3 3 L]
zd E] E] B 14 5 3 3 11z H 5 = 155 5 5 = ol 3 2 3
25 E) 5 5 o L] 3 1 (11 5 3 = 157 5 3 3 el k] k] k]
23 H 5 5 B 3 L] 2 b4 b » 1 LEL] i i B fH E E E
a7 F ] ] T i 3 4 [TE] H 5 E) 159 5 5 = ol 3 3 3
3 ] 4 F T2 5 3 1 Lis 5 5 = 150 5 5 = My 3 3 3
= H H 5 Tl H H 5 LT 5 = r 151 5 5 I 105 2 2 i
n 5 5 5 ol 3 3 = LE3 Al 5 K LAz i i 2 kL 4 1 4
1] 5 5 5 T [ » 3 1y H E) 2 [T H H E w7 3 1 1
B 5 i H Tt H 5 5 120 H 5 H Led H 5 ] IR 1 1 1
13 5 H H ™ H 5 = 121 5 = 5 L&3 5 5 b o) k| i i
Ead 3 b i ™ 5 a2 E) [FH H = 5 &g 5 5 5 214 i k] k]
15 k] 3 3 T 3 5 = 123 3 E 3 LET § 3 3 i 3 i i
4 ] 5 5 Hn E) [) ] 124 H = 3 LeE H H H 112 ] ] 1
i ] H H L H 5 = 115 H = 5 Les 5 5 5 113 1 1 i
az 5 5 5 al 3 3 & 126 Al K 3 LTa hl hl 3 14 ] 1 ]
L] [ 5 i [ 5 ) a 127 ] 5 E] [R]] 5 5 5 115 1 1 1
dly H H H A4 5 5 E) 122 5 E) H L7x H H 5 116 ] 1 ]
41 5 5 H r 5 5 r 129 3 M 5 173 3 k] 3 17 L L ]
] 5 5 X Hr: X ) = [EE ) 2 i 114 H H 5 118 L L L
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Table - G-24: Degree of Impact for Distance to Power Line Parameter

Crll_t | Do of Lnprit el W Depres of Inypat Cell W | Thegres of impanc el ™ |Tegree nf bmpac Cell X |Degres al lopact
Fesid jomm | 1z Redd | Cremn | Indus Rend | Camm | [Indus Resid | Comam | Inlus Pesxl | Comen | Inidus

1 k] [ L] i 1 1 L I % 5 h] h] 132 3 h] H 1™ 2 k] k]
1 k] 3 k) 46 1 ] | Ly L] =3 3 114 H H E) 17K E] E] E
1 1 1 ] 41 1 1 1 al 5 ] - 115 H - 5 LT = 5 5
4 H ) ] 44 1 1 k] a2 5 h] h] 136 3 3 3 130 5 H -
£ ] 1 3 4% 5 = 3 13 ¥ 3 bl 137 bl b i 141 ] ] L]
-] 3 ] ] an L] ) 3 udq L) ] H 133 5 H 5 182 ] £ 5
T k] 3 3 41 ] 5 ] a5 5 5 - 3% 5 H - 183 L) £ 5
W i A 1 52 5 ] 5 ag = h] h] 14 5 k] h] 134 £ 3 =
[ 1 | | 51 5 ¥ h] a7 = h] h] L] 5 5 3 1% & & &
Lo | 1 1 34 = 5 h] o ¥ bl 5 142 L] L] H [EL 5 E] 4
LL a 1 E) 35 E 5 5 B a H H 143 5 5 H 197 5 ] 5
12 a 4 4 in 1 | | 194 E) - H 144 5 5 5 1.5 h] h] h]
13 a 1 1 57 L | | 11 3 3 5 14 5 5 5 T4 bl bl 3
K] 3 i i b1 L | 1 LY =3 3 3 14an E) 5 H [ 5 5 5
1% 3 4 4 i 1 | | 19% ] - 5 147 L] = k] 151 h] h] h]
16 a 1 1 4n L | | 103 E] 5 5 145 1 2 5 ILF3 il bl il
17T 3 El i 4l k| 1 3 15 4 3 [) 1470 4 E) 5 119 -1 H H
[E] a 3 g [ ] 5 H W 1§ H 5 150 L] = 5 184 - - -
1 1 1 1 ak ] - H LDy h] k] 5 151 h] = 5 185 h] 3 3
20 1 t 4 & h] h] k] 10B h] 3 = 152 3 5 5 1906 3 3 3
2L 1 L L a% 5 h1 ] [ L] ] L] [) 155 5 E) E 7 E) E) )
a2 ] i 1 &h H H L] 1 H 5 5 154 L] k] 1 194 a 1 ]
3 E 5 E) &7 - H 5 11l 5 5 5 155 k] k] k] 140 1 1 3
29 ] E) k) 1] 3 ] 1 11z h] * 5 1% 3 H H ZH Al ] ]
25 = I I & 1 3 > [R5 4 L] a 147 ] ] 4 = E] E] E]
R a 4 E] T 5 L] 1 L4 H 5 E) 156 - - £ 02 a 1 a
27 L h] h] 71 3 3 k] L= h] = & L= h] 3 5 00 2 1 2
2B 3 3 a Ti A1 a 2 (N3] 1 % a 1= 1] H H ] A £ £ £
] a 5 ] T4 H K] £ nr H 5 E) L& H -] E) 105 1 1 1
1 5 5 5 T4 H H 5 Lz H = 5 144 5 h] h] Pl 1 k] k]
a1 5 - - 5 - 5 = L= k] = h] 53 h] h] h] i k] k] k]
iz 5 - 5 T 5 5 = 120 3 5 3 L&+ 3 3 3 208 k] k] k]
13 h] h] h] T 3 5 2 12§ 5 N il It ] H 3 FI] 4 1 4
14 E] H H 73 5 5 ¥ 122 5 £ h] LE& 3 Al 3 210 k] k] k]
as i 3 3 = b1 x 3 123 hd - 0 1T 1 H 3 in 1 1 1
4 H H H A 5 = ] 124 5 5 h] 1.5 - h] h] M L * L 1
7 h] k] k] BL - 5 3 125 ] E] bl 12 H H 3 25t L 1 L
kT H H H [ 5 ] ] 126 5 - - 170 H - 5 24 L L L
% k] k] k] B3 = 5 3 127 ¥ 3 bl 171 L] 5 il LF ! | |
an ) A ) 4 4 5 5 124 5 - H 172 5 H - e | | |
4L H 5 H [ 5 L) - 124 L h] h] 173 5 5 3 217 | | |
42 b1 b1 b1 B & a 0 13l = ] H 14 L] L] H 218 I I I
41 1 1 1 [ 5 ] H 151 E) - H 175 5 5 H 2o | | |
£ 1 1 1 ] 5 ] H 152 E) H H 176 1 1 1 a0 | | |

Source  Field Survey, 2000

100




Table- G-25: Degree of Impact for Distance W Telecommenicabon line Paramemr

Cell_ M [Deyoc af Lmpact Crll M | Dhgres wlimpad Crl K | Dhpree ol lmpar Cell M | Dhegree af Impact Cell_ M |Degree of Inpact
Tocaid € owon | I Reehd | Coren | Likluy Riind | Conen | Lodus Al | Coemm | Lodus Rend | Camm | Indus

L L} S £l a5 1 I I HY a 5 5 17 b b1 5 17 i i i
] a 1 a A4 1 L | an ] - H 154 5 K] H 114 5 ] ]
k] 1 1 1 47 t L | al ¥ - H 135 5 5 H 175 H H i
dq 1 k] k] 4B k] k] ] a2 h] 3 3 138 L] = 5 1z - - H
h] 2 k] k] 49 3 3 5 an 3 5 5 IATS 5 5 5 1EL h] - -
] 2 k] 2 sl 3 H H] e il L] L] 12K H & - 182 3 3 h]
7 1 k] 1 sl 5 H 5 a5 H 5 5 134 ] B ] 1K1 [ 5 ]
B 1 k] k] a2 h] h] 5 ] h] 5 = 140 h] h] = 1Ed 5 5 H
L] i L L 3 bl b 5 T b 5 & 141 h] h] 5 1ES 5 5 5
n 1 I I £ H H [ 3 H [) 4 L4z 1 0 - 1R5 hd 3 =
1 1 k] k] 58 - H = o H = -] 142 - - ] 157 A a )
12 k] k] k] k] 1 1 1 L0 k] = h] 144 - 5 5 125 1 5 5
13 k] k] k] = 1 1 L Lzl 5 5 h] 4= 3 h] h] L&2 = £ ]
14 k] 1 1 b 1 i L 1nz » H bl 14A 5 5 h] L0 5 5 T
13 1 ] ] EE] 1 1 I %] 5 5 H 14T 5 H 1 " 3 3 3
14 L] L] L] .1 1 1 | 1 5 ] - 143 5 H H 162 ] a =
17 3 3 3 tl 1 k] k] 105 = h] h] 142 5 5 5 181 5 5 -]
15 1 1 3 ni L] a 1 1N a 1 1 14 5 5 5 124 a3 5 5
1 | | | L.X] = E) 5 iy E) - H 151 5 5 H L=} H 5 5
il 1 1 1 LL ] 5 3 h] 195 5 3 5 152 = 5 3 18 h] 5 -
il 1 1 1 [ 5 5 H JGT E] H 5 151 4 =] ] T 1 1 3
P 1 1 1 ah k) 5 H 12 5 H 5 154 1 1 a LE] 5 5 1
23 k] 5 = a7 h] h] 3 111 h] 3 5 155 k] i 1 185 ] ] k]
24 3 M 2 ik 1 1 2 112 3 5 5 150 H 5 5 0k ] 3 3
=] L] a a il k] 5 2 114 3 4 [) 157 a a L] 2N L1 A1 1
] 5 E) E) i 5 1 1 114 H 5 5 15k ] 5 5 212 ] 3 3
27 = ¥ h] 71 3 1 1 L5 h] 5 = 152 h] h] £ puill 1 a 1
2k 5 3 3 T2 T 2 2 Lid 3 1 & L. h] h] 5 P i 1 1
] E] ] H T4 H 5 4 T H E 5 1ta1 H H a 0% 1 3 1
L] -] 5 5 4 - 5 = L1z H = 5 L&z - - ] Pl k] E] E]
2] £ 3 h] e 3 5 5 L= 3 5 3 53 h] h] h] bl k] k] k]
A2 E] H H T H £ 4 120 K] 4 H It H 5 ] 208 E] E] E]
a3 H - 5 T H 5 ] 12t 5 ] 5 165 H H 5 FIEN] 1 1 1
M 1 3 3 e ] L] a 122 ] 2 3 ]2 3 3 1 i 1e} 1 a 1
as K L] ] Rl 5 5 ] 121 5 ] 5 16T 5 H 5 it E] E] 1
5 h] h] 3 i * 5 h] 124 - h] h] 163 3 3 h] s L L L
aT 1 » 3 dl L] a 1 133 L] 1 5 In'y L] L] i 2 | L L
kL] H H 5 )] 5 ] 5 126 E) H H 170 5 K] H FIES 1 1 |
39 - 5 5 E3 = h] h] 1 r h] k] 171 5 5 - 2E | | |
Al L] L] L] B4 a 1 5 18 a 1 5 1% - ] ki 26 1 | |
il 5 ] 5 3] ] 5 - 124 E) - H 175 5 5 H T 1 1 1
a2 [} 2 2 [T H 5 5 121 ki H = 174 B = 5 213 1 1 1
q3 1 L L 7 h] - H 131 h] H 5 173 L] L] 5 2l 1 1 1
a4 1 1 1 £R h] h] 5 122 h] 5 = 176 k] k] 1 22 | 1 |
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Teble- G-26: Degree of Impact for Available Yacant Land Paramerter

Cell_M | Degres of Ingact Cell % |Degree nd [mpacc Cell ™ |Drgree af [mpact Cell N |Degree of bopant Cell ™ |Drepree af Trmpact
Fead | Coom | Indus Bend | Comm| lodhe Erawd | Coom | Julus Erad | Corom | Inilus A=kl | Cooen | Indus

L 2 2 2 A L ! 1 L 5 3 L 1% ! L I 177 1 1 1
2 a 3 3 An I I 1 ¥l 5 3 L] i I I 1 i 1 1 1
H B 2 2 a7 ! ! ! al ! 1 1 s ! ! 1 174 1 1 1
4 1 1 1 4k 3 3 5 o2 ! 1 1 15 L L k 1R 1 1 1
3 a E E 43 El 3 2 a1 ! 1 1 127 L L L [E]] 1 1 1
F) 1 E] 3 E 1 1 1 o4 1 1 1 [ 1 [ [ 147 1 1 1
B B 1 1 L] ! ! 1 L ! 1 L 119 ! ! ! 154 1 1 1
E k! k] k] 52 ! ! 1 £ ! 1 L L4 ! ! ! L4 1 L L
9 = 3 3 L) ! 1 1 g 1 L L 141 1 ! L [EX] 1 L L
1 = 3 3 i 1 1 k w2 1 L ! 143 1 1 ! 135 L L L
n L I I as 1 1 L 2l 1 I | 141 | | | 127 I I I
12 ! ! ! E] 5 5 = 180 1 L ! 144 1 1 ! [E1 L L !
1 L ! L =7 3 = E 16l 1 ! ! 143 1 1 1 149 L L L
14 L | | ax H [) 4 1 1 I I 1 des 1 1 I [REE] I I I
15 1 ! ! B2 5 5 5 1] 1 ! ! [ER) 1 ! ! L] ! ! !
16 L ! ! &0 5 = 5 1] 1 L ! 143 1 1 ! 192 3 3 3
17 El 3 3 &l 5 2 3 1IN 1 ! 1 14% 1 1 1 153 El 1 3
13 1 L1 A1 r:d + 4 1 - 1 I ] 15 1 1 1 T4 3 1 i
[C] H H H ] 1 1 ! 17 1 ! ! 151 1 1 1 145 5 5 5
il 5 5 5 ] 1 1 L 1] ] 1 ! ! 152 = 5 5 154 5 5 5
1] 3 3 3 63 i 3 ! L] 3 ! 1 133 2 2 5 137 3 3 3
fru} 1 1 1 nr: 1 L I 1 L I 1 1454 1 1 1 T H H H
Fx] ! ! ! 67 1 L ! 1 L ! ! 155 1 1 1 108 X X X
M ! ! 1 63 1 L ! 112 L ! 1 156 3 3 1 L 1 1 2
i 1 1 1 n' [) E] 5 11% I 1 1 157 3 L 1 Hil L] 3 3
FL] ! 1 ! i+ 5 3 5 14 L ! 1 150 L L 1 202 X 1 1
7 ! 1 1 i = 3 3 ns L 1 1 158 L L 1 203 2 1 1
P 1 1 1 1 2 3 H 111 | 1 1 145 | ! 1 M k] 2 *
riH 1 i i kL 2 5 H 7 I 1 1 141 I I ] il E] 2 2
s 1 1 1 ] 3 5 5 11k ! ! 1 162 ! L 1 il 1 1 1
sl 5 = = ] 3 3 3 19 ! 1 1 18l ! L L x? kS k| k|
ER) s = = L) 3 H = 12 ! .'I k (L8 1 1 1 WK E a 1
13 5 5 B X H 5 5 izl ! i 4 1] ! ! L 1w a k- E
i = 2 El e H H 5 2 [ i L (] ! ! ! 240 E B B
L] 5 = 5 ™ 3 5 5 L) ! 1 L L&7 ! ! ! 211 2 3 z
n 2 a 1 =l 5 Ll £ 124 1 § I =3 I I I iz a a a
a7 4 L L 2l ! 1 1 L5 1 k L 168 1 1 ! 2t 3 3 5
2B L L ! R 1 1 1 124 1 1 1 170 1 1 1 FTES = 5 5
3 1 1 ! 2 ! 1 1 12T ! L ! I ! ! ! s 3 3 3
Lol L ! L 4 ! 1 1 125 1 L ! 171 1 1 ! 2l& 3 3 H
4| L ! ! i5 1 1 k e 1 ! ! m 2 4 3 HE 3 3 3
42 I I I L] L) 2 4 [ LE] 1 I I 174 5 - H g 5 5 5
431 L ! ! kg 1 1 k| 131 1 El 3 ns 5 5 5 2le 5 5 5
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