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Abstract 

Agroforestry provides the foundation for climate-smart agriculture to withstand the extreme weather events. 

The aim of the present study was to identify the land of Samastipur, Bihar, India for agroforestry, based on GIS 

modeling concept utilizing various ancillary (soil fertility) and satellite data (DEM, wetness, NDVI and LULC) 

sets. This was achieved by integrating various thematic layers logically in GIS domain. Agroforestry suitability 

maps were generated for the Samastipur district of Bihar, India which showed 48.22 % as very high suitable, 22.83 

% as high suitable, 23.32% as moderate suitable and 5.63% as low suitable.  The cross evaluation of agroforestry 

suitability with LULC categories revealed that the 86.4 % (agriculture) and 30.2% (open area) of land fall into a 

very high agroforestry suitability category which provides the huge opportunity to harness agroforestry practices 

if utilized scientifically. Such analysis/results will certainly assist agroforestry policymakers and planner in the 

state of Bihar, India to implement and extend it to new areas. The potentiality of Remote Sensing and GIS can be 

exploited in accessing suitable land for agroforestry which will significantly help to rural poor people/farmers in 

ensuring food and ecological security, resilience in livelihoods.  
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Introduction 

 

In recent years the potential impacts of climate 

change have been significantly discussed by the 

researchers/scientists around the world. The 

study conducted in India on climate change 

revealed that there is the occurrence of extreme 

events in the future (Sinha Ray & De (2003), 

increase in temperature (Lal et al., 1995), abrupt 

rainfall pattern (Lal, 2003; Goswami et al., 

2006; Dash et al., 2007) and increase in drought 

(Ramanathan et al., 2005). The climate change 

induced events had significantly reduced the 

food grain production of the agriculture crops 

(Zhou et al. 2017).  Kharif and rabi are the two 

cropping pattern season which are adopted in 

many Asian monsoon countries. The cropping 

season of kharif starts from July –October 

during the south-west monsoon and the rabi 

cropping season is from October-March 

(winter). The temperature increase during these 

seasons creates soil water deficit due to mutual 

interaction in changing climate impact (Hatfield 

& Prueger, 2015) thus significantly reduce the 

production of various rabi and kharif crops 

(Zhao et al. 2017) . 

Agroforestry maintains permanent tree 

structure and provides diversified ecological 

niches with temporal and spatial management 

options which have the capacity to tolerate the 
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climate variability, to build resilience 

(Torquebiau 2013) and thus support 

significantly to climate smart agriculture 

(Newaj et al. 2015). 

The human populations are rising sharply 

whereas land resources are limited; the 

demands for food, fuel, fodder are increasing 

day by day. Therefore new policy driven 

options are required to address the emerging 

challenges of attaining improved food security 

in agriculture sector (Glantz 2009). 

The agroforestry system and its potentiality 

are well proved to provide the sustainability in 

climatic change scenario, which can withstand 

the severe weather events such as floods, 

droughts, cyclones and hurricanes (NAP, 2014) 

by supporting the food security from the local 

to global level.  

Agroforestry is defined as “a collective 

name for land-use systems and technologies, 

where the woody perennials (trees, shrubs, 

palms, bamboos, etc.) are deliberately applied 

to the same land management unit as 

agricultural crops and/or animals, either in some 

form of spatial arrangement or temporal 

sequence. In agroforestry systems there are both 

ecological and economical interactions between 

the different components” (ICRAF, 1993).  

Scientific evaluation of land is a 

prerequisite for better management of part of 

smart planning for the benefit of human society 

in both developing and developed countries.  

The progress in Remote Sensing, GIS and 

computer science including various high end 

software and hardware have facilitated the 

process for implementation of its principles and 

attracted the scientists/researchers globally in 

diversified applications including Agroforestry 

mapping (Zomer et al. 2009; Chen et al. 2016). 

 

Why this study is important? 

 

1. It utilized diversified data sets using the GIS 

modeling concept. 

2. Most of the states of India including Bihar 

are suffering from crop failure, poverty and 

severe weather events (Miyan 2015) 

therefore agroforestry policy need to be 

prioritized and the scientific evaluation of 

lands are needed to be expanded in new 

areas. 

3. Policy maker of state agencies working in 

agroforestry/forestry/agriculture/rural 

development need such data to understand 

and implement at various level of project 

planning/ management/execution. 

4. The maps, result and analysis using 

advance technology such as Remote 

Sensing/GIS are still in the budding stage 

thus there is a need to exploit such 

technology with full potential in the field of 

agroforestry (Ellis et al. 2000). 

 

Therefore, the scientific/logical analysis of 

land for agroforestry suitability is a need of hour 

and can be logically evaluated using geospatial 

technology (Ellis et al. 2004; Ahmad et al. 

2017a). It has the great advantage over the 

traditional/conventional approaches because it 

is cost effective and efficient. 

Few researchers and scientists have 

evaluated land in GIS Domain for agroforestry 

(Ritung et al. 2007; Reisner et al. 2007). The 

Remote Sensing data and GIS modeling 

concept were successfully used for 

Agroforestry suitability mapping (Ahmad et al. 

2018a; Ahmad et al. 2018b) 

The present study aims at applying Remote 

Sensing data and GIS towards visualizing the 

spatial features of land, soil, and topographical 

data to reveal the trends and their association 

and to achieve an agroforestry suitability 

mapping of Samastipur district of Bihar, India. 

The agroforestry map was further evaluated 

based on the various land use/ land cover 

categories. The temperature anomalies 

predictive model data for the year 2050 was 

used to understand the future temperature 

change impact on kharif and rabi crops.  
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Materials and Methods 

 

The Study area 

 

Samastipur is one of the districts of Bihar 

separated on 14 November 1972 from the 

district of Darbhanga which is spread over an 

area of 2904 sq. kms. The major rivers are Burhi 

Gandak and the Ganga which constitute the 

principal drainage in the area whereas Baya, the 

Bagmati and the Balan are relatively smaller 

streams. The district falls in the monsoon 

tropical zone and is characterized by semi-arid 

to subtropical climate.  The temperature varies 

from 6 °C in winter to 45°C in summer. The 

annual rainfall varies from 1100 mm. to 1200 

mm.  The soil is light to clay in texture and 

supports main crops such as rice, maize, wheat, 

pulses, oilseeds, tobacco, sugarcane, spices and 

vegetables. The major horticulture crops are 

mango (Mangifera indica), guava (Psidium 

guajava), banana (Musa genus), lemon (Citrus 

limon) and litchi (Litchi chinensis). The area is 

largely supported by fast growing tree species 

such as Deshi siris (Albizia lebbeck), Shisham 

(Dalbergia sissoo), Gamhar (Gmelina 

arborea), Deshi semal (Bombax ceiba), Green 

semal (Ceiba pentendra).The cattle rearing 

such as buffaloes, goats, sheep and pig are quit 

common whereas poultry are significantly 

supported by integrating farming.  

 

 

Data acquisition and processing 

 

The various soil maps (http://www.iiss. 

nic.in/mapd_5.htm) such as nitrogen, 

phosphorus, potassium, organic carbon and pH 

status of Samastipur which were prepared by 

Indian Institute of soil science, Bhopal were 

used in this study for determining the soil 

fertility status.

 

 
Fig.1. Location of the study area with the SETINEL super-spectral imaging for land of Samastipur district 
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The Sentinel data with acquisition date 4th 

November 2017 having 10 meter resolution is 

used to classify various Land use/ land cover 

(LULC) classes.  The Landsat-8 satellite data 

with acquisition date 21st November 2017 was 

used to determine the wetness map of the study 

area. The ASTER DEM (30 meter resolution) is 

used to determining the slope percent. We have 

used the temperature anomalies (climate change 

scenario, RCP 6) data for the year 2050 (NCAR 

GIS Program. 2012) for determining the 

temperature in kharif and rabi season. 

Representative Concentration Pathways 

(RCPs), which provide concentrations of 

atmospheric greenhouse gas (GHG) and the 

trajectory that, is taken over time to reach those 

concentrations (Inman, 2011). RCPs are four 

greenhouse gas concentration (RCP2.6, 

RCP4.5, RCP6, and RCP8.5) trajectories 

adopted by the IPCC for its fifth Assessment 

Report (AR5) in 2014. The ERDAS Imagine 

and ARC/GIS Software are significantly 

utilized for achieving our objectives. 

 

Soil fertility status map  

The different soil related maps were first 

rectified and all soil polygon categories were 

brought into GIS domain (Ahmad et al. 2017a).  

The soil fertility status map (Figure 3) was 

generated by integrating soil nitrogen map, soil 

phosphorus map, soil potassium map, soil 

organic carbon map and soil pH map in GIS 

modeling concept assigning equal weight and 

various rank (Table 1) to each theme (Figure 2).  

Ahmad et al. (2017b) did the similar soil 

map integration in GIS domain by assigning 

 

Tab.1 Weight factors/ranks for determining soil fertility status 

Soil map  Weights % Value/Description Ranks Suitability 

Nitrogen 20  500-250 kg/ha 

<250kg/ha 

2 

1 

Medium 

Low 

Phosphorus 20  >22 kg/ha 

22-11 kg/ha 

<11 kg/ha 

3 

2 

1 

High  

Medium 

Low 

Potassium 20 >249 kg/ha 

249-104 kg/ha 

< 104 kg/ha 

3 

2 

1 

High  

Medium 

Low 

Organic carbon (%) 20  >0.75 

0.75-.50 

< 0.50 

3 

2 

1 

High  

Medium 

Low 

pH 20 8.5-6.5 

<6.5, >8.5 

3 

2 

High    

Medium 

 

 
Fig.2. GIS Integration and modeling for generating soil fertility status of land 
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Fig.3. Soil fertility status map of Samastipur district 

 

 
Fig.4. NDVI map of Samastipur district 
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equal weight to their themes for evaluating the 

land for agroforestry purpose. 

 

NDVI map 

 

The Normalized Difference Vegetation Index 

(NDVI) is widely used vegetation index which 

significantly reflects the vegetation health and 

vigour from remote sensing data (Gomes et al. 

2017) and can be successfully used as one of the 

parameters for agroforestry suitability mapping 

(Ahmad et al. 2018a).  NDVI map produced 

from Senetal datasets were used in this study is 

given in figure 4. NDVI datasets are quite 

common and significantly used for modeling 

and determining the spatial patterns (Lopresti et 

al. 2015). Furthermore, it is used to determine 

the relationship between NDVI values and 

vegetation density. The high value of NDVI 

reflects the lesser the erosion extent due to high 

vegetation vigour (Rey 2003; Duran et al. 

2008).  

 

Generation of slope maps from digital elevation 

model  

 

The Digital Elevation Model (ASTER) datasets 

were used for generating slope map (Figure 5). 

ASTER data and its topographical products are 

suitably utilized in diversified applications 

including modeling in Agroforestry suitability 

mapping (Ahmad and Goparaju 2017b).  

 

Wetness map  

 

The Landsat -8 data was used for determining 

the wetness by converting the actual image data 

into reflectance (https://landsat.usgs.gov/ 

landsat-8-l8-data-users-handbook-section-5) 

and further processed for determining the 

wetness utilizing the Baig et al. 2014 

methodology (Ahmad et al. 2017a). The 

wetness map generated is given in figure 6. 

 

Land use/ land cover (LULC) map 

 

The Senetal satellite datasets were used and 

various land use land cover categories were 

delineated using the supervised classification 

methods by providing signatures of different 

land use categories (Ahmad et al. 2018b). 

Supervised classification is an approach widely 

used for the quantitative analysis of remote 

sensing image data using the concept of 

segmenting the spectral domain into regions 

(Richards, 2013).  The various land use land 

cover categories such as trees, tree mixed, 

agriculture, settlement, water and open area 

were delineated which is given in figure 7.   

 

Agroforestry suitability mapping using GIS 

modeling 

 

The benefits of GIS are that; each GIS layer can 

be visualized which shows the spatial 

distribution pattern/information whereas GIS 

can integrate digital maps derived from 

diversified source. GIS offer spatial modeling 

(Burrough 1986) can be utilized for 

agroforestry (Ahmad et al. 2017 b) by pool 

different thematic layers (Ahmad and Goparaju, 

2017a) with their weightages/ranks as per  their 

importance (Figure 8; Table 2). The weight of 

each thematic layers has been calculated which 

is given in table 2 based on pairwise comparison 

(Ahmad et al. 2018c) widely used in the 

scientific study. Pairwise comparison is a 

procedure of comparing various entities/units in 

pairs to decide which of each entity/units is 

preferred, or has a greater amount of some 

quantitative property, or whether or not the two 

entities are alike (Furnkranz & Hullermeier, 

2010; 2011)  

The weighted raster was finally classified 

into four agroforestry suitability groups (very 

high suitability, high suitability, moderate 

suitability and low suitability) are given in 

figure 9. Similar methodological approach and 

weightages have been assigned by Ahmad et al. 

2018 a, b for identifying the land potentiality/ 

suitability for agroforestry. 
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Fig.5. Slope map of Samastipur district 

 

 
Fig.6. Wetness map of Samastipur district 
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Fig.7. Land use/ land cover (LULC) map of Samastipur district 

 

Tab.2. Weight factors/ranks for determining Agroforestry suitability mapping 

Agroforestry suitability 

mapping 

Weights % Value/Description Ranks Suitability 

Soil fertility status  45.8 Three categories based 

on weighted average output 

3 

2 

1 

High  

Medium 

Low 

Slope  17.2 <5 

5-15 

>15 

3 

2 

1 

High  

Medium 

Low 

Wetness factor 22.6 

 

< -0.29 

  (-0.29)- (-0.06) 

>(-0.06) 

1 

2 

3 

Low 

Medium 

High  

NDVI 14.4 

 

<0.2 

0.2-0.5 

>0.5 

1 

2 

3 

Low 

Medium 

High  

 

 
Fig.8. GIS Integration and modeling for Agroforestry suitability map 
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Fig.9. Agroforestry suitability map of Samastipur district 

 

Results and Discussion 

 

Agroforestry suitability mapping 

 

Agroforestry suitability maps were generated 

for the Samastipur district of Bihar, India which 

showed 48.22 % as very high suitable, 22.83 % 

high suitable, 23.32% moderate suitable and 

5.63% low suitable  (Table 3; Figure 9).  The 

lands suitable for agroforestry are found more 

nearer to river/ in lowland areas because of their 

high soil fertility and abundant soil wetness 

whereas in south western part of the study areas 

were less suitable to agroforestry because of the 

soil exhibit low to medium soil fertility and low 

wetness (Figure 3& Figure 6) Similar finding 

has been observed by Ahmad et al. 2017b. The 

various agroforestry systems such as Agri-horti-

silviculture, Agri-silviculture, silvi-pastoral and 

agro-silvi-pastoral can be significantly applied 

seeing the site condition of land. The tree 

species such as Albizia procera, Butea 

monosperma, Syzygium cumini, Terminalia 

arjuna and Anthocephalus cadamba can be 

grown in waterlogged area whereas Dalbergia 

sissoo, Gmelina arborea Madhuca indica, 

Albizia lebbeck, Ziziphus jujuba and Acacia 

catechu can be grown in unfertile land. 

Furthermore, tree species such as Azadirachta 

indica, Pongamia pinnata, Terminalia arjuna, 

Albizia procera, Albizia lebbeck and Acacia 

auriculiformis can be grown in alkaline soil. 

The multipurpose leguminous tree species can 

be raised in field bunds to enhance the soil 

fertility of land (Nair 1985). 

 

Tab.3. Agro forestry suitability of study area with 

area statistics 

Agro forestry 

suitability 

Area in 

square 

kilometer 

Percentage 

Very highly 

suitable  

1400.17 48.22 

High suitable  662.88 22.83 

Moderate 

suitable  

677.31 23.32 

Low suitable  163.64 5.63 
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Agroforestry suitability Vs. Land use/land 

covers (LULC)  

 

Here we have examined the land use/land cover 

of the study area and compared it with various 

agroforestry suitability classes (Table 4). The 

total area percent of  LULC categories such as 

trees and tree mixed area were found to be 

approximately 6.4% of the total geographical 

area. Furthermore, the total agriculture 

(especially rabi crop) and open area percent 

were found to be approximately 24.7% and 

65.3% of total geographical area respectively.  

The cross evaluation of these area with 

agroforestry suitability reveals 86.4 % 

(agriculture) and 30.2% (open area) of land falls 

into very high agroforestry suitable.  This data 

revealed that there is huge potentiality to 

harness agroforestry practices in the above 

mentioned categories if utilized scientifically. 

The open area land usually suffers with some 

limitation such as soil fertility, soil moisture and 

land erosion. Such limitation can be overcome 

by utilizing adequate fund/technology 

(supported by government) because most of the 

farmers/land owners in these areas are with poor 

socio economic condition. 

 

Agroforestry suitability in climate change 

scenario 

 

Agriculture and trees play an important role in 

the rural economy of India, by providing 

diversified jobs for large population. Most of 

the poor people in Bihar live in rural areas, 

majority of them depend upon agriculture 

practices for their livelihood which is 

threatened due to climate severity. The climate 

change leads to more climate anomalies such as 

increase in mean annual temperature, more 

frequent drought, severe heat waves and 

frequent floods. These weather events together 

will have the adverse impact on agriculture in 

future is a serious policy concern. 

We have predicted the annual temperature 

of Kharif and rabi season using the RCP 6 

simulation model for the year 2050 are given in 

figure 10 and  figure 11 respectively.  The maps 

showed that the temperature increase in the year 

2050 will be with the range of 1.13 °C to 1.29 

°C during kharif and rabi season. In each 

degree-Celsius increase in mean temperature 

would, on average will decrease the yields of 

rice by 3.2%, maize by 7.4%, wheat yield by 6%  

and soybean by 3.1% (Zhao et al. 2017). 

 

Conclusion 

 

This study utilized the spatial themes from the 

diverse sources of information which have 

significant relation to agroforestry suitability 

and scientifically integrated/modeled in GIS 

domain. Computer based scientific evaluation 

of various datasets and its logical analysis in 

GIS with complex cross evaluation queries 

greatly supports the decision-making process. 

The people of Bihar are largely dependent on 

agriculture therefore adopting the agroforestry 

by them will significantly achieve sustainability 

in agriculture and allied sector while optimizing 

the land productivity in shifting climate change 

scenario.  

Agroforestry is seen as an extremely useful 

solution which can sustain the extreme weather 

events and simultaneously fulfill the demand 

for food, fodder, nutrition, energy, employment 

and can protect our fragile environment. Bihar 

state is going to launch new agroforestry policy 

(PTI, 2018). Our research of agroforestry 

suitability mapping will greatly help the 

agroforestry policy makers of Bihar for 

extending it in new area. There are significantly 

large numbers of Agriculture University in 

Bihar including the Dr. Rajendra Prasad Central 

Agricultural University who are engaged in 

various agroforestry research works. Such 

analysis/results provide the huge scope to 

harness agroforestry practice in agriculture and 

open area land which showed significantly very 

high agroforestry suitability. The temperature 

prediction during kharif and rabi season for the 

year 2050 also revealed significant increase in  
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Fig.10. Temperature anomaly during kharif season in Samastipur district 

 

 
Fig.11. Temperature anomaly during rabi season in Samastipur district 
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Tab4. Agroforestry suitability vs. Land Use/Land cover 

 Land Use/Land cover area vrs Agroforestry suitability area in km2 

LULC  types Agroforestry suitability 

Low Moderate High Very high Grand Total in km2 (%) 

Trees 0.12 0.64 3.19 92.82 96.78(3.33) 

Tree mix 0.09 0.57 3.05 84.84 88.56(3.05) 

Water 26.45 25.97 18.08 27.88 98.38(3.39) 

Settlement 0.38 1.70 1.55 1.06 4.70(0.16) 

Open area 135.61 626.97 561.95 572.61 1897.13 (65.33) 

Agriculture 0.94 21.40 75.08 621.02 718.45 (24.74) 

Grand Total  

in km2 (%) 

1400.17 

(48.22) 

662.88 

(22.83) 

677.31 

(23.32) 

163.64     

(5.63) 

2904 

(100) 

 

 

temperature in future which will impact 

adversely the crop production. 

Present research has its own importance 

because such agroforestry suitability mapping 

has been done first time in the state of Bihar 

using Remote Sensing and GIS. This research 

showed the ability of Remote Sensing, GIS as 

well as integrating the themes using the concept 

of modeling by pooling the various layers of 

land, soil and topographical datasets.  

 

Future research scope 

 

There is a need to replicate such work at district 

levels and state level which are a potential 

research gap in the state of Bihar. 
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