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Abstract

In the study region, agriculture is the prime source of income, so it is very essential to make optimal use of existing agri-
cultural land. To identify suitable sites for agricultural practices in the study area, the AHP model has been used. Due to
the agricultural illiteracy, lack of irrigation and transportation facilities, human encroachment towards the agricultural land,
and frequent flooding hampering agricultural productivity. A total of 16 parameters were taken into consideration and their
weights are assigned according to their relative importance for identifying land suitability. The final suitability map of the
study area has been generated using “Weighted Overlay’ method on GIS environment and classified into five categories as
Very high suitable zone (4.11 per cent), High suitable zone (28.65 per cent), Moderate suitable zone (49.67 per cent), Low
suitable zone (14.33 per cent) and Unsuitable zone (3.24 per cent). The Northern and Eastern parts of the study area are
partially not suitable for agriculture. As the region is a flood plain fertile area, if the governments and other organizations
take initiatives of improving transportation, soil management, flood control, then the area is highly promising of agricultural
productivity. As the GIS-based AHP model is a simplified and suitable method for site suitability analysis, this paper will
help the policymakers implement different plans for the development of the region.
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Introduction

Agriculture is the most primordial occupation of civi-
lized modern human society (Prakash 2003) but after the
industrialization (Chuanmin and Falla 2006), the pattern
of agriculture has been changed to facilitate the increasing
food demands due to rapid positive growth in population
density and demand (Yalew et al. 2016; Lambin and Mey-
froidt 2011). In recent times, global land resources and its
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productivity are declining day by day though their demand is
showing an increasing trend (Cowie et al. 2018). The devel-
oping counties such as India and Bangladesh, the national
economy is primarily based on agriculture (Swaminathan
2007). Agricultural productivity is determined by different
factors such as fertility of the soil, favorable climatic condi-
tion, proper irrigation facilities, developed transportations,
knowledge about agriculture, availability of the modern
machinery, and accessibility to the markets. For agricul-
tural development, the 1953 Indian Council of Agricultural
Research classified India into 8 major and 26 minor catego-
ries based on their ‘Soil formation’, ‘Soil Character’, ‘Veg-
etation cover’, ‘Bed-rock Structure’, and ‘Climatic variation’
(ICAR 2020).

The census 2011 reported that in India, the Agriculture
sector provides 58 per cent livelihood of the total population
and it accounting for about 16 per cent of the country’s GDP.
In India, this sector is facilitating employment to 54.6 per
cent of the gross workers (MAFW, GOI 2011). Whereas,
the state of West Bengal was produced over 8 per cent of
the gross food production of the nation (https://matirkatha
.net/). In West Bengal, 19.53 per cent, and 19.30 per cent
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are cultivators and agricultural laborers, whereas 68.13 per
cent of the total population lived in the rural areas and the
majority of them are agricultural laborers (NABARD 2013).

Agriculture is the source of the ‘food’ and ‘fodder’ to the
human and livestock population. The function of agriculture
is multi-factorial as it plays an essential role in the develop-
ment of the socio-economic status of rural India. After the
‘Green Revolution’, the agricultural productivity in India
observed tremendous growth but lack of agricultural knowl-
edge and unparalleled use of ‘fertilizers’, ‘pesticides’, the
productivity of the soil is increasingly decreased and the soil
erosion is also a common phenomenon in Indian agriculture.
To avoid such problems, agricultural reforms have been done
over time to time and organic farming is considered to be
the lifesaver in the agricultural field (Lapple and Cullinan
2012). Industrialization, urbanization, and human encroach-
ment towards arable lands modify the ‘Natural Landscapes’
and creates an ecological misbalance and environmental
problems (Boori et al. 2015). It is very essential to use the
agricultural and other lands scientifically that the ecosystems
remain undisturbed.

The land is a unique constituent and land users are nega-
tively or positively affected (Rossiter 1996) its uniqueness.
‘Agriculture land suitability” analysis is an inter-disciplinary
approach and it is a determination of optimum land use form
and type of a given region. To determine the suitable land
for agriculture, an affective measure is required because of
unplanned land use patterns may create urban (Ullah and
Mansourian 2015) as well as rural environmental problems
and degradation. Land suitability is an ability of the soil
to support a definite land use pattern. The Land Suitability
Analysis (LSA) is an environmentally friendly procedure
to encounter the intrinsic and potential capabilities of the
land of any region (Bandyopadhaya et al. 2009). The main
objective is to predict the inherent capability (Rosa and
Sobral 2008) of a land unit to support a specific land use
pattern. Land suitability is the fitness or comfort level of
a given area for a specific land use type or it is the degree
of satisfaction of the land user. The process of LSA can
be both quantitative and qualitative and the scope of suit-
ability is the current (present condition) and the potential
suitability (predicted pattern) (FAO 1976; Prakash 2003).
The land suitability is a measure to discover the degree of
land usefulness for potential or future land use form (FAO
1976; Malczewski 2004; Hopkins 2007). It is a measure that
helps to explore the qualities of the land unit and how that
land unit fulfills the requirements of a particular land use
pattern. AHP is a very famous and well-accepted quantita-
tive method to analyze the site suitability and it includes the
hierarchical structure of the decision factors and constructs
comparisons among the possible pairs in a matrix to give a
weight to each factor (Bagherzadeh 2014; Daneshvar 2014;
Daneshvar et al. 2017). Literature suggested that the AHP
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method is frequently used by several researchers to explore
the suitable sites as per their requirements. Some of the AHP
method-based site suitability works are the reorganization
of tourist zones ( Ebrahimi et al. 2019), Land suitability for
paddy cultivation (Kihoro 2013; Roy and Saha 2018; Man-
dal and Saha 2019), Site suitability analysis for agricultural
land use (Pramanik 2016; Tuyen et al. 2019), Potential land
suitability identification for surface irrigation (Teshome and
Halefom 2020), Land Suitability and agricultural production
sustainability (Amini et al. 2019; Prakash 2003), Suitability
analysis for water conservation (Badhe et al. 2019), Suitabil-
ity for sewage treatment plant (Agarwal et al. 2019), Identi-
fication of soil erosion-susceptible areas (Saha et al. 2019),
Plantation development (Zolekar and Bhagat 2014; Uristiati
et al. 2020), for construction avulsion potential zone (Sarkar
and Pal 2018), suitable site selection for rainfed teff crop
production (Kahsay et al. 2018), hospital site selection (Hal-
der et al. 2020), agricultural site selection in Abbay basin
(Yalew et al. 2016), for Selecting Potential Sites for Water
Harvesting (Alshabeeb 2016). The AHP-based site suitabil-
ity analysis is more prominent as it allows researchers to
the measurement of the relative weights of each criterion
or parameter according to their relative importance (Banai
1989; Akinci 2013). The priority values of the parameters
are also been measured by the decision-making process
(DMP) to explore suitable locations with several alterna-
tives (Wang et al. 1990; Jankowski 1995; Yu et al. 2011).

In site suitability analysis, the ‘Geographic Information
System’ (GIS) is a much indispensable technique to analyze
and to investigate the various geospatial parameters with a
high degree of flexibility (Mokarram and Aminzadeh 2010;
Mendas and Delali 2012). Moreover, GIS has scientific
credibility, capability for determining the suitability of the
site on a given purpose (Baban 1998; Chandio 2012). Aug-
ment the Multi-Criteria Analysis (MCA) as a decision prop
up tool, it can be incorporated along with the GIS to com-
bine geospatial data with multiple criteria decision models
(MCDM) to produce final site suitability map (Carver 1991;
Malczewski 2006). This approach can help the prompt and
faster rate of remodeling of tiny changes for criteria to fab-
ricate results in the form of maps for presentation (Parker
1996), i.e. the combination of GIS and AHP is a dominant
tool for assessing of land site suitability (Malczewski 2006;
Duc 2006).

Study area

The study area is located in the border sites of West Ben-
gal and Bihar states of India where over 95 per cent of the
study area is situated at Uttar Dinajpur District in the state
of West Bengal. The geographical extension of the study
area is 25°15'40.42"N to 25°32'43.27"N and 88°02'32.13"E
to 88°09'47.86"E and the total geographical area is about
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Fig. 1 Geographical location of the study area

210 sq.km (Fig. 1). Climatologically, the study area is under
humid subtropical climatic and the annual average tempera-
ture of the study area ranges between a minimum of 7 ° C to
a maximum of 39 °C. Along the north to south longitudinal
elevation line, the study area experiences a maximum slope
deviation of 3.5-3.6 per cent with an average slope deviation
of 0.7-0.8 per cent per km. The NH-34 road extended from
north to south along the eastern margin of the study area.
The study region is situated in an anabranching site of the
Sooin River and characterized by a new alluvial flood plain.
Every year during the rainy period, flooded water deposited
fertile soil over the region which promotes high productivity
in the study area. Agriculture is a major economic activity

WE

and its estimated values show that about 37.05 per cent is
presently cultivated with seasonal (Wheat, Maize, Mustard,
etc.) crops and 20.06 per cent are single crops land.

Objectives of the study

The main objectives of the present study are.

1. To the assessment of agriculture affecting parameters in
the selected study area,

2. To determine the priority values of the selected param-
eters using AHP,

3. Identifying suitable sites for agriculture using AHP and
GIS.
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Materials and methods
Data source

For preparing the individual parameters, both the field
survey data and secondary data have been collected from
different sources (Table 1). Landsat-8 satellite map was
collected from the ‘USGS’ or ‘United States Geological
Survey’ (https://earthexplorer.usgs.gov/) for analyzing
the ‘LST’, ‘MSAVI’, ‘MNDWT’, ‘LULC’. The ‘Slope’
‘Aspect’, and ‘Elevation’ data are extracted from the
‘Shuttle Radar Topography Mission’ (STRM) near-global
Digital Elevation Models (DEMs) data of 30 m resolution
obtained from United States Geological Survey (USGS).
Rainfall data have been collected from the ‘CHRS’, and
‘NASA’ data portal and verify it with the ‘IMD’ (Indian
Meteorological Department) dataset. Manual digitization
in Google Earth has been done for preparing the ‘Road
Network’ and ‘Drainage Network’ of the study area. The
‘lithological’ information and data have been gathered
from the Geological Survey of India (bhukosh.gsi.gov.in/).
Soil properties such as ‘Bulk Density’, ‘Cation Exchange
Capacity’, ‘Soil Texture’, ‘Soil pH’, and ‘Soil Organic
Carbon’ were collected from ‘Soil Grid’ (https://soilgrids.
org/) dataset and also verify it with soil samples that were
collected during the field verification.

In the present study, the multi-criterion site suitability
model was applied for identifying the potential sites for
agriculture practices. A total of 16 parameters have been
taken for constructing the land suitability map of the study
area. After selecting the parameters the criteria pair-wise
comparison matrix was calculated using the AHP method,
the parameters were rearranged in hierarchical order to
compute a normalized pair-wise comparison matrix from
it. From the normalized pair-wise comparison matrix,
the ‘Weighted Sum Vector’ (WSV) was computed to find
out the ‘inconsistency’ in the matrix. The ArcMap-10.5

Table 1 Materials and data source of the parameters

environment was used to generate the final suitability map.
According to the ‘FAQ’, land suitability for agriculture or
farming can be classified as Highly Suitable—S1, Moder-
ately Suitable—S2, Marginally Suitable—S3, Currently
not Suitable—N1, and Unsuitable—N2 zone. Based on the
FAO’s classification, the final suitability map of the study
area has also been categorized into five expected zones
where the least value indicates the very less suitability or
unsuitability for agricultural activities and vice-versa. The
flowchart and the adopted weighted overlay model for the
present study are given in Figs. 2 and 3 respectively.

Generation of criterion maps using geospatial
techniques

Slope (Fig. 4a), Aspects (Fig. 4b), and Elevation (Fig. 4c)
layers were generated in ArcGIS 10.5 environment. The
Thematic layer of the ‘Rainfall’ (Fig. 4d) was constructed
using the grid method. For constructing the ‘Temperature’
layer, the ‘LST’ (Fig. 4e) was generated from the average
‘LST’ values of ‘Band-10" and ‘Band-11" of Landsat-8
images. The LULC map (Fig. 4f) was prepared from Land-
sat-8 image adopting supervised classification along with
the ‘Maximum likelihood’ classifier algorithm and the
accuracy was measured by the Kappa coefficient (86 per
cent). ‘MNDWT for ‘Soil moisture’ (Fig. 4g) and ‘MSAVI’
(Fig. 4h) for “Vegetation cover’ and ‘soil moisture’ analysis
was generated from the Landsat-8 imageries. ‘MNDWI’ and
‘MSAVT" were engendered after correcting the reflectance
value with local sun elevation angles for an accurate result.
To analyze the soil moisture, MNDWI and MSAVI were
calculated with the help of Eq. 1 and 2. The distance from
the river and distance from road layers (Fig. 4i and 3j) was
prepared by applying the ‘Euclidean distance’ buffering tool
under ‘Spatial Analyst Tools’ in the ArcGIS-10.5 environ-
ment. ‘Lithology’ (Fig. 4k) layer was derived from Bhuvan
datasets and analyzed it for litho-logical exploration of the
study area. Soil properties map layers such as ‘Soil Texture’

Parameters Data information Source Reso-
lution
(m)
Topographic map 73C/2,73C/3 SOI Soinnakshe.uk.gov.in -
Geology GSI, Bhukosh www.gsi.gov.in 30
Slope, elevation, aspects, SRTM DEM and Arc-GIS Earthplor.usgs.gov 30
Soil characteristics Bhuvan; World Soil Grid Datasets Bhuvan.nrsc.gov.in and Soilgrids.org 30
Soil moisture, MSAVI IR and Green band of OLI image Landsat-8 images 30
Drainage and roads Digitized from Google Earth pro; Toposheets Soinnakshe.uk.gov.in and Google-earth pro 30
LULC OLI images and Arc-GIS Landsat-8 images, 30
Rainfall and temperature CHRS datasets, NASA, IMD Power.larc.nasa.gov/data-access viewer and 30

chrsdata.eng.uci.edu

@ Springer


https://earthexplorer.usgs.gov/
https://soilgrids.org/
https://soilgrids.org/
http://www.gsi.gov.in

Modeling Earth Systems and Environment (2021) 7:571-588

575

| suitability Analysis

Datasets S —
which are Climatic Landsat-8 Digitize :
actually DEM ta satellite features Soil
evaluated : = — - = -
l l Image rectification
e B 4
A LI Image enhancement |
‘ Derive v . \
datasets; Supervised Drainage i
‘ create data
LULC Y
‘ exnstmg data oy } I
 to explore (i l 1I\/INDW'I j +
" new. | Temperature - MSAVI1
information d
55 4 —L,ﬁ Soil
' f Elevation ] moisture

Apply MCDM: AHP method

AHP & GIS

Standardization - T -
il each class i
. Cxp of Hierarchy
Pair WESC mm Sultablhty
Weighted of
each element
_— use and suital

N

=; Potential Suitability map |
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(Fig. 41), ‘Bulk Density’ (Fig. 4m), ‘Soil CEC’ (Fig. 4n),
‘Soil pH’ (Fig. 40) and ‘Organic Carbon’ (Fig. 4p) were
prepared from Soil Grids datasets combined with Bhuvan
and Geological Survey of India (GSI) dataset.

Band3 + Band6 _
Band3 — Band6

GREEN — SWIR

MNDWI = ,
GREEN + SWIR

M

where MNDWI = Modified Normalized Difference Water
Index; SWIR = Short Wave Infrared Radiation.

MSAVI = (1/2) * (2(B5 + 1) — sqrt((2 = B5 + 1)2 — 8(B5 — B4))),
2
where MSAVI=Modified Soil Adjusted Index; B5 =Pixel

values from the near-infrared band; B4 =Pixel values from
the red band.
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Fig.3 Weighted overlay model of the present study

Standardization of the selected parameters

The final agricultural land suitability map was constructed
by performing the weighted overlay model. For this pur-
pose, the selected parameters or criteria were standardized.
All the vector layers converted to the rasters to optimize
the analysis process. All the converted raster layers then
reclassified using AHP priority values to generate suitable
locations for agricultural activities. The final output map is
then categorized into five different classes. All the related
map layers have been reclassified on Arc-Map.v.10.5 soft-
ware as per their comparative hierarchical significance
towards land use suitability. All the numerical calculations
of the individual parameter are separately calculated using
‘AHP’ methods in Microsoft excel v.16. Studies show that
every factor is related to each other and has an impact on
each other. Assigning weights to the criteria is very essen-
tial as it defines the hierarchical importance of the criteria.

@ Springer
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Assigning weights to the parameters

In multi-criteria decision-making purposes, researchers exten-
sively used the GIS platform along with the AHP method
(Joerin et al. 2001 Xu 2012). This semi-quantitative method
was introduced by Thomas L. Saaty in (1977) to develop a
hierarchal model for elaborating complex problems of land
management with the most suitable alternatives (Malczewski
2006). AHP allows incorporated GIS-based land suitability
modeling for site suitability (Alshabeeb 2016). Through AHP
method, to achieve the goal of the study, various criteria are
identified and divided into different alternatives, rearrang-
ing them in the most suitable hierarchical order (Cancela
2015), making a judgment from the relative importance of
the parameters, and synthesizing the potential result (Saaty
1980, 1990, 2001). A complex problem actually is a set of
several simple micro-problems that are also related to each
other. In this method, the complex problem is breaking down
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Ta!ale 2 The A.HP Scale for Index Definition Index Definition
paired comparison (Saaty and
Vargas 2000-2001) 1 Equally important 1/1 Equally important
2 Equally or slightly more important 172 Equally or slightly less important
3 Slightly more important 173 Slightly less important
4 Slightly to much more important 1/4 Slightly to much less important
5 Much more important 1/5 Much less important
6 Much to far more important 1/6 Much to far less important
7 Far more important 1/7 Far less important
8 Far more important to extremely more 1/8 Far less important to extremely
important less important
9 Extremely more important 1/9 Extremely less important
Table 3 Pair-wise comparison matrix "
WSV = 2 wj * Xij, (3)
Cn cl c2 c3 j=1
Al cl cXijl cXijl/2 cXijl/3
& eXij2 eXijl eXij2 where WSV = Weighted Sum Vector; wj = Weight of each
3 eXij3 CXijl/2 eXijl parameter; xij = Performance Value of each criterion (from

into various smaller problems (Azizi et al. 2014) with suit-
able hierarchal order. This method allows quantifying options
and transforming the options into a coherent decision model.
In AHP, the matrix classification is based on the 1-9 scale
of relative importance, where level 1 represents an ‘Equally
important’, and level 9 shows ‘Extreme importance’ (Saaty
1977, Feizizadeh and Blaschke 2013; Table 2).

The elements of the pair-wise comparison matrix can be
expressed as the following matrix (Table 3).

Where, Al =Pair-wise Comparison Matrix; Cn=Name of
the Criteria; Xij =Performance Value of each cell.

After completing the pair-wise comparison matrix, each
cell value i.e. performance score of each cell was divided by
the sum of that specific criteria column to normalized the pair-
wise comparison matrix table (Saaty 1980; Feizizadeh 2014,
Malczewski 1999). From the normalized matrix table, the
relative priority value of each criterion was calculated using
saaty’s method. In this study, the eigenvector method was
applied to estimate the weight of each criterion from the nor-
malized pair-wise comparison matrices table. After calculating
the priority decision matrix, the “Weighted Sum Vector’ was
estimated to find out the inconsistency among the parameters
because there may be some inconsistency in the result due to
random matrix formation (Saaty 1980, 1990, 1994). Equa-
tion 3 was used for estimating this inconsistency (Saaty 1980;
Feizizadeh 2014; Garcia et al. 2014).

the primary pair-wise matrix).

“

where CR = Consistency Ratio; CI=Consistency Index;
RI=Consistency index for a random square matrix of the
same size (Table 4).

Table 4 Random Consistency Index (RI) for n=10.

CR value was calculated using Eq. 4. CR value should be
lower than or equal to 10 per cent or 0.1, because CR value
indicates the acceptability of the weighting process of the
parameters. If CR is less or equal to 10 per cent, the weighting
process incorporated with the whole analysis and the result
will be meaningful (Saaty 1982) and if the value is more than
10 per cent than the variables will be omitted i.e., weighting of
the criterion wasn’t suitable or efficient to proceed the analysis.
The CR value depends on the Consistency Index and Random
Index (Table 4) and it is the ratio between CI and RI. CI was
estimated from the average value of Consistency Vector (Eq. 5,
Eq. 7) which is the ratio of ‘Weighted Sum Vectors’” and ‘Cri-
teria Weights’ or ‘Criteria values’.

|

where CV =Consistency Vector; WSV = Weighted Sum
Vector; CW = Criteria Weight.From the Consistency Vector
(CV), the value of lambda (A) was computed. Lambda is the
average value of the consistency vector i.e. it is the highest

wsvl wsv2 wsv3
cwl ’ cw2’ cw3

cv = [ )

Table 4 Random Consistency

1
Index (RI) for n=10

n (Size of matrix)

2 3 10

RI (Random Consistency Index 0

0 058 09 1.12 124 132 141 145 149
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Eigen value of the matrix (Saaty 1977). The ‘A ,,” and ‘CT’

were calculated using Eq. 6 and 7, respectively.

Amax = evlteva+ C\,/3 + - OV (CV = Consistency Vector),
no.of criteria
(6)
Amax — 11
Cl =& 7
n—1
where A, =Highest Eigen value; n=No. of the Parameters

or Size of the comparison matrix (Saaty 1980, 1982).

The value of the Consistency Index depends on the value
of lambda (A ,,,.). The larger value of lambda (A ,,) indi-
cates high inconsistency, i.e., with increasing the value of
lambda (A ), the ratio of inconsistency is also be increased
and vice-versa. Consistency Index was calculated using
Eq. 7. Accurate pair-wise matrix and accurate weight of the
alternatives or criteria leads a CR value ‘0’ which means the
result is perfectly consistent and in this case, the lambda (A
) will be at a minimum or equal to ‘n’.

max.

max.

Generation of agricultural suitability zone (ASZ)
using GIS technique

A hierarchical organization of the criteria or alternatives is
very common in large decision-making problems (Prakash
2003). In AHP, all the criteria are classified into several
alternatives and assigning rating value or criteria weights
to each alternative according to their relative importance
(Table 5). After assigning weights, all the raster layers and
classes were overlaid to develop a final site suitability map
(Eq. 8) (Fig. 3) (Ebrahimi et al. 2019). This final raster out-
put map was generated in the ArcGIS environment using
Eq. 9.

SZ = X(grid criteria X rating criteria) + --- (grid n X rating n),

®)

Table 6 Lithology of the study area

Category Formation Characteristics
Malda Sand, silt and gravel
New alluvium Malda Sand, silt and gravel
Kosi-Ganga Sand, silt and clay
Old alluvium Baikunthapur Sand, clay with calcare-

ous concretions

Result and discussion

This region is a ‘fluventic’ soil zone, where 97.08 per cent
area sedimented with new alluvium (Table 6). The soil in
this region is very productive with optimum ranges of pH
values from 5.5 to 6.5. Though some of the northern and
eastern parts are formed with older ‘Pleistocene alluvium’
(2.92 per cent) which is less productive due to deficits in
fertile minerals and high bulk density (Table 7).

The slope map of the study area has been classified
into Very low (0°-1.31°), Low (1.31°-2.41°), Moderate
(2.41°-3.72°), High slope (3.72°-5.59°) and Very High
slope (5.59°-18.60°) (Fig. 4a, Table 8). Overall, the lon-
gitudinal slope of the study area is north to south direction
and the transversal slope of the study area is west to east
direction. Aspects (Fig. 4b) are the orientation or compass
of the slope of any region and it is a vital factor in suitability
analysis for hilly regions but it can also be applied in the
plain region. In this study, all the alternatives of the aspect
have been almost equally important in suitability analysis.
Most of the study area comes under very low-to-moderate
slope zones which facilitate the ideal conditions for differ-
ent crop production, although this region recorded a huge
amount of crop loss in monsoon times. The altitude of the
study varies from a low of 16 m in the south to the highest
of 41 m in the west part of the study area (Fig. 4c).

ALSZ = X(grid Slope X 0.064) + (grid Elevation x 0.060) + (grid Aspects X 0.032) + (grid Rain X 0.076)
+ (grid Temperature X 0.035) + (grid Soil texture X 0.066) + (grid pH x 0.060)
+ (grid Organic carbon X 0.051) + (grid Soil CEC X 0.045) + (grid Bulk density x 0.037) ©
+ (grid River x 0.130) + (grid Road x 0.120) + (grid Geology X 0.041) + (grid MNDWI X 0.042)

+ (grid TWI x 0.039) + (gridLULC X 0.101).

Table 5 Soil texture with ideal
bulk density

Names of the soils Textural class Diameter (mm) Ideal bulk density
(g/cm®)
Coarse fragments
Sandy soil (coarse texture) Sand, loamy sand Clay (0.0002) <1.6
Clayey soil (fine texture) Clay Silt (0.02-0.0002) <14
Loamy soil (moderately fine texture) Sandy loam Sand (2.00-0.02) <1.1

Loamy soil (medium texture)

Loam, silt loam, silt

@ Springer
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Table 8 Spatial distribution of the soil suitability classes

Soil suitability classes Area (per cent) Area (sq.km)
Very low 12.3 25.83
Low 26.6 55.87
Moderate 31.56 66.27
High 22.93 48.16
Very high suitable 6.61 13.87

‘Rainfall’ and ‘Temperature’ parameters are also being
foremost factors in land suitability analysis of any region.
The spatial distribution of the average yearly (2019) rainfall
was varying from 1500 to 1750 mm. The spatial distribu-
tion of rainfall has been classified into five classes as Very
low (1500-1550 mm), Low rainfall zone (1550-1600 mm),
Moderate rainfall zone (1600-1650 mm), High rain-
fall zone (1650-1700 mm) and Very High rainfall zone
(1700-1750 mm) (Table 8, Fig. 4d). The temperature is con-
sidered to be one of the major parameters of plant growth.
The temperature map has also been classified into five
classes as Very low (20 °C-22 °C) with 19.00 per cent (39.9
sq.km), Low (22 °C-24 °C) with 66.31 per cent (139.26
sq.km), Moderate (24 °C-26 °C) with 12.77 per cent (26.82
sq.km), High (26 °C-28 °C) with 1.71 per cent (3.59 sq.km)
and Very High (28 °C-30 °C) with 0.20 per cent (0.43
sq.km) of the total area. The ‘High-temperature zone’ is the
most suitable zone for agriculture with the criteria value
35 per cent and the ‘Very low-temperature zone’ (Table 8,
Fig. 4e) is least suitable for agriculture. Criteria Weight of
both rainfall and temperature has been computed using AHP
on MS Excel. Distance from the river indicates the easy
availability of irrigation water. LULC map of the study area
is classified into six categories (Fig. 4f). The normalized
difference water index (NDWI) is promoted by Gao in 1996
(Zhang and Chen 2015) and its modified version is known
as MNDWI. This index is excellent enough to acquire the
information about soil moisture of any region. MNDWTI is a
reliable method to separate the dry land from water bodies
by mapping. The values of MNDWI range from — 1 to+1,
where the higher values indicate the higher content of water
(blue) and vice-versa. The spatial distribution of soil mois-
ture (Fig. 3g) within the study area has been classified as
Very low moisture zone (2.50 per cent), Low moisture zone
(34.21 per cent), Moderate moisture Zone (37.73 per cent),
High moisture zone (18.93 per cent), and Very high moisture
zone (6.63 per cent), respectively. The spatial distribution of
‘MSAVT’ (Modified Soil Adjusted Index) has been classi-
fied as five classes; Very low MSAVI zone (— 0.23-0.14),
Low MSAVI zone (0.14-0.24), Moderate MSAVI zone
(0.24-0.32), High MSAVI zone (0.32-0.40) and Very high
MSAVI zone (0.40-0.61). The value of MSAVI ranges from
— 1 to+ 1, where pixel value 0-1 taken as a vegetation value

and less than or equal to O taken as a non-vegetation pixel
(Laosuwan and Uttaruk 2014; Jiang 2007). About 79.92 per
cent (153.17sq.km) of the total area comes under ‘Moderate
to Very high® MSAVI zone (0.24-0.61) which is suitable
for agriculture (Fig. 3h). Agricultural land near to the rivers
having more alluvial soil and it is facilitating sufficient irri-
gation water (Fig. 4i) for seasonal crops. Figure 3j is show-
ing the distance from the roads to suitable zones. More road
networks indicate develop regions and the farmers can easily
import high yielding seeds, machinery and can easily export
their crops. Soil texture is the base of plant growth and one
of the major parameters for land suitability analysis. The
spatial distribution of soil texture has been classified into
five classes such as coarse fragments (0.25 per cent), sandy
soil (coarse texture) (4.62 per cent), clayey soil (fine texture)
(39.71 per cent), loamy soil (moderately fine texture) (42.77
per cent), and loamy soil (medium texture) (12.64 per cent).
The criteria values of each alternative have been calculated
with the help of the AHP method. The region belongs to a
very fertile soil zone (Fig. 41), where 95.12 per cent (199.75
sq.km) of the total area is facilitated with loamy to clayey
soil. Clay soils can hold nutrients very well. Bulk density
is the ratio between the dry weight of the soil and its total
volume. High bulk density leads to low porosity characteris-
tics of the soil which is reduced the water filtration intensity
from topsoil to deep soil horizons. High bulk density has an
adverse effect on agriculture. Bulk density can be modified
with apply of ‘organic matter’. The spatial distribution of
bulk density of the study area has been classified as Very low
BD zone (26.65 per cent), Low BD zone (45.08 per cent),
Moderate BD zone (24.87 per cent), High BD zone (2.56 per
cent), and Very High BD zone (0.84 per cent) of the total
area, respectively (Fig. 4m). Bulk density zone ‘Moderate
to Very Low’ (1.52-1.58) is most suitable for agriculture
with an area of 96.6 per cent (202.86 sq.km) of the total
area. Bulk density of soil is a very important indicator of
soil compaction and health of the soil of specific soil tex-
ture (USDA, NRCS) (Table 9). ‘Cation Exchange Capacity’
(CEC) influences the nutrients holding capability of the soil
and also affects the frequency of nitrogen (N,) and Potas-
sium fertilizer applications, the soil types, the pH of the soil,
and Soil Organic carbon, etc. Nitrogen (N2+), Ammonium
(NH,*), Potassium (K*), Sodium (Na*), Hydrogen (H"), etc.
are the most common soil cations. The spatial distribution
of the CEC (cmolc/kg) of the study area has been classified
into five classes (Table 8) as Very low CEC zone (11-14),
Low CEC zone (14-16), Moderate CEC zone (16—-18), High
CEC zone (18-22), Very CEC zone (22-28), respectively.
Low CEC zone (Fig. 4n) is the dominant zone concerning
area with 45.08 per cent (94.67 sq.km), whereas only 28.27
per cent (59.37 sq.km) area is most suitable for agriculture
(Fig. 4n, Table 8). pH value of the soil indicates its ‘acid-
ity’ or ‘alkalinity’. The optimum PH value of the soil ranges
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Table 9 Normalized pair-wise comparison matrix with criteria rating, WSV, CI and CR of the study area

Slno Parameters 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Rating WSV
1 Rainfall (mm) 1 2 2 2 2 2 2 2 2 2 05 05 3 1 1 033 0.076 1338
2 Temperature (°C) 05 1 033 05 05 1 1 05 05 2 033 033 1 1 1 033 0035 059
3 Soil texture 05 3 1 05 1 1 1 3 2 2 033 033 3 2 2 033 0.066 1.149
4 Soil pH 05 2 2 1 2 2 2 2 1 2 033 033 1 1 1 033 0.06 1.056
5 Organic carbon (g/kg) 0.5 2 1 05 1 2 2 05 2 2 033 033 1 1 1 033 0051 0.873
6 soil CEC(cmolc/kg) 05 1 1 05 05 1 1 2 2 1 033 033 1 1 1 033 0.045 0.794
7 bulk Density(g/cm3) 05 1 1 05 05 1 1 05 05 2 033 033 1 1 1 033 0.037 0.64

8 slope (degree) 05 2 033 05 2 05 2 1 2 2 033 033 2 2 2 2 0.064 1.135
9 Elevation (m) 05 2 05 1 05 05 2 05 1 2 05 05 2 2 2 2 0.06 1.05

10 Aspects 05 05 05 05 05 1 05 05 05 1 033 033 05 05 2 05 0.032 0554
11 Distance from river(m) 2 3 3 3 3 3 3 3 2 3 1 1 2 3 3 3 0.13 2.32

12 Distance from road(m) 2 3 3 3 3 3 3 3 2 3 1 1 2 2 2 2 0.12 2.138
13 Geology 033 1 033 1 1 1 1 05 05 2 05 05 1 1 1 05 0041 0.698
14 MNDWI 1 1 05 1 1 1 1 05 05 2 033 05 1 1 1 033 0042 0.721
15 MSAVI 1 1 05 1 1 1 1 05 05 05 033 05 1 1 1 033 0039 0.673
16 LULC 3 3 3 3 3 3 3 05 05 2 033 05 2 3 3 1 0.101  1.765

from 5 to 7 for agriculture and plant growth. The pH of the
soil of the study area ranges from 5.7 to 6.8 (Fig. 40) which
is good for crop production. Soil organic carbon (SOC) is
an essential factor that determines the fertility of the soil.
The water holding capacity and process of infiltration of
rainwater vastly determine by SOC of the soil. The spatial
distribution of SOC (Fig. 4p) of the study area has been
categorized into five classes (Table 8) as Very low (0-2),
Low (2-5), Moderate (5-8), High (8-12), and Very High
(12-18), respectively. High and Very high SOC zone is bet-
ter for crop production.

Soil suitability analysis

Before constructing the final agricultural land suitability
map, it is necessary to prepare a soil suitability map for
accruing precise knowledge about the soil characteristic
of the study region. For generating the soil suitability map
(Fig. 5), simple overlay mapping was performed using six
soil-related parameters such as ‘Soil Texture’, ‘Soil CEC’,
‘Soil Organic Carbon’, ‘Soil pH’, ‘Soil Bulk Density’ and
‘Soil Moisture’. The output layer (Table 9) has been clas-
sified into Very low (12.30 per cent), Low suitable zone
(26.60 per cent), Moderate suitable zone (31.56 per cent),
High suitable zone (22.93 per cent), and Very high suitable
zone (6.61 per cent).

Agriculture suitability zone (ASZ)
The final agricultural land suitability map is classified into

five suitable classes on ArcMap-10.5, where a higher value
indicates the higher suitability and the lower value indicates

@ Springer

the least suitability or unsuitability for agriculture. From the
final ASZ map, it is determined that only 4.11 per cent area
is very highly suitable, 28.65 per cent area is highly suitable
and 49.67 per cent is moderately suitable for agriculture of
the total area, respectively. Only 3.24 per cent of the total
area is unsuitable for agriculture and 14.33 per cent area is
low suitable for agriculture (Fig. 6, Table 10).

Conclusion

Land suitability analysis involves several parameters,
which are in different scales ranging from nominal to ratio.
In this present study, the GIS-based multi-criteria decision
making technique was applied to evaluate the agricultural
suitability of the study area. AHP method was used as a
tool to assign the relative importance of the sixteen dif-
ferent criteria in this site suitability analysis. ‘GIS’ tech-
nique has been used to ‘Obtaining the result’, ‘Investigat-
ing the result’, ‘Analysing the data’ as it is a time-efficient
technique. GIS-based land suitability analysis represents
the continuous, complex, and uncertain information in a
simple, categorized map format. Sixteen different criteria
were selected to evaluate the land suitability using the
GIS-based MCDM technique. The output of the research
concluded that the area is an optimum region for agricul-
ture. Only 3.24 per cent area is ‘unsuitable’ and 14.33
per cent area has ‘low suitability’ for agriculture concern-
ing the total area, respectively. Moderate-to-high content
organic carbon, low bulk density, optimum pH and cation
exchange capacity of the soil, nearly flat slope, nearness of
rivers and developed transportation are the major reasons
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Fig.5 Soil suitability map of
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behind the high potentiality, whereas the sluggish qual-
ity of soil, lack in soil moisture, low porosity with high
elevation, etc. are the main causes of less productive area.
Though this region is highly fertile in nature, there is also
a potential chance to crop destruction during the rainy
season due to flooding. For minimizing the damages and
for the development of this area governmental authori-
ties should take initiatives to improve flood forecasting

88°30°E 88'60E B'00E

systems, flood management initiatives, develop marketing
facilities, transportation, and soil management. This work
will help the governmental and non-governmental agen-
cies for implementing developmental policies and manag-
ing agricultural land in this region. This research proves
that the evaluation of land suitability using GIS and AHP
could be a good decision to assist this integration.
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Table 10 Agriculture suitability

ASZ(agriculture Very low suit- Low suitability Moderate High suitability Very high
zone of the study area

suitability zone) ability suitability suitability
or unsuitable

Area (per cent) 3.24 14.33 49.67 28.65 4.11
Area (sq.km) 6.80 30.09 104.31 60.17 8.63

@ Springer



Modeling Earth Systems and Environment (2021) 7:571-588

587

Acknowledgements Authors are grateful to the editor, reviewers for
insightful comments and suggestions to improvement of the work.
Authors are also thankful to Dr. Gopal Chandra Debnath, (I.C.S.S.R.
Senior Fellow at Raiganj University) for his valuable suggestions
throughout the study.

Compliance with ethical standards

Conflict of interest The authors hereby declare that there is no conflict
of interest and no human or animal involved or harmed in any way dur-
ing this research work.

References

Agarwal R, Srivastava KA, Nigam KA (2019) GIS and AHP based site
suitability for sewage treatment plant in sultanpur district, India.
Int J Innov Techno Expl Engine (IJITEE) 8(654):961-964

Akinct H, Ozalp AY, Turgut B (2013) Agricultural land use suitabil-
ity analysis using GIS and AHP technique. Comp Electro Agric
97:71-82. https://doi.org/10.1016/j.compag.2013.07.006

Alshabeeb RRA (2016) The use of AHP within GIS in selecting poten-
tial sites for water harvesting sites in the Azraq Basin- Jordan. J
Geogr Infor Sys. https://doi.org/10.4236/jgis.2016.81008

Amini S, Rohani A, Aghkhani MH, Abbaspour FMH, Asgharipour MR
(2019) Assessment of land suitability and agricultural production
sustainability using a combined approach (Fuzzy-AHP-GIS): a
case study of Mazandaran province, Iran. Info Proc Agric. https
://doi.org/10.1016/j.inpa.2019.10.001

Azizi A, Malekmohammadi B, Jafari HR, Nasiri H, Parsa VA (2014)
Land suitability assessment for wind power plant site selection
using ANP-DEMATEL in a GIS environment: case study of Arda-
bil province. Iran Environ Monit Assess 186(10):6695-6709

Baban SJ, Flannagan J (1998) Developing and implementing GIS-
assisted constraints criteria for planning landfill sites in the UK.
Plan Pract Resea 13(2):139-151. https://doi.org/10.1080/02697
459816157

Badhe Y, Medhe R, Shelar T (2019) Site suitability analysis for water
conservation using AHP and GIS techniques: a case study of
Upper Sina River catchment, Ahmednagar (India). Hydrosp Anal
3(2):49-59. https://doi.org/10.21523/g¢j3.19030201

Bagherzadeh A, Daneshvar MRM (2014) Qualitative land suitabil-
ity evaluation for wheat and barley crops in Khorasan-Razavi
province. Northeast of Iran Agri Resea 3(2):155-164. https://doi.
org/10.1007/s40003-014-0101-2

Banai-Kashani R (1989) A new method for site suitability analysis: the
analytic hierarchy process. Environ Manage 13(6):685-693. https
://doi.org/10.1007/bf01868308

Bandyopadhyay S, Jaiswal RK, Hegde VS, Jayaraman V (2009) Assess-
ment of land suitability potentials for agriculture using a remote
sensing and GIS based approach. Int J Remo Sens 30(4):879-895.
https://doi.org/10.1080/01431160802395235

Boori MS, VozZenilek V, Choudhary K (2015) Land use/cover distur-
bance due to tourism in Jeseniky Mountain, Czech Republic: a
remote sensing and GIS based approach. Egypt J] Rem Sens Spa
Sci 18(1):17-26. https://doi.org/10.1016/].ejrs.2014.12.002

Cancela J, Fico G, Pastorino M, Arredondo MT (2015) Hierarchy defi-
nition for the evaluation of a telehealth system for parkinson’s
disease management. 6th Euro Conf Int Fede Medi Biolog Engin.
https://doi.org/10.1007/978-3-319-11128-5_250

Carver SJ (1991) Integrating multi-criteria evaluation with geographi-
cal information systems. Int J Geog Infor Syst 5(3):321-339. https
://doi.org/10.1080/02693799108927858

Chandio IA, Matori ANB, WanYusof KB, Talpur MAH, Balogun
AL, Lawal DU (2012) GIS-based analytic hierarchy process as a
multicriteria decision analysis instrument: a review. Ara J Geosci
6(8):3059-3066. https://doi.org/10.1007/s12517-012-0568-8

Chuanmin S, Falla SJ (2006) Agro-industrialization: a comparative
study of China and developed countries. Outl Agri 35(3):177-182

Cowie AL, Orr BJ, Sanchez VMC, Chasek P, Crossman ND, Erlewein
A, Louwagie G, Maron M, Metternicht GI, Minelli S, Tengberg
AE (2018) Land in balance: the scientific conceptual framework
for land degradation neutrality. Environ Sci Poli 79:25-35

Daneshvar MRM (2014) Landslide susceptibility zonation using ana-
lytical hierarchy process and GIS for the Bojnurd region, north-
east of Iran. Landslide 11(6):1079-1091. https://doi.org/10.1007/
$10346-013-0458-5

Daneshvar MR, Khatami F, Shirvani S (2017) GIS-based land suitabil-
ity evaluation for building height construction using an analytical
process in the Mashhad city. Model Earth Syst Environ, NE Iran.
https://doi.org/10.1007/s40808-017-0286-z

Duc TT (2006) Using GIS and AHP technique for land-use suitability
analysis. In: International symposium on geoinformatics for spa-
tial infrastructure development in earth and allied sciences, pp 1-6

Ebrahimi M, Nejadsoleymani H, Daneshvar MRM (2019) Land suit-
ability map and ecological carrying capacity for the recogni-
tion of touristic zones in the Kalat region, Iran: a multi-criteria
analysis based on AHP and GIS. APJ Regi Sci. https://doi.
org/10.1007/s41685-019-00123-w

FAO (1976) A framework for land evaluation, soil bulletin 32. Food
and agriculture organization of the United Nations, Rome

Feizizadeh B, Blaschke T (2013) Land suitability analysis for Tabriz
County, Iran: a multi-criteria evaluation approach using GIS. J
Environ Plan Manag 56(1):1-23. https://doi.org/10.1080/09640
568.2011.646964

Feizizadeh B, Jankowski P, Blaschke T (2014) A GIS based spatially
explicit sensitivity and uncertainty analysis approach for multic-
riteria decision analysis. Comput Geosci 64:81-95

Garcia JL, Alvarado A, Blanco J, Jimenez E, Maldonado AA, Corte’s
G (2014) Multi-attribute evaluation and selection of sites for
agricultural product warehouses based on an analytic hierar-
chy process. Comput Electron Agric 100:60-69. https://doi.
org/10.1016/j.compag.2013.10.009

Halder B, Bandyopadhyay J, Banik P (2020) Assessment of hospi-
tal sites’ suitability by spatial information technologies using
AHP and GIS-based multi-criteria approach of Rajpur-Sonarpur
Municipality. Mod Earth Syst Environ. https://doi.org/10.1007/
s40808-020-00852-4

Hopkins LD (2007) Methods of generating land suitability maps: a
comparative evaluation. J Ameri Inst Plan 43(4):386—400. https
://doi.org/10.1080/01944367708977903

ICAR (2020) Ministry of Agriculture and Farmers Welfare. Govt.
of India. https://icar.org.in/

Jankowski P (1995) Integrating geographical information system and
multiple criteria decision making methods. Int J Geogr Inf Syst
9(3):251-273. https://doi.org/10.1080/02693799508902036

Jiang Z (2007) Interpretation of the modified soil-adjusted vegeta-
tion index isolines in red-NIR reflectance space. ] Ap Rem Sen
1(1):013503. https://doi.org/10.1117/1.2709702

Joerin F, Theriault M, Musy A (2001) Using GIS and outranking
multi-criteria analysis for land-use suitability assessment. Int J
Geogr Inform Sci 15(2):153—174. https://doi.org/10.1080/13658
810051030487

Kahsay A, Haile M, Gebresamuel G, Mohanmad M (2018) GIS-
based multi-criteria model for land suitability evaluation of
rainfed teff crop production in degraded semi-arid highlands
of Northern Ethiopia. Mod Earth Syst Environ. https://doi.
org/10.1007/s40808-018-0499-9

@ Springer


https://doi.org/10.1016/j.compag.2013.07.006
https://doi.org/10.4236/jgis.2016.81008
https://doi.org/10.1016/j.inpa.2019.10.001
https://doi.org/10.1016/j.inpa.2019.10.001
https://doi.org/10.1080/02697459816157
https://doi.org/10.1080/02697459816157
https://doi.org/10.21523/gcj3.19030201
https://doi.org/10.1007/s40003-014-0101-2
https://doi.org/10.1007/s40003-014-0101-2
https://doi.org/10.1007/bf01868308
https://doi.org/10.1007/bf01868308
https://doi.org/10.1080/01431160802395235
https://doi.org/10.1016/j.ejrs.2014.12.002
https://doi.org/10.1007/978-3-319-11128-5_250
https://doi.org/10.1080/02693799108927858
https://doi.org/10.1080/02693799108927858
https://doi.org/10.1007/s12517-012-0568-8
https://doi.org/10.1007/s10346-013-0458-5
https://doi.org/10.1007/s10346-013-0458-5
https://doi.org/10.1007/s40808-017-0286-z
https://doi.org/10.1007/s41685-019-00123-w
https://doi.org/10.1007/s41685-019-00123-w
https://doi.org/10.1080/09640568.2011.646964
https://doi.org/10.1080/09640568.2011.646964
https://doi.org/10.1016/j.compag.2013.10.009
https://doi.org/10.1016/j.compag.2013.10.009
https://doi.org/10.1007/s40808-020-00852-4
https://doi.org/10.1007/s40808-020-00852-4
https://doi.org/10.1080/01944367708977903
https://doi.org/10.1080/01944367708977903
https://icar.org.in/
https://doi.org/10.1080/02693799508902036
https://doi.org/10.1117/1.2709702
https://doi.org/10.1080/13658810051030487
https://doi.org/10.1080/13658810051030487
https://doi.org/10.1007/s40808-018-0499-9
https://doi.org/10.1007/s40808-018-0499-9

588

Modeling Earth Systems and Environment (2021) 7:571-588

Kihoro J, Bosco NJ, Murage H (2013) Suitability analysis for
rice growing sites using a multicriteria evaluation and GIS
approach in great Mwea region. Kenya 2(1):265. https://doi.
org/10.1186/2193-1801-2-265

Lambin EF, Meyfroidt P (2011) Global land use change, economic
globalization, and the looming land scarcity. Proc Natl Acad
Sci 108:3465-3472

Laosuwan T, Uttaruk P (2014) Estimating tree biomass via remote
sensing, MSAVI 2, and fractional cover model. IETE Tech Rev
31(5):362-368. https://doi.org/10.1080/02564602.2014.959081

Lapple D, Cullian J (2012) The development and geographic distri-
bution of organic farming in Ireland. Iri Geogr 4(1):67-85. https
://doi.org/10.1080/00750778.2012.698585

Malczewski J (1999) GIS and multicriteria decision analysis. Wiley,
London

Malczewski J (2004) GIS-based land suitability: a critical over-
view. Progr Plan 62:3-65. https://doi.org/10.1016/j.progr
€s5.2003.09.002

Malczewski J (2006) Review article GIS-based multicriteria deci-
sion analysis: a survey of the literature. Int J Geogr Inf Sci
20(7):703-726. https://doi.org/10.1080/13658810600661508

Mandal T, Saha S (2019) Land suitability analysis for paddy cultivation
through geospatial technique: a case study of Malda District, West
Bengal. In: Paper of IGI conference on applications of geospatial
technology and environment, pp 287-294. ISBN: 9788192579931

Mendas A, Delali A (2012) Integration of multi-criteria decision analy-
sis in GIS to develop land suitability for agriculture: application
to durum wheat cultivation in the region of Mleta in Algeria.
Comput Electron Agric 83:117-126

Mokarram M, Aminzadeh F (2010) GIS-based multi-criteria land
suitability evaluation using ordered weight averaging with fuzzy
quantifier: a case study in Shavur Plain. Iran Int Arch Photogram
Rem Sens Spat Inf Sci 38(2):508-512

Parker D (1996) An introduction to gis and the impact on civil engi-
neering. Proc of the ICE CE 114(6):3-11. https://doi.org/10.1680/
icien.1996.28911

Prakash TN (2003) Land suitability analysis for agriculture crops: a
fuzzy multicriteria decision making approach. In Ins for G- Info
Sci and Erath Obser Enshede, The Netherlands

Pramanik MK (2016) Site suitability analysis for agriculture land use
of Darjeeling district using AHP and GIS techniques. Mod Earth
Syst Environ 2:2. https://doi.org/10.1007/s40808-016-0116-8

Rosa D, Sobral R (2008) Soil quality and methods for its assessment.
Land Use Soil Res. https://doi.org/10.1007/978-1-4020-6778-5_9

Rossiter DG (1996) A theoretical framework for land evaluation. Geod
72(3-4):165-190. https://doi.org/10.1016/0016-7061(96)00031-6

Roy J, Saha S (2018) Assessment of land suitability for the paddy
cultivation using analytical hierarchical process (AHP): a study
on Hinglo river basin. Eastern India Model Earth Syst Environ
4(2):601-618. https://doi.org/10.1007/s40808-018-0467-4

Saaty TL (1977) A scaling method for priorities in hierarchical struc-
tures. J Math Psychol 15:234-281

Saaty TL (1980) The analytic hierarchy process: planning, priority
setting, resource allocation. McGraw Hill International, New York

Saaty TL (1982) Decision-making for leaders. Lifetime Learning, San
Francisco, p 291

@ Springer

Saaty TL (1990) The analytic hierarchy process: planning, priority set-
ting, resource allocation, 1st edn. RWS Publications, Pittsburgh,
p 502

Saaty TL (1994) Fundamentals of decision making and priority theory
with analytic hierarchy process, 1st edn. RWS Publications, Pitts-
burgh, p 527

Saaty TL, Vargas LG (2001) Models, methods, concepts, and applica-
tions of the analytic hierarchy process, 1st edn. Kluwer Academic,
Boston, p 333

Saha S, Gayen A, Pourghasemi HR, Tiefenbacher JP (2019) Identi-
fication of soil erosion-susceptible areas using fuzzy logic and
analytical hierarchy process modeling in an agricultural watershed
of Burdwan district India. Environ Earth Sci 78:23

Sarkar D, Pal S (2018) Construction of avulsion potential zone model
for Kulik River of Barind Tract, India and Bangladesh. Environ
Mon and Asses 190:5

Swaminathan MS, Ravi SB (2007) The Indian Agricultural Research
System. In: Thottappilly G (ed) Loebenstein G. Agri Res Man
Springer, Dordrecht

Teshome A, Halefom A (2020) Potential land suitability identification
for surface irrigation: in case of Gumara watershed. Model Earth
Syst Environ, Blue Nile basin, Ethiopia. https://doi.org/10.1007/
s40808-020-00729-6

Tuyen T, Yen HPH, Thuy TH, Thanh N (2019) Agricultural land suit-
ability analysis for Yen Khe hills (Nghe An, Vietnam) using ana-
lytic hierarchy process (AHP) combined with geographic informa-
tion system (GIS). Int J Eco 46:3

Ullah KM, Mansourian A (2015) Evaluation of land suitability for
urban land-use planning: case study Dhaka City. Trans GIS
20(1):20-37. https://doi.org/10.1111/tgis. 12137

Uristiati R, Hakim L, Kasimin S (2020) Specific zone and development
strategy of local coconut plantation in Aceh Besar regency. IOC
Conf Ser Earth Environ Sci 425:012025

Wang F, Hall GB, Subaryono (1990) Fuzzy information representation
and processing in conventional GIS software: data base design and
applications. Int J Geogr Inform Syst 4(3):261-283. https://doi.
org/10.1080/02693799008941546

Xu Y, Sun J, Zhang J, Xu Y, Zhang M, Liao X (2012) Combining
AHP with GIS in synthetic evaluation of environmental suit-
ability for living in China’s 35 major cities. Int J Geogr Inf Sci
26(9):1603-1623

Yalew SG, Griensven AV, Mul ML, Zaag PV (2016) Land suitability
analysis for agriculture in the Abbay basin using remote sensing.
GIS AHP Tech Mod Earth Syst Environ. https://doi.org/10.1007/
s40808-016-0167-x

Yu J, Chen Y, Wu J, Khan S (2011) Cellular automata-based spatial
multi-criteria land suitability simulation for irrigated agriculture.
Int J Geogr Inf Sci 25(1):131-148

Zolekar RB, Bhagat VS (2014) Use of IRS P6 LISS-IV data for land
suitability analysis for cashew plantation in hilly zone. Asian J
Geoinform 14(3):23-35

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1186/2193-1801-2-265
https://doi.org/10.1186/2193-1801-2-265
https://doi.org/10.1080/02564602.2014.959081
https://doi.org/10.1080/00750778.2012.698585
https://doi.org/10.1080/00750778.2012.698585
https://doi.org/10.1016/j.progress.2003.09.002
https://doi.org/10.1016/j.progress.2003.09.002
https://doi.org/10.1080/13658810600661508
https://doi.org/10.1680/icien.1996.28911
https://doi.org/10.1680/icien.1996.28911
https://doi.org/10.1007/s40808-016-0116-8
https://doi.org/10.1007/978-1-4020-6778-5_9
https://doi.org/10.1016/0016-7061(96)00031-6
https://doi.org/10.1007/s40808-018-0467-4
https://doi.org/10.1007/s40808-020-00729-6
https://doi.org/10.1007/s40808-020-00729-6
https://doi.org/10.1111/tgis.12137
https://doi.org/10.1080/02693799008941546
https://doi.org/10.1080/02693799008941546
https://doi.org/10.1007/s40808-016-0167-x
https://doi.org/10.1007/s40808-016-0167-x

	GIS and multi-criteria decision-making assessment of sites suitability for agriculture in an anabranching site of sooin river, India
	Abstract
	Introduction
	Study area
	Objectives of the study

	Materials and methods
	Data source
	Generation of criterion maps using geospatial techniques
	Standardization of the selected parameters
	Assigning weights to the parameters
	Generation of agricultural suitability zone (ASZ) using GIS technique

	Result and discussion
	Soil suitability analysis
	Agriculture suitability zone (ASZ)

	Conclusion
	Acknowledgements 
	References




