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CHANGING LAND USE AND LAND COVER (LULC) AS AN INFLUENCING 
FACTOR OF SOLID WASTE MANAGEMENT: A CASE STUDY OF RAIGANJ 
MUNICIPALITY, WEST BENGAL, INDIA 

Bhaswati Roy 

Research Scholar, Department of Geography, University of Gour Banga 

 

Abstract: 

The modification of earth’s terrestrial surface by human activities is commonly known as LULC 

change around the globe. The main objective of this study was to gain quantitative information 

of land use land cover change in Raiganj municipality over the period 1991 to 2015 and 

describes how changing land use land cover influence the solid waste management. Supervised 

classification of maximum likehood algorithm in ERDAS was used to detect LULC of Raiganj 

municipality. This municipality was classified into five classes namely built-up area, homestead 

with plantation, agricultural fallow, water bodies, scrubs The results revels that the built up 

area showed a dramatic change within this area. It has been increased 11.24% within these 24 

years (1991 to 2015).Extend built up area is a sign of rapid urbanization and rapid growth of 

population which has positive relation to the solid waste generation. 

Keywords: LULC, change detection, sources of Solid waste generation, Raiganj municipality 

 

1. Introduction: 

Man is a formal creature; every man has his duty to his society and nature. Though the Earth has 

an extensive regeneration capacity but it is not satisfied for human beings (Patterson, 2006).In 

words of Mahatma Gandhi “Earth has enough to satisfy every man's need, but not every man's 

greed”. They are destroying nature through deforestation, addition of greenhouse gases and 

excessive use of Chemical fertilizer for their selfish desire for improving their socioeconomic 

welfare which has paved the way for irreparable environmental degradation. The rapid change 

of land use/land cover (LULC) one of the major effect of different socioeconomic activity of 

human being and natural phenomena. A trend of significant increase in municipal solid waste 

(MSW) has been recorded worldwide due to the growth of population, urbanization and 

industrialization. The per capita generation of MSW has also increased day by day. Municipal 

solid waste generation in terms of Kg/capita/day has shown a positive correlation with economic 

development at world scale (Kaushal, et al.,2012). There have also special correspondences 

between land use land cover change and solid waste generation. According to the World Health 
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Organization (W.H.O) any unwanted, useless discarded material that is not a liquid or gas, that 

arising out of man’s activity which is not free flowing is called solid waste. Actually this are the 

organic inorganic waste materials such as grass clippings, bottles, furniture, product packaging, 

kitchen refuse, appliances, paper, batteries, paint cans etc., which don’t carry any value to the 

first user (Ramachandra,2006).In pure micro economic terms it is a “bad” or “nasty” and 

nobody likes to consume it (Singh et al., 2012). 

In other terms land is considered as the total natural environmental area of the earth including 

relief, soil, hydrology, climate and vegetation. The word Land cover generally refers to the 

biophysical materials on the earth surface such as urban area, forest, water body etc. while land 

use refers to the human use of land at particular point in time (Prasad & Ghosh, 2011). LULC 

play key roles in the study of the global changes. Growing socioeconomic necessities and 

increasing population creates adverse effect on LULC. This effect results in unplanned and 

uncontrolled changes in LULC (Reis, 2008). The objectives of changing land use are different 

from developing to developed country. In developing countries rapid growth of population, 

poverty, economic situation consider as a main driving force of changing LU but in developed 

countries land use change is mainly depends on economic reasons (Ningal & Hartemink, 

2008).This paper concentrates on extraction of LULC of Raiganj Municipality using multi-

spectral band images and one of the main objectives this study to identify LULC as a factor 

which influencing the SWM process of Raiganj municipality. 

2. Materials and methods: 

2.1 Study area: 

 Raiganj municipality is located on the south western part of Uttar Dinajpur district and river 

Kulik (a tributary of river Nagor) bound from north waste to south east. The town has obtain the 

municipal status on 15th August 1951 is also known for Raiganj wildlife sanctuary (popularly 

known as Kulik bird sanctuary) the second largest bird sanctuary in India. The absolute location 

of this municipality lies between 8806’23.812”E to 8809’5.932”E longitude and 25038’27.102”N 

to 25034’57.153”N latitude.  
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The area of the municipality is 10.75sq km consisting 25 wards (as shown in figure 1) situated 

425km from the state capital Kolkata. Total 

population of the area is 183682 out of which 

96565 are male and 87092 are female 

including a rapid growth according to 2011 

census record. 

The town is considered as a district 

headquarters of Utter Dinajpur with huge 

economic growth and urban agglomeration. 

Many people come here for different purposes, 

not only from other area of Raiganj block but 

from its surrounding districts also. Due to such 

gathering and rapid urbanization a huge 

amount of solid waste is generated in this town 

which add trouble to the municipal dwellers. 

There has lack of proper dumping facilities of 

this area. At present dumping site is located near the river Kulik which degrade the river health 

and surrounding environment. Considering this entire scenario this study is taking into account 

for this region.  

2.2 Data collection: 

 The Topographical map no 78C/2 of study area is obtained from Survey of India. Survey of India 

toposheet and Google earth are used to generate base map. The location of existing  primary 

disposal site were obtained from the given ward map of  Raiganj municipality and the X.Y coordinates of 

each disposal stations were collected through GPS survey on December 2016. Landsat imagery 

acquired from Global Land Cover Facility (GLCF). 

Table: 1 

Data used in this analysis: 

Data Year Type of data Purpose Source 

Landsat imagery 1991, 2015 Secondary data Geo-spatial analysis 
U.S. Geological 

Survey’s (USGS) 

Toposheet No 78C/2 
of scale 1:50000 

2005 Secondary data To generate base maps. 
Survey of India 
(SOI) 

Location based data 2016 Primary data 
For Geo-correction and 
generation of  valid data 

set 

Primary data 
captured using 

GPS tool 

2.3 Preparation of Land use and Land cover map using digital classification technique: 

Fig: 1 Location map of study 

area 
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Two separate cloud-free Landsat digital satellite data of TM5 and OLI/TIRS sensors for the 

years of  1991 and 2015 covering the study area were acquired freely from the U.S. Geological 

Survey’s (USGS) Earth explorer website (http://earthexplorer.usgs.gov/). The Landsat scenes 

were chosen for this study due to their affordability, availability, and medium to high spatial 

resolution. Details about the data are given in table 2. Some researchers favour atmospheric 

corrections of all remote sensing imageries (Gilmore et al, 2015). However, for this study, 

USGS processed and provided level-one terrain-corrected (L1T) Landsat data in WGS84 

geodetic datum, Universal Transverse Mercator map projection (UTM, Zone 45N), and north-up 

image orientation. According to the Landsat Handbooks of Landsat 5, due to the L1T nature of 

the data, the radiometric and geometric distortions were already corrected before delivery. 

Table: 2 

Detailed of satellite data 

 

To work out the land use/cover classification, the hard classification technique vis-à-vis 

supervised classification method with maximum likelihood algorithm was applied over the 

FCCs having inter-band decorelation of the both years. Maximum likelihood algorithm (MLC) 

is one of the most popular supervised classification methods used with remote sensing image 

data. This method is based on the probability that a pixel belongs to a particular class. 

 

The basic theory assumes that these probabilities are equal for all classes and that the input 

bands have normal distributions. This method relies heavily on a normal distribution of the data 

in each input band and tends to over-classify signatures with relatively large values in the co-

variance matrix. The spectral distance method calculates the spectral distance between the 

measurement vector for the candidate pixel and the mean vector for each signature and the 

equation for classifying by spectral distance is based on the equation for Euclidean distance. 

By the means of this classifier algorithm the study area has been segregated in five land use and 

land cover classes like urban built up area, homestead with plantation, agricultural fallow land, 

water body and scrubs by assigning per-pixel. Signatures from the corresponding satellite digital 

Name of 

Satellite 
Sensor 

No’s of 

Bands 

Spectral 

Resolution 

Spatial 

Resolution 

Radiometric 

Resolution 

Landsat-5 
Thematic 

mapper (TM) 
7 0.45-2.35µm 30m 8-bit 
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data on the basis of the specific Digital Number (DN) value. For each of the predetermined land 

cover/use type, training samples were selected by delimiting polygons around representative 

sites. Spectral signatures for the respective land cover types derived from the satellite imagery 

were recorded by using the pixels enclosed by these polygons. A satisfactory spectral signature 

is the one ensuring that there is ‘minimal confusion’ among the land covers to be mapped (Gao 

and Liu, 2010).Here accuracy assessment has been done as a post classification technique to 

understand and estimate the change accurately. 

3. Result and Discussion: 

After obtaining the municipal status in the year 1951 on 15th August land use in Raiganj town 

accelerated. The social economic changes that followed have resulted in increased urbanization 

throughout the area. Like other towns of India its economy and population has grown over the 

year. Excessive rural urban migration is one of the major causes of increasing population to this 

town. The increasing population encroach the vacant lands and the peri-urban area for their 

housing. Unfortunately the nature of landscape mainly the agricultural lands, wetlands has been 

reduced due to various land use land cover changes.  

It is generally important for accurate and timely LULC change data to be available to policy 

makers including governments at local, regional, national scales and researchers (Simbay kabba 

& Li, 2011).Remote sensing and GIS are important tools to derive accurate and timely 

information on the spatial distribution of LULC changes over large areas. Changing land use and 

land cover has an impact on solid waste management. Through this analysis try to describe the 

impact of land use land cover changes on solid waste management practices. 

 

3.1 Sources of solid waste generation in study area:  

 Raiganj municipality generates around 97 MT waste per day (per capita 400 grams) from 

different sources out of which 51% is biodegradable waste and 49% is non biodegradable waste. 

About 63% of waste is generated from household and 37% of waste generated from Hotels, 

markets, agricultural etc. 
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                                                                 Table: 3  

     Generation point and types of waste 

Source: Based on Raiganj municipality sanitation department data 2016 

Domestic solid waste contains about 60% of organic matter and remaining 40% is inert 

materials, the moisture contain in organic matter is about 50%. Market SW contains about 70% 

of biodegradable matter, 30% is non biodegradable.  

It assumed that agricultural waste contains about 100% biodegradable matter neglecting the very 

few inert materials and the clinical waste contains about 100% of non-biodegradable materials.  

 

3.2 Raiganj municipality: LULC in 1991 

In the year 1991 scrub emerged as a dominant class out of five land use class. It covers 29.46% 

of area of the town followed by Homestead with plantation, agricultural fallow, urban built up 

area and water bodies i.e. 27.97%, 21.93%, 13.48%, and 7.16% respectively. The central part of 

the municipality is highly dense compared to peripheral area. 

Category Generation point Total  (in Kg) 
Waste type (in kg) 

Bio-degradable Non bio-degradable 

A 

Domestic  61306 36523 24783 

Market 17200 10640 6560 

Hotels  1767 1520 247 

Agricultural 1000 980 20 

Sub total 81273 49663 31610 

B 

Wholesales & commercial center 14700 0 14800 

Railway station 70 0 70 

Bus stand  130 0 130 

Sub total 14900 0 14900 

C 

Street Sweepings 100 0 100 

Drain cleanings 200 0 200 

Sub total 300 0 300 

D Clinical 1028 0 1028 

Total All generation points 97501 49663 47838 
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Fig: 2 

 

 

 

                                                                   

 

 

 

                                 Source: Based on Landsat 5 image (1991) 

3.3 Raiganj municipality: LULC in 2015 

In 2015 built up area has increased 1.21sq km i.e.11.24% and homestead with plantation 

increased 0.29 sq km i.e. 2.69%. This category considered as dominant class due rapid 

urbanization within this municipal boundary. Other hand agricultural land, water bodies and 

scrub has been decreased i.e.-1.15 sq km,-0.31 sq km, -0.04 sq km respectively. Mainly the 

arable land encroached by built up area and homestead with plantation within these 24 years. 

Fig: 3                                                                                

 

 

 

 

 

 

 

 

                                            Source: Based on Landsat 5 image (2015) 
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3.4 Change analysis of LULC (1991 and 2015):   

LULC maps from Landsat-5 image of 1991 and 2005 were produced and to compare the LULC 

trend analysis within this municipality was carried out. 

Table: 4 

Change Detection Statistics: 1991-2015

 

Fig: 4 

 

 

 

    

 

 

                                 Source: Based on Landsat 5(1991and 2015) images 

 

The various land cover types urban features mainly the built up area shows a dramatic change 

within this area. It has been increased 11.24% within these 24 years. Home Street with 

plantation also increased from its previous area of 0.3%. 

 

 

Land use land cover  category 
1991 2015 

change 

1991-2015 

Sq Km % Sq Km % Sq Km % 

Built up area 1.45 13.48 2.66 24.72 1.21 11.24 

Homestead with plantation 3.01 27.97 3.3 30.66 0.29 2.69 

Agricultural fallow 2.36 21.93 1.21 11.25 -1.15 -10.68 

Water bodies 0.77 7.16 0.46 4.28 -0.31 -2.88 

Scrubs 3.17 29.46 3.13 29.09 -0.04 -0.37 

Total 10.76 100 10.76 100 0 0 
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Fig: 5 

 

 

 

  

 

 

 

 

 

 

                           Source: Based on Landsat 5(1991and 2015) images 

 

Significantly negative changes were observed during past 24 years. Agricultural land, water 

bodies and scrubs transformed into other urban land cover feature and reduced to -10.68%,    -

2.88% and -0.37% respectively. 

Rapid urbanization and increasing urban population in the last few years are the main causes of 

LULC changes in this municipality. The population of town increased from 165045 to 183682 in 

1991 and 2011as per census data. This growth of urban population increased demands of land 

for residential housing. This phenomena increase the town into different direction without 

following any comprehensive planning guidelines.  

3.5 Accuracy assessments: 

Accuracy assessment in five categories namely built-up area, homestead with plantation, 

agricultural fallow, water bodies, scrubs have been analyzed which is based on error matrix 

using maximum like hood classification method.  

The error matrix was mainly used to assess the mapping accuracy. Basically there are three 

types of accuracy that are overall accuracy, user accuracy, and producer accuracy. The overall 

accuracy only considers the diagonal elements in the matrix. The overall accuracy calculated 



International Journal of Integrated 
Research and Development, Vol – 2, Issue – March, 2019      ISSN : 2278-8670 

14 

from 1991 to 2015 is 0.82% to 0.92% and the kappa coefficient is 0.79% to 0.89% respectively 

which is acceptable for such change analysis (shows in table 3). 

                                                                  Table: 5 

Summary of the error matrices for the 1991 and 2015 using the maximum like-hood 

classification method: 

Data 

Producer's 

Accuracy 

User's 

Accuracy 

Overall 

Accuracy 

Kappa 

coefficient 

1991 2015 1991 2015 1991 2015 1991 2015 

Built-up area 0.87 0.98 0.78 1 

0.82 0.92 0.79 0.89 

Homestead with 

plantation 
8.85 0.99 0.95 0.91 

Agricultural fallow 0.6 0.99 0.75 0.99 

Water bodies 0.88 1 0.74 1 

Scrubs 0.87 1 0.55 1 

Source: Based on Error matrix on Landsat 5 (1991) and Landsat 5(2015) 

3.6 LULC changes as an influencing factor: 

If we see the contribution of arable land, scrub or water bodies in solid waste generation are less 

in compare to urban land use. As for example the contribution of agricultural sector in Solid 

Waste generation is only 1% in this area whereas the domestic, commercials sector, hotels, 

markets contribute 98% which are the part of urban built up area.  

Fig: 6 

 

             Source: Based on Raiganj municipality office data 

Domestic 
63%

Market
18%

Hotels 
2%

Agricultural
1%

Wholesales 
& 

commercial 
center

15%

others
1%

Sources of MSW Generation in Raiganj Municipality
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Acceleration of urban land use has the negative consequence on solid waste management 

process. Extend built up area is a sign of rapid urbanization and rapid growth of population 

which has positive relation to the solid waste generation. In 2001urban population was 165212 

and it generated 66 MT waste per day which increased to 183682 persons in 2011.The 

generation of waste also increased to 73 MT per day in this year.                       

 Primary disposal unit distribution is uneven in this area. Disposal units are mainly located 

central part of the municipality as per 1991’s urban land use outline. If focused on 2015 built up 

area we can see that there has been huge shortage in primary disposal units. This phenomenon 

can create social segregation in this area. Uneven distributions of primary disposal units describe 

the poor management process in the municipality. 

Fig: 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Source: Based on Landsat-5 images (1991 and 2015) and GPS survey 
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4. Conclusion: 

In this work it was observed that there was a relation between source of solid waste generation 

and LULC change. Here the Landsat-5 image of 1991 and 2015 used for LULC analysis. The 

observed change varied from one category to another with some maintaining a constant change 

(increase or decrease) over the analysis period (1991-2015). The study advocates that 98% of 

solid waste generate from commercial sector, household or markets which are the part of urban 

built up area. The study also reveals that there has been huge shortage in primary disposal units 

in this area. The density of population along with number of offices and institutions are 

continuously increasing thus there should be effective management activity for managing the 

solid waste which is generated daily in Raiganj Municipal area. 
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Abstract:  

 The drought is significant problem in all Maharashtra it become too dangerous in 

drought prone region. The drought is meteorological Phenomena generally period of scarcity of 

water called as drought. Today intensity of drought condition increase, region to region their 

cause’s nature change but all drought development causes mainly grouped in two groups. These 

are as following.1. Causes related increasing outgoing water - due to increase population, 

change occupation structure, wrong use of modern techniques, uneven distribution of water, 

wrong use of government irrigation services.2. Causes related decreasing incoming water- 

variability of rainfall, nature of monsoon, geological compotation and structure, deforestation. 

The study of drought prone region methodology used mainly observation, survey method, book 

reference, graphs reference etc. 

Key Words: Drought, drought indices, monsoon   

1. Introduction: 

 Drought is a temporary reduction in water or moisture availability significantly below 

the normal or expected amount for a specific period.  According to High powered committee on 

Disaster management Report, ‘Any lack of water to satisfy the normal need of agricultural, 

livestock, industry, human population etc. May be termed as drought.  This condition occurs 

either due to inadequacy of rainfall, lack of irrigation facilities, under exploitation or deficient 

availability of water for meeting the normal crop requirements in the context of the agro climatic 

conditions prevailing in any particular area. 

        Drought in this context can be defined as adverse M.I. or adverse water balance which may 

be attributable not only to a prolonged dry spell due to lack of sufficient rainfall but also due to 

such other factors as excessive evapotranspiration  losses, high temperature, low soil holding 

capacity etc.The drought is an adverse situation caused by lack of rainfall.  The lack of rainfall 

may be reviewed form two aspects, firstly the rainfall may insufficient, and secondly it may be 

sufficient for the region as a whole but with wide gap separating two wet spells.  Thus both the 
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amount & time of rainfall are important.  In other words drought is a relative phenomenon 

therefore the amount of rainfall is not the important as its effectiveness. 

2. Objectives  

1. To study the causes of drought conditions. 

2. To study the climatic conditions in drought prone region of India. 

3. Type of Drought:-  

On the basis of nature drought divided various types these are as following. 

3.1 Meteorological drought- The reduction of rainfall for the specific period than average 

rainfall called as meteorological drought Indian Meteorological Department has defined drought 

as a situation occurring in any area when the mean annual rainfall is less than 75% of the annual 

rainfall. 

3.2 Hydrological drought- Hydrological droughts refer the reduction the water on surface water 

body & ground water.   

3.3 Agriculture droughts- The soil moisture & rainfall condition are not adequate enough to 

support a healthy crop growth to maturity thereby causing extreme moisture stress & wilting of 

major crop area called as agricultural drought. 

3.4 Ecological droughts - 

        Ecological drought takes place when productivity of a natural ecosystem fails significantly 

as a consequence of distress induced environmental damage.                                                                

Interrelations of Climatic Conditions and Drought phenomena- 

            Although different types of droughts can occur independently, the occurrence of 

meteorological    drought is the primary cause of all the other types of drought.  Prolonged 

meteorological drought will result in hydrological, agricultural, ecological drought in 

succession. 
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GLOBAL HYDROLOGICAL CYCLE AND PRECIPITATION 

           The transition from meteorological drought to hydrological drought & Then on to 

agricultural drought is a slow process.  It may take two successive meteorological droughts for 

hydrological drought to occur & then slowly it leads to agriculture drought.  This transition may 

be termed as early drought onset phase.  This phase is characterized by low water storage in 

reservoirs, poor recharge of ground water aquifers mostly in irrigated area & inadequate soil 

moisture primarily in rain fed area.  To support crop growth constitute the basis consequences of 

drought. 

The progression from agricultural drought to socio-economic drought causes famine situation 

constituting ultimate consequence of drought.  When community progressively losses its 

exchange entitlements to feed & productivity assets.  At this late stage distress induced 
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environmental degradation forces affected communities to take recourse to cutting down 

vegetation cover to crop with acute food shortages.  The situation also results in land 

degradation & sharp fall in livestock population upsetting the energy cycle of ecosystem. 

4. Causes of Droughts:- 

            Today the frequency of drought & intensity of drought increase, another extend of 

drought prone region increase, it came up to stage collapse ecosystem. Various causes 

responsible for drought, these are mainly categories in two groups.   One related decrease 

incoming water mass/amount & second related increase outgoing water mass. 

4.1 Causes related decreasing incoming water mass- 

4.1.1 Variability of rainfall: 

This is property of Indian monsoon.  The country average variability 15-30% but it 

changes spatially.  Generally Coastal to interior region & high rainfall to low rainfall region in 

increase. The Maharashtra’s drought prone region located interior of continent & average 

precipitation moderate to low so variability of precipitation high than country average rainfall.  

The drought prone region variability of rainfall above 30%, it dangerous it become first reason 

develop drought. 

When rainfall receive higher (30%) than average rainfall such period local people use 

maximum water, develop various private industry, occupation, so need of water increase but 

next year when rainfall receive below (30%) than average rainfall that time complete water need 

become most dangerous.  We explain above situation in numerical form as following. 

Average Rainfall consider                          = 100 unit. 

Available water human need purpose      = 50 unit. 

Variability of Region                                  = 30% 

When rainfall receive 30% higher             =130 unit. 

Human use application increase up to      = 65 unit. 

Next year received rainfall                         30% low 

So available water to human                      = 35 unit.  

The need of water 65 unit & available water 35 unit, so 30u nit scarcity of water 

situation it become up to 40% . 

Means years least 40% period become drought period use purpose.  
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Climatological Atlas of India,IMD 2002. 

Rainfall   Distribution 

Area in % Rainfall in c.m. 

11 above 200 

21 125-200 

37 75-125 

24 35-75 

07 below -35 

Compiled by Researcher 
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4.1.2 Nature of Monsoon- 

         The Maharashtra’s drought prone region receives average rainfall 50-100 cm. It is not 

very low but receive limited period mainly four rainy months, remaining eight month’s are 

majorly dry months. 

        The four rainy month receiving naturally water further available surface water body form 

& ground water form.  But after rainy season day by day decrease mass of water & at least it 

become very low.  In such year receive low rainfall than average rainfall this year early loss 

water & develop drought. 

In Example explain it. 

Region receives 100 units water through rainfall. 

Region available 50 units water human man 

Use purpose. Its capacity complete 10 month’s human need so least 2 month become 

drought.Means April & May become drought period. 

Some year monsoon come late one month, generally year end drought prone region water 

bodies become dry so late monsoon time develop drought. While some year rainfall stop at 

early one month that year summer months least develop drought.  So nature of monsoon is 

major reason of drought.  

 

4.1.3 Geological composition & Topographic Structure 

             Geological composition & topographic structure affected of on water store in the earth 

surface & on the earth surface respectively.  Metamorphic & sedimentary geological 

composition smooth & helpful penetrates water so such geological composition region ground 

water mass high.   While igneous hard rock geological composition has very low capacity of 

water penetration process. 

             Maharashtra topography became through volcanic eruption process, geological 

composition consist within igneous rock so ground water mass very low. Surface water storing 

good due to plateau topography naturally develop tank. tropical climate ,high temperature, 

responsible high evaporation manly summer season ,so end of summer scarcity of water crate  in 

this way geological composition and topographic structure affecting on drought development 
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4.1.4 Deforestation 

            Forest cover increase the chance of rainfall as well as directly increase incoming water 

amount while indirectly decrease loss of water .Dense forest cover increase rainfall ,stop the 

surface runoff mainly rainy season , decrease rang of temperature ,decrease evaporation rate 

generally at forest cover humidity above 40% than barren region .above all process helps to 

store water in environment     

            The Maharashtra drought prone region highly deforested , it affected on environmental 

condition .the regions naturally water holding capacity decrease due to deforestation day by day 

ground water level ,surface water level ,environmental humidity decrease it help to Develop 

drought.. 
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Abstract:  

The health and productivity of ecosystems underpins agriculture, stable ecosystems are the 

foundation for livelihood and food security. The objective of the study is to propose adaptation 

measures using geospatial technology for conserve the natural resources and improve the 

livelihood of the local community. Planning, decisions on policies, programs are required for 

natural resource management need to be based on broad citizen participation and the 

engagement of rural communities. The adaptation measures will help the planning system to 

regulate the development for the natural resources and socio economic environment. The major 

natural resources in the environment are land and water which destroyed by human 

interference. With the use of geospatial technology the various thematic maps are prepared, 

which are helpful for the site suitability analysis for preparation of land and water management 

action plan for socio economic development. The study area is one of the micro watershed of 

Ansupa lake catchment named Kadalibadi under Cuttack district of Odisha, India. 

Microwatershed management is a microlevel planning which considered as village level 

planning. To protect the natural resources and develop the livelihood of the community, some 

adaptation measures have been proposed i.e. for afforestation 68.9 ha. gap plantation 13.94 ha., 

agro horticulture 389.62 ha., for farm pond, renovation of existing pond for pisciculture and 

dockery etc. 11.33 ha. for land management  and 5 number of bore wells, 8 number of dug wells, 

51 number of LBS/check dams, 4 number of  WHSs etc. for water management.  

Key Words: Climate, Geospatial, LBS, natural resource, WHS 

1. Introduction: 

Micro watershed management programs generally adopt in the village level as the basic 

management unit, since this allows the integration of land, water, infrastructure development 

and the inclusion of all community in a participatory process. The micro watershed has proved 

a flexible and practical unit for project implementation and has reduced costs.  However, the 
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definition of a micro watershed needs to be adapted to the social, administrative and physical 

context. The micro watershed approach also raises some difficulties when it comes to scaling 

up. Working at the micro watershed scale does not necessarily aggregate or capture upstream, 

downstream interactions. In line with the general approach of the second generation of micro 

watershed management operations, the projects reviewed targeted not only soil and water 

conservation but also increases in the productivity of farming systems in the including 

agriculture, horticulture, livestock, range land and forest management. In all micro watershed 

management projects reviewed the principal participatory activity was the preparation, 

implementation and monitoring of community management plans. The objective of these plans 

is to integrate the concerns, interests of the community, to come to an agreement within the 

community, between the community and the program on a set of interventions that aim at both 

sustainable natural resource management with livelihoods improvements.  

The micro watershed management is also treated as an iterative process of integrated 

decision making, regarding use and modification of land and water resources within the micro 

watershed boundary. The process could provide a kind of opportunity for the community to 

balance the diverse goals, to use the environmental resources and to evaluate the cumulative 

effects of actions taken regarding long term sustainability of the resources. In ecosystem 

management the entire micro watershed system starting from uplands to flood plain, wetlands 

and river channels. The micro watershed management requires use of social, ecological and 

economic science. The awareness about common goals for land and water resource management 

should be developed among the people. The information on historical and current events of 

micro watershed system should be taken into consideration for formulations of action plans. The 

decision process should also be considered the economical benefits and costs of action plans and 

blend current market dynamics for long term sustainability of ecosystem. 
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2. Study Area: 

From very 

early times Ansupa 

has attracted the 

imagination of many 

poets and writers of 

Odisha. It is said that 

the name “Ansupa” is 

a derivative of the 

word Ansupata as it is 

a water source (Pata) 

formed out of 

apportion (Ansa) of 

river Mahanadi.  It is 

also believed that  

 

Ansupa was once known as Hansapata as it was a water source (Pata) and habitat of 

hoards of swans (Hansa) in the past. It is situated on the left side of the river Mahanadi near the 

village Subarnapur under Banki block. It is 15 km. from Banki directly by crossing the river 

Mahanadi at Jatamundia and is about 12 km. by road from Athagarh town. The lake is bounded 

by the Saranda hill on its western side and Bishnupur hill on its north - eastern side. On its south 

- east side the lake is linked with the river Mahanadi by a channel locally called Kabula nala 

through which flood water of river Mahanadi enters into the lake. The stream locally known as 

Hulhulla nala also runs into the river Mahanadi. Before the embankment of river Mahanadi was 

raised, the flood waters used to enter Ansupa lake from this side as well. Previously during the 

high floods, the flood water of the river Mahanadi used to pass through the lake from its south - 

eastern side driving away the weeds through the south – western side. So, it was a process of 

natural deweeding. But now the water, which enters in to the lake, cannot be discharged due to 

the erection of embankment, silting up of the lake etc. The process of silting up of the lake is so 

rapid that where there was once 30 to 40 feet depth of water, now there is badly 10 feet depth of 

water. 

 

 

Figure – 1: Location map of Study Area 
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3. Objective: 

1. To emphasize the linkage with natural resource management a part of socio-economic 

development of local community. 

2. To integrate these natural resource data to draw site-specific action plans for Sustainable 

Development of Land Resource (Agriculture, Fodder and Fuel wood etc.) and Water 

Resource. 

4. Database 

 Survey of India Toposheet with scale 1: 25,000. 

 Satellite image of Cartosat II, Quick Bird and IRS P6 Resourcesat II LISS IV of the year 

2007 and 2013. 

 Village cadastral map of five numbers of villages. 

5. Methodology 

 Figure – 2: Flow chart of Methodology 
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6. Findings: 

Sustainable basin management is an approach to protect, improve and manage the land 

and water resources without endangering the ecology and environment for the benefit of the 

community and natural resource. A basin is a fundamental hydrological unit where all the 

resource attributes are functionally interrelated. Sustainable basin management of the Kadalibadi 

micro watershed has been analyzed from two points i.e. land and water resource management. In 

water resource management adaptation plan, there are two types of aspects are considered i.e. 

surface and ground water. In surface water management, the existing water bodies have been 

given importance for extensive utilization. In ground water prospective, the study has 

recommended various site specific management structures as well as recharge structures. All 

thematic layers of the study area and socio economic standard of the community have been 

individually and combined analyzed to prepare a site specific sustainable land and water 

resource management as well as the development of the community. 

The land, water and biomass are the three main resources existing within the micro 

watershed boundary. Keeping of these resources in their proper form is the main task of micro 

watershed management. Based on these facts the main components of micro watershed 

management i.e. land and water management. The land management refers to keep all those 

properties of land in proper order, which likely to affect the soil yield potency. The land 

characteristics such as terrain, slope, formation, depth, texture, moisture, infiltration rate and soil 

capability are the main to consider under land management activities for micro watershed 

development. In broad sense the land management interventions includes the activities like 

vegetative measures, structural measures, production measures, protection measures etc. The 

production measures for land management includes the practices such as mixed cropping, strip 

cropping, cover cropping, crop rotations, cultivation of shrubs and herbs, contour cultivation, 

conservation tillage, land leveling, use of improved variety seeds, horticultural practices etc. The 

objective of these measures is to enhance the production potential of the land either by 

conserving the soil or enriching the nutrient status. The protective measures are the landslide 

control structures, gully plugging structures, runoff collection structures etc. Adoption of these 

measures depends very much on the land characteristics. 

In micro watershed the water conservation by rainwater harvesting is most significant as 

compared to the other means. The harvested rainwater can be retained for the duration of its 

need by designing and constructing the suitable structures in light of the same. The rainwater 
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harvesting can be in the form of profile water conservation or surface water storage. The water 

conserved in the top soil profile is the profile water conservation. It can be achieved for using 

the practices of tillage operations such as conservation tillage, zero tillage, mulch tillage etc. 

Depending on the moisture content in the topsoil profile a suitable crop can be taken 

successfully. Also, if the quantum of rain water is very high then a part of that gets percolate to 

the lower soil profile and connected with the water table. This happening is called ground water 

recharge. There have been formulated several water harvesting techniques, worldwide. 

The action plan/adaptation mechanism is required for sustainable management of natural 

resources and also empowering the community. Make them enable to enhance their food 

security, increase their incomes and improve their overall quality of life through more efficient 

natural resource management. Based on the principles of improved micro watershed 

management, productive environmentally sound agricultural practices and through off-farm/non-

farm enterprise development. For preparation of any action/adaptation plan, some logic should 

be developed for selection of appropriate site which known as site suitability analysis by 

superimposing different layer with Arc GIS software. 

Proposed action plan for Land management  

In the present research area on Kadalibadi micro watershed nearly 290 hect. of 

underutilized or degraded land exist as revealed from analysis of recent high resolution satellite 

image. The development of productivity of these lands has been planned through geoinformatic 

technique i.e. afforestation, gap plantation, plantation, commercial plantation, horti-pasture, 

agro-horticulture, backyard vegetable cultivation/kitchen garden/nursery development, 

enrichment plantation, intensive agriculture with sustainable use of water resource and field 

bunding, energy plantations, pasture land development with contour bunding, renovation of 

existing water body, pisciculture and duckery/bund vegetation, avenue plantation, embankment 

plantation, deweeding/lotus cultivation etc. and the details in this regard are described below for 

the overall livelihood development of the community and also sustain the lake biodiversity. 

a) Gap plantation 

Gap plantation is suggested in an area of 7.35 hect. in Kadalibadi, 6.59 hect. in 

Mahidharpur village in the open forests (with canopy cover of 10 - 40%). Since there is a 

shortage of fuel-wood for domestic use of the people in the micro watershed, it is necessary to 

take up plantation of fuel-wood species by way of gap filling. The different fuel-wood species 

to be planted are Chakunda, Accacia and Gambhari etc.  
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b) Commercial plantation 

In this micro watershed, tree species of commercial value are selected and planted. 

Before planting the trees, protection of the trees by the community is to be ensured. After 2 to 3 

years of growth of the trees, livestock are to 

be allowed to graze and the people given 

the right over fodder, fuel-wood and other 

NTFP. The lands with scrub, without scrub, 

grazing land and also forest area with 

uplands which come under pediplain and 

pediment have been planned for commercial 

plantation. An area of 29.54 hect. in 

Kadalibadi, 1.21 hect. in Baidehipur, 15.71 

hect. in Mahidharpur, 2.44 hect. in 

Podapada and 3.1 hect. in Radhadarsanpur 

villages is suggested for commercial 

plantation in the micro watershed. It has 

suggested for planting Cashew, Harida, 

Bahada, Amla, Cedar, Tamarind and Sal 

etc. and in between trees Mushroom and 

Pineapple cultivation can be made. 

 

 

c) Afforestation The lands under hill and village forest (with less than 10% canopy cover) must 

be brought back to vegetation cover through afforestation. Varieties like Teak, Accacia and 

Eucalyptus etc. may be planted following the proper package of practice. Social fencing may be 

advisable to restrict the cattle grazing inside this area without any cost involvement or artificial 

bio fencing is to be provided. An area of 42.55 hect. in Kadalibadi, 9.91 hect. in Baidehipur, 

7.81 hect. in Mahidharpur and 8.63 hect. in Radhadarsanpur villages have suggested for 

afforestation in the micro watershed.  

 

 

Figure – 3: Site Suitability for Land Management 
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d) Agro-horticulture 

Agro-horticulture is a combination of agriculture and horticulture. It is very diverse in its 

activities, incorporating plants for food (fruits, vegetables, mushrooms, culinary herbs) and non-

food crops (flowers, trees and shrubs, turf-grass, hops, medicinal herbs). The agricultural lands 

with pediplain area, inside the micro watershed have been suggested for agro-horticultural 

practices with the area of 227.74 hect. in Kadalibadi, 20.82 hect. in Baidehipur, 97.46 hect. in 

Mahidharpur, 5.83 hect. in Podapada and 37.77 hect. in Radhadarsanpur villages. 

e) Backyard vegetable cultivation / Kitchen garden / Nursery development 

It is observed that open spaces exist in the backyards of the households of the rural 

people inside the micro watershed. These lands can be proposed for backyard vegetable 

cultivation or kitchen gardens. The female population of the micro watershed can be trained 

with proper tips by the horticulture officials in this regard. The nurseries should plan to 

produce healthy plants covering timber, fuel, fodder, fruits, non-wood forest produce and even 

ornamental species having good demand in the locality. It has suggested 4.42 hect. in Kadalibadi, 

1.17 hect. in Mahidharpur  and 5.31 hect. in Radhadarsanpur villages should developed under 

backyard  vegetable cultivation, kitchen garden and nursery development. 

f) Enrichment plantation  

The word enrichment plantation means plantation for regeneration and beautification. 

The word enrichment also means to fertilize or to make rich the area. “Enrichment plantation", 

in which a single commercially valuable species was extensively planted and other species 

eliminated like the purpose of fuel, fooder in forest areas, casurina in waste and scrub land. It is 

also a type of gap plantation. It has suggested 16.61 hect. in Kadalibadi, 1.76 hect. in 

Mahidharpur and 1.05 hect. in Baidehipur to be planted valuable species. 

g) Energy plantation 

Energy plantation means growing selective species of trees and shrubs which are 

harvestable in a comparably shorter time and are specifically meant for fuel. The advantages are 

heat content of wood is similar to that of Indian coal, wood is low in sulphur and not likely to 

pollute the atmosphere, ash from burnt wood is a valuable fertilizer, utilization of erosion prone 

land for raising these plantations helps reducing wind and water erosion, thereby minimising 

hazards from floods, siltation and loss of nitrogen and minerals from soil, it helps in rural 
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employment generation. It is estimated  that  a  hectare  of  energy plantation is estimated to 

provide employment  for  at  least  seven  persons regularly. It has suggested 15.86 hect. in 

Kadalibadi, 1.13 hect. in Mahidharpur, 0.78 hect. in Radhadarsanpur and Baidehipur, 0.39 hect. 

in Podapada villages in grazing land and waste land with 3 to 5% slope area. The grazing lands 

are suitable for agro horticulture with contour bund in all villages. The waste lands of 

Kadalibadi and Mahidharpur villages are suitable for energy plantations with field and contour 

bund. It has suggested to be planting Mustard, Pongamia (oil), Kusum (oil), Casurina etc. 

h) Pasture land development 

The degraded grazing lands may also be used for manage the shortage of fodder for 

cattle for the following purposes. Provide employment opportunities to the rural poor and 

strengthen their livelihood resource base and supply fodder for the landless cattle rearers. It has 

suggested 13.96 hect. in Baidehipur and 4.72 hect. in Kadalibadi villages of the Kadalibadi 

micro watershed for pasture land development. 

Proposed action plan for Water management  

The alternate water management plan generated for Kadalibadi micro watershed 

envisages optimal utilization scenario both for ground and surface water. Engineering structures 

have also been suggested in the micro watershed considering the drainage, slope, catchment 

area, water requirement and lithology etc. For water management some adaptation measures are 

proposed i.e. bore well, dug well, production well, percolation tank, nala bunds/loose boulder 

structures, check dams, water harvesting structures etc. 

a)  Bore Well 

The deep seated fracture zones or the zones of prominent lineaments and lineament 

intersections are suited for exploitation through deep bore well. The bore wells constructed in 

the fractures have limited yield which varies from 1 to 6 liters per second. The well water is 

drawn by a pump or using containers, such as buckets, that are raised mechanically or by hand. 

It has suggested 5 number of bore wells in Kadalibadi and 2 number in Podapada village of the 

total micro watershed. 

b)  Nala Bund/ Loose Boulder Structures (LBS) 

Nala bund is an earthen dam constructed to impound water flowing in a nala for the 

primary purpose of increasing water percolation and improving soil moisture regime. 
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Considering the site conditions, 14 number of nala bunds in the Kadalibadi, 7 number in 

Mahidharpur, 2 number in Radhadarsanpur and 1 number in Podapada village are proposed for 

the groundwater recharge in Kadalibadi micro watershed. Nala bunds are constructed across 

bigger streams of second order in areas having gentler slopes.  

c)  Dug Well Areas covered by shallow thickness of alluvium, valley fills etc. are suited 

for dug wells. Site for dug wells is 

demarcated considering the weathered 

thickness with joints, fractures and 

nature of alluvium deposits. The 

formation with a mixture of fine, 

medium and coarse sand as well as 

gravels in some locations in different 

proportions holds and easily yields 

sufficient water to support the 

installation of dug wells. It has 

suggested 5 number of dug wells in 

Kadalibadi and 3 number in 

Mahidharpur village of the micro 

watershed. 

 

 

 

 

d)  Check Dam 

Check dams are the gully control structures made on the drainage lines to reduce the 

velocity of runoff and to help in percolation of retained water. It has been proposed 7 number of 

check dams in Baidehipur, 7 number in Podapada, 6 number in Radhadarsanpur and 31 number 

in Mahidharpur village are for sustainable water resources management in the micro watershed. 

 

Figure – 4: Site Suitability for Water Management 
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e)  Water Harvesting Structure 

Water harvesting structures are those structures constructed across the stream which 

harvest surface runoff during the monsoon rains. Four number of water harvesting structures is 

proposed in the water resources management plan for Kadalibadi micro watershed. It may 

include a small and relatively low budget reservoir/dam across a higher order drainage system to 

accumulate water for the purpose of irrigation and ground water recharge.  

7. Conclusion: 

Some adaptation mechanisms are proposed for household level for enrichment of the 

community livelihood i.e. terracotta toy preparing, coir based material, teddy material, pampad, 

badi, pickle, chandua (appliqué), mushroom cultivation, bee keeping and honey production etc. 

The capacity building for these type of activities are promoting sustainable livelihoods through 

preparation and implementation of community based village development plans. 

The result of the study will be very helpful for administrators, managers, decision makers 

and also for research scholar take decision for management purpose. The policies and 

programmes devised by various Government agencies need to be effectively monitored. Its 

successful implementation needs involvement of the local community which will lead to 

sustainable development of the eco-system. 
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Abstract:  

In spite of an important segment of total labour force, women of informal sectors in India are 

unrecognized .There are different categories of informal women in India: women who were  

below the subsistence line and dependent on others, below the subsistence line but independent 

and move continuously above and below the subsistence line(Sen and Gupta,2017). This paper 

highlighted the causes of participation in the informal sector of women below the subsistence 

line as well as the problem faced by them in daily life. Women of informal sectors are closely 

affected by the stages and methods of economic changes of the country. Hence this study 

attempts to understand the participation of women in an informal activity like Street Vending in 

the urban area with special reference to Bongaon Municipal area, North 24 Parganas. The 

main objectives of this study is to investigate different forms of struggle experiencing Women 

street vendors in the study area and to measure their socio-economic status. This study was 

based on primary data, collected by random   sampling and scheduled questionnaire. Q-GIS 

software , Microsoft office Excel-2007  and  SPSS  software have been used to analysis data and 

to represent cartographic techniques.  

Key Words: Struggle, Social Space, Informal sector, women, street vending 

JEL categories: B54 

1. Introduction: Like other towns of West Bengal, the urban poor segment of Bongaon 

Municipal area survive by working in the informal sector. Lack of employment  , poverty in the 

adjacent  rural areas and illegal migration from Bangladesh  drive large numbers of people to the 

cities for work and livelihood. This is why to rapid growth of the informal sector in the study 

area. Street vending is one of the most important segment of informal sectors. Participation of 

women street vending is very significant in the study area although women’s workforce in the 

economy neglected and invisible in all Indian context. Despite their contribution to the urban 

society, the work of women street vendor has been facing subsequence challenges and numerous 

problems including political harassment , economic- pressures , socio-cultural challenges 

etc(Sen and Gupta,2017) . The National Commission on Self-Employed Women Workers 

(1987) reported that women in the unorganized sector are paid extremely low wage rates with 

total lack of job security (Sharma & Konwar, 2014). 
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2. Study Area: 

It is observed that there is substantial increases of women street vendors in the boarder towns of 

North 24 Parganas . Bongaon Municipality is one of the major boarder towns of this district as 

well as West Bengal. 

3. Objectives:  

The objective of the study may be presented as the following:1) To  investigate different forms 

of struggle experiencing Women street vendors in the study area 2) To measure the  socio-

economic status of Women street vendors 

4. Methodology:  

This research was mainly based on primary data, collected through questionnaire survey based 

on the objectives of the study and performed by random sampling. The interview of  220 women 

vendors and 200  local people as well as commuters are being taken .The analysis has been 

made on the basis of simple statistical and cartographic method using  Q-GIS software , 

Microsoft office Excel-2007  and  SPSS . This paper is mainly based on Socio-Economic 

Security Index (S.E.S.I.) introduced by Sen and Gupta(2017) . According to Sen R.K. and Gupta 

S. (2017) Computing the Socio-Economic Security Index(S.E.S.I.)  involve the following steps:  

Parameters:  The following formulas are used to determine different indices of S.E.S.I.: 

                 =(∑ 𝐱 − 𝐗𝐢 ) ×  
𝟏

∑ 𝒙
   

Where, ∑ 𝐱= the total no. of sample of the particular area, Xi = no of sample of i parameter. Each 

individual index has been normalized and 
𝟏

∑ 𝒙
   is assigned as the weights, which will reduce the 

number of indicators (dimensionality) but will remain most of the original variability amongst 

the data.  So that the value lie between 0 to 1. 

 1) Lone Earner Index (L.E.I.): (Total Women Vendor-Total women vendor who have no other 

earning members in family) / Total Women Vendor 

2) Savings Insecurity index (S.I.I.): (Total Women Vendor - Total women vendor who have no 

Banking Facilities) / Total Women Vendor 

3) Married Single Index (M.S.I) : { Total Women Vendor -(Total Divorced +Total Widow)} / 

Total Women Vendor 

4)Harassment Index(H.I.): (Total Women Vendor - Total women vendor who faced harassment) 

/ Total Women Vendor 
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   Finally  the following formulas are used to determine the  Socio-Economic Security 

Index(S.E.S..I.):    

                                       ∜ (L.E.I.× S.I.I×M.S..I.×H.I.) 

So, S.E.S.I. is the geometric mean of the previous four normalized indices and higher value of 

index implies higher security.              

 Table-1: Statement of S.E.S.I. 

 

 

 

 

 

 

 

 

5. Review of Literature:  

Hassan (2003) enhances the understanding of the issues related to strategies adopted for 

managing their lives and economic prospects . Dimas(2008)  highlighted on the problems faced 

by city managers in developing countries, due to street vending. There is a perpetual problem for 

street and sidewalk users in most Indonesian cities. Pang (2008) explored the socio-demographic 

factors affecting food safety strategies of hawkers in an urban and less urban setting of 

Malaysia. Singh (2009) specially highlighted on Informal markets for electricity. Roy Sourobh 

and Daspattanayak(2016) emphasis on employment. Pillay Pinky Lalthapersad (2004) explores 

the nature of street trading of female vendors undertaken in the Johannesburg. Sen and Gupta 

(2017) highlighted on struggle of women street vendors in Barasat and Basirhat Municipal Area. 

Sen and Gupta (2018) also emphasize on cost benefit analysis of street vending .  

6. Data analysis and Discussion: 

In the study area, street vending is rampant and one of the important  source of employment and 

income for many urban dwellers as well as the migrated people from Bangladesh. However it is 

unaccounted and unrecognized in national economic statistics. Share of Women street vendors 

of the study area is 0.491(computed by the author on the basis of primary data) which is very 

significant. The major causes of street vending of the women  

Socio-Economic Security Index (S.E.S..I.) 

Value 

Statement 

0.000-0.250  Very Low Security 

0.250-0.500 Low Security 

0.500-0.750 Moderate Security 

0.750-1.000 Apparently Secure  
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Fig-1: Lone Earner Index ,after Sen and Gupta ,2017 (Computed and Map prepared  by author based on  

the primary data) 

 

vendors are :1)There are no other earning members in their family,2)Poverty and low level of 

family income,3)Divorce etc. But they have to face too many problems during their job. 81.25% 

of total woman street vendors have to face harassment by their male counterpart and customers. 

71.95% woman vendors have no banking facility(including postal savings facility).69.87% 

woman vendors lost their saving due to Sarada ,Rose Valley,Ramell etc scam . 

Fig-2: Savings Insecurity index,after Sen and Gupta ,2017 (Computed and Map prepared  by author based 

on  the primary data) 
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          Lone Earner Index is Apparently Secure stage in Ward no-1,3,4,7,8,13,14,17 (adjacent to 

the main roads).But others wards are below this stage. So, there is no denying the fact that , 

maximum lone earner of the woman street vendors are local inhabitant. So maximum of them 

have occupied interior roads of the town.   

 Savings Insecurity index is very low  at ward no-11,18 &22.Allthough every ward is above 

Low Security Level and only ward no 13 (S.I.I. 0.84) and 14(S.I.I. 0.85)  is Apparently Secure 

stage.  

Fig-3: Married Single Index,after Sen and Gupta ,2017 (Computed and Map prepared  by author based on  

the primary data) 

 

They have to face too many problems during their job. 81.25% of total woman street vendors 

Married Single Index is more or less equal in every wards.  Harassment Index is very high near 

the high roads due to harassed by not only male counterpart or customers but also B.S.F, Police, 

local political party leaders etc. Sometime they have to pay bribes to the B.S.F, Police and local 

political party leaders .This problems mostly faced by female than male. Overall Socio-

Economic Security Index is high(Apparently Secure Level) in ward no -13(S.E.S.I . 0.778) 

&14(S.E.S.I . 0.783) and very low in ward no-11(S.E.S.I . 0.656),18(S.E.S.I . 0.621), 22(S.E.S.I 

. 0.622),However social security  of woman street vendors of the study area is not satisfactory.  
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Fig-4: Harassment Index,after Sen and Gupta ,2017 (Computed and Map prepared  by author based on  the 

primary data) 

 

Fig-5: Socio-Economic Security Index ,after Sen and Gupta ,2017 (Computed and Map prepared  by author 

based on  the primary data) 

 

7. Conclusion: 

Major findings of the study are- 

 1)Most of the spaces occupied by the woman street vendors considered as illegal since the 

spaces have not been set aside for trade. So they have to face harassment by civic society , 

administration etc. 
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2) Maximum women street vendors attempt to increase security and smoothen consumption 

rather than maximizing profits. But Maximum have no banking facility due the complex 

banking system. As a result poor women street vendor lost their savings by chit fund. 

 3) The struggle of Married single women are more than Married or single women; they are 

working as hard as men do to maintain her Family  but can’t get the same status . In West 

Bengal the Street Vendors Act, 2014 has not been implemented but in the year 2010, a state 

policy was prepared ( which was not passed in the assembly )by the state government. So urban 

vending committee has not been formed yet in the study area .Local govt. should take immediate 

step to solve this problem. 
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1. Introduction:  

Urbanisation is a macro social process which states the changes in social behaviours that occur 

in social dimension as a result of people living in towns and cities (Ramachandran,1989).Urban 

growth is the process of increase in the spatial extent and population of the city in its suburbs 

which mainly results from rural to urban migration resulting in an outgrowth of the main 

city(Ramachandran,1989). Urban sprawl is defined as low density residential and commercial 

development on undeveloped land (Das et al, 2016). In 2008, United Nations stated that half of 

the world’s population was residing in urban areas. India, a developing country has a rapid rate 

of urbanisation. According to World Bank Reports, 2017, India’s current annual urban growth 

rate is 2.4%. Indian cities are experiencing a rapid urban growth, Kolkata being one of them. 

Kolkata is India’s third most populous metropolitan area after Mumbai and Delhi with a 

population of 14035959 and population density of 24306 persons/sq.km (Census of India, 2011) 

which is one of the highest in the world. Kolkata is an important urban agglomeration of India 

located in the state of West Bengal and the largest agglomeration in eastern India. The Census of 

India, 2011 states that during 2001-2011 the central city’s population remained dense but its 

population figures were reduced whereas during the same time period suburban Kolkata’s 

population grew. 

2. Study Area:  

The study area selected for this paper is Rajpur-Sonarpur Municipality and Baruipur 

Municipality area, Baruipur subdivision of South 24 Parganas situated in southern part of 

Kolkata. They are at an average distance of 23km and 30km respectively from the city centre 

along NSC Bose Road and comes under the Kolkata Metropolitan Development Authority 

(KMDA). The latitudinal extension of Rajpur-Sonarpur (M)* is 22˚23’N to 22˚28’N and 

longitudinal extension is 88˚19’E to 88˚27’E (Google Earth Pro) situated at the urban fringe of 

Kolkata. The latitudinal extension of Baruipur(M) is 22˚19’N to 22˚2’N and 88˚25’E to 88˚26’E 
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(Google Earth Pro) along the banks of Adi Ganga. The urban sprawl as evidenced in this area is 

situated along SH 1. The current paper explores the extent of urban growth in south Kolkata’s 

Rajpur-Sonarpur(M) and Baruipur(M) as a representation of growth of Kolkata agglomeration as 

population expansion has been maximum in these two areas. 

 

 

3. Objectives: 

The study focuses on the following objectives: 

1. To detect and study the trend of this urban growth 

2. To analyse the main reasons for this growth 

3. Effect of this growth 

 

 

Fig.1 Study Area (Source http://baruipurmunicipality.org.in ) 

http://baruipurmunicipality.org.in/
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4. Materials and Methodology: 

The present study is based on both primary and secondary data. Primary survey has been 

conducted for the selected study area by random sampling method to analyse the reasons of this 

urban sprawl. The secondary data sources are as follows: 

1. Census of India , General Population Tables, 1991, 2001 and 2011 

2. Primary Census Abstract 2001 and 2011 

3. District Census Handbooks 2001 and 2011 

4. District Statistical Handbook 2014   

5. Satellite imagery of IRS P6-LISS III (path:108  row:056 ) 2009 and 2014 

For the purpose of analysing and understanding the study area, the following methodologies 

have been adopted: 

1. The census data has been analysed to understand the growth in urban population. 

2. Two LISS III images of two different years i.e. 2009 and 2014 consisting the study 

 area has been used for digital interpretation. 

3.  Supervised Classification is done over both the georeferenced images. Single class 

 Classification is done twice to extract pixels containing DN values for Vegetation and 

 Settlements separately using ERDAS IMAGINE 2014. As a result four different 

 images are derived, i.e. classified image for vegetation and classified image for 

 settlement for each year. 

4. In Arc GIS (v. 10.3), the resultant images are analysed. By using ‘Kernel Density’ 

 function Vegetation Density and Settlement Density maps for both the years has been 

 prepared. 

4.1 Software’s used:  

1. ERDAS IMAGINE 2014 

2. ARC GIS (v. 10.3) 

3. Google Earth Pro 

4.2 Analysis: 

Uncontrolled urbanisation in the south eastern part of Kolkata Metropolitan area has taken place 

which has intensified due to recent extension of metro rail and EM Bypass (Ghosh, 2012). 

Sonarpur and Baruipur have experienced a large growth in its urban population as a result of the 
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growth of the urban sprawl. Sonarpur-Rajpur(M) and Baruipur(M) are situated in the southern 

part of Kolkata Metropolitan and has experienced maximum urbanization. Sonarpur–Rajpur 

municipality covers an area of 49.26 sq. km and Baruipur municipality covers an area of 9.5 

sq.km in their respective C.D.Blocks (Primary Census Abstract, 2011). According to the Census 

of India the population of the Rajpur –Sonarpur municipality in 2001 was 336707 which 

increased to 424368 in 2011 and Baruipur municipality’s population of 44913 in 2001 increased 

to 53128 in 2011. The growth rate of population of Rajpur-Sonarpur is 2.34% per year from 

2001-2011 and of Baruipur is 1.69% per year from 2001-2011(http://www.citypopulation.de). 

The population density of Rajpur-Sonarpur(M) in 2001 was 6089 persons/sq.km which 

increased to 8615 persons/sq.km in 2011. The population density of Baruipur(M) increased from 

4952 persons/sq.km in 2001 to 5592 persons/sq.km. in 2011. It can be understood from the 

above figures that Sonarpur and Baruipur regions have experienced rapid urban growth and 

Rajpur-Sonarpur(M) has seen more development. This rapid trend in urbanisation has been 

shown below with the line diagram. 

 

 

 

 

 

 

 

From the line graph it is evident that the population has an increasing trend over the years. For 

Rajpur-Sonarpur (M), during 1991-2001 the population increased at a rapid rate whereas during 

2001-2011 , the population has grown at a slow rate owing to increasing demand of land in the 

study area. Baruipur(M) experiences a slow and steady increase in urban population from 1991 

to 2011. The analysis of the census data indicate a rapid urban growth in Rajpur-Sonarpur(M) 

and  Baruipur(M) region and for that purpose satellite imagery has been used to indicate the 

change in urban area.  As stated previously two LISS III satellite images of 2009 and 2014 

(Toposheet No. F45K07) are used for digital analysis showing part 

Fig. 2. Population Growth over the years 

http://www.citypopulation.de/
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of densely populated south Kolkata and parts of Baruipur Subdivision containing the study area. 

The latitudinal extension of these images is 22°15’ N to 22°30’ N and longitudinal extension is 

88°15’ E to 88°30’ E. By analysing the entire image, huge change is visible. The settlement 
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density map of 2014 is showing vast increase in area under settlement compared to the map of 

2009. Settlement area in this region was 58.63sq.km in 2009 which increased to 121.19sq.km. in 

2014. Settlement area almost doubled in five years. As a result decrease in area under vegetation 

cover is noted. In the vegetation density map, the 2009 map shows comparatively dense 

vegetation than 2014. In 2009 the area under vegetation was 304.96sq.km which reduced to 

118.05sq.km in 2014. Area under other landuse increased from 339.41sq.km in 2009 to 

463.76sq.km in 2014.This is very clear from the images that urban expansion has taken place 

along the two major roads, i.e. State Highway 1 and another is part of Diamond Harbour Road. 

The study area, Sonarpur-Rajpur(M) and Baruipur(M) area are situated along Netaji Subhash 

Chandra Bose Road which is the part of SH-1. The process of urban sprawl has taken place in 

the study area along this road, and the most important reason of this urban sprawl is the 

extension of the Eastern Metropolitan Bypass upto Baruipur. Linear settlement development has 

occurred along the EM Bypass and sprawl is spreading further southwards. The Rs.70 crore 

(approx.) worth project was conceived in 2007 and the project took off in January 2009 (TOI, 

Jan 16, 2013). From this time the process of rapid urban expansion started off and this change is 

clearly visible on the prepared maps. 

5. Discussions: 

Urban sprawl can be caused by a variety of different things like lower land rates, improved 

infrastructure, rise in standard of living, lack of urban planning, lower house tax rates, 

population growth etc. (Das et al, 2016). A small scale primary survey was conducted to 

understand the reasons for this increasing trend in urban growth. The sample was selected 

randomly. The various reasons for this growth are discussed as follows:  

 

1. Low cost of land compared to the KMC area has resulted in construction of high rises and 

also individual houses. People tend to shift to this region. Richer section of the society who 

prefer to purchase land as investment have selected this region as the rates are comparatively 

low. 

2. The above mentioned factor has been accentuated by the extension of metro service and 

extension of EM Bypass.Most of the development has taken place along the metro rail route 

and along EM Bypass ever since its plan was sanctioned. 

3. Living expense is cheaper in this part compared to the main city. 
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4. Rural to urban migration is a major reason. Rural folk has migrated towards the city and 

have settled here, building new settlement area and thereby increasing the extent of the urban 

area. 

5. Muslim immigrants from Bangladesh and also some amount of Rohingya population have 

found refuge mainly in the Baruipur region. This immigrant population has encroached the 

metropolitan area, becoming a part of the urban sprawl. 

6. Findings: 

From the study conducted it can be understood that a rapid growth is occurring in the southern 

part of Kolkata region and major developmental changes is faced by Rajpur-Sonarpur 

municipality and Baruipur municipality but the extension of metro upto Garia has had a larger 

impact on the former municipality. Landuse has undergone a vast change as transportation 

network and settlement area has increased and in comparison vegetation coverage has largely 

reduced. Increased population and settlement density indicate the change. But this growing 

population is not supported by adequate amenities. Though road and metro rail network has 

increased but transportation means are not adequate and are incapable of supporting this 

growing population. Auto rickshaw is the sole source of transport; buses plying along this route 

are very less in frequency. Market supply is not adequate. There is a crisis of fresh food for the 

local people. Daily supplies are not available and are inadequate. All these aspects indicate that 

the population density is high and the urban sprawl is increasing. 

7. Conclusion: 

The secondary data and satellite imagery clearly indicate that the Kolkata urban agglomeration 

is growing and has a trend southwards. The satellite imagery shows a major increase in 

settlement area over few years in the region but due to time constraint a small study area was 

selected to understand the trend of growth and analyse the reasons of the growth and its effect. It 

can be clearly understood that the urban fringe of Kolkata has been urbanised due to a multitude 

of reasons and are also facing a set of problems as a newly urbanised area with an increasing 

population density. 
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1. Introduction: 

Kolkata is the capital of West Bengal, once it was the capital of British India till 1911, then the 

capital had shifted to Delhi, is located on the bank of River Hooghly. Kolkata has an estimated 

population of 4.6 million. The largest urban area that includes the suburbs has a population of 

more than 14.3 million, which makes it India's 3rd most populous metropolitan area. The city 

has a very high population density of 24,000 people per square kilometer, or 63,000 per square 

mile. This is one of the world's highest densities. However, the Kolkata Megacity as per the 

Census 2011, the area has increased to include the urban townships around it as well such as 

Howrah, Maheshtalla, Rajpur Dumdum, etc. The population 2011 is 14,112,536 and extends 

over 1851.41 sq. km. and envelopes 3 Municipal Corporations, 38 Municipalities and 24 

Panchayat Samitis( KMDA,2006) 1(Source: Kolkata Metropolitan Area (KMA) is the largest 

urban agglomeration in eastern India. KMA, as delineated under West Bengal Town and 

Country (Planning & Development) Act, 1979 ). 

Presently the city is expanding in an alarming rate and this population is growing around the 

major canals, which are criss-crossing the city. 

2. Aims of the study: 

This present paper aims are- 

 To discuss the present status of major canals of Kolkata. 

 To identify the flow of Tolly’s nala. 

 To evaluate the percentage of population living in Tollygunge area, and to find out the 

percentage of immigrant population. 
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3. Methodology: 

In this present paper the area around Tolly Nala has been surveyed and it is Tollygunge Police 

Station Area, sample size is around 300, and data collected from previous year(s) census 

handbook, and Statistical Handbook. 

Arc GIS is used to create map, and Ms- Excel used to prepare charts. 

 

 

4. Profile of the Canals in Kolkata: 

The canal system has been a multipurpose waterway system in the Lower Gangetic Basin. It has 

played a major role for the movement of agricultural products, supplied waters for irrigation and 

provided vital nutrients to the bheries 2 in the eastern part of the city. It has also played a role as 

the carriers of the city's refuse into the Bidhyadhari- Kulti River System. Its multifaceted use has 

helped the city to grow at its expense. It has led to the gradual development of the urban 
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environment of Calcutta, replete with the slums, which occupy its banks. The following canals 

that are found around the city:-  

a) Bagjola Canal  

b) Circular Canal – i) Beliaghata Canal ii) New Cut Canal iii) Lake Channel 

 c) Tolly's Nala - Kaorapukur Khal  

d) Eastern Canals- i)Inner Boat Route ii) Outer Boat Route  

e) The Municipal Drainage Channel – 

 f) i)Dry Weather Flow ii) Storm Water Channel.  

a. Bagjola Canal: This canal originates in the swamps of Ariadaha, Dakshineshwar, it continues 

as a narrow ditch till it reaches south DumDum. A number of outfalls have contributed towards 

its increased flow of water. It has been cemented in sections till it finally meets the VIP Road 

near Krishnapur. Beyond the VIP Road, the Bagjola moves into the Rajarhat area, outside the 

urban limit. It plays significant role in irrigating the areas in the adjoining agricultural lands in 

the eastern marshes. It eventually meets the Kulti -Bidhyadhari river system. 

b. Circular Canal: The Circular Canal or the Maratha Ditch as it was earlier called, begins at 

the River Hugli, near Baghbazar. Originally this channel was a shallow channel which became 

partly dry around 1800. Thereafter, widening and construction of the lock gate by the authorities 

were made in 1810 on the Hugli.(Bandopadhyay,1990). The canal becomes bifurcated near into 

two branches, the Krishnapur Canal and the Beliaghata Canal. The Krishnapur Canal or the 

Kestopur Khal moves north east and runs parallel to Salt Lake. It encircles the Salt Lake City 

and joins the river Kulti at Ghusinghata. The Beliaghata Canal flows along the Canal East and 

Canal West Road. The Lake Channel, was the natural drainage channel of the city. It was a spill 

khal (channel) of the Bidhyadhari. It extended from Dhapa to Bamanghata where it joined the 

Bidhyadhari and moved further south to the Samukpota and Tardah. This Central Lake Channel 

was affected by the construction of the Dhapa Lock in 1883. 

c. Tolly's Nala: The Tolly's Nala was originally called the "Adi Ganga"(original Ganga). It 

begins at the Hugli, Dholghat Bridge. It passes through the Khidderpore becomes bifurcated 

near Kudghat and flows along Tollygunj till it reaches Garia. Beyond Garia the flow diminishes 

till it meets the Bidyadhari at Samukpota. Mr. William Tolly, a major in the Military service, re-
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excavated the canal in the years 1770 to 1777. It was constructed with a loan from the 

Government and was leased to him for a period of twelve years within which he could collect 

the toll from it. After his death it was extended for another 15 years to his widow Anna Maria 

Tolly. (Bandopadhyay,1990).The other part of the southern canal proceeds from Kudghat up to 

Sundarbans passing Sonarpur, Canning, and Matla river. This canal is a major source of water 

for irrigation agricultural lands it passes through. 

d. Eastern Canals: It was a natural creek extending across the Circular Road till 1810, 

thereafter, the creek was widened till it joined, the Old Dharmatala Drain which carried the 

water into to the Salt Water lakes. This "Old Eastern Canal" from Circular Road to the site of the 

present sewage pumping station of Entally was converted into a large brick lined tunnel for 

draining the storm water of the city while it also came to be known as Beleghata Canal. e. The 

Municipal Drainage Channels: There are two Municipal Drainage Channels, the dry water flow 

and the storm water flow channels. The dry weather flow channel originates at Topsia Drainage 

Pumping Station. It carries sewage and effluents to the Kulti River. The Dry Weather Flow 

channel is supposed to carry silt free water to the Kulti River. The silt was supposed to be 

utilized as fertilizer. It has a full load discharge of 670 cu ft per second, against maximum 

requirement at the time of its construction of 272 cu ft per second. It has a width varying 

between 6 to 10 meters and a depth of 2 meters. The Storm Water Channel originates at the 

Ballygunj Pumping Station. It also passes through the Bantala tank. It has a much higher 

carrying capacity of 2270cusecs, with a breadth of 50 meters and a depth of 4 to 6 meters. It runs 

parallel to the Dry Water Flow Channel on the BN Dey Road for a distance of 50 kilometers. 

Water from these two channels is used for irrigation and pisciculture. Parallel to the Dry 

Weather Flow Channel and the Storm Water Channel run the Fishery Feeding Channel from 

Topsia area for the specific purpose of supply of nutrient la den water to the Bheries.( Ghose) 

The Samudgiri Khal was excavated earlier to connect Tolly’s Nala near Samukpota with the 

Storm Water channel, for irrigation and pisciculture in the Tardah -Kapasalthi area. It was partly 

excavated by voluntary organizations but the lack of funds did not yield the desired result. The 

discharge at the terminal point of these channels i.e. and DWF is estimated at 4000 cusecs.( 

Ghose). 
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These canals play a major role in the 

drainage and sewage of this city, as they 

are carrying the sewage water of the city 

towards East Kolkata Wetlands and later 

to Kulti-Gong, and some are still 

connected to Bidyadhari River system. 

The city of Kolkata and its adjoining 

metropolitan areas are drained by a 

network of drainage channels excavated, 

handed over and maintained over years 

by the Irrigation & Waterways 

Department. Around 1970, a number of 

new channels were excavated in the areas 

adjoining the main city where people 

started to live after the partition of Bengal by the fund available from the Calcutta Metropolitan 

Development Authority (CMDA). Subsequently, in absence of adequate maintenance fund, 

increasing encroachments on the canal banks and their slopes, extension of human settlement in 

the low lying areas in fringe areas of the city, aggravated the drainage congestion not only in the 

city core area but the Greater Metropolitan District also. Apart from the drainage channels a 

number of pumping houses located at Uttarbhag, Chowbhaga, Keorapukur in South 24-Parganas 

district are rendering great service towards removal of drainage congestion in their respective 

areas. 

5. Results and Discussion: 

In this present paper Tolly nala has been selected by the author for the entire discussion. 

In the early years, when Tolly excavated this nala, it was not at all crowded in fact it was a 

communication line beside which very less number of people are living, but due to the course of 

time it became crowded. 

The then entire Tollygunge (Tollyganj) area, Sadar Subdivision observed +1,13,959 population 

growth for the period 1941-51. When the growth of population in Kolkata District city was + 

20.98%, 24 Parganas District was + 25.6%, the Tollygunge area itself observed + 141.3% 

growth for the period by 1941-51. Because this area was the premier area for so called ‘new 
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settlements’ under land recovery processes, it is not surprising that Tollygunge area experienced 

+ 562.6% population growth for the period 

1901 to 1951. The trend of land occupancy of the first two decades after independence indicated 

That the area between Toly’s Nala and Netaji Subhash Road, both sides of Raja Subodh 

Mullick Road and the Sealdah-Garia Railway line were the premier lands for inhabitation. 

At that time these settlements were called ‘colonies’ - a kind of enclave with separate ethnic, 

religious and political identity. 

Growth of Population over years in  Growth of population in South Kolkata 

Tollygunge area                    over years 

 

Immigration Scenario- At first, the study area experienced the suburban circulation and rural-

urban migration and associated population influx before independence. But in the days before 

partition and country’s independence, the area felt shocking humiliation with millions of cross-

border refugees. In the census on 1951 the total number of Displaced population enumerated in 

the district was 527,262. The State Statistical Bureau conducted in December 1950 a complete 

enumeration which gave the total figure to the 5,98,833. The difference is accounted for by the 

fact that between December 1950 and February 1951 a considerable Displaced population was 

sent away from 24-Parganas to other districts and States. The District Officer of 24-Parganas 

estimates that in March 1953 there were about 8,00,000 Displaced population in the district. The 

State Statistical Bureau estimated that out of a 3,65,000 were enumerated in the urban areas of 

24 Parganas. The total number of females was 1,00,564 of which 56,108 families lived in towns. 

This population lived mainly in camps organised by the District Officer under the Government 

of West Bengal and others organised by the Government of India. Settlement on own initiative 

largely, meant setting up in houses by trespassing on other peoples’ lands. This has been largely 
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due to delay in acquiring land on behalf of Government and as the Displaced persons were in 

urgent need of setting up houses they could not wait for the delays of law but virtually took the 

law in their own hands. Thus in Dum Dum and Rajarhat police stations as many as 35 colonies 

grew up by December 1950; in Baranagar 7; in Belgharia T, in Khardah 11; in Bijpur 6; in 

Alipur 2; in Behala 5; in Jagaddal 4; in Naihati 1; in Noapara 4; in Titagarh 2; in Cossipur 1; in 

Kolkata (the then KMC) 1 and in ‘Tollygunge’ (it represents a large area under study) as many 

as 54 colonies. The total number of families settled in these 133 colonies was 1,28,598. Five 

camps were maintained by the Rehabilitation Department at Tangra, Chandipur, Helencha, 

Kumarkhola and Santoshpur. Thus the population distribution over the last fifty years within the 

area has shown a trend that was perhaps beyond the immagination of any planner and for that 

matter the spatial human settlement has taken its own course reacting to the socio-economic and 

political condition of the country. 

 A survey was undertaken to evaluate the number of immigrants in these areas, and the diagram 

illustrated the actual scenario of this area (total 243 sample size).   

Period of Inhabitation - 

 

In 1961, Kolkata was a migrant city with 52% of the city dwellers born outside the city. The 

proportion of migrants for West Bengal was 15% in 1961. The increase in the volume of 

migrants in the 24 Parganas district is evidence of the dispersal of population from Kolkata city 

itself. About three lakhs out-migrants from Kolkata city during 1961- 71-81 settled in 24 

Parganas, particularly in the towns and urban continuum in the district Thus in 1961 the 

Tollygunge (Planning Area) as a whole contained more than 60 refugee colonies which had a 

population of approx. 1,00,000 and 1,10,000 while the entire ‘Tollyganj’ had a population of 

approx. 3,50,000. No doubt the population profile since 1951 to 1971 was representative of land 

reclamation and new settlements Jadavpur area observed + 234.6% population growth, Garfa + 

333.9%, Santoshpur + 452.8%, Baishnabghata + 351.2% population growth for the period 1951-
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71. New Alipore area observed 18% growth for 1961-71. This population scenario was 

responsible on the changing land use pattern and political turmoil associated with cross border 

migration after Bangladesh war in 1971. 

From 1981 to 2001, there was huge positive growth in added areas of KMC (with the old 100 

wards, 41 new wards are added to Kolkata Municipal Corporation from 4.1.1985). In Baghajatin 

area + 20-25% population growth observed in 1991-2001. Tollygunge-Golf green area observed 

+ 30%, Garfa area + 33% growth, Ajaynagar-Survey Park area + 60% growth, Haltu area + 45% 

growth even Dhakuria area experienced + 6% growth in population in 1991-2001. Actually the 

growth centers are shifted from the area, between Tolly’s Nala (Ballygunge-Garia) Railway 

tracks to area associated with Eastern Metropolitan Bypass. In 2001, it is the most emerging 

place for new residential and commercial construction. And this age is called the ‘age of high-

rise complexes’ - a new song of community living sharing spaces considering the status 

embalmed closely with these settlements. 

Presently there are 144 wards in Kolkata. 

6. Conclusion and Discussion: 

The above study shows many aspects of population in Tollygunge P.S. area, can be summarized 

as- 

Before independence it was inhabited by mainly poor people, The muddy slopes of tolly canal 

sides are to-day inhabited by refugees, illegal immigrants, factory casual labourers, rag-pickers, 

wagon breakers, smugglers etc. These people make packed slums (even on props) and,- freely 

defecate bathe and wash with the foul smelling dirty water. Although the picture is similar 

everywhere, the worst example is the case of so-called Adi-Ganga (Tolly's Nala) in the heart of 

South Calcutta. In this stretch, the heavy siltation, water logging, growth of water hyacinth and 

dumping of hundreds of animal carcasses reveal a highly polluted status (Ghosh, et al 1986). 

After independence there is a tremendous growth of population because of the refugees from 

East Pakisthan as they set up different colonies, and slowly these became the growth 

centres,presently metro railway is connecting the area.   
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Diagram shows the rehabilitation works around the Canals 
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Abstract:  

Agricultural regulated marketing systems are the wholesale markets controlled by the state 

governments to buy and sell agricultural commodities. But now a day varying infrastructural 

situations create a diminishing access to the market areas in case of agricultural commodity 

distribution with the nature of diversification of agricultural crops in India. The present study 

comprises with the varying infrastructural situation of agricultural regulated market areas and 

its access with the diversifying nature of crops in the eighteen districts (According to Census of 

India, 2011) of West Bengal except Kolkata. The study has been done by mainly secondary 

databases. Simpson’s Diversity Index (Simpson, 1949), is used to measure the diversifying 

nature of selected crops in different agricultural periods in the study area. Besides, the 

determinants related to the infrastructural situations of the regulated market areas are also be 

under the consideration of measurements through principal component analysis (Pearson, 

1901). Weighted accessibility score has been used to measure the district-wise access of 

transport network. The correlation-regression has been done including significance test (Fisher, 

1925 following Student, 1908) of the diversification values of the crops and the infrastructural 

access of the RMC areas. According to SID in the period of 2008-2009, the nature of 

diversification of crops is very high (> 0.54)  in the districts Darjiling, Malda, Murshidabad and 

North Twenty Four Parganas; high (0.42-0.54) in the districts Jalpaiguri, Koch Bihar, Uttar 

Dinajpur, Dakshin Dinajpur and Hugli; moderate (0.28-0.41) in the districts Birbhum, Bankura, 

North Twenty Four Parganas and South Twenty Four Parganas and low (0.14-0.27) in the 

districts Barddhaman, Bankura, Paschim Medinipur, Purba Medinipur and Haora. The 

significance of the relationships of access to the regulated market areas with the factors scores 

of infrastructure and diversification of crops in the districts ultimately shows where the  

infrastructure of RMCs’ areas are good, the accesses of  the regulated markets are also well. 

The relationship between diversification of crops and access to the regulated markets are non-
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significant (p<0.001). The study concludes with suggesting the better infrastructural facilities to 

access more diversified agri-commodities in the RMCs’ areas in future. 

Key-words: Regulated markets, infrastructures, crop diversification, accessibility, correlation 

1. Introduction:  

Agricultural marketing system is regulated by some regulated market committees (RMCs) in 

West Bengal. According to West Bengal Agricultural Produce Marketing (Regulation) Act, 

2012 (West Bengal State Marketing Board, 2018), “ ‘market’ means a market established or 

declared as such under this act for a market area and includes a principal market yard and sub-

market yard” of agricultural commodities regulated by ‘a committee constitute under section 5.’ 

The present study of Shakeel-Ul-Rehman, M. Selvaraj and M. Syed Ibrahim (2012, 69) brings 

out past and present scenario of agricultural marketing prevailing in India. The regulated 

markets’ infrastructures are correlated with its access of the diversifying nature of crops. 

Different accessibility to the markets and diversifying nature of crops in the district-level 

scenario in the study area assist the development of markets’ infrastructures of RMCs’areas. The 

access of markets and its development is greatly influenced by the structure and function of road 

networks. According to Fungo, Krygsman and Nel (2017, 94), “rural transport provides 

assurance for the supply of the agricultural inputs and facilitates the delivery of the farm outputs 

to the markets.” Ludwig, Nagarajan and Zaman (2016) postulated ‘systematic review of the 

effects of rural roads on expanding agricultural markets in developing countries.’ In this regard, 

Jacoby (1998, 1) developed and implemented “a method for nonparametrically estimating the 

benefits from road projects at the household level using the relationship between the value of 

farmland and its distance to agricultural markets” in Nepal. Now a day, crop diversification 

becomes one of the major factors for the development of agriculture and agricultural markets. 

De and Chattopadhyay (2010, 340) studied that “crop diversification has been an important issue 

of agricultural development not only in India, but also in other parts of the world.”  In this aspect 

crop diversification and various development of infrastructural networks has been considered in 

this study as a major issue in a specific period in West Bengal.  Mithiya, Mandal and Datta 

(2018) found ‘district-wise different pattern, trend and determinants of crop diversification of 

small holders in the districts of West Bengal.’ Mussema, Kassa, Alemu, and Shahidur (2015, 65) 

suggest that “asset ownership, soil quality, agricultural extension, and level of infrastructural 

development are the significant drivers of crop diversification in Oromia” in Ethiopia. The study 

by Acharya, Basavaraja, Kunnal, Mahajanashetti and Bhat (2011, 351) highlighted that “the 
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creation of basic infrastructural facilities like sustained supply of irrigation water, markets, 

fertilizer availability, proper roads and transportation is an essential pre-requisite for creating 

enabling conditions for fostering the process of agricultural development and crop 

diversification.” In establishing relation with crop diversification and market infrastructures 

Vereecke (2015, abstract) opined that “increasing understanding of farmers and market on a 

defined territory was seen as a way to better target initiatives oriented toward crop 

diversification.” Besides, Bittinger (2010) studied about ‘crop diversification and technology 

adoption as the role of market isolation in Ethiopia.’ 

Based on the above conceptual framework the present study has been done to highlight the 

variation of developmental infrastructures in the areas under RMCs of the study area with 

establishing the relationship of market access with these infrastructures and diversification of 

crops also. 

2. Objectives:  

The present study aims to 

i. Highlight the variation of infrastructural development of the area under RMCs in the 

study area (in the Census year 2011). 

ii. Find out the diversification of major crops in the districts of the study area. 

iii. Formulate the access of the regulated markets in the districts. 

iv. Establish the relationship of regulated market access with the market infrastructures 

and diversification of crops. 

3. Study area:  

West Bengal, an up-growing and a major agricultural state of India is selected as the study area 

in the study. There are total 44 markets area (West Bengal State Marketing Board, 2018) in the 

eighteen districts of West Bengal (Statistical Abstract of West Bengal, 2012) regulated by 

market committees except Kolkata. There are a single regulated market named Kolkata RMC 

situated in Kolkata but agriculture is not performed in this district. 
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Figure: 1. Location map of the study area    Figure: 2. Districts of West Bengal 

4. Databases and methodology:  

The study has been done mainly by secondary databases. Various e-literatures help to 

conceptualize the issue. Databases about RMCs’ areas are mainly collected from the website of 

West Bengal State Marketing Board and analyzed and represented with major spreadsheet, 

cartographic, GIS and statistical software The main methods and techniques which are used are 

as follows. 

Composite indices method has been implemented through Factor analysis (Principal Component 

Analysis) on each of the pre-mentioned criteria to bring out the significant factors of the 

developmental infrastructures of regulated markets. For the Composite Factor Analysis 

(Principal Component Analysis) (Pearson 1901) the following has been formulized, 

P1 = Σ aj1 X Zj or P1 = a11. Z1+ a21. Z2 a11. + .......... an1. Zn 

Where, P1 denotes composite index of development of a unit study as first factor denotes the 

factor loading of the ‘j’th variable and 1 indicate the factor number that is first factor – vector of 

factor loadings. Zj denotes standardized value of the ‘j’th variable, which is expressed as: 

Zj =
Xj−Xm

δj
 

Where, Xj denotes original value of ‘j’th 

variable, Xm denotes the mean (Simple 

arithmetic mean (x bar) of ‘j’th variable and 

δj denotes the standard deviation of ‘j’th 

variable. 

In this aspect, 

Mean=
Σα

𝑛
 

Standard Deviation=√ (
α−ᾱ

𝑛
) 

Where, 

ᾱ is the arithmetic mean 
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α Is the individual value of items n is the number of terms in the distribution 

Measuring the Diversity of Production and consumption Simpson Index (Simpson, 1949) has 

been used. 

Simpson Index (D) = 1-∑ pi squaren
i=1   

or, 
Σn (n−1)

ΣN(N−1)
 

Where,  

Simpson Diversity Index (SDI) = (1-D) 

Simpson Reciprocal Index (SRI) = (1/D) 

Pi is the proportion of ith food item 

consumed  

n= Number of Individual consumption of 

each commodity 

N=Total consumption of individuals of all 

commodities. 

Weighted accessibility scores of the districts have been measured through the formula  

Weighted Associability scores = 
% 𝑜𝑓 𝑅𝑀𝐶𝑠

100
× 𝐴𝑐𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝑆𝑐𝑜𝑟𝑒 

Pearson’s Correlation (Pearson, 1896) has been formulated to represent the relationship of 

regulated market access with the market infrastructures and diversification of crops. Simple 

regression have also been used with the linear regression model (Galton, 1894; Pearson, 1896) 

and test of significance (Fisher, 1925 following Student, 1908) has been adopted also to observe 

the relationship either significant or non-significant. 

  t =  r√
n−2

1−r²
 

Where,  

t = Value of Significance  

r = Correlation Co-efficient 

r2 = Coefficient of determinants and  

n = No. of observation

5. Results and discussion: 

5.1. Regulated markets’ infrastructures of West Bengal: There are varying situations of 

regulated markets infrastructures in the districts of West Bengal. Here, the data of selected 

indicators Related with the infrastructures are collected from various e-sources such as Census 

of India (2011); Census of India (2014); Statistical Abstract of West Bengal (2012); 

WestBengalStat (2018); WBSMB (2018) as such and analysed through principal component 

analysis.  
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The selected indicators are,

1. Area in square kilometre (2011) 

2. Population (2011) 

3. Population density/square km. 

(2011) 

4. Gross cropped area (2007-2008) 

5. Net cropped area (2007-2008) 

6. Share of area of seven major crops 

as percentage of total cropped area 

(2008-2009) 

7. Total production under major crops 

(Tonnes) (2007-2008) 

8. Regulated markets (2011) 

9. Road density (2012) 

10. Number of Mouzas having drinking 

water facilities (2005-2006) 

11. Number of fertilizer depots (2005-

2006) 

12. Number of seed stores (2005-2006) 

13. Number of fair price shops (2005-

2006) 

14. Number of Gram Panchayat offices 

with telephone facilities (2005-2006) 

15. Cold storages (2011) 

The dominant factors of the four components are represented in the table 2. The factors scores of 

infrastructural development of regulated markets in the districts of West Bengal are shown in the 

figures 5 (a-d) and the composite factors scores (table 3) are represented in the figure 4. Here, 

higher value of factors scores (>1.7) in the districts Murshidabad, Barddhaman, Paschim 

Medinipur and Kolkata indicate high infrastructural development of the RMCs’ areas; moderate 

value of factors scores (-0.5 to 1.7) in the districts Birbhum, Bankura, Puruliya, Nadia, Hugli 

and South Twenty Four Parganas indicate medium infrastructural development of the RMCs’ 

areas and lower value of factors scores (<-0.5) in the districts Darjiling, Jalpaiguri, Koch Bihar, 

Uttar Dinajpur, Dakshin Dinajpur, Maldah, Purba Medinipur, Haora and North Twenty Four 

Parganas indicate low infrastructural development of the RMCs’ areas. 
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Figure: 3. Total number of RMCs in the districts of West Bengal (2011); Figure: 4. 

Infrastructural developmental level of the regulated markets in the districts of West Bengal 

based on composite factor scores (2011) 

 

 

 

 

 

 

Figure: 5 (a). Factor-I, Figure: 5 (b). Factor-II,Figure: 5 (c). Factor-III,Figure: 5 (d). Factor-IV 

Figure: 5 (a-d). District-wise factor scores of the infrastructural development of the regulated 

markets of West Bengal (2011) 

5.2. Diversification of major crops: Diversification of seven major crops (rice, wheat, other 

cereals, pulses, jute, potato, rapeseeds and mustard) is calculated by Simpson’s Index in the 

districts of West Bengal (except Kolkata where agriculture is not performed) (table1). The 

figure 9 represents district-wise Simpson’s indices 

values (2008-2009). Very high diversification (> 

0.54) is found in the districts Darjiling, Malda, 

Murshidabad and North Twenty Four Parganas; 

high diversification (0.42-0.54) in the districts 

Jalpaiguri, Koch  

Bihar, Uttar Dinajpur, Dakshin Dinajpur and 

Hugli; moderate diversification (0.28-0.41) in the 

districts Birbhum, Bankura, North Twenty Four 

Parganas and South Twenty Four Parganas and low 

diversification (0.14-0.27) is found in the districts 

Barddhaman, Bankura, Paschim Medinipur, Purba 

Medinipur and Haora. 

 



International Journal of 
Integrated Research and Development        ISSN : 2278-8670 

73 

 

 Figure: 9. Diversification of major crops (Simpson’s Index) in the district of West Bengal 

(2008-2009); Figure: 10. Changing situation of crop diversification (Simpson’s Index) in the 

districts of West Bengal 

5.3. Access to the regulated markets: The access to the regulated markets is greatly depended 

on the accessibility scores of the major linkage points of highways in the districts of West 

Bengal. Here weighted accessibility scores (weighted by number of regulated markets) are 

measured (table 3) to interpret the level of access to the regulated market areas where the lower 

value of the weighted accessibility scores represent highly accessibility to the RMCs areas and 

vice versa in the districts of West Bengal. In the figure 

11, low accessibility scores (highly accessibility) are 

mostly found in the central, eastern, south-western and 

southern part of West Bengal including the districts 

Maldah, Murshidabad, Birbhum, Barddhaman, Bankura, 

Paschim Medinipur, Purba Medinipur, Nadia, Hugli, 

Haora and Kolkata; moderate accessibility scores 

(moderate accessibility) are found in the districts Uttar 

Dinajpur, Dakshin Dinajpur, Puruliya and part of South 

Twenty Four Panganas and high accessibility scores 

(highly accessibility) are found in the districts Darjiling, 
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Jalpaiguri, Koch Bihar, centre of South Twenty Four Parganas. 

Figure: 11. District-wise accessibility scores of the major selected nodes based on linkages 

through Highways in West Bengal (2012)  

5.4. Relationship of access to the regulated markets with diversification of crops and 

market infrastructures: The relationship of weighted accessibility scores (depended variable) 

with crop diversification index and composite factor scores (independent variables) is measured 

and represented in the figures 12 and 13. Here, the figure 12 represents positive relationship (r = 

0.226, r2 = 0.051, p > 0.05, 95% confidence level) between the crop diversification index and the 

weighted accessibility scores (that means where crop diversification is high weighted 

accessibility scores are also high or accessibility is low, as high value of weighted accessibility 

scores mean low accessibility and vice versa and where crop diversification is low weighted 

accessibility scores are also low or accessibility is high). Besides, the figure 13 shows negative 

relationship (r = -0.309, r2 = 0.096, p > 0.05, 95% confidence level) between the composite 

factors scores and the weighted accessibility scores (that means where composite factors scores 

are high weighted accessibility scores are low or accessibility is high and where the composite 

factors scores is low weighted accessibility scores are high or accessibility is low). The both 

correlations are statistically not significant. 

 

 

 

 

 

 

Figure: 12. Relationship between crop diversification indices and weighted accessibility scores; 

Figure: 13. . Relationship between composite factor scores and weighted accessibility scores 

6. Major findings and further research: Major findings of the study are: 

1. Regulated market committees’ areas hold varying infrastructural situations in the districts of 

West Bengal. 
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2. The values of crop diversification (Simpson’s Index) indicate the extent of crop 

diversification in the districts of West Bengal. Values closer to zero indicate crop concentration 

and values closer to one indicate crop diversification. 

3. The accessibility to the RMCs areas of the districts of West Bengal is inversely related to the 

measured accessibility scores. 

4. Where the diversification of crops is high, access to the RMCs’ areas is low and where the 

infrastructural development of the regulated markets is high, access to the markets is also high in 

the districts of West Bengal. But, those relationships are statistically not significant. 

Further research suggest to perform field based investigation with analysing the primary data to 

find out infrastructural variations of the regulated markets and relation of its access with these 

infrastructures and extent of crop diversification in the districts of West Bengal more accurately, 

reliably and significantly.  

7. Conclusion:  

The agricultural regulated markets maintain the flow of produced agricultural commodities from 

the farmers to the marketers and consumers in West Bengal. RMCs’ areas infrastructures vary in 

the district of West Bengal with the extent of crop diversification and access to the regulated 

markets. As the access to the RMCs’ areas are correlated with the other factors of infrastructures 

and extent of agricultural diversification also, more emphasize would be given on the 

developmental procedures of the regulated markets. Besides, there the diversification of crops 

also is extended in the districts of West Bengal to access the crops into the RMCs’ areas in a 

better way in future. 
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Appendix: 

 

Table: 1. Crop diversification indices of the districts of West Bengal 

Source: *Calculated by the author based on the data collected from District Statistical Hand 

Books (Various issues, 1990-91 to 2013-14), **Mithiya, Mandal, and Datta (2018, 114 and 119) 

Districts/State 

Crop diversification indices 

Simpson's index 

(2008-2009)* 

Simpson's index 

(2013-2014)** 

Darjiling 0.6512 0.79 

Jalpaiguri 0.5204 0.82 

Koch Bihar 0.5055 0.73 

Uttar Dinajpur 0.5085 0.76 

Dakshin Dinajpur 0.5085 0.76 

Maldah 0.58 0.82 

Murshidabad 0.6788 0.84 

Birbhum 0.3144 0.63 

Barddhaman 0.2324 0.65 

Nadia 0.6679 0.86 

Bankura 0.2821 0.6 

Puruliya 0.1551 0.35 

North Twenty Four Parganas 0.3036 0.8 

South Twenty Four Parganas 0.3036 0.58 

Hugli 0.4717 0.78 

Haora 0.1812 0.68 

Purba Medinipur 0.1605 0.63 

Paschim Medinipur 0.1605 0.67 

Kolkata 0 0 

West Bengal 0.4282 0.77 

https://brage.bibsys.no/xmlui/bitstream/handle/11250/2359285/NMBU%20Sociological%20Approach%20to%20Crop%20Diversification%20-%20Master%20Thesis%20Version%20Complete%20-%20L%C3%A9a%20Vereecke.pdf
https://brage.bibsys.no/xmlui/bitstream/handle/11250/2359285/NMBU%20Sociological%20Approach%20to%20Crop%20Diversification%20-%20Master%20Thesis%20Version%20Complete%20-%20L%C3%A9a%20Vereecke.pdf
http://wbagrimarketingboard.gov.in/
http://www.wbagrimarketingboard.gov.in/submarket/rmc.html
http://www.westbengalstat.com/transport-data/30/roads/246/stats.aspx
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Table: 2. Component matrix of the factors (small coefficient is supressed: absolute value <0.30)  

 

 

 

 

 

Component Matrixa 

Indicators 
Component 

1 2 3 4 

Area in square kilometre .800   .317 

Population .552 .674   

Population density/square km. -.571 .649 .336 .341 

GCA .911    

NCA .897    

Share of area of seven major crops as 

percentage of total cropped area  
.610 -.384 -.526  

Total production under major crops (Tonnes) .794  .489  

Regulated markets  -.363 .688 -.336 

Road density -.567 .607 .371 .392 

No. of Mouzas having drinking water facilities 

 
.669   .554 

No. of fertilizer depots 

 
.629 .579   

No. of seed stores 

 
 .763 -.324 -.383 

No. of fair price shops 

 
.753   .381 

No. of Gram Panchayat offices with telephone 

facilities 

 

.798 .467   

Cold storages .535  .443  

Extraction Method: Principal Component Analysis. 

a. 4 components extracted.                                                              Source: Calculated by the 

author 
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Table: 3. Weighted accessibility scores and composite factors scores of the districts of West 

Bengal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source:  Calculated by the author based on * Boral and Bhaduri (2015), **Calculated by the 

author 

 

  

Districts 
Weighted accessibility 

scores (2012)* 

Composite factor 

scores (2011)** 

Darjiling 4.558139535 -2.49579 

Jalpaiguri 7.604651163 -0.82786 

Koch Bihar 15.20930233 -1.29339 

Uttar Dinajpur 3.209302326 -1.57153 

Dakshin Dinajpur 1.697674419 -2.75658 

Maldah 2.511627907 -1.30334 

Murshidabad 5.395348837 2.21721 

Birbhum 3.76744186 -0.2675 

Barddhaman 5.581395349 2.86972 

Nadia 3.837209302 0.03465 

Bankura 1.255813953 0.90907 

Puruliya 3.441860465 -0.34521 

North Twenty Four 

Parganas 
1.604651163 -1.02144 

South Twenty Four 

Parganas 
2.186046512 0.65519 

Hugli 3.73255814 1.13966 

Haora 1.279069767 -2.7211 

Purba Medinipur 2.651162791 -0.54565 

Paschim Medinipur 2.651162791 3.96435 

Kolkata 1.627906977 3.35953 
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Abstract:  

The elderly population in West Bengal is growing fast and at an alarming rate in comparison 

with the all India average. Proper safety, security and social protection of ageing population 

majority of whom being woman is of utmost criteria of consideration in West Bengal 

gerontological research. The state faces the urgent need to study her ageing processes so that  

its influence and impact on elderly population  as well as society could be judged.   

1. Introduction:  

The concept of Ageing is a continuous, irreversible, universal process, which starts from 

conception till the death of an individual. However, the age at which one’s productive 

contribution declines and one tends to be economically dependent can probably be treated as the 

onset of the aged stage of life. Old age is the last phase of human life cycle, which is again 

universally true. As such it is difficult to provide a clear definition. Different writers have 

viewed ageing in different contexts as the outcome of biological, demographic, sociological, 

psychological or other processes. 

2. Objective of the study:  

To find out the fast growing ageing population in the state, problems faced by them, way out and 

ultimate implication on the society.  

The WHO defines those aged 60 -74 years as elderly. In 1980 the UN recommended 60 years as 

the age of transition for the elderly segment of the population, and has been categorized as 

follows:  

1. Young Old- between the ages of 60-75 years. 

2. Old-Old- between the ages of 75-85 years. 

3. Very Old- 85 years and above 

                    Gerontologists say that age and ageing have at least four dimensions. The 

dimension most of us think of is chronological age, defined as the number of years since 

someone was born. A second dimension is biological ageing, which refers to the physical 
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changes that “slow us down” as we get into our middle and older years. For example, our 

arteries might clog up, or problems with our lungs might make it more difficult for us to breathe. 

A third dimension, psychological ageing, refers to the psychological changes, including those 

involving mental functioning and personality, that occur as we age. The fourth dimension of 

ageing is social. Social ageing refers to changes in a person’s roles and relationships, both within 

their networks of relatives and friends and in formal organizations such as the workplace and 

houses of worship. 

                      World Population Data Sheet- 2002 considers aged population as population in the 

age group of 65+ as old.  

Indian population on age perspective 

In the Indian context, the age of 60 years has been adopted by the census of India for the 

purpose of classifying a person as old, which coincides with the age of retirement in government 

sector. The terms Young-Old for 60 to 69, Old-Old for 70 to 79 and Oldest Old for 80 to 89 have 

been used.   

The number of older Indians is growing rapidly as a proportion of the country’s 

population 
 

Source: (United Nations 2015); dashed lines represent projections under a medium-fertility 

scenario  
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Population Aged 60 years and above according to Census 2001 and 2011 

 

 
 

Along with lower birth and death rates, the expected lifespan of the people in West Bengal is 

also projected to remain higher than the national average. To illustrate, life expectancy at birth of 

an average person (e0 ) in West Bengal was estimated to be 69 years during 2006–10 as 

compared to  

68.9 years in Tamil Nadu and 67.2 years in Karnataka. The only two states with higher life 

expectancies than West Bengal were Kerala where e0 was estimated at 74.2 years and Punjab, 

where e0 was marginally higher at 69.3 years (Sample Registration System 2012).  

West Bengal population on age perspective: 

The ageing population in West Bengal has got relatively less priority in gerontological research 

in India despite the fact that she acquires fourth position among all states and Union Territories 

(UT) in India in respect of absolute numbers of aged people (Census, 2001). However, the 

elderly population in the state of West Bengal is growing in a faster rate than all India average. It 

could be projected that, in near future, West Bengal would emerge as an important state in India 

in respect of population ageing. 
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Age and Sex in West Bengal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The sex ratio across the elderly age groups, as shown in above Figure , clearly indicates a 

steadily increasing female dominance with age – the sex ratio increases from 1,053 (60-69 

years) to 1,376 in the 80+ age group.  

Rising feminization of ageing was prominent in West Bengal, similar to the seven state report, 

with the sex ratio being 1135 females per 1000 males in the 60+ age group. Nearly two-thirds of 

the elderly (63%) are in the 60-69 age group confirming ageing as a recent phenomenon 

requiring immediate attention. Almost three-quarters of the elderly females are widows and the 

lifetime migration among the elderly women is very high (82%) as against men (36%). 

Surprisingly, remarriage rate is marginally higher in rural locales (4%) than the urban locales 

(1%). Nearly half the elderly population (48%) surveyed in the state has no formal education. 

Amenities Presently Available:  

 

Health Care for the Elderly (HCE) Public health expenditure in West Bengal is reasonably low. 

The elderly here largely suffer from communicable diseases and impairment of special sensory 

functions like vision and hearing. Track records of the estimates of health burden of the BPL 

elderly are not in order. Geriatrics is not yet a popular specialty. As a result, there was no 

dedicated infrastructure for elderly health care particularly for the groups under the BPL 

category till the National Programme for the Health Care for the Elderly (NPHCE) commenced 
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in 2013. This section discusses the currently operational government initiated health care 

schemes and community response initiatives for the elderly. 

3. Programmes 

National Programme for Health Care of the Elderly (NPHCE) The NPHCE scheme is 

financed in the ratio 80:20 by the central and state governments respectively. The purpose of this 

scheme is to provide acceptable, affordable and quality long-term comprehensive dedicated 

health care services to the ageing population of the country. For West Bengal 2013 is the maiden 

year. NPHCE is open to all the elderly, irrespective of economic class. In order to address 

human resource issues under the NPHCE, it has been proposed to develop 12 additional regional 

geriatric centres in select medical colleges of the country in addition to 8 regional geriatric 

centres being developed during the 11th Plan. One of the regional centres and medical colleges 

proposed is Kolkata Medical College (KMC).  

Briddhashree Yojana (BY) of Government of West Bengal The Government of West Bengal 

has announced Briddhashree Yojana for the health care of 17 lakh (approximately) BPL elderly 

beneficiaries on record receiving old age pension. This scheme would be operational during the  

fiscal year 2013. (Ananda Bazar Patrika, 19 October 2013).  

Varistha Yojana for Senior Citizens (VYSC) This programme has been launched by National 

Insurance and other major insurance companies and caters to multiple health needs of senior 

citizens in the age group 60–80 years. The policy covers hospitalization and domiciliary 

hospitalization expenses as well as expenses for treatment of critical illnesses. However, 

beneficiaries of this scheme in West Bengal constitute only 2 per cent in APL category (The 

Economic Times, 10 July 2004). 

Mobile Medicare Unit (MMU) The scheme framed by the Ministry of Social Justice and 

Empowerment (MOSJE) limits grants-in-aid for projects for older people living in slums, rural 

and inaccessible areas where proper health facilities are not available. Currently there are seven 

MMUs in the state. The total number of beneficiaries is 2,800 (Annual Report, GoWB, 2011). 

Contemporary West Bengal is focused more on ageing and elderly care than child care.  

                        The Kolkata Police and an NGO “Bengal” started a program called ‘Pronam’. It 

is a unique attempt to provide physiological and physical support to the elderly through a 

helpline number. Pronam also provides emergency ambulance facilities and financial support in 
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a restricted way. The same programme has been replicated in the Salt Lake City under the name 

of ‘Saanjhbaati’ to provide assistance to NRIs living alone in that part of the city (Hindustan 

Times, 10 September, 2012). 

 Another notable initiative in West Bengal is of the Indian Medical Association (IMA), 

Behala. This is a doctors association that provides various medical services to the elderly 

population residing in Behala. Services provided include- hospitalization at subsidized rates; 

home visits by professional doctors; ambulance facilities and medical insurance for some of the 

fatal diseases (UNFPA, 2014). 

Challenges Before The Elderly People: We have come across some facilities are available or 

some  attempts have been taken to ease the life of the elderly people, but in reality those 

programmes need a considerable time and sincere effort to overcome the following challenges 

faced by the elderly people.      

                                                                   (i) Challenges in Urban Area 

                                                                  (ii) Challenges in Rural Area 

The challenges faced by the aged people both in urban and rural area can be identified under the 

following major heads. 

Urban Area: (i)  Monetary – The urban population has a wide range of income groups and thus 

the average expenditure reflects the actual capacity of consumption. 

Average Monthly Per Capita Expenditure on Broad Groups of Items in West Bengal 

(N.S.S 68th Round, July 2011 to June 2012) 

Average monthly per capita expenditure (`) Urban 

State 
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                     (ii) Social Association – Nuclear family and isolated existence. 

                    (iii) Medication – High cost of life saving drugs. 

                    (iv) Transportation – Facilities are available but not up to the mark. 

                     (v) Lack of oldage care amenities and infrastructure 

 

Rural Area: (i) Monetary - The rural population has a narrow range of income groups and its  

average expenditure reflects the actual capacity of consumption. 

  

Average Monthly Per Capita Expenditure on Broad Groups of Items in West Bengal 

(N.S.S 68th Round, July 2011 to June 2012) 

Average monthly per capita expenditure (`)    Rural 

State 
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639.92 

 

 

117.67 
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48.57 

 

 

93.49 

 

 

33.49 

 

 

152.57 

 

 

1170.11 

 

 

 

                    (ii) Medication – High cost of life saving drugs. 

                   (iii) Transportation – Negligible facilities are available. 

                   (iv)  Lack of oldage care amenities and infrastructure 

Comparative analysis of the challenges faced by the elderly people  in rural and urban 

sectors of West Bengal 

The foregoing assessment portrays that the population of two sectors (rural and urban) of West 

Bengal have some common problems faced by the elderly people. Basically the elderly people 

of urban sector though having the similar problems with the rural population but they stand in 
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different footing. As we see, socio-economic status of urban population is far better than the 

rural population though it may not be sufficient and thus monetary problem is generally faced by 

the elderly people of middle class, lower middle class and of the slum area. On the contrary this 

monetary problem is mainly faced by the majority of the rural elderly people except some 

exceptions. 

                      To provide emergency service to the elderly people there is no special provision 

even in the urban area and it is obvious no need to opine about the rural area. Since the elderly 

people is passing through a vulnerable stage, they need some special amenities and 

infrastructure such as equipments for their easy movement, safe corridor for their public 

interaction and artificial life saving aid  to lessening their pain and trouble including health and 

sanitary facilities. At present only the rich population of the urban area and some exceptional 

rural people can manage to avail those facilities, which needs institutional or governmental 

interventions for mass utility. It is now revealed from various studies that the life expectancy of 

any population rises by using life saving drugs and it is also applicable to the elderly people who 

use regularly life support drugs. Due to monetary problem and high cost of these lives saving 

and life support drugs a part of the urban elderly population and a major portion of the rural 

elderly population cannot avail those drugs. 

              It is one of the major socio-psycho problems caused mainly by socio-economic 

independence reaching to the nuclear family from joint family. This rampant problem is mainly 

faced by the urban elderly population due to social and family structure. It is a natural 

phenomenon as the age goes up the elderly people loses their peers which reduces their 

communication to exchange their views. On the other hand, the younger generation is on the age 

of rat race and lacking in to spend valuable times with their elderly people which resulted the 

elderly people to face extreme isolation and indirectly forced them to dip into depression. On the 

contrary though the rural family structure is mostly nuclear still the rural elderly people have 

some social association which prevents them to face the problems as faced by the urban elderly 

people. 

Some Innovative Approaches which may help in better way the elderly people if 

implemented in the state: 

Dance movement therapy is now-a-days used as a successful media to increase the health 

status of any age group by eliciting positive changes in certain aspects of physical fitness and 

healthy wellbeing (Chatterjee, 2013a). It has a great potential to improve antioxidant status and 
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prevent free radical injury (Chatterjee, 2013b). Western ballroom dance forms had been used in 

gerontology research to enhance balance and functional autonomy (Borges et al., 2012). Salsa 

dance had also been used to increase balance and strength among older adults (Granacher et. al., 

2012). But such attempts with Indian dance forms are in a very nascent stage. Though the Indian 

classical, folk and innovative dance forms has a great treasure in therapeutic aspects (Chatterjee 

2013c), but the subject still necessitates in-depth practical application. Further the folk and tribal 

dance forms of West Bengal have a great influence on physical health, mental health and social 

health (Chatterjee 2013d).   

Age-friendly cities and communities 

An age-friendly city or community is a good place to grow old. Age-friendly cities and 

communities foster healthy and active ageing and, thus, enable well-being throughout life. They 

help people to remain independent for as long as possible, and provide care and protection when 

they are needed, respecting older people’s autonomy and dignity. 

The WHO Global Network of Age-friendly Cities and Communities was established in 2010 to 

support municipalities that wished to transform these ambitions into reality, involving older 

people in the process and maximizing their opportunities at the local level. The network seeks to 

do this by: 

inspiring change and showing what can be done and how it can be done; 

connecting cities and communities worldwide to facilitate the exchange of information and 

experience; 

supporting cities and communities to find solutions by providing innovative and evidence-

based technical guidance. The network builds on previous work by WHO, and by 2015 included 

more than 250 cities and communities in 28 countries.  

Safe Streets for Seniors programme has developed measures to improve the safety of older 

pedestrians in particular areas of the city where older people had been involved in accidents that 

resulted in severe injuries or fatality. Initiatives in other cities, have focused on enhancing 

mobility by making transportation affordable for and accessible to older people, including in 

rural areas. For example, in Winnipeg, Canada, Handi-transit provides transportation for older 

people who are not well served by public transport or who can no longer drive. To address the 

challenges of social isolation and loneliness, many communities have developed telephone 



International Journal of 
Integrated Research and Development        ISSN : 2278-8670 

90 

hotlines as well as befriending schemes in which volunteers visit older people. Another way of 

tackling social isolation and loneliness is through schemes that offer activities of interest to older 

people. An example is the Men’s Sheds in Australia and Ireland that target men at risk of social 

isolation, offering activities of interest to them, such as wood turning, repairing vintage vehicles, 

compiling heritage memorabilia and classes on information technology. 

Conclusion:  

Statistics embodies the trend of increasing elderly people in the state of West Bengal. Some 

discrete approaches have been taken to ease the life of the elderly people within the state under 

the existing infrastructure. But no common programme has yet been taken for all the people who 

have crossed the age limit of sixty years. It may rise a viable question to the existing and future 

young generation how would they treat their yesterday's nation builders who are now elderly 

people and what will happen when their turn will come. 
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Abstract: 

Geospatial technology which includes RS (Remote Sensing), GIS (Geographical Information 

System) & GPS (Global Positioning System) has played an important role in present day context 

of Geographical Study. Dwarakeswar river is one of the largest and most important river on the 

western part of Bengal. Its basin area is composed with Pre-Cambrian crystalline and resent 

alluvium deposition. In this paper we shall mainly focus on quantitative analysis of different 

morphometric parameters such as linear, areal and relief aspect and also represent temporal 

variation on Dwarakeswar river basin. To prepare this paper we have used SRTM DEM (90 m 

resolution) for preparing necessary maps and diagrams through GIS software. After using 

various hydrological and terrain tools we have concluded that dendritic drainage pattern, 

homogeneous lithology and gentle slope topography have been seen on the basin due to its level 

of maturity. This study is very useful for planning rainwater harvesting and watershed 

management, for maintaining a continuous flow all over the year and providing nature of 

stability. 

Keywords: Quantitative analysis, Morphometric parameters, Temporal variation, Watershed 

management, Nature of stability. 

1. Introduction:  

Morphometry is the measurement of geometry of a drainage basin or of a part of it. Significant 

numerical values of linear, areal and relief properties of the area concerned can be obtained from 

such measurement. A drainage system is influenced by qualitative and quantitative attributes but 

morphometric analysis based on quantitative analysis of particular drainage system. It closely 

associated with dynamic geomorphology which is concerned with morphogenetic processes and 

morphogenetic environment. In present day context geospatial technology has played an 

important role to compute and provide significant result for morphometric analysis of drainage 

system. 
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S.K.Nag & A.Lahiri(2011) in their paper “Morphometric analysis of Dwarakeswar watershed 

Bankura District, West Bengal, India, using spatial information technology” has studied that 

different physical characteristics of drainage basin and understand the role of lithology and 

geologic structure in development of drainage pattern. 

K.Pareta & U.Pareta(2011) has compute 85 morphometric parameters of all aspects and provide 

landuse and landcover map in their paper “Quantitative Morphometric Analysis of a watershed 

of Yamuna Basin, India using ASTER (DEM) Data and GIS”. 

S.K.Maity and R.Maity (2013) has analyzed the geometric and hydraulic condition in their 

entitled paper “ Hydrodynamics at the Junction of Silabati ,Dwarakeswar and Rupnarayan 

Rivers at Bander , Paschim Medinipur , Westbengal,India.” 

J.Senhal I & Md.Babar(2013) has studied morphometric parameters and provide proper 

watershed management on their paper “ Morphometric Analysis with Reference to Hydrological 

Repercussion on Domri River Sub-basin of Sindphana River Basin, Maharashtra, India.” 

P.K.Sarma, K.Sarmah, P.K.Chetri & A.Sarkar(2013) has examined morphometric parameters 

and provide sustainable river basin and watershed management plan in their paper  “Geospatial 

study on morphometric characterization of Umtrew River Basin of Meghalaya, India.” 

S.Das & K.Gupta(2014) has analyzed morphometric parameters show relationship between 

morphometric attributes and process and examined stage of the cycle of erosion on their paper “ 

MORPHOMETRIC ANALYSIS OF THE POLYGENETIC DRAINAGE BASIN : A CASE 

STUDY IN SALI RIVER BANKURA DISTRICT , WESTBENGAL.” 

After reviewing various research papers, articles, journals and books come across several works 

relating to morphometric analysis and watershed management is available. But in this paper we 

can represent some of morphometric analysis of linear, areal and relief aspect, stage of 

topography and examine the landuse and landcover pattern with respect of time period.        

2. Methods and Materials: 

Explanation of past, present and future of any geographical event require a particular method 

and analysis. The integrated approach to research methods in geomorphology includes field 

observation, laboratory observation, official observation and theoretical work (Sing, 

1998.p.p21).The methods which are applied in the study area are given below. 
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a) Field Observation: Field observation includes qualitative as well as quantitative methods of 

data acquisition .Data obtain from extensive field observation in the form of numerical and 

informative. For this work, several time we visited the study area to derive the quantitative and 

qualitative data and ground truth verification.      

b) Laboratory Observation: Laboratory base observation indicates the computer based work 

with numerous software, which helps for rectification of maps, mapping, generation of data, 

measurement etc. The main software which used in this term paper is windows 8.1, Arc GIS 

10.2, Google Earth, QGIS 2.8.2, and Microsoft 2007. 

c) Official Observation: In this step, official observations indicate the collection of data from 

different official sources, it mainly numerical data, different thematic maps, raw satellite 

imageries etc, which helps to analysis the research work. Topographical maps are very important 

for this research work. It gives the accurate information about the study area in terms of area 

measurement, length, distance. The main official sources of data are given below. 

OFFICIAL SOURCE TYPES OF MAPS 

USGS LANDSAT ETM+, TM  ,MSS image 

Table No.1: Main Data source 

d) Theoretical Work: This is a very important step because all of the previous work depend its 

efficiency for result output. In this step involves the processing, analysis and interpretation of 

the entire work. In this work, we are tried to find out morphometric analysis and land use land 

cover change. 

 

                         Table No.2: Fieldwork use Data source 

 

 

 

MAPS/IMAGES SOURCE YEAR 

LANDSAT ETM+, TM, OLI 

TIRS 

GLCF,USGS 1995,2015 

SRTM DEM (90m) Earth Explorer 2013 
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3. Location of the Study Area:  

Dwarakeswar river is one of the important river on the western Part of the Bengal. This area 

totally composed with pre- Cambrian crystalline and recent alluvium deposition. The shape of 

Dwarakeswar river basin is semi elliptical.  

                                      

Maps & Diagrams No. 1: Location map of study area 

4. Morphometric Analysis: 

4.1. Basic Parameters: Basic parameters include watershed area, perimeter and basin length 

4.1.1. Area (A) and Perimeter (P): The drainage area (A) is probably the single most important 

watershed characteristic for hydrologic design and reflects the volume of water that can be 

generated from rainfall. Present result shows that the basin covers an area about 9019.20 km2 

while the basin perimeter (P) can be represented as length of the line that defines the surface 

divide of the basin. Perimeter of the watersheds is about 171.814 km.  

4.1.2. Basin Length: Basin length is usually defined as the distance measured along the main 

channel from the watershed outlet to the basin divide. Since the channel does not extend to the 

basin-divide, it is necessary to extend a line from the end of the channel to the basin-divide 

following a path where the greatest volume of water would travel. Thus, the length is measured 
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along the principal flow path. Basin length is the basic input parameter to count the major shape 

parameters. In the result, basin length is 1062.07 km. 

4.2. Linear Parameters: Linear parameters include stream ordering, bifurcation ratio, stream 

numbers, stream length, mean stream length, stream length ratio and length of overland flow. 

4.2.1. Stream Ordering: The stream ordering is the first step in the drainage basin analysis. In 

the present study, ranking of streams has been carried out based on the method proposed by 

Strahler (1952). It has observed that the maximum frequency is in the case of first order streams. 

It has also noticed that there is a decrease in stream frequency as the stream order increases.  

                             .  

Maps & Diagrams No. 2: Stream ordering of Dwarakeswar Basin 

4.2.2. Bifurcation Ratio: It is defined as the ratio of the number of streams of a given order to 

the number of streams of the next higher order (Schumn 1956). the mean bifurcation of the 

entire basin is 3.12 . 

4.3. Areal Parameters: Areal Parameters include geometry of basin shape (include form factor, 

shape factor, circularity ratio and elongation ratio), texture ratio, drainage texture, stream 

frequency, drainage density, drainage pattern, compactness coefficient etc.  
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4.3.1. Geometry of Basin shape: Different popular methods of computation of basin shape are 

as follows-  

4.3.2. Form Factor: The form factor can be defined as the ratio of the area of the basin to 

square of the basin length (Horton 1945). In the present study the value of form factor is about 

0.403 indicating the watershed is elongated. 

4.3.3. Stream Frequency: Stream frequency or drainage frequency is the measure of number of 

stream segments of all orders per unit area (Horton, 1932). In the present study, the value of 

stream frequency of the Dwarkeswar watershed is .455247 sq.km. The value of stream 

frequency for the basin exhibit positive correlation with the drainage density value of the area 

indicating the increase in stream population with respect to increase in drainagedensity 

4.3.4. Drainage Density: Drainage density is the ratio of total length of all stream segments in a 

given drainage basin to the total area of that basin. The drainage density indicates the closeness 

of spacing of channels (Horton, 1932). A high value of drainage density is the result of 

impermeable sub-surface material, sparse vegetation, mountainous relief which influences low 

infiltration capacity and higher runoff and soil loss. Maximum drainage density is calculated as 

0.545582 per sq.km. 

               

                 Maps & Diagrams No.3: Drainage Density of Dwarakeswar River Basin. 
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4.3.5. Drainage Pattern: Dendritic drainage pattern is identified in the Dwarkeswar watershed. 

Dendrite pattern is most common pattern is formed in a drainage basin composed of fairly 

homogeneous rock without control by the underlying geologic structure. 

4.4. Relief Parameters: Relief parameters include absolute relief, relative relief, dissection 

index and average slope. 

4.4.1. Absolute Relief:  The difference in elevation between a given location and sea level is the 

absolute relief. 

4.4.2. Relative Relief: Relative relief is defined as the difference in height between the highest 

and the lowest points in a unit area. It is an important morphometric parameter which is used for 

the overall assessment of morphological characteristics of terrain. The maximum relative relief 

for the part of the Dwarkeswar watershed is 320 m in the north-eastern part of the study area. 

4.4.3. Dissection Index: Dissection index is a parameter implying the degree of dissection or 

vertical erosion and expounds the stages of terrain or landscape development in any given 

physiographic region or watershed (Singh and Dubey 1994). The value of dissection index 

ranges between 0 to 1. Higher value of the dissection index represents larger is the undulation 

and instability of the terrain. Maximum dissection index is calculated as 0.73 in the north-

eastern part of the watershed. 

Maps & Diagrams No.4: Relative relief & Dissection Index of Dwarakeswar River Basin. 
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According to Dissection Index value that the regions are classified into 4categories thatare 

Slightly, Moderately, Highly and severely dissected area. In general classification the slightly 

dissected area are situated near about 15%, moderately dissected area are occupies near about 

40% and highly and severely dissected area are occupies near about 35% and 10% area. At a 

small amount of region have much more dissected area are found and also the shape of the basin 

and irregular river discharge another factor for the occurrence of flood at the lower part of the 

Dwarakeswar river basin.  

5. Hypsometric Curve:  

Hypsometry( hypsos = height; metron= measure) is the measurement of the relationships of area 

an  altitude of any area by drawing curve of these two variables on cartesian co-ordinates, area 

along the abscissa (X-axis) and altitude on the ordinate (Y-axis). These measures are sufficiently 

useful for the comprehension of area altitude distribution of any country, region or drainage 

basin. Such measures are especially of tremendous significance for drainage basins as the areal 

distribution of the relief is fundamentally responsible for the development and alignment of 

drainage network indicative of the stage of the erosional surface and slope pattern besides its 

significance on the potential energy of running water the biotic conditions land use accessibility 

and various other inter related phenomena. 

Those are classified into three categories Absolute hypsometric curve, Percentage hypsometric 

curve and Relative hypsometric curve. There are some advantages of hypsometric curve that’s 

are – actual assessment of the relief zones and their corresponding areal coverage of any 

drainage basin or area under study, detection of plateaus or erosional surfaces, Assesment of the 

stage of the topography and its an useful device for comparing the altitude distribution of 

different drainage basins .   

   The value of hypsometric curve ranges between 0 to 1 and that the curve 

is representing the present condition so that’s my study Dwarakeswar river represent as highly 

mature. 
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Maps & Diagrams No. 5: Areal distribution of contour and Hypsometric curve. 

SL.NO MORPHOMETRIC 

PARAMETERS 

FORMULA REFERENCE RESULT 

1. 

 

 

Stream ordering 

(Nu)  

 

Hierarchical rank  

 

Strahler (1964)  

 

1 to 4  

 

2. 

 

 

Stream Length (k.m.)  

 

Lu = L1+L2 ……Ln  

 

Strahler (1964)  

 

726.72  

 

3. 

 

Bifurcation Ratio (Rb)  Rb= Nu/Nu+1 

Where Nu= Total 

number of stream 

segment of order u 

Nu+1= Total number 

of stream segments 

in next higher order  

 

Schumm (1956)  3.12 



International Journal of 
Integrated Research and Development        ISSN : 2278-8670 

101 

            Table No. 3: Empirical Formulas for Computation of Morphometric Parameters. 

6. Land Use change through Time Span: On the basis of the analysis of the 1995, 2015 

Landsat data of the study area are following changes are discernible in the study area. 

6.1. Land Cover: Landcover is the physical material of the earth surface. Landcover includes 

include green ,trees, water body etc there are two primary methods for capturing information on 

landcover field survey and analysis of imagery field survey. 

6.2. Land Use: Landuse use involves the management and modification of natural environment 

or wilderness in to built environment such as settlement and semi natural habitats.It also has 

been defined as the total of arrangements activities and input that people undertake in a certain 

landcover type. It sometime may be natural or sometime artificial.  Land use pattern develops in 

relation to human needs and purpose like residential, commercial, and industrial, roads, parks 

etc. 

Over a particular parcel of lands. The existing land use of Dwarakeswar river basin has been 

studied with the help of Landsat 5 TM, and Landsat 8 OLI TIRS satellite images. It is obvious 

from the study that the area is predominantly a highly Agricultural based area. The Satellite 

imageries of 1995 & 2015 have been used to detect the changes in physical and cultural 

4. Drainage Density (Dd) 

km/km2  

Dd =Lu/Au Where 

Lu =total length of 

stream segments 

cumulated for each 

stream order, Au= 

Basin area  

 

Strahler (1964)  0.545582 

5. Stream Frequency (F)  F = Nu/Au where 

Nu=total number of 

stream segments of 

all order, Au=Basin 

area  

 

Horton (1945)  .455247 

6. From Factor (Rf)  Rf = A/Lb² Where A 

= Area of the basin 

(km²) Lb² = Square 

of the basin length  

 

Horton (1945)  0.403  

8. Relative Relief (Rr)  Rr= MH-mh Where 

MH = Maximum 

height of the basin, 

mh = minimum 

height of the basin  

 

 320m  
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elements of the basin. Major land use classes which have been identified in the area are Water 

bodies, vegetation cover, built- up area, sand and fallow land. Population growth, human 

interferences and human needs or demands are the main responsible factors of land use change. 

In the current study mainly focused on land use change through the river course shifting. 

 

           Maps & Diagrams No. : Land use and land cover change map (1995 &2005) 

In that particular diagram we can see that the amount of water body and the vegetation area are 

decrease and the other hand another parameters build up area and fallow land also increase. So 

we can interoperate that human civilization or human activities have much more active during 

short time span on Dwarakeswar river basin. Due to illegal sand mining has in river beds that 

can generate fallow land. Another hand low intensity high magnitude or high intensity low 

magnitude flood have much more occurred in the Dwarakeswar drainage basin because that the 

basin are funnel shape. In that case much more sand are deposited in the flood plain area so 

agricultural land convert to fallow land. Due to process of rapid unscientific urbanization at the 

district of Purulia, Bankura , Burdwan and Hoogly district of WestBengal . In this point of view 

much more forest cover change into fallow land or build up area. That the Dwarakeswar River is 

a non perennial river so the rate of water discharge or availability of water is low in dry season 

and some water bodies are capturing by various types of human activity such building 

construction , bridge construction or recreational centre that can hamper the local environmental 
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health. So we can easily concluded that to maintain the condition of river as static then we focus 

on how to protect our environment health with much more scientific planning that can helps to 

prevent various kind of geomorphic hazards and safe the environment health and provide a 

sustainable life of human beings.   

7. Acknowledgement:  
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morphometric analysis. Their contribution in this paper is undeniable.     

8. Conclusion:  

After using various hydrological and terrain tools we have concluded that dendritic drainage 

pattern, homogeneous lithology and gentle slope topography have been seen on the basin due to 

its level of maturity. Due to its high level of maturity lateral movement have been found. Illegal 

sand mining is another cause of river course shifting for changing thalwag point. Dwarakeswar 

river is a seasonal river so; there is not much water in summer time. But in rainy season heavy 

rain have been found on the upper catchment of basin that can occurs numerous flood every year 

and great damage in the lower catchment. So, we can use geospatial technology and take help of 

structural measures and non structural measures to create dams on the upper catchment .It will 

reduce the want of waters in dry areas of Purulia and Bankura and we can also provide fresh 

water for agricultural and industrial practices in Burdwan and Hooghly region. Some of  non – 

structural measures such as Floodplain zoning and its management, Flood forecasting, Flood 

vulnerability zoning, Flood insurance that can provides economical support or beneficiary 

support or essential support by Central or State Government or various  agencies or NGOs to 

recovered from their loss ,Public awareness for Removal of Human Encroachment along river 

bank. In this way we can provide a stable and beautiful watershed management.   
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Abstract: 

Vegetation indices have wide applications in the field of remote sensing to evaluate and monitor 

changes in land use pattern, ecosystem health and environment. Studies indicate that the soil 

underneath the vegetation has strong influence in the interpretation of vegetation indices 

derived from satellite observations. This paper attempts to study the sensitivity of four 

vegetation indices (NDVI, SAVI, MSAVI and GEMI) and soil brightness index (BI and CI) in a 

semi-arid region and compares their sensitivity over different satellite sensors. The study is 

conducted in a salt-affected region of India, which is composed of saline and saline-sodic soil. 

From the study, close similarity was found between SAVI and MSAVI and they are more 

sensitive to bright surfaces than NDVI and GEMI. The correlation between different pairs of 

vegetation also exhibited small differences for Landsat8, LISS-III and Sentinel 2 images. The 

study compares the extent to which the vegetation indices response to variation in bare surface 

for different satellite sensors. The variation in the values of vegetation indices is not only a 

function of the spectral reflectance value of the vegetation cover, but also the surface reflectance 

value of the bare soil.  

Keywords: Vegetation indices, soil brightness index, spectral reflectance, sensitive 

1. Introduction: 

Remote Sensing has wide applications in different land use and land cover classification and 

analysis – vegetation cover mapping and analysis being one of them. Classification and mapping 

vegetation is crucial for managing natural resources as vegetation provides a base for all living 

beings and plays an essential role in affecting global climate change. A common method of 

vegetation mapping is application of vegetation indices. Over the last few decades, numerous 

vegetation indices (Vis) have been developed, combining two or more spectral bands, because 
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new technologies provide vast knowledge about the vegetation characteristics (spatial coverage, 

temporal variation, biomass, productivity) and more accurate information can be derived from 

the multi-band images than from a single band data. Most Vis are extracted from their radiance 

or reflectance values in the red band and the near-infrared (NIR) band (Bannari et al. 1995).  

The most widely used normalized VI is the Normalized Difference Vegetation Index (NDVI) 

where image rationing is performed between the red and NIR bands. There are numerous 

vegetation indices like Ratio Vegetation Index, Difference Vegetation Index, Perpendicular 

Vegetation Index, Atmospherically Resistant Vegetation Index and many more; but in a semi-

arid region, the vegetation cover is usually sparse and therefore a clear distinction between 

vegetation from the soil underneath is necessary. Two most commonly used adjusted soil 

vegetation indices – Soil-Adjusted Vegetation Index (SAVI) and modified SAVI serve the 

important purpose of reducing the deficiencies in describing the spectral 109 ehavior of 

vegetation and soil background (Huete, 1988). In the equation of SAVI, as explained in figure 1, 

𝐿 is the soil conditioning index which improves the sensitivity of NDVI to underneath soil 

background. The range of 𝐿 is from 0 to 1. Usually the values of 𝐿 are determined according to 

the specific environmental conditions. For example, when the vegetation coverage is high in an 

area, 𝐿 is close to 1, indicating that the radiance of the soil underneath has no effect on the 

extraction of vegetation information. The value of 𝐿 is around 0.5 under most common 

environmental conditions where the vegetation coverage is neither too dense nor too sparse. 

When 𝐿 is close to 0, the value of SAVI is equal to NDVI. A modified SAVI was introduced to 

replace the 𝐿 factor in the SAVI equation with a variable 𝐿 function. Pinty and Verstraete (1991) 

created GEMI to eliminate the need for a detailed atmospheric correction by constructing a stock 

atmospheric correction for the vegetation index.  

The Soil Brightness Indices, mainly Brightness Index (BI) and Colour Index (CI), uses the 

reflectance values in two visible bands green and red to calculate the brightness of a surface. 

These bands make it significant in studying the influence of soil brightness on Vis. Schimdt and 

Karneili (2001) have tried to check the sensitivity of different Vis and soil brightness index on a 

bare surface and found that NDVI tends to be overestimated on dark surfaces, while SAVI, PVI 

and TSAVI are more sensitivity to bright surfaces. Evaluation of Vis in semi-arid region can be 

examined by their accuracy in determining the actual amount of vegetated area in the region 

(Jafari, Lewis and Ostendorf, 2007). It was found that although there were significant 

relationships with vegetation cover at both small and large spatial scale, the estimation of 
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vegetation cover was more accurate within smaller land areas than across broader regions. With 

advancement in technology, a complex method of spectral mixture analysis (Yang, Weisberg 

and Bristow, 2012) was applied on semi-arid woodlands to estimate healthy wood cover patches. 

It was observed that the effect of interannual climatic variation was captured by this method and 

was able to mitigate the effect of interannual climatic variation on monitoring the woodland 

recovery process. The aim of the paper is to study the sensitivity of four vegetation indices 

(NDVI, SAVI, MSAVI and GEMI) with respect to soil brightness index (BI and CI) in a semi-

arid region and how their sensitivity varies over different satellite sensors. The study area is 

conducted on salt-affected region of India which is composed of saline and saline-sodic soil. 

Table 1: Vegetation and Brightness Indices used in the study 

INDEX FORMULA SOURCE 

Normalized Difference 

Vegetation Index 

NDVI = (NIR-R)/(NIR+R) Rouse et al. (1974) 

Soil-Adjusted Vegetation 

Index 

SAVI= (1 + L) * (NIR – R) / (NIR + R + L)  Huete (1988) 

Modified Soil-Adjusted 

Vegetation Index 

MSAVI =0.5 * (2NIR+1 ((2NIR+1)2 (8(NIR 

R))) ^1/2) 

Qi et al. (1994) 

Global Environmental 

Monitoring Index 

eta * (1 – 0.25 * eta) – (R – 0.125) / (1 – R) 

; eta = (2 * (NIR2 – R2) + 1.5 * NIR + 0.5 * 

R) / (NIR + R + 0.5)  

Pinty and Verstraete 
(1991). 

Brightness Index BI = sqrt( ( R2 + G2 ) / 2 )  Escadafal (1989) 

Colour Index CI = (R – G) / R + G) Pouget et al.(1990)  

 

2. Study Area: 

Ahmedabad district, geographically located in the central Gujarat, covers an area of 8,107.00 sq 

km and forms a level plain gradually rising towards the north and the east. Ahmadabad district is 

a part of Gujarat Plain and on the basis of its topography, climate geology, soils and natural 

vegetation the district is further divided into five sub micro regions, namely, Viramgam Plain, 

Sabarmati Basin, Khari Meshwo Plain, Bhadar Bhogavo Low Land and Bhadar River Plain. A 

major part of the districts is mainly covered with alluvial clay, such that net sown area amounts 

to 5389 sq km whereas amount of area covered by forest is 106 sq km (Census of India, 2011). 

The location of the district is not favourable and therefore it experiences a semi-arid 
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environment. The climate of this district is characterized by a hot summer and general dryness 

except during the south-west monsoon season.  

The National Remote Sensing Centre of India (2014) has classified the salt affected regions of 

India. According to their classification, salt affected areas are one of the most important 

degraded areas where soil productivity is reduced due to either salinization (EC > 4 dS/m) or 

sodicity (ESP > 15) or both. The soils with EC more than 2 dS/m in black soils and >4 dS/m in 

non-black soils was considered as saline in the present project. Soils with soil pH more than 8.5 

results in increase of exchangeable sodium percentage (ESP) in soils (> 15) and are termed as 

sodic. Based on the type of problem, it has been divided into saline, sodic and saline-sodic. In 

Gujarat, 42762.12 sq km of area falls under salt affected region and Ahmedabad district 

occupies 7% of the total salt affected area in entire Gujarat and 48% in Ahmedabad district. The 

soils are mostly slightly saline in nature and suffer from seasonal water logging associated with 

salinity.  

 

Figure 1: Location Map of Study Area; Source: NRSC, Hyderabad 
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3. Datasets and Methods: 

Remotely sensed data of different spatial, spectral and radiometric resolution from LISS-III, 

Landsat 8 OLI and Sentinel MSS were obtained from Bhuvan, US Geological Survey platform 

(USGS) and ESA Copernicus hub respectively. The images were collected in the month of 

October 2017 for Landsat and Sentinel, while the images for LISS-III were available till 2015; 

therefore the images were obtained during October 2015. The selected scenes were cloud-free in 

nature. Table 1 summarizes the nature of data collected for the study. For satellite images from 

each sensor, the scenes were first subjected to atmospheric correction and then mosaicked and 

the raster image of the study area was extracted with the help of a corresponding polygon 

matching the boundaries of the study area. The vegetation indices of NDVI, SAVI, MSAVI and 

GEMI and soil brightness index (BI) and colour index (CI) were applied to the satellite images 

of each sensor. The vegetation indices were compared with each other and the soil brightness 

indices were calculated to estimate their influence on each index. Figure 2 explains the method 

followed in the study. 

Table 2: Nature of data collected for the study from different satellite sensors 

Sensor Spatial 

Resolution 

Spectral Resolution Scenes Path/Row 

Landsat 8 
OLI 

30 m 
Green: 0.533-0.590 Red: 0.636-0.673 NIR: 
0.851-0.879 

3 148-149/ 44-45 

LISS-III 24 m 
Green: 0.52-0.59 Red: 0.62-0.68 NIR: 0.77-

0.86 
16 92-93/55-56 

Sentinel 

2A MSS 
10 m 

Green: 0.543-0.578 Red: 0.650-0.680 NIR: 

0.698-0.713 
2 

R005/T42QYK-

T43QBD 

 

Figure 2: Methodology followed in the study 
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4. Results and Discussion: 

The reflectance values of the VIs acquired by the satellite images can be either from the 

vegetation cover or the substance underneath, since almost half of the total area is occupied by 

salt affected regions and it can alter the brightness value of the pixels recorded by the satellite 

images. Schmidt and Karnieli (2001) suggest that high correlation between the Brightness Index 

and any Vegetation Index means that the Vegetation Index of the bare surface is very sensitive 

to the brightness of the substrate material. As seen in table 2, the VIs are negatively correlated 

with the BIs for Landsat, LISS-III and Sentinel data, except MSAVI for Sentinel. A strong 

negative correlation is found between the VIs (NDVI, SAVI and GEMI) and BIs in the satellite 

images obtained from LISS-III, followed by Sentinel and Landsat. The soil adjusted VIs of 

SAVI and MSAVI was used in this study as they minimize the influence of soil darkness in the 

area of interest. A weak negative influence of the two BIs was observed on the two soil-adjusted 

vegetation indices, whereas for Sentinel data, a strong positive correlation was observed 

between MSAVI and BI and CI in table 2 (0.85 and 0.69 respectively).  Similarly, the 

correlation coefficient values of MSAVI – NAVI and MSAVI – SAVI also exhibit weak 

negative correlations. MSAVI, which minimizes the influence of soil background on the 

vegetation cover by using a soil brightness correction factor and replacing it with a constant soil 

correction factor, may fail to capture the actual reflectance values of vegetation cover for the 

salt-affected regions.  

Table 3: Correlation coefficients between VIs and BIs based on Landsat 8 OLI data 

 

Landsat 8 OLI NDVI SAVI MSAVI GEMI BI CI 

NDVI 1.00 
     

SAVI 1.00 1.00 
    

MSAVI 0.88 0.88 1.00 
   

GEMI 0.94 0.94 0.87 1.00 
  

BI -0.51 -0.51 -0.06 -0.46 1.00 
 

CI -0.59 -0.59 -0.21 -0.60 0.86 1.00 

LISS-III NDVI SAVI MSAVI GEMI BI CI 

NDVI 1.00 
     

SAVI 1.00 1.00 
    

MSAVI 0.76 0.77 1.00 
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The responses of the vegetation indices and brightness indices from different satellite images are 

exhibited in Figure 2 and their characteristics are explained below. 

VI vs BI for Landsat 8 OLI images: NDVI, SAVI and GEMI are highly correlated to each other 

and are less sensitive to the brightness indices. NDVI and SAVI are clustered near the center and 

then spread in a direction with negative slope. CI of MSAVI is more spread than center-

clustered BI and therefore the correlation coefficient of CI – MSAVI is greater than BI – 

MSAVI. GEMI is more clustered towards the origin of the axis and then spread in the shape of a 

C-shape curve. GEMI shows high negative correlation with the BIs and therefore the brightness 

of the salt-affected areas have very little influence on the reflectance values of the vegetation 

cover when calculated with the help of GEMI. 

VI vs BI for LISS-III images: NDVI, SAVI and GEMI are highly correlated to each other and 

are not sensitive to the brightness indices because they exhibit a strong negative relation with the 

brightness indices. They show similar response as the Landsat images. The vales are more 

clustered when BI is compared with the VIs than CI vs VIs. MSAVI also exhibits same response 

as that of Landsat images when compared with BI and CI. The spread and appearance of GEMI 

is similar for both brightness indices.  

VI vs BI for Sentinel images: NDVI and SAVI exhibit similar have correlation coefficient 

values and are not sensitive to the brightness indices. From figure 3, it is clearly noted that the 

response of MSAVI when compared with the brightness indices, is completely different from 

the response of the other VIs and BIs. The positive correlation coefficient value and the positive 

slope of the comparison graph indicate that MSAVI is highly sensitive to underneath soil 

brightness values in a semi-arid region where 50% of the area has saline soil. The response of 

GEMI 0.91 0.91 0.78 1.00 
  

BI -0.75 -0.75 -0.19 -0.65 1.00 
 

CI -0.77 -0.77 -0.31 -0.73 0.78 1.00 

Sentinel NDVI SAVI MSAVI GEMI BI CI 

NDVI 1.00 

     SAVI 1.00 1.00 

    MSAVI -0.14 -0.14 1.00 

   GEMI 0.92 0.92 0.16 1.00 

  BI -0.60 -0.60 0.85 -0.33 1.00 

 CI -0.69 -0.69 0.69 -0.47 0.81 1.00 
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GEMI from Sentinel images is also different than other satellite images as the spread is more 

and exhibits a weak correlation value when compared with the BIs. 

Figure 3: VI vs BI for selected satellite images on the study area 
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5. Conclusion: 

The soil underneath the vegetation cover acts as a component in influencing the reflectance 

values of the VIs and has an impact on the spectral behaviour of vegetation canopies, especially 

in semi-arid environments with sparse vegetation cover. Moreover, salt affected regions add 

more to the faulty readings of the radiance values from any sensor. The objective of the paper 

was to study the sensitivity of NDVI, SAVI, MSAVI and GEMI with respect to soil brightness 

index of BI and CI in a semi-arid region and how their sensitivity varies over different satellite 

sensors. NDVI and SAVI exhibit similar correlation coefficients and are not sensitive to soil 

brightness indices in a semi-arid region. The comparison of BIs and GEMI was similar for 

Landsat and LISS-III image but different for Sentinel image. Sentinel images showed weak 

correlation value when compared with the BIs. For Sentinel data, a strong positive correlation 

was observed between MSAVI and BI and CI, which is an indication of its failure to capture the 

actual reflectance values of vegetation cover for the salt-affected regions. 
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Abstract: 

Raniganj coal mine has been one the single largest coal supplier in India, now contributing 

about 10 % of the total output in the country. Surface and subsurface coal fires are very 

common in these areas, due to inappropriate mining techniques and policies, along with illegal 

mining etc. These coal fires not only burn billions of tonnes of worthwhile coal resources, 

generating relentless environmental problems and posturing massive functional troubles of 

mining. The practice of remote sensing as a tool to detect coal fires was first introduced in the 

1960’s, with the changing time, several researchers have well established the efficacy of remote 

sensing to detect and control coal fires. Therefore, the spatial distribution of coal fires can be 

easily discovered by using the knowledge of local geological setting and thermal remote sensing 

images. In the present paper, the spatial distribution of coal fires has been traced by recognizing 

the temperature irregularities of the Raniganj coal belt. The thermal band data of Landsat 

Thematic Mapper (TM) was used to determine surface temperature along with NDVI 

(normalized vegetation index) resulting emissivity. 

Keywords: Coal fire, Remote sensing, Thermal infrared, Vegetation index 

Sub Theme: Spatial Analysis of Economic Activities. 

1. Introduction: 

Remote sensing is one of the trustworthy tool for studying the different field of earth science and 

atmospheric applications. When we study any high temperature object conditions, i.e., fires in 

forest or mine, remote sensing provides a decent synoptic outlook of the area of concern. Within 

the entire thermal infrared spectrum of 3-60 μm, only 3-5 and 8-14 μm is popularly used for 

thermal remote sensing. Thermal-infrared sensing captures everything above absolute zero (-

273° C) emits radiation in the thermal infrared range of the electromagnetic spectrum. 

Therefore, thermal band of remote sensing technique offers a cost-effective and time-saving 

technique for plotting several geo-environmental features like coal fires, forest fires, etc. and 
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hence age-old technologies of in situ measurement of coal-fire temperature, and estimation of 

bore-hole temperature for extraction of subsurface coal fire have been nearly replaced by this 

advanced technology. 

When airborne and satellite borne data are regularly available, the detection and monitoring of 

coal fires become easier in early 60’s. Studies in the United States, India, China and Australia 

were done by many researchers using remote sensing as a key tool. Among most of the coal 

producing countries, the United States also has a serious coal fire problem. Studies on waste coal 

fires and subsurface coal fires in Pennsylvania has detected by using the thermal scanner 

‘Reconofax’ on an airborne platform, (Slavecki 1964; Knuth 1968; and Greene et al. 1969).  

In India, the Jharia coalfield, which is 250 km NW from Kolkata (Calcutta), has major problems 

of the coal fire.  Cracknell and Mansor (1992) first used Landsat-5 TM and NOAA-9 AVHRR 

data and conclude that nigh time NOAA data was fairly useful to identify the warm areas from 

the background. Whereas, Reddy et al. (1993) used the short-wave infrared (SWIR) region of 

the EMR, which was considered the Landsat TM band 4, 5 and 7 band. Later Prakash et al. 

(1997) used the Landsat TM, TIR and SWIR bands to detect surface and subsurface fires 

distinctly. 

With a vast resource of coal, in northern China coal fire is also a massive problem. Several ITC 

(Enschede, Netherlands) researchers worked on coal fire in Xinjiang and Ningxia Hui regions. 

Yang (1995) identified several coal fires in these areas, by using predawn airborne thermal 

scanner data, which he correlated well with field observations. In 1996, Genderen et al. 

introduced a method to reciprocal use of remote sensing data to identify underground coal fire. 

Zhang (1996), could identify the burnt rocks by analysing SWIR spectra of rocks, which is also 

a detection of coal fire. 

Most of the above-mentioned studies related to surface temperature extraction to detect coal 

fires from remote sensing data, were based on certain static emissivity value (0.95). The main 

motive behind this limitation was that it is not likely to acquire temperature and emissivity from 

passive radiometry discretely because the no of unknowns is always greater than the no of 

measurements (Becker, 1980). But to extract more trustworthy temperature from (convinced) 

thermal infrared data, it is essential to have the knowledge of land surface emissivity. In case of 

single band thermal data, a classified image of land surface emissivity is obvious, in which an 

emissivity value is anticipated for each class. Nevertheless, according to Dash et al., (2005), 

without a very comprehensive knowledge of different classes of study area and a ground truth 

data it will be worthless. On the other hand NDVI is an alternative functional option to extract 

land surface emissivity described by many researchers (van de Griend and Owe, 1993; Valor 
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and Caselles, 1996; Sobrino and Raissouni, 2000; Sobrino et al., 2004). The anticipated method 

acquires the emissivity values from the NDVI offers three different cases; when NDVI values is 

< 0.2, considered as bare soil, 0.2 - 0.5 is composed by a mixture of bare soil and vegetation, and 

> 0.5 is measured as mostly vegetated, and the emissivity can be found using the methods 

defined by Valor and Caselles (1996).  

In spite of the fact satellite remote sensing has established as a substantial tool in the field of 

coal fire detection and monitoring, yet few limitations have not been overcome. As coal fire is a 

much localised phenomenon and does not cover a whole pixel to perform as an anomaly in 

comparison to the background. Though a relatively higher resolution data (ASTER, ETM+), can 

produce more efficient surface temperature in form of homogenous pixel, the present research 

attempts to extract surface temperature zones related to coal fires on tentative basis using NDVI 

resulting emissivity.  

 

Fig 1: The study area, Raniganj coal field, India 

2. Objectives: 

The main objective for this study is to find a practical method of monitoring the area of coal 

fires and changing land use land cover pattern using multi-spectral and multi- temporal satellite 

data. In addition to this, other objectives defined are: 

 To identify and monitoring the coal fire through the use of multi-temporal satellite data. 

 Estimation of mining growth using overlay analysis method in different temporal satellite 

data. 
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 Identify the hotspot zone in mines area of the study area.  

3. Study area: 

The Raniganj coalfield covers approximately 1260 sq. km., and is situated nearly 250 km 

northwest of Kolkata, the capital of West Bengal (Fig. 1). The area is confined by 23°46′ to 

23°89′ N latitude and 86°78′ to 87°43′ E longitude. According to the Coal India Limited 

definition, most of the Raniganj coalfield area falls within Burdwan district (of West Bengal).  

The Raniganj coal belt belongs to the Damodar Valley coal fields, in the Gondwana system. It 

comprises sedimentary rock formations excepting the recent and sub-recent alluvial and lateritic 

deposits. These sediments belong to the Lower Gondwana (Gee, 1932). The coalfield having an 

area of about 450 sq. km. belongs to Gondwana super group of Permian age and comprises 

Talcher, Barakar, Barren measures and Raniganj formations. It is a sickle shaped coalfield 

occurring in the form of a basin truncated with a major boundary fault on the northern flank. The 

southern boundary is characterised by a definite fault of a massive down throw to the north 

(Blanford, 1861). According to a recent Geological Survey of India (GSI) report, Raniganj coal 

field has 2nd largest resource of coal (250 million tonnes) in India 

(http://www.gsi.gov.in/indiacoal.pdf). 

4. Database and Methodology:  

Landsat 7 Enhanced Thematic Mapper (ETM+), Landsat 5 Thematic Mapper (TM) and Landsat 

8 Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS) bands (band 3, 4 and 

6 of ETM+ and TM, as well as band 4, 5 and 10 of OLI & TIRS) accrued respectively on 29 

March, 2000, 13 February, 2010 and 04 March, 2017 were used for the study.  The 

atmospherically corrected red band and near infrared band were used for NDVI calculation to 

evaluate surface emissivity. Thermal infrared band of Landsat TM, ETM+ & TIRS imagery was 

used to extract brightness temperature by using the method described below.  

Thermal infrared band Landsat were used to extract brightness temperature by using the method 

(Fig 2) describe below (Gangopadhyay, et al.2005). The digital values of thermal band were 

converted to spectral radiance using the following equation: 

𝐿λ =  𝐿min(λ) +  
𝐿max (λ)− 𝐿min (λ)

𝑄𝑐𝑎𝑙 𝑚𝑎𝑥
 𝑄𝑐𝑎𝑙                                          (1) 

Where, Lλ is spectral radiance: Lmin(λ) is the minimum detect spectral radiance; Lmax(λ) is the 

maximum detect spectral radiance; Q cal is the grey level for analysed pixel. Q cal max is the 

maximum grey level.  
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Once the spectral radiance (Lλ) is computed, it is possible to calculate radiant temperature 

directly by the following equation: 

𝑇𝑅 =  
𝐾2

Log ((𝐾1/𝐿λ) +1)
                 (2) 

Where, TR is radiant temperature; K2 is the calibration constant; K1 is the calibration constant; 

Lλ is the spectral radiance. 

𝑁𝐷𝑉𝐼 =  
(𝜌2− 𝜌1)

(𝜌2+ 𝜌1)
             (3) 

Where, 𝜌2  is the spectral reflectance measured in NIR band (band 4/5); 𝜌1  is the spectral 

reflectance measured in red band (band 3/4). 

 

Fig 2: Framework of Research Work 

The emissivity values were calculated using the following equation (van de Griend and Owe, 

1993): 

𝜀 = 𝑎 + 𝑏 𝐼𝑛 (𝑁𝐷𝑉𝐼)        (4) 

Where, ε and NDVI are average thermal emissivity and average normalized difference 

vegetation index for individual surface covers respectively, a correlation coefficient of 0.941 

with a = 1.0094 and b = 0.047 at a 0.01 level of significance. 

From the radiant temperature TR can be converted into kinetic temperature (TK) using: 
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𝑇𝐾 =  
𝑇𝑅

𝜀1/4     (5) 

Where, TK is the kinetic temperature; TR is the radiant temperature; ε is the spectral emissivity. 

Conversion of kinetic temperature to Land Surface Temperature (0c): 

𝐿𝑆𝑇 =  (T𝐾 –  273)      (6) 

Where, LST is the Land Surface Temperature; TK is the kinetic temperature. 

The digital values have been transformed into kinetic temperature using the above equations. 

Then applying appropriate corrections, land surface temperature mapping has been done and the 

sites of the mine fires were recognized. The temperature of different land cover types was found 

to be in close agreement with the ground realities as observed in the field and satellite data. 

5. Major Findings: 

From the daytime Landsat raw data, initially the spectral radiance image has been created using 

the original digital numbers and gain coefficients of the specific scenes. The land surface 

temperature (LST) map of 2000, 2010 and 2017 were estimated between the range of 21 ° to 

38°C, 22° to 38 °C and 21° and 39° C respectively (Fig 3). From the three temporal maps it was 

estimated the maximum surface temperature (30° - 38° C) was found mainly in mines area, 

waste land and built-up land. Whereas, minimum surface temperature (21° to 28°C) indicated 

the dense, sparse vegetation and water body, and 28° to 30° C surface temperature shown the 

agriculture land. Specifically the highest temperature indicated compact settlement zone, 

colliery zone, Industry, river sand and brick kilns. 
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Fig 3: Land Surface Temperature of the Study Area a) 2000 b) 2010 c) 2017 

The coal fire map was generated for the year 2017 (Fig 4) gives an overview of the fire affected 

areas of the study area. This map was prepared by overlaying, analysing and validating land 

surface temperature map, Geo eye image and residual temperature anomalies over regional land 

surface temperature. According this map it was revealed that coal fires were mostly found in 

north-western, north-eastern and southern part of the study area. 
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Fig 4: Coal Fire Map of the Study Area (2017) 

 

Fig 5: Mining Growth of the Study Area a) 2000 b) 2010 c) 2017 and d) Combined growth 

The historical and present status of mines as shown (Fig 5) has been represented by different 

colours. The re-excavated mines indicate the mining areas which were abandoned but again 

excavated during 2017 and the active mines refer to the mining areas which are present in 2017. 

These Images of the active mining areas were rasterized as binary images and coded as red for 

1990, green for 2000 and blue for 2010. They were then combine together to get final mining 
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change area as indicated in the Table 1. This fusion product indicates different colours as 

different meanings as discussed in the table.  

Table 1: Index of the combined growth map 

Plot of 

these residual thermal anomalies depicts locations of hotspot which include industrial thermal 

effects and coal fire zones etc. (Fig 6). High temperature anomalies due to effects of the 

activities such as, industrial heat discharge and cluster of chimneys of brick kilns of the study 

area were excluded.  

 

Fig 6: Hotspot Zone of the Study Area a) 2000 b) 2010 c) 2017 

Sl. No Colour Description 

1 
 

Mines present on or before1990 

2 
 

Areas mined between 1990 and 2000 

3 
 

Areas mined between 2000 and 2010 

4 
 

Active mine present in 1990 to 2000 

5 
 

Areas mined later between  2000 to2010 

6 
 

Mine suspended in 2000 and  re-excavated before 2010 

7 
 

Areas mined since early times (in or before 1990) 
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Temperature anomalies 2000 (Fig 6 a) depicts high temperature zones over active mining area. 

High temperature was observed over Sitalpur (33° C) and Sounpur (34° C) in north-eastern 

corner of study area. LST anomalies for the year 2010 (Fig 6 b), show highest temperature over 

mining areas in the northern part Churulia (34° C) and north-eastern part Khottadih (33° C), 

Sounpur (33° C). In the year 2017, larger parts of the study areas have witnessed hotspot zones 

than previous years (Fig 6 c). Eastern part of Churulia (35° C), north-eastern Khottadih (35° C), 

eastern part Sounpur (33° C & 36° C), Kumarkhola (35° C), Belbadh (31° C) and north-western 

part (38° C) were identified as hotspot zones.  

6. Conclusion: 

Remote sensing has been used as a widely used tool for coal fire detection and monitoring since 

1960s. In this study we have found that surface temperature anomalies effectively for 

quantitative study of coal fire can be revealed by the Landsat thermal remote sensing image. But 

due to the low resolution data, erroneous pixel integrated temperatures are predictable. 

Furthermore, precise knowledge of local geology can interpret and differentiate the coal fire 

related anomalies more precisely. The present study also shows use of NDVI resulted emissivity 

can yield a more dependable surface temperature rather than use of a static emissivity for all 

types of land cover. However, it should be noted that vegetation type, water content of leaf and 

view angle can influence the expected result. To eradicate solar heating induced false anomalies 

Geo eye image validation has been used, but proper detection of coal fire is complicated due to 

rapidly changing topography of the active mining area like Raniganj. 
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Abstract: 

India is very rich in coastal marine ecosystem and fishing is one of the major industries which 

serve millions of livelihood as well as a significant contributor in economy of this country.  

Potential Fishing Zone (PFZ) is the zone where maximum probability of fish catch is expected. 

PFZ prediction in this study is the forecast of short duration fish aggregation in sea based on 

the availability of food and suitable environment to provide health in searching fishing ground 

in pre fishing operation using nominal information. 

Remote Sensing technology can be one of the most efficient techniques to predict Potential 

Fishing Zone considering two major parameters like Sea Surface Temperature (SST) and Sea 

surface Chlorophyll which are the most significant to define probable locations of fish habitat. 

Chlorophyll and SST information obtained from satellite derived data has been used in this 

study to acquire the distribution of fish stock in Bay of Bengal, which is one of the major fishing 

zones in India.  

 PFZ prediction was done using SST & Chlorophyll concentration image derived from Aqua 

MODIS (Moderate Resolution Imaging Spectroradiometer) data products. Objective of the study 

is to identify Potential fishing ground using readily available nominal information. The result 

has been assessed using PFZ forecasting map by Indian National Center for Ocean Information 

Services (INCOIS). Results of this study indicate considerable match with PFZ prediction by 

INCOIS. Apparent discrepancies may be attributed to unavailability of data for other 

few  considerable parameters like wind speed salinity etc as well as the differences in satellite 

data products used and algorithms employed in extracting SST & Chlorophyll-a data in these 

two different study. 

Keywords: PFZ, Chlorophyll, Sea Surface Temperature, INCOIS, MODIS  
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1 Introduction: 

Fishing is an important source of income in India and it plays significant contribution in Indian 

economy. The industry serve millions of livelihood of this country and includes a stretch of 

7517 kilometres marine coastline , 3,827 villages for fishing, and 1,914   landing centres for 

fishes.[1] . The mixed economic country India keeps its crown as the fastest growing economy 

in the world (in FY 2015 and 2018 ) India will be world’s fastest growing economy in coming 

decade according to a Harvard University report. Marine ecosystem is the largest aquatic 

ecosystem. India has 2.02 million sq km Exclusive Economic Zone (ECZ) and 0.506 million sq. 

km of Continental Shelf. The coastal marine ecosystem as well as Coastal marine environment, 

plays a vital responsibility for its oceanic resources that’s why India is the 3rd largest country by 

position in Fisheries. The variations in environmental conditions affect the, growth, distribution, 

abundance and availability of the resources (Laevastu and Hayes, 1981) [2]. It increases foreign 

earnings, employment and ensuring nutritional and food security.The total fish production is 

about 6.4 MMT with a contribution of 3.4 MMT from inland sector and 3.0 MMT from marine 

sector.  India contributes about 6.3% of the global fish production which is also 1.1% of the 

GDP. [Url.1]. 

The ability to forecast catch or seasonal abundance of stocks in different areas requires 

an understanding on various aspects of physical, biological and chemical processes of the. This 

involves basic knowledge of currents, upwelling areas, eddies, gyres and thermal fronts over 

space and time. Remote Sensing can help us to understand the biophysical parameters of the 

oceanic realm which are important controllers of prediction of fishing zones. Observation and 

analysis of temporal data can provide a significant part of information needed to assess the 

potential fishing zones. 

Remote sensing and Gis is a scientific tool or application in marine fisheries especially for 

identification of fishing ground. Remote Sensing is defined as: “The science of deriving 

information about an object from measurements made at a distance from the object, i.e., without 

coming into contact with it” (Swain and Davis, 1978) [3]. Evelyn Pruitt of U.S. office of Naval 

Research coined the term “Remote Sensing” (FAO, 1988) [4].The first application of satellite 

remote sensing in fishery advisory operations in the US was in 1971(Laurs, 1993) [5]. Fish 

cannot be seen by Satellite or Satellite cannot derive the location of fishing zone directly by their 

equipment. Fishes accumulate in a certain portion of a river or sea for their better survival. 



International Journal of 
Integrated Research and Development        ISSN : 2278-8670 

130 

Variations in ocean conditions play a key role in natural fluctuations of fish stocks and in their 

vulnerability to harvesting (Anon 1993) [6]. 

Different types of parameter like Chlorophyll, Sea Surface Temperature (SST), Bathymetry, 

Salinity, turbidity, wind speed & direction, dissolve Oxygen ect. are important controllers to 

predict fishing ground. In the recent days, the improved PFZ forecasts are prepared based on the 

SST and chlorophyll (Arone et al, 1987 [7]; Solanki et al, 1998 [8]; Nath et al, 1991 [9]; Solanki 

et al, 2000 [10]; Silas and Pillai ,1982 [11]). Once fish survival zones are identified, fish can 

found easily.The objective of the study is to develop and predict PFZ forecast using MODIS 

data (chlorophyll & SST) through spatial modeler, to compare and assess PFZ prediction of 

INCOIS with MODIS derived PFZ using chlorophyll & SST data only and to develop PFZ 

probability zonesfrom INCOIS PFZ advisory using GIS techniques.The aim of the study lies in 

the application of the technique to increase the fish catch per unit effort, sustainable catch, better 

time management and increase in efficiency, efficient management of man power, reduction in 

coast and expenditure per haul,more profit with reduction in fossil fuel usage andreduction 

ofMarine and atmospheric pollution.  

2 Applications: 

1. To identify fishing location through satellite Image interpretation using MODIS data 

(Chlorophyll & SST).  

2. To build up spatial modeler using GIS techniques and calculate PFZ location using RS& 

GIS tools. 

3. Compare among MODIS derived PFZ, INCOIS prediction and Ground truth Fisherman 

data. 

4. Increase in Fish catch per unite effort ((CPUE). 

5. Reduction of marine & atmospheric pollution. 

6. Time management, man power management and cost reduction of fishing boat. 

3. Data Used:  

 MODIS Aqua chlorophyll and Sea Surface temperature data. 

Fishery forecasts are based on basic understanding regarding biological features and their 

relation with oceanographic conditions for any fish species (Shixin, 1993) [12].Temperature has 

an important influence over fish species at different stages of their life cycles and also sea 

surface temperature (SST) is the most successfully measured parameter among the other satellite 

data measurements (Santos, 2000)[13]. Phytoplankton biomass, which is the primary source of 
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food within the sea is another important parameter (Santos, 2000) [13]. Chlorophyll 

concentration and SST, taken from MODIS (Aqua) satellite has been considered for the study.  

MODIS is an optical scanner aboard the Terra and Aqua satellites. Terra Satellite launched on 

December 18th, 1999 and Aqua satellite on May 4, 2002. It has 36 channels (bands)  with spatial 

resolution ranging from 250 meters to 1 kilometer. MODIS has the ability to collect information 

on land, oceans, and atmosphere [Url 2]. 

 INCOIS PFZ advisory 

Indian National Centre for Ocean Information Services (INCOIS) has taken up the task to 

provide information about fish congregation in the sea using Remote Sensing (RS) and 

Geographic Information System (GIS) Techniques. These forecasts are referred to as the 

Potential Fishing Zones (PFZ) advisories which would indicate the places where possible fish 

shoals may be present. 

 Real time data from fishermen. 

Fisheries data were collected from the fisherman. The database provide – i) Date ii) Position 

(Latitude & Longitude), iii) Time taken / no of hooks & iv) Total amount of fish catch by 

fisherman.(CPUE). 

In the study area coast line structure is one of the important effective parameter for PFZ 

prediction. Water salinity range is 11 psu to 35 psu In Bay of Bengal. Salinity is affected by 

contribution of continental rivers sweet water to the study area. 

4. Study area: 

Bay of Bengal, the largest bay in the World, one of the most important commercial fishing area 

of India, has been selected as the study area. The Bay of Bengal, Roughly triangular in shape, 

occupies an area of about 2,172,000 km² and is bordered mostly by India and Sri Lanka to the 

west, Bangladesh to the north, and Burma (Myanmar) and the Andaman and Nicobar Islands to 

the east.  

The extension of study area i.e. Bay of Bengal is up to 19° North latitude towards south 

85° Eastlongitude towards West & 89° East Longitude towards East.  
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Figure 1: Study area. 

 

 

 

 

 

 

 

 

5. Methodology: 

Earlier some traditional/ conventional  method was involve to find fish, i.e presence of sea birds, 

Color of water, Bubble breaking on sea surface, muddy or oily water, reflection in the night, 

smell etc. Butler et al. (1998) stated that remote sensing techniques can be used directly or 

indirectly in the prediction of fisheries resources.[14] The direct methods comprise the visual 

fish spotting from aircrafts, interpretation of aerial photographs, echo sounders, SONAR and 

Light Detection and Ranging (LIDAR) carried on aircraft. Besides the indirect methods lie on 

the correlation of environmental parameters withspatial and temporal distribution of fish 

aggregations. 

The study includes three parts. In the first part of the study to develop and predict PFZ 

forecast, Sea Surface Temperature 

 & Chlorophyll Data from MODIS aqua sensor has been used, which are the two major 

parameters for evaluating PFZ. The collected date has been converted to suitable raster format 

and integrated in GIS platform through spatial modeling for the assessment of potential fishing 

zones. In the second part, the result of the first part i.e. the software derived PFZ has been 

compared with INCOIS PFZ advisory map [Url.3].  The method of PFZ derivation is further 

depicted in the flow chart. 
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Fow chart of Methodology for Part 1 & 2 

 

 In the third part INCOIS PFZ advisory 

maps for last 3 years has been collected and 

evaluated. Effort has been made to identify 

suitable fishing areas in different months of 

a year with the help of probability equation 

using the number of PFZ occurrences 

according to INCOIS PFZ advisory. The 

study area has been divided into 10 

different zones ‘A’ to ‘J’ depending on 

latitude and longitude as shown in Fig. 1. 

Zone ‘B’ and ‘C’ lies within 100 km from 

the coast lines of West Bengal. This part of the study intends to show probability of arising 

fishing area within this 100 km boundary of Bengal coast line. 

6. Result and Discussion: 

1. Spatial model derived PFZ prediction 

maps from composite image of SST contour 

and Chlorophyll –a concentration overlaid 

with PFZ occurrence from INCOIS maps are 

indicating high fish catch location. 

Available fishermen’s data was has also been 

compared with satellite derived predictions 

of that day which shows that the catch from 

Figure 2:Zonation map 

 

Figure 3: Overlay Sample-1, 13th April 2018 
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PFZ areas was much better than other areas (non-PFZ). In both the cases considerable match has 

been found between the results from the overlaid maps. Fig- 3 &4 are two samples that displays 

the said similarity. 

 

Fishing Vessel Details of simultaneous fishing operation 

by two Vessel, PFZ& non-PFZ predicted vessel. 

 Vessel length.20m. , Weight of the Vessel 20 

tones 

 Weight of the Vessel 20 tones. 

 Eng. type 130HP (6 Cylinder) 

 Fish caring capacity 4 tones.  

 Crew Involve 12 

 Duration of trip – Approx. 10 days 

 Total amount of fish catch/ day  

190kg for PFZ vessel,  

45kg for Non-Predicted vessel. 

If we consider total expenditure in fishing operation are 

the same,  

Then the net profit for Non-PFZ vessel is- 

Total fish in kg* days*rate of fish/kg., i.e. 45*10*100 = 

45,000 

The net profit of PFZ predicted vessel is  190*10*100=1, 90,000 

 So, profit is considerably high in notified area. It is expected that notified area’s fishing profit is 

more than two times than Non-Predicted vessel but Nayak et al. (2007) [15] did same type of 

experiment in Indian water and reported 70 % increment of CPUE in notified area. According to 

Choudhury et al. (2007), [16] along the north-eastern coast of India, increment in fish catch was 

two to threefold. 

2. It is difficult to identify a specific zone for fishing for full month or year at a glance but here 

probability calculation for fishing zone by INCOIS advisory PFZ has been attempted. INCOIS 

PFZ advisory map provides information about day wise potential fishing zones as PFZ lines. 

Occurrence of FPZ lines within the study area for last 3 years i.e. December 2015 to October 

2018 in each zone as shone in Fig. 1 has been calculated and accordingly the probability of 

incidence of possible fishing extent has been measured. Table 1 indicates comparative study of 

Figure 4: Overlay Sample-2,  

INCOIS Advisory, studied map and 

fisherman dataJuly 2018 
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monthly percentage probability of PFZ Occurrence in each zone during last three years and 

Table-2 is the month wise result of probability of incidence   of PFZ in three consecutive years 

which points to the most potential month and probable most potential zone. Fig. 5is the 

graphical representation of Table-2.  

Table-1 

 

Table-2 

Percentage Probability of  PFZ occurance in each zone during different months 

(calculated from three years data)  Zones Jan Feb Mar Apr Jun Jul Aug Sep Oct Nov Dec 

A 0% 2% 2% 0% 0% 0% 2% 4% 1% 0% 0% 

B 10% 8% 19% 14% 16% 12% 12% 17% 13% 8% 11% 

C 7% 15% 17% 8% 9% 17% 15% 11% 13% 6% 10% 

D 3% 2% 1% 1% 0% 0% 0% 0% 1% 2% 1% 

E 17% 16% 14% 15% 18% 15% 16% 21% 13% 14% 17% 

F 24% 23% 15% 10% 16% 12% 15% 10% 18% 30% 21% 

G 6% 2% 8% 16% 4% 6% 7% 7% 4% 5% 9% 

H 14% 15% 12% 16% 21% 15% 15% 13% 18% 16% 9% 

I 9% 10% 7% 12% 10% 13% 12% 11% 15% 11% 8% 

J 10% 8% 6% 7% 6% 12% 5% 7% 4% 10% 12% 

Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

 

 

The formula used for table 1 is: in a month (Number of Occurrence in each zone/total number of 

occurrence in that month) and the formula for table -2 is when we consider three consecutive 

years in all. For example: to measure the probability for zone ‘A’in January the formula is (Total 

Number of Occurrence in three consecutive January in Zone ‘A’/Total Number of Occurrence in 

0%

50%

Jan Feb Mar Apr Jun Jul Aug Sep Oct Nov Dec

Percentage Probability of  PFZ occurance in each zone during different months 
(calculated from three years INCOIS PFZ advisory  data) 

A B C D E F G H I J

Figure 5 
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three years) The outcome specifies that zone ‘F’ has become most potential in 5 different 

months out of 11thus can be mentioned as the most potential zone within the study area. As per 

the objective of this study it can be noticed that zone ‘B’ and ‘C’ that lies within 100 km 

latitudinal extent of Bengal coast line remained productive in the month of March in three 

consecutive years. Fig.-6 depicts the probability of zone ‘B’ and ‘C’ of being potential in 

different months of the year. 

Figure-6 

 

To find out the more specific potential fishing location among the zone ‘B’ and ‘C’ study has 

been done with few randomly selected dates of this current year. The result points out to the 

frequency of PFZ lines around 88 degree E longitude and 21 degree N Latitude. Fig. 7 displays 

the regularity of incidence of PFZ lines in the said location. 

Figure-7 
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7. Limitation: 

PFZ prediction is an absolute science and not perfect one. Modeling to prediction PFZ to 

combining some parameters and features has always been a challenge. Bay of Bengal has very 

complex dynamic nature. The complex situation caused by some major natural factors or 

calamities like cyclone, Dynamic wind circulation, Sedimentation form upland flow, Cloud 

coverage, Unavailability of chlorophyll data day by day from MODIS affect the prediction to a 

large. Special resolution of MODIS is low (1sq km) which restricts the result to be more perfect. 

Unavailability of PFZ advisory for the month of May in the study area. 

8. Conclusion: 

To conclude it can be said that even with few limitations Potential Fishing zone prediction can 

be done in nearly accurate way with the help of Sea surface temperature and chlorophyll data 

only though consideration of other important parameters like Wind Direction, Wind Velocity, 

Water Salinity, Availability of Continental sweet water, Bathymetry etc. will provide more 

precise result.  

Secondly, zone ‘F’ is the most preferable fishing ground which lies within 100 to 200 km 

latitudinal extent from Bengal coast and March is the most prospective month for fishing within 

100 km periphery. However the result is based on three years remotely sensed data. The study 

requires further proceeding and validation by means of more satellite data base along with 

ground data. 
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Abstract:  

Different types of vehicles (Public, personal, feeder etc.) have been increasing tremendously due 

to rapid and unplanned urbanization as well as unplanned transport system. This exponential 

growth of vehicles has led to air pollution, which is created due to emission from two and three 

wheelers using of adulterer fuel, lacking in maintenance of vehicles, erratic traffic behavior and 

congestion and act as a hindrance to environmental sustainability. To assess the status of 

vehicular pollution load four major traffic intersection points (Champadali More, Helabattala 

More, Colony More and Duckbanglow More) have been selected in the study area (Barasat 

Municipality) where maximum vehicles are diesel run. Diesel is very toxic and carcinogenic in 

nature, petrol fuel also emits high percentage of carbon monoxide and hydro–carbon. Whereas 

Buses, Auto rickshaw, Trucks, Motorbikes are the principle sources of NOx, CO, HC, Pb, CO2, 

SPM and RPM in the study area. As a result air pollution born diseases (Chronic Bronchitis, 

Eye irritation, Breathing problem, Bronchial Asthma, etc.) have been increased in the study 

area. This main objective of this paper is to emphasize on the impact of air pollution and health 

hazard related to vehicular emissions in Barasat Municipal Area. The research has been 

conducted through questionnaire survey and secondary data. Microsoft Excel, Q-GIS 2.18.14 

etc. software have been used for data analysis.  

 Key Words: Health Hazard, Human health, unplanned urbanization, Vehicular emission 

1. Introduction:  

Vehicular emission is a growing problem in Barasat Municipality during last decades. The main 

reasons behind the high vehicular emission are: 1) High average age of the vehicles, 2) Very 

narrow road surface area due to encroachment, 3) Long periodical traffic jam due to mixed 

vehicular mode and slow speed, 4) High density of vehicular population in the study area. With 

increasing the pollution levels several type of diseases also increasing side by side in the study 

area. The fuel loss of vehicles may be due to emissions of refueling. The emissions may be 

evaporative or exhaust emission (Roy Chowdhury 2015). The emission may be categorized as 

follows: 1) Exhaust Emission: Emitted through the exhaust pipe from the running or started 
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vehicle. Exhaust Emission are  caused  due to  i)Emissions when the vehicle is started initially or  

vehicles had been turned off after use, ii) Emissions from the vehicles which are in running and 

a hot stabilized mode. 2) Evaporative Emission: Fuel evaporation when an engine is still hot at 

the end of a trip and diurnal emissions is known as evaporative emission. 3) Exhaust Pollutants: 

The pollutants, emitted from the exhaust pipe and combustion of the fuel in the engine. Old 

vehicles are the major sources of NO2.  

Study Area: As an urban setup in the vicinity of the Kolkata, Barasat Municipality (Lat: 

88°48’’E, Long: 22°50’’N), having significant importance for connectivity with North Bengal, 

Bangladesh, Sundarban as well as whole North 24 Parganas is selected as the study area. Several 

significant roads like National Highway 34 (Krishnanagar Road leading towards North Bengal), 

Jessore Road i.e. NH-35 (road leading to Jessore in Bangladesh via Bongaon), Taki road 

(leading to Basirhat), Barrackpur Road etc. cross through the town. (Sen & Gupta, 2017). 

According to 2011 census the population of Barasat was 283,443.  

 

2. Aims and Objectives: 

i) To measure different automobile pollutants at different traffic intersection points in 

the study area. 

ii) To examine the Impact of Vehicular Emissions on Human Health. 

 

3. Methodology: 

    The research has been conducted through questionnaire survey and secondary data. The 

respondents and research area were selected using non-probability sampling techniques. 

Observation has been made data reliable and realistic. Data, collected by questionnaire survey 

have been compiled from Quantitative analysis. Researchers use Microsoft Office Excel for 

analysis the Quantitative data and presented analysis results in different charts. 

4. Data Analysis:   

    Motor vehicles are one of the prime sources of air pollution. Motor vehicles contribute 50% 

nitrogen oxide (NOx) and hydrocarbons in urban areas (HEI, 2010). Air pollution mixture is 

dependent on fleet composition, the traffic pattern, the proximity of vehicles to the roads and the 

availability of other pollution sources. Per annum air pollution caused 6% of total mortality, half 

of which is attributed to vehicle emissions. (Künzli et al , 2000) Heath impact of the vehicular 

emission is dependent on the physicochemical characteristics of the pollutants, their 

concentration inhaled, and the rates and routes by which the deposited pollutants are cleared 
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from the respiratory tract or transported to other organs (National Academic Sciences, 2001). A 

study by Hoek et al (2002) in the Netherlands revealed that elevated concentration of ultrafine 

particles may result in pulmonary inflammation and the release of mediators in the blood 

yielding increased plasma viscosity, which could lead to cardiovascular events including death.  

According to Rosenlund et al (2008) exposure to residential traffic-related air pollution 

increases the risk of fatal coronary heart disease. Exposure to motor vehicle air pollution result 

in premature mortality among exposed populations (HEI, 2010). In the urban environment high 

levels of secondary pollutants can be formed from vehicular emissions. By motor vehicles   

NOx, CO, O3, particulate matter (PM), benzene, formaldehyde, hydrocarbons, acetaldehyde, 1, 

3-butadiene, nitrates, organic and inorganic acids are emitted. Diesel PM, made up of trace 

elements, soluble organic carbon, elemental carbon and metallic compounds are also released 

from vehicular emission. 

 

 

 

 
 

 

 

 

 

           Fig-1: Elementary composition of diesel particle. Source: NWS DECC, 2008  

 The heath impact of the pollutants is dependent on the physicochemical characteristics of the 

pollutants, their concentration inhaled, and the rates and routes by which the deposited pollutants 

are cleared from the respiratory tract or transported to other organs (National Academic 

Sciences, 2001). According to WHO (2005), air pollution from motor vehicles increased 

mortality risk as a result of cardiopulmonary causes and significant risk of respiratory morbidity. 

Evidence of the exacerbation allergic reaction in the asthmatics, increase risk of myocardial 

infarction and adverse outcomes of pregnancy such as premature birth and low birth weight, has 

been reported following motor exhaust exposure. A number of studies revealed that various 

pollutants by motor vehicle emissions have adverse health effects including carcinogenicity, 

mutagenicity, cardiovascular mortality and the aggravation of the health of the vulnerable group 

such as people with compromised health conditions like the asthmatics, children and the elderly. 

‘Traffic congestion is a regular feature of Barasat municipal town. It is really horrible and 

creates suffocating conditions. Unauthorized encroachments, where auto-rickshaws, van-

rickshaw, toto, taxi and matador unions have set up stands on either side of the NH 34 and NH-

35 Dukbanglow more to Colony more, Duckbanglow more to Champadali more, Colony more 
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to Helabottala. NH- 34 (SP office to Duckbanglow more) and NH-35(from Duckbanglow more 

to Barasat hospital) is occupied by unauthorized vendors. On an average 6,425 vehicles ply on 

NH -34 and NH-35 daily. By 2020, the number will reach 7,586. The figure will touch 10,729 in 

2025 and 13,379 in 2030.’ (Sen, 2015) 

Table-1: Summary of the health effects of vehicle emissions  

                  

Health Effects due to vehicular emission 
 

Source  
 

 

Mutation of genetic material of cells, and chromosomal and DNA damage  
 

 

Ulfvarson et al, 

1987; Lewtas, 1983  
 

 

Bronchoconstriction symptoms  
 

 

Rudell et al, 1996  
 

 

Systemic and pulmonary inflammatory response  
 

 

Salvi et al, 1999; 

Nordenhäll et al, 

2000  
 

 

Irritation of the eyes and respiratory tract, cough, phlegm, lightheadedness and 

nausea  
 

 

US EPA, 2002  
 

 

Cardiopulmonary mortality  
 

 

Hoek et al, 2002  
 

 

Increased mobility and mortality risk due to respiratory and cardiopulmonary 

causes  
 

 

WHO, 2005  
 

 

Coronary heart disease  
 

 

Rosenlund et al, 

2008  
 

 

Lung cancer  
 

 

Beelen et al, 2008  
 

 

Persistent wheezing, lower peak expiratory flow and sensitization to pollen  
 

 

Nordling et al, 2008  
 

 

Chronic bronchitis, lung cancer, asthma and atherosclerosis  
 

 

Araujo et al, 2008  
 

 

There are several causes which are responsible for vehicular pollution in the study area. It 

includes mainly: 1) High emission from petrol driven vehicles. 2) Using of poor quality fuel 

(sulphur, benzene and olefin.) 3) Poor maintenance of vehicles.4)  Using of ‘Katatel’ (Kerosene 
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and exhaust mobile) in the engine of three wheelers.5)Large number of heavy weight petrol 

driven old  vehicles . 

 

Fig-2: Trends of different pollutants from vehicular emission in the study area (Source: WBPCB)  

 

Road transport contributes maximum NOx emission in the study area. NOx is a precursor of 

ozone formed in the troposphere. The primary source of atmospheric lead in the study area is 

leaded gasoline. Transport sectors in Barasat emit huge amount of particulate matter (PM10) Fig-3: 

Health effects of vehicular emissions on shopkeepers and street vendors          Fig-4: Health effects of vehicular emissions on local Residents  

 

to the atmosphere. From recent observation, it has been depicted that growth of two wheelers 

and three wheelers are maximum in numbers followed by four wheelers, private and public 

buses. As a result those two wheelers and three wheelers emit huge proportion of automobile 

pollutants in the city of Kolkata due to poor maintenances and age of engine and weight of the 

cars. Several types of diseases have been observed due to maximum emission of vehicular 

pollution in the study area. Due to maximum concentration of dust and SPM from exhaust 

emission of automobiles chronic inflammatory disease of the bronchus resulting in persistent 

production of cough and breathlessness. Due to SO2, NOx and Respirable Particulate Matter 

(RPM) from automobile sources are associated with increase in morbidity and mortality from 
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Asthma. Due exposition of SO2, NO2 and particulates matters from petrol driven engine 

vehicles and burning adulterer fuel Allergic Alveolitis may be occurred.   

  

 

From the primary data source, it has also been examined that most of the people of Barasat are 

suffering from breathing problem, eye irritation, high pressure, and even lung diseases as  

 

 

 

 

 

 

 

 

    Fig-5: Problems of Light headache and Nausea  Fig-6: Problems of Irritation of the respiratory 

  (Based on field survey)                                                    (Based on field survey)                                                   

a chronic diseases in comparison to other acute diseases in the study area. From the above 

figures (Table-1) it is pointed that, shopkeepers have been suffering the above mentioned 

diseases due to vehicles emissions. The shopkeepers besides Barrackpur road are comparatively 

low sufferer due to low no. of trips generation per day. From the above observation it can be 

said that Colony more and Champadali More are recorded maximum concentration of SPM, 

RPM, SO2 and NO2 concentration in comparison to other selected traffic intersection points in 

the study area. Significant increase of neutrophils and  lymphocytes in airway average together 

with histamine and fibronectin increase have been observed in healthy volunteers exposed to 

diesel emissions for a period if one hour (Salvi et al 1999) . As a result those two traffic points 

are considered to be the site of heat islands in the study area due to enhancing level of pollutants 

and temperature and relative humidity .The study on the health impact of vehicle emissions 

revealed that exposure to ambient motor vehicle emissions poses a significant health risk in the 

study area. Acute exposures have resulted in hospitalization due to respiratory conditions. It is 

observed that maximum percentage of respondents residing near the major roads, are suffering 

different types of air borne diseases. Fig no-5, 6, 7, 8 & 9 are depicted that residents near the 

NH-34, NH-35 & Taki roads are suffering in different air borne diseases. So there is no denying 

the fact that, vehicular emission is the major controlling factors of different types of health 

hazards.  
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  Fig-7: Problems of Irritation of Eyes     Fig-8: Problems of Chronic Bronchitis 

             (Based on field survey)                                                    (Based on field survey)                  

                                       Fig-9: Problems of coronary heart disease (Based on field survey)      

 

 

 5. Major Findings and Conclusion: 

           By analyzing the data following findings have been notified: 

 Increasing number of vehicles is not adequate in proportion to road space within the study area. 

Exposure to motor vehicle emissions poses a significant health risk. Vehicular emissions are 

made up of various pollutants which have the potential to result in adverse health effects like the 

asthmatics, children and the elderly. Acute exposures have resulted in hospitalization due to 

respiratory conditions while heath effects (carcinogenicity, cardiovascular health conditions) 

have been linked to chronic exposures. It is better to controll the number of personalized 

vehicles (two wheelers and four wheeler) because it emits more pollutants in the environ of the 

study area. CNG and LPG must be encouraged to reduce automobile emission and low quality 

of fuel must be banned.  For the high speed of the vehicles modern traffic management system 

should be followed strictly. Because modern techno-centric traffic management system would 
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reduce vehicular emission at end. So effective vehicle emissions control strategies must be 

developed .To ensure the effectiveness of the vehicle emissions-control systems vehicle 

maintenance and inspection programmes should be developed.  
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Abstract:  

Landslide or landslip, one of the major catastrophes refers to several forms of mass wasting that 

include a wide range of ground movements. Landslides occur due to unstable condition of slope. 

Instability of a slope can be caused by a number of factors. The relationship between Landslide 

and various stability factors contributing to their occurrence were evaluated in this paper, using 

geographic information system (GIS) techniques, in combination with information value method 

for analyzing the landslide hazard zonation map. The main objective of this paper is to prepare 

Landslide Susceptibility Zonation map.  LISS-III satellite data covering the study area of was 

downloaded from Bhuvan (http://bhuvan.nrsc.gov.in/bhuvan/). ARC GIS 10.3, ERDAS 

IMAGINE 14, SPSS 12.0 etc softwares were used for data analysis. 

 

Key Words: Catastrophes, Ground movements, Hazard zonation, Landslide. 

1. Introduction: 

Landslides which is the downward and outward movement of slope combination of all 

varieties of mass like rock, soil, debris etc always cause a major problem by killing a large 

number of people every year besides damaging the properties and blocking the communication 

links. Most of the terrains in mountainous areas have been subjected to slope failure under the 

influence of a variety of terrain factors, and triggered by events such as extreme rainfall or 

earthquake. Darjeeling hilly region of West Bengal falls within seismic zone-IV which makes it 

vulnerable to earthquakes and landslides. This region is formed of comparatively recent rock 

structure that has a direct bearing on landslides. However, heavy monsoon precipitation is a very 

common cause of the landslides. In this paper the term ‘zonation’ applies in a general sense to 

division of the land surface into area and the ranking of these areas according to degree of actual 

or potential hazard from landslides or other mass movements on slopes. Landslide susceptibility 

zonation is essential for disaster management and control in mountainous regions. The purpose 

of the Landslide Susceptibility Zonation is to assist foresters and land managers in pre 

identifying unstable slopes. These products are to be used as a screening tool to guide and assist 

field personnel. There will be instances where a slope is more or less stable than identified. An 
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understanding of spatial relationship with landslides on the basis of dependent parameters is 

important before using any sort of statistical model for landslide prediction. Information value 

method is the probabilistic approach based on the observed relationship between each 

factor/variable with the occurrence of past and present landslides in the study area. Conditional 

analysis happens to be lest technique to analyze the statistical relationships. This can help for the 

assessment of the probable relation between relevant environmental factors and occurrence of 

landslide in the study area. The conditional probability can be calculate as 

Conditional Probability (Cp) = (Landslide area in the thematic unit/Total thematic unit 

area) 

Here the prior probability can be calculated as: 

Prior probability (Pp) = (Total landslide area/Total geographical area) 

Hence, information value can be calculated as: 

Information Value = Log (Conditional probability/Prior probability) 

After getting the information values for every single unit the values are to be added and 

then normalized. According to the final values, classification has been done flowing 

suitable methods. An integrated Remote Sensing and Geographical Information System 

approach is increasingly being used and recommended for landslide prone zoning. 

Integration of GIS and Index overlay approach for landslide hazard zoning proves to be 

use a useful methodology for further research. 

2. Objectives: 

The objectives of this study are: 

1) To create various Causative Factor maps as well as landslide map. 

2) To create Landslide Susceptibility Zonation map for farther remedial action 

such as construction of roadway, railway, building etc. 
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3. Location of Study Area:  

The Hill areas of Darjeeling District are located within the Lesser and Sub - Himalayan belts of 

the Eastern Himalayas. The area is bounded by the Sikkim Himalaya in the north, the Bhutan 

Himalaya in the east and Nepal Himalaya in the west. The inner belt is defined by a ridgeline 

stretching from the Darjeeling Hill to the west and Kalimpong Hill to the east, overlooking the 

southerly flowing Tista valley in between. 

Fig.1: Location Map of the Study Area 

The study area chosen for the purpose is Nimbong sub-watershed of Darjeeling district 

located in the northern most part of West Bengal. It geographically situated between 2601’26” to 

26053’27”N latitudes and 88033’10”E to 88038’09”E longitudes covering an area 55.33sq km 

approximately. The study area covers part of Kalingpong –I, Kalingpong-II and Gorubathan 

Blocks of Darjeeling district. 

 Watershed code- 3A1A4D 

 Region- 3(Brahmaputra) 

 Basin- 3A(Brahmaputra right bank up to Lohit confluence) 

 Catchment- 3A1(Teesta to Manas confluence) 

 Sub-catchment- 3A1A (Teesta lower) 

 Watershed- 3A1A4(Gish,Lish and Teesta) 

 

DARJEELING DISTRICT 

 

WEST BENGAL 

 

SATELLITE VIEW OF NIMBONG SUB-WATERSHEDWATERSHED 
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 Sub-watershed- 3A1AD((Nimbong Khola, Kubinda Khola, Hariya Khola, Gish River) 

 

 

4. Methodology: 

4.1 Data Source: 

4.1.1 Remote Sensing Data 

 LISS-III satellite data covering the study area of was downloaded from Bhuvan 

(http://bhuvan.nrsc.gov.in/bhuvan/), NRSC, Hyderabad. SRTM DEM covering the study area 

was downloaded from GLCF (http://glcf.umiacs.umd.edu/). The specifications of the satellite 

and its products are described in Table 1. 

Sensor LISS-III 

Spatial Resolution 23.5m 

Radiometric 

Resolution 

8 bits 

Swath 141 km 

Temporal Resolution 24 days 

Spectral Bands (Band 2) G: 0.52-0.59, (Band 3) R: 0.62-0.68 

(Band 4) NIR: 0.77-0.86, (Band 5) SWIR: 1.55-1.70 

Table. 1: Characteristics of IRS-P6 (LISS-III) data 

4.1.2 Ancillary Data 

Topographical Maps SOI Toposheets of Darjeeling district- at scale 1:50,000. 

Toposheets no: 78B/9 and 78A/12. 

Soil Data Soil Maps of Darjeeling district, NBSS & LUP. 

Geological Data Geological Survey of India, Spatial publication no. -  22. 

Pages- 3 to 13. S. K. Acharyya. 

Table.2: Information about Ancillary Data. 

4.1.3 Software Used 

a) Image Processing: ERDAS IMAGINE 14 

b) Geographical Information System: ARC GIS 10.3 

c) Others: SPSS 12.0 for statistical calculation and MS-Office (MS-Word, MS-Excel) for 

documentation and calculation. 
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The present study aims to develop an integrated methodology to produce landslide 

hazard zonation map and the present attempt involves three fold processes as Data 

Generation, Information Value calculation and Weighted Overlay analysis. 

4.2 Data Generation: 

For the study of Landslide Hazard Zonation, the area chosen for the purpose has been limited to 

a watershed. The watershed boundary was demarcated from watershed atlas. IRS LISS III 

satellite data was use to generated land use/land cover, SRTM DEM was use to generated for 

slope. The road and stream network was generated through on line digitization from the satellite 

data/ SOI Toposheets. The digitized road map and major lineament map was used for creation of 

buffer with 250 meters using Arc GIS software extension and finally rasterized into two classes 

as below 250 meters and above 250 meters. The collateral data of lithology and soil maps were 

digitized and integrated with all the layers under study area by using GIS.

 
Fig.2: Flow diagram of Data generation from Secondary Data 

4.2.1 Soil: The soils that have developed in the Kalimpong area are predominantly reddish in 

color. Occasional dark soils are found due to extensive existence of phyllitic and schists. Soils in 

the highlands stretching from the west to the east of the district along most of the interfluvial 

areas are mainly mixed sandy loam and loamy, while those on the southern slopes of Mirik and 

Kurseong are mainly clayey loam and reddish in color. Sandy soils are mainly found in the east 

of the river Tista. 

 

 

 

 

 

 

 

 

Fig.3: Soil Map 

Name Description Taxonomic Series Classification Land 

Capability

W008 Very deep, poorly drained, coarse 

loamy soils occurring on level to 

nearly level lower piedmont plain with 

loamy surface, associated with very 

deep, imperfectly drained, fine loamy 

soils.

Coarse loamy, 

Typic 

haplaquents. 

Coarse loamy, 

Typic 

fluvaquents.

Chunabhati 

Series

Coarse - loamy, 

mixed, 

hyperthermic, 

Typic 

Endoaquents.

IIIs

W002 Moderately shallow, excessively 

drained, coarse loamy soils occurring 

on steep side slopes with gravelly 

loamy surface, severe erosion and 

strong rockiness,associated with 

moderately shallow, well-drained, 

gravelly loamy soils with loamy 

surface and mode

Coarse loamy, 

Typic 

Udorthents. 

Loamy-skeletal, 

Typic 

Dystrochrepts.

Chhota 

Mangwa 

Series

Coarse - loamy, 

mixed, 

thermic, Typic 

Udorthents.

vlles

W004 Moderately shallow, well drained, 

gravelly loamy soils occurring on steep 

side slopes with gravelly loamy 

surface, moderate erosion and 

moderate rockiness, associated with 

moderately shallow, somewhat 

excessively drained, gravelly loamy 

soil with loamy soil

Loamy-skeletal, 

Typic 

Haplumbrepts. 

Loamy-skeletal, 

Typic 

Udorthents.

Barbung 

Series

Loamy - 

skeletal, 

mixed, 

thermic, Typic 

Udorthents.

IIIs
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4.2.2 Lithology: The stability of the slope is greatly influenced 

by the type and nature of underlying rocks. The lithological 

maps are taken from Geological Survey of India, S. K. Achariya 

and following the maps identified the geological structure of the 

study area. 

 

 

 

 

 

 

  

 

 

 

 

 

4.2.3 Slope: Slope and height play an important role in governing the stability of a terrain. As 

the slope increases, chances of slope failure also increase. However, variations in soil thickness 

and strength are two factors which vary over a wide range for both failure and non-failure sites 

(Borga, et al. 2002).  

 The slope layer generated from SRTM DEM. using 3D Analysis tool in ArcGIS, create 

slope of the area. Then classified into eight classes from <5 to >35 in an interval at 5 degree of 

the study area. 

4.2.4 Drainage: Drainage is an important ecosystem controlling the landslide as its densities 

denote the nature of the soil and its geotechnical properties (Pareta, 2004). The Nimbong River 

is a small tributary of the Teesta. In the Nimbong sub- watershed, the drainage pattern reflects 

the influence of slope, lithology and structure. Drainage map of the study area reveals three 

types of drainage pattern viz. dendritic, parallel, and semi-parallel patterns. 

Name Description Group 

6g Feldspathic Greywacke Mb Daling Group 

9 Lingtse Granite Gneiss  

6,7 Gorubathan Formation, Reyang 

Formation (Undifferentiated) 

Daling Group 

3 Darjeeling Gneiss  

10 Rangit Pebble Slate, UP Cars - 

LR Perm 

Gondwana 

Group 

2 Paro Sub Group Sikkim Group 

16 Quaternary and Recent 

Sediments 

 

13 Geabdat Sandstone Siwalik Group 

14 Parbu Formation Siwalik Group 

6 Gorubathan Formation Daling Group 

Table.4: Description about Geological Layers 

 

Fig.4: Lithological Map                                                                                 

Fig.5: Slope Map                                                                                 
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4.2.5 Land Use and Land Cover: Land use and land cover are play important role in instability 

of slope (Jakob, 2000; Anbalagan, 1992). Extensive investigations have shown that land-use 

cover or vegetation cover, especially of a woody type with strong and large root systems, helps 

to improve stability of slopes (Gray and Leiser, 1982; Greenway, 1987).  

A land use/ land cover map was prepared by on screen visual interpretation of the Geo-

referenced satellite image.  

4.2.6 The Major Roads: Roads are playing important cause for landslide. Terrain cutting for 

built up roads, slop is change. It is a human effect for trigger land slide. 

4.2.7 Geological Structures: The study area is located in the lesser Himalaya in Darjeeling hill. 

The Group rocks of the lesser Himalaya, folded into large synclinal and anticline folds, are 

thrust over along the NE dipping Thrust to south. 

4.2.8 Landslide Map: The present study 

involves prior probability of landslides over the 

area over a period of time. So landslide map is 

mandatory for this study. Using LISS-III data 

and with the help of historical record and image 

servers like Google we can able to map only the 

major landslides. 

    

       Fig.10: Buffer Zonation Map          Fig.11: Landslide Map                                                                                
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4.3 Information Value Method 

Information value method for the Nimbong sub-watershed has been applied for active 

and old landslides. Seven already prepared thematic layers are overlaid with landslide incidence 

map of the area individually. Through this operation, distribution of areas of total landslides in 

all units of different thematic layers was calculated with these data, condition all probability (i.e. 

area of landslides within a particular unit/area of that unit) of all units could be estimated. The 

conditional probability was divided by prior probability of the area through union operator. 

Finally, information value for each unit was obtained taking log of both of the parameters, 

information value becomes negative where the thematic units are having less conditional 

probability. 

 Conditional Probability (Cp) =Landslide area in thematic unit /Total thematic unit 

area. 

 Prior Probability (Pp) =Total landslide area/ Total geographical area. 

Information Value (IV) =Log (Conditional probability /Prior Probability) 

The conditional probabilities of every unit of the different thematic layers were 

calculated by dividing area of active landslide with area of the associated theme unit. Prior 

probability of active landslide is calculated by dividing total area covered by active landslides 

with total geographical area. The natural lag of the ratio between conditional probability and 

probability is the information value of the particular theme unit. 

 

 

 

Fig.12: Methodology 

 

2 

 

3 1 4 
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Total Study Area 55333498.1717 Prior Probability(P.P.) 

Total Landslide Area 1098735.34028 0.019857 

 

Parameter Type/ Name 
Total thematic 
 unit area 

Landslide area  
in thematic unit 

Conditional  
Probability 
(Cp) 

Land 
Use/Land 

Cover  

Tree Clad Area 5496933.60 3939.99 0.000717 

Kharif 10059311.14 40095.76 0.003986 

Village with  
Homestead 
Orchard 2772382.99 0.00 0.000000 

River (Sandy 
Area) 2456194.24 0.00 0.000000 

Dense Forest 33153797.43 1042984.49 0.031459 

River (Water  
Channel Area) 1394878.79 0.00 0.000000 

Lithology 

10 1125827.71 0.00 0.000000 

13 5701198.87 20335.30 0.003567 

14 3285131.44 0.00 0.000000 

16 5123419.64 0.00 0.000000 

2 14106483.14 134016.29 0.009500 

3 6163722.54 257954.36 0.041850 

6 8466246.32 269441.50 0.031825 

6,7 2340583.72 3569.05 0.001525 

6g 6679621.47 282022.94 0.042221 

9 2341263.36 119680.81 0.051118 

Soil 

W002 12510170.93 65900.14 0.005268 

W004 38346784.20 1021120.11 0.026629 

W008 4476543.07 0.00 0.000000 

Slope 

<5 439828.87 0.00 0.000000 

5-10 813965.74 0.00 0.000000 

10-15 467477.21 0.00 0.000000 

15-20 592361.72 0.00 0.000000 

20-25 7348261.88 0.00 0.000000 

25-30 28390360.31 605562.82 0.021330 

30-35 16777759.09 481457.43 0.028696 

>35 503483.37 0.00 0.000000 

Fig.13: Prior Probability (Pp) map & 

Conditional Probability (Cp) maps of different 

layers 

 

5 

1. Prior Probability (Pp) map 

Conditional Probability (Cp) maps 

of – 

2. LU/LC, 3. Lithology,  4. Soil 

5. Slope, 6. Drainage Density,   

7. Road, 8. Structure 

 

 

 

6 7 8 

Table.5: Calculation table for Prior Probability (P.P.). 
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4.3.1 Data integration using information value: Information value of different layers could be 

integrated by adding the corresponding raster of same location. The calculated information 

values again took back to Arc GIS software where all the values are integrated with their 

respective layer using join operation.  

After that all the layers were added to raster calculator tool extension in Arc GIS and were used 

to arbitrarily assign the weightage according to their information value and subject to landslide 

liability. The output map from weighted overlay analysis tool contains continuous range of 

values from -15.3469 to +2.7466. These values are again classified into five categories as (i) 

very high, (ii) high, (iii) moderate, (iv) low and (v) very low zone.  

 

 

5. Results and Discussions 

Ultimate result obtained from the study is map depicting 

landslide susceptibility zonation using information value. 

The use of information values and at the same time 

weights of different geo-environmental factor has proven 

to be useful for the attempt of establishment relation 

between the causative factors and the landslide 

occurrences. 

 

Drainage 
Density  

Very High 
5121633.83 81407.08 

 
0.015895 

High 11117426.73 208894.87 0.018790 

Moderate 14448567.75 340310.29 0.023553 

Low 13156096.63 208989.01 0.015885 

Very Low 11504628.24 247416.03 0.021506 

Road 
Non-buffer 36817008.48 632397.76 0.017177 

Buffer 18516489.69 454622.49 0.024552 

Structure 
Non-buffer 34666621.27 535093.08 0.015435 

Buffer 20666876.90 551927.17 0.026706 

 

Fig.15: LANDSLIDE SUSCEPTIBILITY 

ZONATION MAP WITH LANDSLIDE 

AREAOF NIMBONG SUB-WATERSHED 
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The LSZ is classified in 5 categories as already 

mentioned. The information value based LSZ map 

shows the maximum concentration of landslide density 

in near about 24.66% unit area with a density 91.25%. 

The low and very low categories covers 35.98% and 

10.01% unit area with 0.64% and 0% LS density 

respectively while the moderate class statistics shows a 

29.34% unit area of 8.1% density. Hence, a lesser percentage of units are identified to have a 

higher landslide density, here in this particular model. Slope, land use and structure happen to be 

the themes with more variation than the other layers with respect to the information value 

calculate. 

             The main advantage of this model is its comparatively simple methodology and a simple 

nature of computation. This can easily be implemented in a raster format based GIS. The value it 

has provided for the area of study can easily be interpreted. The computation of the conditional 

aspects (Prior and conditional probability) have made the approach quite logical and for present 

study fairly adequate. 

6. Conclusion: 

In the nimbong sub watershed, landslide occurs in every year. Manly unstable high 

slope, cutting of the slope, dense forest and structure like trust, Fault, lineament etc is triggering 

the landslide. 

The result of the Landslide Susceptibility Zonation is show the high hilly regions are 

manly affected and also landslide occurs in side of road. Finally, the LSZ map is helped for 

farther remedial action such as construction of roadway, railway, building etc. The southern part 

of the area is moderate to very low landslide prone zone. So, construction and other remedial 

action take in this place for safety. 

 

 

 

 

Fig.16: TOTAL AREA TO LAND USE ARE 
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Abstract: 

The slums of Kolkata represent a contrasting picture that is reflected in terms of poverty and 

disorganisation surrounding the communities. The slum dwellers of Kolkata live in conditions 

that are not fit for their habitation. The slums present the worst form of health conditions. Their 

deplorable environmental and economic conditions result in ill health condition among dwellers 

of all age groups. Due to poor hygiene conditions as well as degraded surroundings people 

suffers from cold, fever, dysentery and mosquito borne tropical diseases. The incidence of 

respiratory diseases, viral infections, skin diseases are high in the slums. Due to space crisis, 

lack of controls as well as concerns slum children frequently suffers from diseases. A slum in 

KMC Word no. 91 has been portrayed in this paper as case studies to draw transparent picture 

of health and environmental conditions of slum dwellers of Kolkata. It also focuses on the 

presently grown concern regarding child and maternal health and several initiatives undertaken 

by the government to alleviate such problems. Few proposals have also been put forward to 

ameliorate the current plight at the concerned slum area. 

Keywords: slums, poor health, tropical diseases, hygiene condition, child and maternal health. 

1. Introduction: 

Early works have posited an urban explosion in Asia and argued that the fulcrum of urban 

growth has shifted dramatically away from Africa and Latin America towards Asia (UNFPA). 

Rapid growth of the urban population is undoubtedly one of the key processes affecting Asian 

development in the 21st century. However, its dimensions, characteristics and significance vary 

from one country to another. With the mean latitude of global urban population moving steadily 

to the south, India has been considered to be a major contributor to this urban explosion, because 

of both its large demographic weight and the dynamics of urbanisation. With this comes the ill 

effect of the urban growth suffered by the people living here. Environment and health are the 

major issues of present time. Due to lack of living space and over congested city region the 
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urban low income groups along with the migrated mass from rural areas are often seen to live in 

slums. In other words Slum is a residential area that has been constructed illegally and where 

housing condition is not in compliance with current planning and building regulations (UN, 

1996). Slum includes dwelling which on account of overcrowding, dilapidation, and lack of 

ventilation are detrimental to the safety, health and social morale (Census of India, 1961). 

According to Economic and Social Commission on Asia Pacific (ESCAP), the percentage of 

urban population living in slums in Asia pacific is tabulated as Table 1.   

Table 1: Urban population living in squatter and slum settlements 

S. No  

 
Country  Population (in %age)  

1 Indonesia  54 

2 Bangladesh  47 

3 India 36 

4 Philippines  28 

5 Sri Lanka  21 

6 Thailand  16 

7 Malaysia  15 

8 Republic of Korea  01 

                            Source: ESCAP (1993) 

Almost all cities of India is occupied with people living in slums, Kolkata is not an exception. 

Slums were a part of colonial Kolkata but with industrialization their sustaining pattern of 

permanent existence and growth took shape as the demand for workers grew in. After the middle 

19th century, the slum population rapidly accelerated as rural migrants flocked to Kolkata to 

work with new industries. The Factories did not provide housing which inevitably led to the 

establishment of slums as close as possible to the factories. One third of the population of 

Kolkata lives in registered slums and rest unregistered slum. These people live in with 

inadequate amenities, overpopulated and unhygienic conditions. Slums generally refer to 

Bustees and squatter settlements. Bustees are legally recognized settlements where Kolkata 

Municipal Corporation supplies services such as water, latrines, trash removal and electricity 

(occasional). They are basically permanent in structures which are not under any demolition 
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allowing bustee communities to develop a sense of permanency and focus on issues of poverty 

beyond shelter availability. Squatters on the other hand are illegal clusters of impermanent 

residency located along canal and railways and are not provided with any vital living amenities 

like water, latrines toilets and have to depend on other source on this issues. The paper focuses 

to discuss the impact of unhygienic way of living on the health of slum dwellers with special 

emphasis on ward 91 as a case study. 

2. Review of Literature: 

According to UN-Habitat report (2002), a contagious settlement with households that lack 

security of tenure, structural quality, access to safe water, access to sanitation facilities is known 

as slum. Durand and Royston (2002) estimated that between 25 to 70 percent of urban dwellers 

in developing world are living in slum like conditions.  

The Census of India defines a slum as "a compact area of at least 300 in population or about 60-

70 households of poorly built, congested tenements in an unhygienic environment usually with 

inadequate infrastructure and lacking proper sanitary and drinking water facilities".   About one 

in six Indian city residents lives in an urban slum with sanitary conditions that are unfit for 

human habitation, according to the first complete census of India’s vast slum population. The 

city of Mumbai has about 49 per cent of its population living in slums. Slums cover only six per 

cent of Mumbai's land and its growth rate is greater than the general urban growth rate. 

People living in slums face problems of housing, access to drinking water and sewage facilities. 

Residents live in overcrowded situations, a majority of them live with dirt floors and poor 

ventilation which can lead to rapid spread of respiratory and skin diseases. Also, the lack of safe 

drinking water facilitates spread the water borne diseases. The presence of stored water further 

promotes the breeding of mosquitoes and diseases such as malaria. It is estimated that over one 

third of slum households have no access to bathroom and toilet facilities, promoting open 

defecation, which in turn leads to spread of faecal-oral disease and parasitic infestation. In 

Manila and Philippines, children living in squatter settlements were found to be nine times more 

prone to tuberculosis (TB) than children living in other areas (Fry et al., 2002). Overcrowding in 

slums is common cause of psychological stress and increases the rate of disease transmission 

due to frequent contact (Sundari, 2003). One fifth of the girls (21.6%) had history of diarrhoea in 

urban slum of Surat city of Gujarat within last 15 days of study as compared to 10.6% in MIG 

(Middle Income Group) area, which was due to prevailing insanitation in the slum areas (Vipul 

et al., 2008). Singh and Rahman (2002) cited that malaria is among the leading diseases in the 
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developing world and slum dwellers are the worst suffers from frequent attack of malaria, owing 

to poor environmental conditions.  

3. Study Area: 

   The studied slum comes under KMC word number 91. It has grown up between two railway 

tracks, one is Sealdah- Budge Budge railway line and another is Sealdah- Diamond Harbour- 

Namkhana railway line. The total number of households covered in the study area is 50 and the 

total population is 203.  Severe congestion and resulted space crisis along with degrading 

environmental conditions are the characteristic features studied in the slum area. 

 

 

 

 

 

 

 

 

Fig 1: Location of the study area  
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4. Objectives: 

The objectives of the study are as follows: 

1. To obtain knowledge about the socio 

economic status of the people living 

in the Bustee and the condition of 

their houses and other determinant 

factor of health analysis. 

2. To bring out a clear picture of the 

Sanitary and Hygienic atmosphere of the study area and its impact on the environment. 

3.  To examine the health problems and the concern of the people residing in the urban 

slum as considered. 

4. To study the plans undertaken by the local people and the government to improve the 

living conditions and also provide suitable suggestions. 

5. Database and Methodology: 

Data were collected from primary as well as secondary sources. The study dealt with the impact 

of the environmental and socio economic factors on the health of the residents of the slum. 

Hence emphasis was given more to generate data through intensive field work. A door to door 

survey was conducted to study the health related risk factors among the slum dwellers of KMC 

ward no.91. The questionnaire contained both close ended and open ended questions. Moreover 

some data were obtained by reviewing past literature, various reports published in various 

articles; and preparation of maps were done with the help of various soft ware’s of remote 

sensing. To analyze the data, collected information’s were classified. The classified data were 

tabulated and percentage was calculated for the drawing of various graphs and charts in Ms 

Excel. 

6. Observations: 

6.1 Socio Economic Condition 

The study area shows that the no. of  females are more in number while majority belongs to age 

group of 31 to 60 years showing comparatively greater concentration of working population 

with low life expectancy. It is evident that slum dwellers belong to low income group with 

temporary jobs, daily wage earning and several are jobless. In the present study 28% of the head 

of the household are daily wage earner, 16% involved in temporary low grade jobs where 6% 
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are unemployed. The surveyed values regarding employment structure in the study area has been 

given in Fig, 2. Rate of literacy and years of study by middle aged people are not quite 

remarkable but serious thinking towards education has been given by the young generation 

where most of the young adults are doing their graduation courses whether they are employed or 

not. Are the children above 4 are school 

goers. So it can be remarked that the 

struggle to get healthy food and proper 

diets everyday may have resulted in low 

immunity power. 

 

Fig 2: Demographic and Occupation structure in 

the study area ; N=50. 

6.2 Housing Status 

The information related to the housing conditions such as type of house and material used in the 

construction of the houses, type of floor, number of persons per room, provision of ventilation 

etc. are covered under this aspect in the following Table 2. Due to poverty, the slum dwellers 

could not afford a piece of land and usually selected the neglected areas or vacant plots available 

beside the railway line to settle there. Most of them live in Pucca houses; only some have settled 

in Kuccha houses covered with plastic or polythene sheets. 

Table 2: Poor housing condition in the study area 

Sl.No  

 
Observation/ Response  

 
Number 

(%)  

 

1 Type of house  

 
 

 (a) Kuccha  

 
34 

 (b) Pucca  

 
66 

2 No. of storeys  

28%

16%

6%
14%

6%

10%

14%

6%

Daily wage
earner
Group D staff
(temporary)
Private farm or
shops
Driver

Rickshaw
puller
Shop owner

Business

Unemployed

0

20

40

60

80

100

0-5 6 to 14 15-30 31-60 >60

Age Groups

P
o

p
u

la
ti

o
n

Age Group 
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 (a) One 94 

 (b) Two 6 

3 Type of accommodation  

 (a) Single room accommodation  

 
66 

 (b) Double room accommodation  

 
16 

 (c)Three room accommodation  

 
4 

 (d) Four room  accommodation  

 
12 

 (d) More than four room 

accommodation  

 

2 

 

4 Number of persons per room  

 
 

 (a) 1-3 person/room  

 
40 

 (b) 4-7 person/room  

 
36 

 (c) More than 7person/room  

 
24 

5 Type of floor in the house  

 

 

 (a) Rough & damp  

 

42 

 (b) Cemented  

 

50 

 (c) Earthen and damp 

 

8 

Source: Primary survey done by authors; N=50. 

It was observed that every house had a single small entrance in the form of small door. Windows 

and other provisions of ventilation were found to be absent in most of the houses. The problem 

of congestion inside the houses was so acute that people of all the three generation were pushed 

inside the single room which made them vulnerable to the contagious diseases. The situation is 

so acute that 66% of the respondents had single room accommodation, 16% had double room 
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accommodation, 4% had 3 room accommodations, 12% had four room accommodations and a 

very few about 2% lived in more than four room accommodation. Types of floor play an 

important role in the housing conditions as it determine the health of the dwellers as cracks and 

crevices serve as breeding place for pathogens. In the present study, the condition of the floor 

was found to be miserable as more than 50% dwellers had rough damp and earthen type of floor. 

The condition of the floor was particularly important as it was used as sleeping platform by most 

of the dwellers. Only 50% of the respondent had cemented floor but it is also not too hygienic. 

Such house type with damped environment is responsible for higher incidences of cold and fever 

among the dwellers. The condition of the house types of the respondents has helped us to better 

understand the ill impact on the health of the people in the Bustee. 

6.3 Indoor Air Pollution 

37 out of 50 respondents have LPG connections in their houses, but to cut off the extra costs all 

of the households use coal and kerosene as alternate fuel for cooking. As they don’t have 

separate kitchens and all of them used to cook inside the room, it creates a smoky environment 

within the room. Single room accommodation is dominant in the study area and number of 

family members per room is higher thus 52 % of them uses mosquito repellent coils or liquids 

and 20% of them use egg trays during nights. So, indoor air pollution determines respiratory 

problems in the study area.   

6.4 Unhygienic and Unsanitary Conditions 

The present scenario about sanitation and solid waste management in the locality is taken into 

consideration as one of the determinants of health impact.  The sewerage system was of sub-

standard type that clogged during rainy season as the result of which over spillage was common. 

About 92% of the surveyed people, their house hold drainage pipes have been linked up with 

drains, while only 8% accounted the drainage pipes to be linked with nearby pits and pond both 

sharing 4% each. 
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Fig 3: Diagram showing links of household drainage pipes and number of surveyed households 

using community and self owned toilets; N=50. 

   In the present study, the management of domestic waste is not proper, as the waste remained 

scattered in the lanes and in the vicinity of the houses. Burning is found to be a common practice 

to reduce the load of solid waste. Proper disposal system is lacking out of concern as the people 

are found to dump waste materials here and there. 

   Moreover the locality under study has 5 community toilets which are used by 94% of surveyed 

people, while the remaining 6% had self owned toilets. People are also found to use the nearby 

pond for bathing. The following Table 3 shows the type of the community toilets present in the 

locality under study. 

Table 3: Types of community toilets 

 

 

 

 

Source: Primary survey done by 

authors; N=50. 

 Again of these toilets only 2 are cemented, 2 are open and 1 is plastic wrapped. The residents 

used the cemented toilets for bathing and for other purposes. All of them were constructed under 

government plans with proper sanitation and sewage system. Unhygienic environments and 

unsanitary conditions are mainly responsible for diseases like skin problems and mosquito borne 

diseases.  

Type of community toilets No.  under each category 

sanitary 2 

Open 2 

Pit 1 
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Overall 51% of the respondents complained about the lack of proper drainage system and 

demanded immediate improvement, while 33% respondents considered the sanitary system to be 

satisfactory owing to the establishment of toilets in their own house with easy drainage of the 

water while 16% felt that it was good.  

 

 

 

 

 

 

Fig 4: People’s perception regarding drainage condition of and around the study area; N=50 

6.5 Environmental Problems 

The quantitative data obtained through household survey related to source of drinking water, its 

supply and quality, unhygienic sanitary conditions  in the locality, improper drainage and 

sewerage systems, nature of waste disposal all together sum up to degrade the environment of 

the locality under study. Disposal of wastes near the pond, bathing and carrying out household 

chores with pond water deteriorates the quality in turn affecting the health condition of the 

people when it is consumed.  Open sewage system and scattering of waste products near and 

around the house leads to unhygienic environmental conditions and foul smell in the slum area. 

The respondents have also strongly suggested the problem of over congestion in their locality as 

one of the causes of environmental pollution and degradation. The Bustee is beside the railway 

line of the southern section from Sealdah and hence is compelled to severe noise and dust 

pollution. Moreover water logging and over spilling from drains are a major problem concerned.  

   People are less aware of the seriousness of the poor sanitary and degrading environmental 

condition in their locality as the study area shows presence of house near the toilets and waste 

disposal grounds. During the survey 41% of the surveyed households are found with improper 

disposal of wastes around their houses, 33% don’t has the knowledge regarding the pollution 

caused due to dumping of wastes in open dustbins, followed by 20% are not concerned of the 

living beside open urinal places and a very few about 6% had perception of the ill effects of 

open sewage system. 

16%

33%39%

12% good

satisfactory

moderate

bad
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.  

 

 

Fig 5: Combined scores related to environmental quality of the study area (good=7, moderate= 

5, bad=3, worst=1) based on observation during field work.  

6.6 Major Health Problems 

Factors determining health conditions and causes behind the major health issues have been 

discussed earlier. Types of diseases differ with age but cold and fever are common for members 

of each age group. Lack of control on children, careless way of treating the juveniles are 

discussed as determining factors responsible for higher frequency of diseases among the 

children. They suffer from dysentery and other water borne diseases the most of which is natural 

as they have less tolerance to be affected by viruses and bacteria’s than adults. Adults and aged 

populations are prone to respiratory and mosquito borne diseases as 72% of adults use smoky 

mosquito replants and egg trays during nights to avoid mosquito while only children are 

provided with nets. In the recent years all over Kolkata incidences of dengue and malaria 

became quite common. During last 2 months when the survey was conducted 6 people suffered 

from mosquito borne diseases. During monsoon season skin diseases are quite common as the 

area remains water logged and there is a high probability of fever. 
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Fig 6: Major diseases and affected households (A) Major diseases among children (B) Major 

diseases among aged persons (C) Major diseases among adults (D) Incidence of diseases during 

last 2 months. 

6.7 Concern Regarding Health: 

A growing concern for health was found among the people in the studied area mainly concerned 

about their children. 82% of the respondents have more or less knowledge about proper 
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vaccination. Concerns regarding maternal health care are also increasing as 70% of the 

respondents try to take good care of the pregnant woman in their family and go for proper 

checkups to government hospital and private clinics.  

    No. of respondents 

Type of 

 health centre  

 visited 

Government hospitals  25 

Private clinics 5 

Health centre 13 

Both health centres and hospitals 7 

Type of health 

centre visited for 

giving birth 

Govt. hospitals and health centres 40 

Private clinics 6 

At home 4 

Table 4: Concern regarding regular checkups and child births 

6.8 Government Initiatives 

In the present years government plans are quite satisfactory mainly about the health and 

environmental scenario of the studied area. KMC has taken up few slum upgradation 

programmes focusing mainly on the health issues after the spread of the epidemic malaria and 

dengue in the recent years. Respondents are quite satisfied with the work being done by the 

medical staffs of Ngo’s and Government agencies as they frequently supply basic medicines, 

vaccines for children, spreading awareness about diseases and about the do’s and don’ts for the 

ill persons. Ground staffs of KMC spray pest controls and bleaching powder quite often. 

Although the respondents have allegations against the Government’s initiative regarding 

community toilets which should be increased in number as the population in the slum area is 

growing in number day by day. Cleaning of sewerage drains and roads around the slum area 

should be done more often. There is lack of concern from administrative side to water logging 

problems and providing better scope of employments for these urban poors through several 

employment schemes and programmes initiated by central and state governments.  

7. Conclusion: 

   Both the quantitative and qualitative approaches in this present work have helped to find some 

important particularities and facts in the study area regarding aspects concerned. 

a. Severe congestion with unhygienic habitat are unavoidable facts as the slum has grown 

up between two railway tracks and guided by high risers on other sides. Thus there are 

no vacant plots around where people can reside as the slum population is growing large 

day by day. 
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b. Unplanned waste disposal, unhygienic surroundings, lack of concerns towards pollution, 

improper house types with low incomes are the major reasons behind the deplorable 

health condition. 

c. Under slum upgradation programmes KMC supplies water to every slums in Kolkata, 

thus water borne diseases are few but scattered waste, stored water along with over 

flowing drains are favouring the higher frequency of tropical mosquito borne diseases. 

d. Unsanitary conditions, flying dusts are the reasons behind skin diseases and respiratory 

problems for aged population. 

e. Concerns regarding health have grown up among the dwellers as majority takes proper 

health care of pregnant women and children. 

   Increasing concerns towards education and health along with the slum upgradation and welfare 

schemes from administrative part may reduce the plight for the urban poors. Better house 

management techniques, better awareness of pollution and environmental degradation are 

needed to reduce vulnerability of different diseases if slum dwellers are not relocated or they 

don’t leave the slum in near future. 
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Abstract 

An attempt has been made here to examine and evaluate the formative processes of periglacial landform 

features and their extent of distribution in the Alpine Periglacial environment in the East Sikkim 

Himalayan region above the tree-line around the historically well-known Silk Route. The area selected 

for a systematic study on the periglacial geomorphic features, was a part of the Himalayan mountainous 

terrain in the East Sikkim district extending from Dzuluk village (2,380m, 7,800ft) to the Bara Baba 

Mandir beyond Gnathang village (4,100m, 14,700ft) to the north-east on either side of the Sikkim Silk 

Route. The main objective of the study was to assess the overall geographical environment, identify and 

examine the types and distribution of the periglacial phenomena with the help of GIS techniques and to 

make a paleoclimatic inference of this region. The study was based on the primary data generated by 

field survey and on the secondary data collected. The periglacial features existing in this part are mainly 

of the types of Talus Slope, Block Slope, Gelifluction sheet, Turf Hummock and Ploughing Block. 

Process of Talus slope formation by frost shattering from the steep rising cliff walls is still operating in 

the present day, features like Turf Hummocks and Ploughing blocks are also active in the present day 

while the block slopes and gelifluction sheets remain preserved in relict form. It was also observed that 

glacial drifts like the moraines, left by the past glaciers, have been reworked by the present periglacial 

activity at limited scale.  

 

Key words: Periglacial, alpine, paleoclimatic, talus slope, block slope, gelifluction sheet, GIS. 

 

Introduction 

The high mountainous terrain in the East Sikkim Himalaya above the tree-line exhibits a wide 

variety of Quaternary landform features. Due to restrictions imposed in this part of international 

border area for the visitors and researchers for strategic reasons for a long time during the second 

half of the 20th century virtually little Quaternary geomorphic study has been possible in this part. 

As a result a number of clues of climate change, as well as geomorphic evolution in this part of the 

Eastern Himalaya, remains obscured.  

Some researchers have reported conditions of retreat of the Himalayan glaciers and the resultant 

topographic features. But very little attention has been paid in the field of periglacial geomorphic 

study. Works in the Western Himalaya by de Terra and Hutchinson (1936), from the Central (Nepal) 

Himalaya by Fuji and Higuchi (1976) and from the Eastern Himalaya by Kar (1969) have thrown 

some light on the periglacial environment and processes in the Himalaya as a whole as well as in the 

Sikkim Himalaya. Recent works by Chattopadhyay (1985, 1998a, b, 2008, 2009, 2011a and 2011b, 

2012a, 2012b, 2012c) have explored some valuable aspects of periglacial, as well as glacial 

phenomena of the Sikkim Himalaya. The author has studied the characteristic features of the 
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Quaternary environmental changes in this part of the Sikkim Himalaya. However, it is true that apart 

from this very little work on the periglacial environment of the East Sikkim Himalaya has been done 

so far. As a result methodical and systematic study of glacial and periglacial environment of this 

area is very much required at this stage. 

 

Background of the development of Periglacial studies in the branch of Quaternary 

Geomorphology 

Periglacial geomorphology is a part of the study of Quaternary geomorphology. Till the first decade 

of this century geomorphologists working in the cold climatic environments were aware only of the 

glacial processes and thereby the investigations were concentrated on the glacial landforms 

occurring either around the existing glaciers or on the deglaciated land surfaces.  Geomorphic 

studies in the cold climatic environments took a new turn in the early part of the 20th century when 

Walery von Lozinski, a Polish geologist, described frost weathering conditions associated with the 

production of rock rubbles in the Carpathian Mountains in Europe and, subsequently in the XIth 

Geological Congress at Stockholm in 1910 he introduced the concept of Periglacial zone to describe 

the climatic and geomorphic conditions of areas peripheral to the Pleistocene ice-sheets and 

glaciers.   Since frost activity and the occurrence of frozen ground phenomena are not found only in 

the proximity to ice margins, many geomorphologists have subsequently widened the use of the 

term (e.g., Butzer, 1964; Dylik, l964).  On the other hand, many have proposed replacement of this 

term (Bryan, 1946, Linton, l969).  Washburn (l979) identified ‘periglacial’ as `... primarily 

terrestrial, non-glacial processes and features of cold climates characterized by intense frost action 

regardless of age and proximity to glaciers'. The term 'periglacial'is employed in this broad sense 

to-day. A systematic attempt has been made here to examine and evaluate the formative processes 

of periglacial landform features and their extent of distribution in the Alpine Periglacial 

environment in East Sikkim Himalayan region above the tree-line around the historically well-

known Silk Route. Application of GIS software QGIS and Surfer and a DEM  

Selection of the Study Area 

The area selected for the study on the characteristics of periglacial environment was a part of the 

Himalayan mountainous terrain in the East Sikkim district extending from Dzuluk village 

(2,380m) to the Bara Baba Mandir beyond Gnathang village (4,100m) to the north-east on either 

side of the Sikkim Silk Route. The criteria considered for this area selection was: a) accessibility 

(as this area is well connected by metal road of the main route), b) convenience (as vehicle service 

is easily available) and c) accommodation facility (as the recently developed Home Stay services 

in the villages of Dzuluk and Gnathang offer good facilities of food and lodging for the touring 

teams). 

GEOGRAPHICAL ENVIRONMENT OF THE STUDY AREA 

Location of the Study Area 

The area under study covers the landscape of the surrounding area of historical Silk Route that 

extends through the East Sikkim district. The area has the international border with China on the 

eastern margin, North and West districts of this state on the northern and western margins and 
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Kalimpong district of West Bengal on the south. This part of Sikkim is fairly easily accessible from 

the other parts of the state as well as from West Bengal and the rest of the country. 

 
Figure 1: Location of the study area in East Sikkim district (shown in Blue colour) 

Physical environment 

Geology and Relief: Geologically and structurally this area falls within the region of ‘Darjeeling 

Gneiss’ (Gansser, 1964). The tree-line terminates at an altitude of about 3,650m, (12,000ft) and the 

ground surface of the first 200m above the tree-line is virtually an Alpine Meadow. On the bare 

mountain slopes both glacial and periglacial features are found extensively. Numerous morainic 

ridges of pre-existing glaciers markedly traverse the mountain slopes, valleys and the ridge walls. 

Topography: The physical environment of Sikkim has a diverse range of topographic features 

characterized by marked variations in elevation. It is bounded on the north east and west by high 

ridges, and looks like an amphitheatre (Choudhury, 2006). The Tibetan plateau demarcates the 

northern border of Sikkim with China. The eastern boundary with Tibet is represented by Chola 

Range whereas the border with Bhutan is constituted by the Pangolia Range. The western margin 

the Singalila Range forms the watershed as well as the border between Nepal and Sikkim. Parts of 

the rivers Rangit, Teesta, Rammam and Rangpo combine to define the border of Sikkim with West 

Bengal. 
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Geology: The physical configuration of Sikkim encircles the Lesser Himalaya, Central Himalaya, 

and the Tethys Himalaya. It is essentially a mountainous state without flat piece of land of any 

extent anywhere. It mainly consists of gneissose and schistose rocks, producing generally poor and 

shallow brown clay soils. The regolith is coarse, with large concentrations of iron oxide; it ranges 

from neutral to acidic and is poor in organic and mineral nutrients. This type of soil tends to support 

evergreen coniferous and deciduous forests. Most of Sikkim is formed of Precambrian rocks 

(Gansser 1964). The rocks consisting of Phyllite and Schist, are highly susceptible to weathering 

and erosion. This combined with the state's heavy rainfall, causes extensive soil erosion and the loss 

of soil nutrients through leaching. As a result, landslides are frequent, often isolating rural towns 

and villages from the major urban centres.  

 

Figure 2: Physical environment of Sikkim 

Geomorphology: Geomorphologically, Sikkim falls within the upper part of the Teesta Basin. The work of 

River Teesta contributes much to the physical environment of the state. The structural slope of the land is 

http://www.answers.com/topic/gneiss
http://www.answers.com/topic/schist
http://www.answers.com/topic/clay
http://www.answers.com/topic/anhydrous-iron-oxide
http://www.answers.com/topic/acid
http://www.answers.com/topic/evergreen
http://www.answers.com/topic/deciduous
http://www.answers.com/topic/precambrian
http://www.answers.com/topic/phyllite
http://www.answers.com/topic/schist
http://www.answers.com/topic/leaching-agriculture
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from north to south causing the flow of all the major rivers of the state southwards. From almost every corner 

rivulets and streams appear and runs to all possible directions. The north western part of the state is highly 

elevated and dissected and remains under snow cover almost throughout the year. Therefore, the 

Geomorphological pattern is characterized with glaciated features as cirques, arête, glacial trough and 

moraines. There are numbers of glacial lakes that become frozen during the winter. Presently, Sikkim is in 

the process of rapid evolution with the ongoing glacial, periglacial, Glacio-fluvial, fluvial and pluvial 

activities, which are continuously reshaping the face of this young mountain topography. 

 

Plate 1: Silk Route in East Sikkim 

Climatic condition: Climate and weather conditions in Sikkim are controlled mainly by altitude 

variation across the state. The climate ranges from sub-tropical in the south to tundra and arctic in 

the northern parts (Choudhury, 2006). This has been classified in six broad types. They are as 

follows: 

Table 1: Types climate prevailing at different elevations in the Sikkim Himalaya 

Sl. No. Climatic type Elevation at which occurs 

1. Sub-Tropical Humid Up to1500m 

2. Semi Temperate 1500 to 2000m 

3. Temperate 2000 to 3000m 

4. Alpine Snow Forest 3000 to 4000m 

5. Alpine Meadow or Tundra 4000 to 6000m 

6. Arctic above 6000m 

 

Soil and Natural Vegetation 

Soils: In accordance with the physiographic sequence of the terrain features, 78 soil families were 

identified in Sikkim state and mapped into 69 mapping units. It revealed that soils of Sikkim belong 

to 3 orders, 7 suborders, 12 great groups and 26 subgroups. It is observed that Inceptisols are 

dominant (42.84%) followed by Entisols and Mollisols occupying 42.52% and 14.64% respectively. 

It comprises moderately deep, well-drained loamy skeletal soil with dark brown to dark reddish-
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brown colour. The texture of soil varies between loamy sand to silty clay loam. They have been 

developed on mica schist. The depth of the soil ranges from a few inches to several feet depending 

upon the weathering process it has undergone. This soil occurs on strongly sloping (10-15%) hill top 

with moderate to severe erosion. Soils are under moderately dense forest and pasture land. 

Flora: Sikkim is well known for its exotic flora and fauna situated in an ecological hotspot of the 

lower Himalayas. This is one of the only three among the Eco-regions of India. A diverse range of 

fauna and flora is found in the forested regions of the state. Sikkim, bound by the altitudinal 

breaching, has a wide variety of plants, from tropical species to temperate, alpine and tundra ones, 

and is perhaps one of the few regions to exhibit such diversity within such a small area. Nearly 81 

per cent of the area of Sikkim comes under the administration of its forest department. On this basis 

the vegetation of Sikkim can be broadly classified into the tropical, sub-tropical, temperate and 

alpine types (Lama,2004).  

IDENTIFICATION OF DISTRIBUTION OF PERIGLACIAL LANDFORMS      

All identifiable periglacial landform features found in this part of the East Sikkim district occur 

above the tree-line, i.e., above 3,700m (12,000ft). The periglacial environment and features were 

identified in the field through extensive field investigation. A comprehensive list of these features 

and their pattern of occurrence is given below. 

Table 2: Distinguished periglacial and nivational features and their pattern of distribution 

Source: Prepared upon field survey 

Characteristics and paleo-climatic significance of the periglacial features 

Features Composition 

Appx. 

Slope 

Angle 

Position in relation to 

the glacial drifts 

Relict or 

Active 

Talus slope 
Rockfall debris covering the 

slope below a cliff wall 

30º and 

above 

Outside glacial drift 

limit 

Both active 

and relict 

Block slope 

Accumulation of large block 

of rocks over the mountain 

slope 

10º - 25º 
Both outside and inside 

glacial drift limit 
Relict 

Gelifluction 

sheet 

Sheet of fine regolith 

covering the mountain slope 
10º - 25º 

Both outside and inside 

glacial drift limit 

Both active 

and relict 

Turf 

Hummocks 

Small hummocks covered 

with grass and weeds 
5 º - 10º 

Both outside and inside 

glacial drift limit 
Active 

Ploughing 

Blocks 

Large individual blocks of 

rock on the mountain slope 

with a furrow behind 

10º - 25º 
Outside glacial drift 

limit 
Active 

Nivational 

features 

Scars and troughs on the 

ground surface produced by 

scouring effect of melting 

snow patches 

5º - 25º 
Both outside and inside 

glacial drift limit 
Active 

http://www.answers.com/topic/biodiversity-hotspot
http://www.answers.com/topic/list-of-ecoregions-in-india
http://www.answers.com/topic/fauna
http://www.answers.com/topic/flora
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 Talus slopes: Talus slopes are the slopes produced by rockfall from the cliff wall covering the 

slope below this wall. Rockfall is produced by frost shattering. This feature is quite common in this 

area. Both active and relict talus slopes are found. 

 

Plate 2: An active Talus slope 

 Block Slope: This feature is formed by the accumulation of large block of rocks over the 

mountain slope. Most of this type of features are produced in relict form which shows that they were 

produced in the past under harsh periglacial climate as a result of large scale frost wedging and frost 

shattering. 

 

 
Plate 3: A partly vegetation-covered Block Slope 

 Gelifluction sheet: Gelifluction, very similar to solifluction, is the seasonal freeze-thaw action 

upon waterlogging top soils which induces downslope movement. Gelifluction is prominent in 
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periglacial regions which receive snow falls six to eight months of the year. The most distinctive 

landforms created by gelifluction include gelifluction s  heets, lobes and terraces.  

Gelifluction sheet is a sheet of fine regolith covering the mountain slope. A greater part of the high-

altitude mountain slopes in this area remain covered with Gelifluction sheet. This sheet was 

produced under the harsh periglacial condition in the past by the combined effect of large scale frost 

creep and solifluction /gelifluction processes acting upon the debris of finer regolith of the mountain 

slope. However, in some areas this sheet remains partly active under the present day periglacial 

climate. 

 
Plate 4: Solifluction / Gelifluction sheet covering the mountain slope 

 Turf Hummocks: These are the small hummocks formed by rising frost covered with grass and 

weeds formed by rising frost bubbles from underground. Hummocks are found covered with alpine 

grass and weed and the height does not exceed 0.5m from the ground surface. Turf hummocks 

denote that the periglacial condition, although in limited scale, still exists in this part of the 

mountain. 
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Plate 5: Turf Hummocks: on the mountain slope 

 Ploughing Blocks: Ploughing Blocks are the individual large blocks or boulders which glide 

down the mountain slope over the gelifluction sheet at a very slow pace under the effect of frost 

creep and solifluction process of the underlying regolith. These blocks normally have a small mound 

of regolith attached in the front and an extended furrow in the rear showing the evidence of their 

down-slope movement. Ploughing block as they occur here in several places show that limited 

periglacial process still operates in this environment. Ploughing blocks are also known as Gliding 

boulders. 

 

Plate 6: Ploughing blocks or Gliding boulders on the mountain slope 

 Nivational features: Nivational hollows and scars are the scars and troughs on the ground surface 

produced by scouring effect or melting effect of late lying snow patches. These features are quite 

common in the sheltered slopes of the mountain where the winter snow melts slowly through the 
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warmer season. However, since no frost wedging or shattering process is involved in the 

development of this feature the Quaternary geomorphologists consider this feature as a product of 

process other than periglacial. 

 
 

Plate 7: A nivational scar 

 

Quantitative analysis of clasts measured in the field 

Quantitative study is essential for any geomorphological investigation and exploration. This helps 

understand the character and pattern of any geomorphological landforms. Since very little work on 

the aspect of periglacial phenomena has been done in this part of the Himalaya so far and virtually 

no database is available it was decided to embark upon a systematic study to generate some 

quantitative data in the field to understand the nature of past and present periglacial processes in this 

high-altitude area. 

In order to understand the size and shape of the clasts (blocks of rocks) occurring in the Block 

Slopes a quantitative study was conducted in the field by measurement of A, B and C axes of blocks 

detected on random sampling. The following table gives details of this survey record and processing 

of data. 

Table 3.2: Quantitative data generated upon field survey on clast size and shape of a Block Slope 

Sl. No. Waypoints 
Length 

A axis(m) 

Width 

B axis(m) 

Thickness 

C axis(m) 

A×B×C 

m3 
C/A Ratio 

1 218 2.28 1.42 0.78 2.53 0.34 

2 218 0.55 0.65 0.55 0.20 1.00 

3 216 0.75 0.50 0.30 0.11 0.40 

4 217 1.20 1.20 0.85 1.22 0.71 
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5 200 1.08 1.10 0.15 0.18 0.14 

6 214 0.85 0.93 0.69 0.55 0.81 

7 221 1.30 1.05 0.85 1.16 0.65 

8 222 2.25 1.58 0.64 2.28 0.28 

9 223 0.81 0.58 1.20 0.56 1.48 

10 224 1.08 1.08 1.50 1.75 1.39 

11 355 3.80 2.50 1.80 17.10 0.47 

12 356 1.76 0.80 0.70 0.99 0.40 

13 357 1.10 0.06 0.40 0.03 0.36 

14 358 0.90 0.85 0.65 0.50 0.72 

15 359 1.20 0.90 0.50 0.54 0.42 

16 360 1.50 0.90 0.35 0.47 0.23 

17 361 2.25 2.10 0.60 2.84 0.27 

18 362 1.75 1.60 0.80 2.24 0.46 

19 363 3.70 2.80 1.20 12.43 0.32 

20 364 2.14 1.86 1.20 4.78 0.56 

Source: Based on field survey 

Average volume (A×B×C) of clasts (blocks) = 2.62m3 

Average C:A Ratio = 0.57 

The above table shows that the block slope comprises remarkably large size of blocks the average 

volume being 2.62m3. This gives an indication that they were resulted from frost shattering under a 

reasonably harsh periglacial climate. The average value of C:A axis ratio is 0.57, i.e., below 1.00 

which is usual for the clasts (blocks) resulted from frost shattering along the lines of cleavage.  

Quaternary Geomorphological Mapping 

Mapping is an integral part of any report of field study. This presenting a clear and authentic picture 

of the landform features detected through field investigation. During the course of the field 

investigation ostensible glacial, periglacial and nivational features were placed on the draft map and 

in the laboratory a complete Quaternary Geomorphological map was prepared using appropriate 

cartographic technique with symbols for the detected features as presented here. 
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Figure 3: Quaternary geomorphological map of the high-altitude area around the Silk Route near 

Gnathang and Kupup villages 

 

Figure 4: DEM showing quaternary geomorphological map of the high-altitude area around the Silk 

Route near Gnathang and Kupup villages  
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An overall assessment and Paleo-climatic inferences of the periglacial features identified 

 

A thorough visit around the Silk Route in the East Sikkim District has revealed that a very harsh periglacial 

climate prevailed in this part of the Himalaya during the early part of the Quaternary. With climatic 

amelioration as the glaciers and ice-sheets melted away completely in the Late Glacial period the ground 

surface became exposed for deep frost wedging and frost shattering. As a result of this large-scale periglacial 

features like the Debris slopes, Block Slopes and Block Fields were formed. The large frost shattered 

boulders occurring in the Block Slopes and Block Fields indicate the harshness and large-scale periglacial 

activity in the past. It is also assumed that Permafrost was extensive till the Late Glacial Period. With gradual 

improvement of climate through the Holocene the intensity of periglacial processes continued to diminish. 

However, the process of Talus Slope formation by frost shattering on the cliff walls still continues. The 

small-scale periglacial activity still operates around this area in the present day under significantly less harsh 

periglacial climatic condition. Ploughing blocks, turf hummocks and miniature patterned grounds have been 

found to be still active in the present day under mild periglacial condition.Formation of 

solifluction/gelifluction sheets and lobate features, although took place in the Late Glacial period, is still in 

progress in the present day.  
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Abstract 

 The constant modification and expansion of urban built space has a explicit impact on its 

micro-climate along with its environs. In this context, it becomes imperative to identify a spatial 

as well as temporal relationship between LST (Land Surface Temperature) and LULC (Land 

Use Land Cover). In this study cloud free Landsat TM images of 1990, 1997, 2006, 2010, 

Landsat ETM of 2001 and  Landsat OLI of 2016 were used generate LULC maps of KMA 

(Kolkata Metropolitan Area). This helped in comprehending the dynamics of increasing density 

of built up area, declining vegetation and agricultural land. Thermal bands of these datasets for 

the summer months were used to calculate the LST. Primary and secondary UHI (Urban Heat 

Islands) were assessed and mapped. The maximum temperature over the study period had 

increased from 37.31 ºC to 43.15 ºC while the minimum temperature has also risen from 23.96 

ºC  to 29.70 ºC. Simultaneously expansion of very hot spots and hot spots were also identified. 

During the 1990s the Shyambazar, Shobabazar and areas neighboring Howrah station were 

experiencing the highest LSTs. With the passage of time the areas surrounding Kalyani, 

Kanchrapara, Salt Lake city, NH6 and NH35 became secondary heat islands. A regression 

analysis was carried out in order to estimate the relationship between the different LULC and 

their corresponding LSTs over time. A strong relationship was established between dense built 

up and highest LST values. Under such conditions, with paucity of urban space for introducing 

green zones green roofing could become one of the mitigation measures against the adverse 

impacts of UHI.   

 

Keywords: UHI, LST, KMA 

 

Introduction 

 Urban heat islands (UHIs) describe the occurrence of atmospheric and surface 

temperatures being higher in urban areas in comparison to its surrounding rural areas (Oke, 

1982; Taha, 1997; Rizwan et al., 2008, Zhang et al., 2006; Voogt, 2005; Mirzaei & Haghighat, 

2010). in the 20th century T. J. Chandler initiated the research on factors that affect the urban 

micro-climate by analyzing urban temperature data. Higher urban heat is chiefly caused due to 

the heat stored and re-radiated by colossal and complex urban morphology together with heat 

emitted from vehicles, power plants, air conditions and other heat sources and (Momen et al., 

2008). This local difference in temperatures has an adverse impact on people's health and 

environment because it degrades air quality, amplifies energy consumption, deteriorates 
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biological control (Kikegawa et al., 2003; Grimmond, 2007; Meineke et al., 2014; Plocoste et 

al., 2014). In the past few decades, thermal environment has received vast attention because of 

its effect on the global warning phenomenon. The relationship between the land use land cover 

conditions and the land surface temperature (LST) is crucial for studying surface urban heat 

island. The LST of urban surface correspond closely to the spatial distribution as well as density 

of land use and land cover types (Lo et al., 1997; Weng, 2001, 2003; Weng et al., 2004.; Wang 

et al., 2016 ) Studies have shown strong correlation between surface/air temperature and 

different land use types  (Yokohari et al. , 2001; Chen et al., 2006; Cheng et al., 2008). The 

change of land use and land cover from vegetated area to concrete built structures resulted in 

transformation of the natural surface of the earth and hence its absorption, reflection, radiation 

capacities together with the air flow (Omija, 1991). Spatial distribution of the LST and surface 

materials and land use land cover types are excellent indicators to assess the environmental 

condition. Satellite remote sensing techniques has increased the feasibility of UHI studies 

globally (Ramachandra and Kumar, 2010; Ehlers et al., 1990; Treitz et al., 1992; Harris & 

Ventura, 1995)., thermal infrared bands have become one of the important means to study the 

UHI (Keramitsoglou et al., 2011 Quattrochi & Luvall, 1999; Weng et al., 2004). In the past 

couple of decades research papers have reflected the increasing use of thermal infrared (TIR) 

data for the UHI studies. Nichol (1994) has used TM thermal image to examine the 

microclimate over the housing estates in Singapore. Weng (2001, 2003) estimated the LST 

pattern and its relationship with land cover in Guangzhou and in the urban clusters in the 

Zhujiang Delta, China. Jusuf et al. (2007) investigated the influence of land use on the urban 

heat island in Singapore.  It has become imperative to understand the temporal changes in urban 

landscape and analyse its impact on the LST. Zhao-ming et al., 2004; Effat et al., 2014 

Falahatkar et al., 2011a,b Chen et al.(2006), Xian and Crane (2006) and Yuan and Bauer (2007) 

have been studied the brunt of urban growth on urban heat island (UHI). Cao et al.,2008 Effat 

and Hassan, 2014 have carried out a research to relate land surface temperature (LST) and 

Normalized Difference Vegetation Index (NDVI)  which acts as a indicator for the Urban Heat 

Island patterns. Kolkata Metropolitan Area (KMA) too requires precise assessment of the 

changes in LULC conditions and its impact on the LST. This would aid in interpreting the UHI 

pattern in the region. Sahana et al., 2018; Mithun e al., 2016 have looked into the aspects of 

urban sprawl of KMA under different time frames.  Research work on Kolkata's UHI has been 

mostly restricted to some of its pockets like Kolkata Municipal Corporation (Sarkar and 

Sivaramakrishnan; 2015), New Town (Akher and Chattopadhyay, 2017). Very few works has 

been published on UHI centering KMA like that of Chaudhuri and Mishra, 2016.  

Objectives  

 This research paper seeks to identify the LULCC from 1990, 1997, 2001, 2006, 2010, 

and  2016 and simultaneously use the thermal bands of the satellite images of respective years 

for estimating the LST of a summer and winter month. This study also attempts to identify the 

mean LST of different LULC and establish a relationship between LST and NDBI, NDVI and 

NDWI over the years.  
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Study area  

 KMA spreads over 

an area of 1851.40 km2 and 

is situated between 22°0 ′19 

” N to 23°0 ′01 ” North and 

88°0 ′04″ E to 88°0 ′33 ″ 

East (Fig. 1 ). It is flanked in 

a linear pattern along the 

eastern and western banks of 

Hooghly River. KMA has 

been administratively 

divided into 3 municipal 

corporations (Howrah, 

Kolkata and Chandan 

Nagar), 38 municipalities, 77 

non-municipal urban towns, 

16 out growths and 445 rural 

villages. According to 

Census of India, 2011 the 

total population is around 

14.72 million with average 

density of 7950 

persons/km2. As a sprawling metropolitan city, Kolkata has been experiencing substantial 

unplanned urban growth, pollution, traffic overcrowding, poverty, and related socio-economic 

problems (Bhatta, 2009; Mukherjee, 2012). Over the years the KMA area has been experiencing 

sustentative decline in agricultural area, increase in current fallow land, declining vegetation 

cover, open space and water bodies and definitely an increase in the built up area (Sahana et al., 

2018). Under such circumstances it becomes imperative to determine the land use land cover 

conditions at a micro level segregating the built up area on the basis of the compactness and 

areal occupancy  

 

Data Source and Methodology 

 The satellite images used in this paper for preparing LULC maps and LST maps were 

Landsat Thematic Mapper (TM) image of 1990, 1997, 2001, 2006, 2011 and Landsat 8 OLI 

image of 2016. Table 1.1 explains the path and rows and date of acquisition of the Landsat 

images. The KMA administrative boundary map was procured from SUDA (State Urban 

Development Agency). Air temperature data for the (India Meteorological Department) IMD 

was collected for the Calcutta(ALP), Calcutta A.P (D.D), Diamond Harbour, Krishnanagar, 

Magra Bhagati, Sandheads and Uluberia stations for the same dates to validate the LST derived 

from satellite images.  

 

Figure 4 Study Area 
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Table 4 List of Landsat images used 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

Figure 5 Methodological flow chart for the study 
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Landsat TM Apr/Feb-11 30 
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 Using the dataset (downloaded from https://earthexplorer.usgs.gov) mentioned in Table1 

object based supervised classification was carried out in Erdas 2014. Ground survey aided with 

GPS (Global Positioning System) was done for field verification and also with the help of 

Google Earth images classification accuracy was test was performed. The Kappa test and 

accuracy assessment was followed by change detection analysis in order to estimate the area of 

urban sprawl. 

 In order to derive the LST data from the thermal bands of the Landsat images different 

methods and algorithms have been developed (Qin et al., 2001; Sobrino et al., 2004; Weng et al., 

2004). Rozenstein et al. (2014) considered the dual thermal bands in Landsat 8 and used a split-

window algorithm in LST retrieval. The process that has been pursued in this study has been 

explained in the following lines: 

 

 In order to obtain precise reflectance data, atmospheric correction of the Landsat data 

was performed by combining a lookup table and a dark-object method (Liang et al., 2002). First 

the digital number of the pixels of the thermal Infra red bands were converted to spectral 

radiance  using Equation 1 on  Landsat TM thermal infrared spectrum (Chander and Markham 

2005): 

 

                                                            L = gain  DN +bias                                          ---  (eq 1) 

where L is at-sensor  radiance, 

gain = (LMAX-LMIN)/ Qmax  

bias = LMIN 

 

LMAX and LMIN are provided in the Metadata file which available with the downloaded bands 

. Qmax is the maximum quantized calibrated pixel value corresponding to LMAX. For the used 

image, the gain and bias were 0.0551 and 1.2378, respectively. Using Eq . 2 the spectral 

radiance was converted to brightness. (Chander and Markham 2005) 

 

                                                        T = K2 /Ln (K1 /L +1)                                          ---  (eq 2) 

 

where T is at-sensor brightness temperature in K, K1 and K2 are the constant values with  

607.76 and 1260.56, respectively. In case of Landsat 8, the LST was calculated from Band 10 

which provides more accurate results than Band 11 (Jimenez-Munoz et al., 2014; Yu et al., 

2014). The Temperature thus obtained were in ºK. Using eq.3 the temperatures were converted 

to ºC 

                                                                ºC=T-273.15                                                ---  (eq 3) 

 

  In order to identify the spatial distribution of LST  in accordance with the different 

LULC as found in different literatures like that of Lv and Zhou 2011; Wei and Zhou, 2011; Yue 

et al., 2007; Xiao et. al, 2018 zonal statics was estimated using ArcGIS 3.1. This provided an 

output of mean temperatures during summer and winter months for different LULC. This also 
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helped in having a temporal estimation of the variation in temperatures within the same LULC 

conditions which may be attributed to changed pollution, pollution and LULC conditions.  

 

 To examine the process of energy exchange between the different land covers and air 

temperature, LST has a vital role to play. Prominence have been given to researches intending to 

identify the vegetation–LST, built up-LST, Water-LST relationship (Petropoulos et al., 2014; 

Bakar et. al, 2016; Sun et al., 2012). As important indicators of vegetation cover, vegetation 

indices (VIs), including the Normalized Difference Vegetation Index (NDVI), Ratio Vegetation 

Index (RVI), and Soil-Adjusted Vegetation Index (SAVI), have been used widely to probe into 

the vegetation–LST relationship (Wei and Zhou, 2011; Yue et al., 2007). Lv and Zhou (2011) 

tried to correlate the LSTs and VIs based on four transects across the study area. Their results 

hinted towards an evident heat island in the urban areas, while a cool cool zones in areas under 

abundant water and vegetation cover. Mostly studies endeavoring to establish a correlation 

between LST and VIs have based it on transect profiles (Yue et al., 2007; Buyadi et al., 2013; 

Kumar and Shekhar, 2015; Pal and Ziaul, 2017). But incorrect selection of transects could 

provide biased or random results. On similar lines relationship between NDBI and LST has also 

been sought after, Raja et al. 2012 explored the spatial analysis of land surface temperature in 

the urban agglomeration of Dhaka city by attempting a linear correlation analysis between LST 

and NDBI. He inferred a positive relationship with NDBI due to the urban growth. Yusuf et al, 

2014 assessed the spatio-temporal of Urban Heat Island effects in Kuala Lumpur metropolitan 

city by using Landsat Images which yielded similar results. Following a similar methodology 

the NDVI, NDBI and NDWI were generated from the Landsat images of all the years 

considered in this study.In order to generate the different indices related to the LULC the 

following raster band ratioing operations were carried out.  

                                                    NDVI= ρ4-ρ3/ ρ4+ρ3                                                ---  (eq 4) 

                                                    NDBI= ρ5-ρ4/ ρ4+ρ3                                                ---  (eq 5) 

                                                    NDWI= ρ4-ρ6/ ρ4+ρ6                                                ---  (eq 6) 

Where ρ3= Red Band 

ρ4=Infra Red Band 

ρ5= Short wave Infra Red band 

ρ6=Mid Infra Red Band 

 

 Subsequent to calculation of LST for all the years and derivation of NDVI, NDVI and 

NDWI for the respective Landsat images a regression analysis was executed at all the pixel level 

for both the data sets. Hence for both winter and summer seasons LSTs  were made to regress 

with the LULC of the respective years. This method avoided the biasness that may have 

developed as a result of selection particular transects to assess the relationship. The work was 

carried out in ArcGIS10.3. The regression equations were derived from the analysis highlighted 

the shifts in trends between the variables.   

 

Results and Discussion 

 The land use land cover classification was carried out from the year 1990 till 2016 with 

almost 5 years of interval . The Kappa test varied around 87 to 98% over the years which proved 

to be substantially good Figure 2. and Figure 3 shows the expansion of dense as well as  semi 

dense built up at the expense of agricultural land and vegetated areas. The dense built up in 1990 
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occupied 85.87 km2 , which escalated to 100.38 km2 in 2001, 141.19 km2 in 2006 and almost 

doubled to 264.47 km2 in 2016. The statistics of the areal coverage evidently depicts the decline 

in vegetated and orchard area from 515.21 km2 in 1990, 501.59 km2 in 2001, 443.18km2 in 2006, 

367.83 km2 in 2011 and 322.77 km2 in 2016. Decline in agricultural land is not explicit because 

of its interchangeable  status with current fallow conditions. The semi dense built up area has 

also accelerate from 202.49 km2 in 1990 to 289.91 km2 in 2001, 374.59km2 in 2006, 423.96 km2 

in 2011 and 494.87 km2 in 2016. 

 

   

 

 

 

 
 

 

Figure 6  LULC map of KMA  (a)1990, (b)1997, (c) 2001, (d) 2006, (e) 2011, (f) 2016 

a b c 

d e f 



International Journal of 
Integrated Research and Development        ISSN : 2278-8670 

196 

 
Figure 7 Changes in LULC Changes using Landsat images 

 

 The urban sprawl which is very vivid ought to have a prominent impact on the land 

surface temperature (LST) of the KMA region. Figure 5. shows the LST of KMA during 

summer from 1990 to 2016 which has been derived the thermal infrared band of the respective 

satellite images. The maximum LST has increased from 37.31ºC in 1990 to 40. 84ºC in 2006 

and 48.15ºC in 2016 with some minor variation in the years in between. The minimum LST too 

has shown similar increasing trend from 23.96ºC in 1990 to 29.70ºC in 2016. From figure 5. it is 

clear that the LST has increased over the south west region of KMC (Kolkata Municipal 

Corporation) area, which includes parts of Barisha, Tollygunge, Jadavpur, Naktala, Santoshpur, 

Patuli, Garia, Rajpur-Sonarpur and its surroundings . The heat island is seen to have intensified 

over parts of Shovabazar, Shyambazar, Kashipur, Paikpara and Chitpur.  
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Figure 8 LST maps derived from Infra Red bands of Landsat images for summer months (a)1990, (b)1997, (c) 2001, (d) 2006, 
(e) 2011, (f) 2016 

 The LST generated for the winter months as can be seen in figure 6. It. shows a rather 

different picture altogether. The upper limit of the winter temperature is seen to decline from 

35.35ºC in 1990 to 21.74ºC in 2016 and even the lower limits of the temperature too has a 

experienced of falling trend from 11.16ºC during 1990 to 11.70ºC in 2016. The decline has been 

persistent over these years as can be seen from figure 6. Though the winter months have shown 

a lowering of temperature overall, but the areal coverage of the relatively cooler areas have 

considerably declined as is visible from the maps. The IMD (Indian Meteorological Department) 

data as shown in table 2 for the specific dates of which LST has been generated also 

corroborates the temperature conditions. The air temperatures for the stations Calcutta ALP 

(Alipur), Calcutta AP (Dumdum) Airport, Diamond Harbour, Krishnanagar, Mogra Bagati, Sand 

heads and Uluberia which are situated within and in the vicinity of  KMA were the available 

monitoring stations. The data  from these IMD station show that the summer air temperature has 

increased from 37ºC to 40ºC in the Calcutta (ALP) and Calcutta (AP) station has experienced a 

rise from 37ºC during 1990 to 41ºC during 2011.  

   

d e f 

a b c 
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Figure 9 LST maps derived from Infra Red bands of Landsat images for winter months (a)1990, (b)1997, (c) 2001, (d) 2006, (e) 
2011, (f) 2016 

 Even the station situated around the urban core of Kolkata all shows a rise in the air 

temperature over the study period especially near Diamond Harbour, Krishnanagar and Mogra 

Bagati which is themselves have experienced densification and expansion of their urban 

settlements. Both the summer and winter maximum as well as minimum air temperatures show 

significant correlation between the LST's generated.  

Table 5 IMD station data for maximum and minimum air temperature for selected days under study 

Place Lat Long 

Max 

Temp 

Min 

Temp 

Date/ Month/ 

Year 

Max 

Temp 

Min 

Temp 

Date/ 

Month/ 

Year 

Summer  Winter  

Calcutta(ALP) 22'34'21.73'N 88'21'50.03'E 

37 25 22.03.1991 32 23 14.11.1990 

33 22 16.03.1997 31 19 18.02.1997 

35 24 17.03.2001 25 11 12.01.2001 

32 19 18.03.2007 25 12 26.01.2006 

40 28 11.04.2010 34 19 19.02.2011 

..... ..... 11.04.2016 ..... ..... 07.12.2016 

Calcutta A.P 

(D.D) 
22'39'7.49'N 88'26'46.77'E 

37 25 22.03.1991 32 23 14.11.1990 

34 21 16.03.1997 30 17 18.02.1997 

34 23 17.03.2001 24 7 12.01.2001 

31 17 18.03.2007 25 11 26.01.2006 

41 28 11.04.2010 34 18 19.02.2011 

..... ..... 11.04.2016 .... ..... 07.12.2016 

Diamond 

Harbour 
22'11'55.55'N 88'12'8.19'E 

.... 26 22.03.1991 .... .....  

31 22 16.03.1997 30 19 18.02.1997 

32 25 17.03.2001 25 11 12.01.2001 

32 18 18.03.2007 25 10 26.01.2006 

36 28 11.04.2010 32 17 19.02.2011 

..... ...... 11.04.2016 ..... ..... 07.12.2016 

Krishnanagar 22'24'3.34'N 88'30'5.05'E 

..... 36 22.03.1991 ..... .....  

29 20 16.03.1997 27 13 18.02.1997 

33 21 17.03.2001 23 8 12.01.2001 

27 16 18.03.2007 .... 9 26.01.2006 

40 26 11.04.2010 31 14 19.02.2011 

  11.04.2016   07.12.2016 

e f d 
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Magra Bhagati 22'59'19.18'N 88'22'51.64'E 

..... .....  ..... .....  

32 21 16.03.1997 30 15 18.02.1997 

33 22 17.03.2001 22 9 12.01.2001 

28 16 18.03.2007 21 .... 26.01.2006 

40 ..... 11.04.2010 26 16 19.02.2011 

...... ..... 11.04.2016 ..... ...... 07.12.2016 

Sandheads 22'30'23.19'N 88'21'31.51' E 

29 27 22.03.1991 ..... .....  

29 24 16.03.1997 26 21 18.02.1997 

..... .....  ..... .....  

..... .....  ..... .....  

..... .....  ..... .....  

..... .... 11.04.2016 .... ..... 07.12.2016 

Uluberia 22'28'28.21'N 88'6'0.13' E 

..... .....  ..... .....  

..... 21 16.03.1997 29 17 18.02.1997 

..... 23 17.03.2001 ..... 9 12.01.2001 

29 19 18.03.2007 .... .....  

..... ....  35 15 19.02.2011 

..... ..... 11.04.2016 .... ...... 07.12.2016 

 In order to assess the variations of LST in accordance to the land use land cover type a 

zonal statistics was generated in ArcGIS 3.1. The mean temperature variation over the years for 

each land use type was estimated. Table 3 and table 4. shows the mean LST during winter and 

summer months respectively. From the tables it is evident that the areas with dense built up have 

the maximum temperature followed by semi dense built up areas. The High reflectance zones 

which includes barren land, brick kilns, factories, railway station car shades and platforms 

mostly dominated by building materials which are of metals followed the third place. There 

temperatures ranged within 26ºC during winter months and 35ºC during summer months. The 

agriculture land, vegetation cover and water bodies occupied relatively cooler zones within the 

LST values. Irrespective of any LULC type there has been an overall increase in LST. 

Table 6 Mean LST of different LULC over the years during winter 

LULC  1990 1997 2001 2006 2011 2016 

Agriculture  24.689 22.329 19.57 21.840 24.620 10.272 

Current Fallow 25.115 23.188 20.85 21.931 25.854 10.973 

Vegetation 24.615 22.205 19.22 21.461 24.493 10.031 

Semi dense built up 25.353 23.458 19.91 22.158 25.466 10.705 

Dense built up 26.598 25.245 21.31 23.758 26.439 11.447 

Recreation 24.783 22.831 20.07 26.165 25.692 10.446 

High Reflectance Zones 25.794 22.648 19.75 23.385 26.305 11.161 

Water Bodies 24.371 20.864 18.50 20.359 22.451 9.670 

 

Table 7 Mean LST of different LULC over the years during winter 

LULC  1990 1997 2001 2006 2011 2016 

Agriculture  28.645 27.245 26.77 28.972 33.731 17.345 

Current Fallow 29.413 28.677 29.62 28.842 35.059 18.043 

Vegetation 28.302 26.820 26.48 28.461 33.247 17.278 

Semi dense built up 29.241 27.861 28.07 29.511 34.535 18.247 

Dense built up 30.314 29.473 29.25 31.690 35.889 19.657 

Recreation 28.934 27.580 27.87 32.533 34.683 17.837 
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High Reflectance Zones 29.580 27.477 27.05 30.372 35.544 18.548 

Water Bodies 27.447 25.432 24.13 26.277 31.206 15.550 

 

 Research studies by Chen et al., 2006; Gallo & Tarpley, 1996; Liu & Zhang, 2011 ; 

Rinner & Hussain, 2011; Weng & Lu, 2008; Xiong et al., 2012 demonstrate that, LULC indices 

such as NDVI, NDBI, NDWI are highly correlated to LST and changes in these indices has 

significant effect on LST. Henceforth subsequent to understanding the spatio temporal 

behaviour of LST under various land use land cover conditions it becomes imperative  to 

calculate a relationship between the different land use land cover types and the surface 

temperature in case of KMA. A regression equation formulated between two variables helps in 

prediction, modeling future changes and generate 'what if scenarios' thus helping in decision 

making and planning process. NDBI, NDVI and NDWI crudely stands as a proxy for the major 

land use land cover of built up, vegetation and water bodies respectively that influence LST.  

 Table 5 and table 6 shows the relationship between NDBI and LST values calculated in 

ArcGIS 3.1. A positive significant relationship has been found between the two variables which 

suggest that an increasing built up density leads to an increasing LST. In the winter months 

following were the relationship established between NDBI and LST. Such regression equations 

can also be generated from the table 6 which shows the results of regression analysis between 

LST and NDBI 

 LST (y)= 25.00 + 6.042 NDBI                                                 ---  (eq7) 

LST (y)= 22.07 +7.751 NDBI                                                 ---  (eq 8) 

LST (y)= 19.43 + 4.816 NDBI                                                 ---  (eq 9) 

LST (y)= 21.26 + 7.712 NDBI                                                 ---  (eq 10) 

LST (y)= 24.24 + 9.489 NDBI                                                 ---  (eq 11) 

  LST (y)= 11.60 + 5.845 NDBI                                                 ---  (eq 12) 
 
Table 8 Summary of Ordinary Least Square Regression Analysis between NDBI and LST of different years for winter months 

Variable 

(WINTER) 

Coefficient StdError t-Statistic Robust_SE Robust_t Multiple 

R-

Squared INTERCEPT 25.000091 0.001248 20029.257471 0.001295 19298.186151 0.040007 
1990_NDBI 6.042353 0.021142 285.797778 0.022776 265.295639  
 22.076646 0.000806 27396.218167 0.000732 30169.776405 0.450601 
1997_NDBI 7.751350 0.006114 1267.884089 0.006089 1273.059302  
 19.436653 0.000869 22356.149431 0.000781 24884.597742 0.235795 
2001_NDBI 4.816161 0.006193 777.660995 0.006033 798.312660  
 21.263763 0.000949 22408.764380 0.000846 25140.232437 0.447514 
2006_NDBI 7.712003 0.006121 1259.997989 0.006062 1272.102675  
 24.245508 0.000934 25960.980097 0.001067 22720.530929 0.521107 
2011_NDBI 9.489926 0.006498 1460.399958 0.007684 1235.078796  
 11.604380 0.001256 9235.502391 0.001590 7299.945227 0.308199 
2016_NDBI 5.845960 0.006256 934.443168 0.007082 825.425668  
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Table 9 Summary of Ordinary Least Square Regression Analysis between NDBI and LST of different years for summer months 

Variable 

(SUMMER) 
Coefficient StdError t-Statistic Robust_SE Robust_t Multiple 

R-Squared 
INTERCEPT 28.811987 0.001182 24375.330819 0.001393 20690.056103 0.060829 
1990_NDBI 7.133521 0.020021 356.295837 0.024251 294.157293  

 26.727575 0.000826 32347.803776 0.000844 31665.148550 0.451106 
1997_NDBI 7.955961 0.006269 1269.178055 0.006754 1178.042610  

 26.738741 0.000958 27909.646928 0.000856 31251.688207 0.550708 
2001_NDBI 10.577839 0.006825 1549.972855 0.006852 1543.702012  

 28.037464 0.001534 18282.915462 0.001488 18840.201806 0.397464 
2006_NDBI 11.247429 0.009892 1137.063914 0.010652 1055.942436  

 33.181046 0.001418 23396.117962 0.001526 21745.049146 0.377088 
2011_NDBI 10.748854 0.009868 1089.268870 0.010341 1039.447971  

 19.560790 0.002609 7496.770807 0.002965 6596.961680 0.203144 
2016_NDBI 9.183196 0.012991 706.871043 0.012832 715.634634  

 

 From the above equation an increasing value of the gradient angle (m) in the equation 

can be noticed. It becomes fairly apparent that as the density and area of built up had increased 

so has the LST values over time, making the relationship more stronger predicting a steeper 

trend line. The table 5 and table 6 which also shows the multiple R-squared values that ranges 

from 0.23 to 0.52 suggest the fact that about 23 to 52 % of the relationship could be explained 

by the derived regression equation. Hence like the research works of Sun et al, 2011  a positive 

significant relationship can be established between built up density i.e NDBI and LST in case of 

KMA. 

The NDVI, as an indicator of vegetation profusion, is the mainly widely used vegetation index 

in urban heat island (UHI) research, which uses remote sensing data to estimate the relationship 

between vegetation and LST. Table 7 and table 8 shows the results that is the co-efficient, 

standard error, t- statistics, Robust SE, Robust -t and Multiple R-squared values derived from the 

regression analysis carried out between NDVI and LST values. During the summer season the 

following regression equations were drawn 

LST (y)= 28.81 + (-7.133) NDVI                                                ---  (eq 13) 

LST (y)= 22.53 +(-0.377) NDVI                                                 ---  (eq 14) 

LST (y)= 27.76 + (-1.794) NDVI                                                ---  (eq 15) 

                LST (y)= 28.82 + 1.039 NDVI                                                       ---  (eq 16) 

                LST (y)= 33.89 + (1.253) NDVI                                                     ---  (eq 17) 

LST (y)= 19.69 + (51.527) NDVI                                               ---  (eq 18) 

 
Table 10 Summary of Ordinary Least Square Regression Analysis between NDVI and LST of different years for summer 

months 

Variable 

(SUMMER) 
Coefficient StdError t-Statistic Robust_SE Robust_t Multiple R-

Squared 

INTERCEPT 28.811987 0.001182 24375.330819 0.001393 20690.056103 0.060829 

1990_NDVI -7.133521 0.020021 -356.295837 0.024251 -294.157293  

 22.534425 0.001502 14999.153164 0.002491 9046.004557 0.001082 

1997_NDVI -0.377244 0.008189 -46.069216 0.012781 -29.515234  

 27.760979 0.001922 14442.679075 0.003314 8377.906229 0.017135 

2001_NDVI -1.794265 0.009707 -184.849576 0.016556 -108.377622  

 28.820883 0.002369 12165.618141        0.003669 7854.727709      0.003390    



International Journal of 
Integrated Research and Development        ISSN : 2278-8670 

202 

2006_NDVI 1.039299 0.012729 81.648637        0.019215    54.087596       

 33.890252 0.002080 16291.479905 0.002944 11512.992067 0.005199 

2011_NDVI 1.253378 0.012384 101.212895 0.016727 74.932132  

 19.692116 0.002708 7271.866866 0.003285 5993.930645 0.212799 

2016_NDVI 51.527431 0.070789 727.896621 0.078803 653.873546  

 

Analogous equations for the winter season can also be derived between NDVI and LST from 

table 8. 

Table 11 Summary of Ordinary Least Square Regression Analysis between NDVI and LST of different years for summer 
months 

Variable 

(WINTER) 

Coefficien

t 

StdError t-Statistic Robust_SE Robust_t Multiple 

R-

Squared INTERCEPT 25.000091 0.001248 20029.25741 0.001295 19298.18615

1 

0.040007 
1990_NDVI -6.042353 0.021142 -285.797778 0.022776 -265.295639  
 22.534425 0.001502 14999.15316

4 

0.002491 9046.004557 0.001082 
1997_NDVI -0.377244 0.008189 -46.069216 0.012781 29.515234  
 20.047982 0.001326 15123.94596

3 

0.001935 10362.97403

2 

0.034535 
2001_NDVI -1.772454 0.006694 -264.781943 0.009019 -196.529461  
 21.964096 0.001532 14338.29462

5 

0.002379 9232.883508 0.002090 
2006_NDVI -0.527313 0.008231 -64.067026 0.012188 -43.266354  
 24.861687 0.001560 15938.34312

7 

0.002618 9495.299519 0.008333 
2011_NDVI 1.191691 0.009286 128.334751 0.015021 79.333416  
 11.688458 0.001298 9006.339932 0.001751 6674.053466 0.323118 
2016_NDVI 32.815754 0.033926 967.277726 0.041506 790.634834  

 

 These results shows a complete shift in the relationship between NDVI and LST during 

both the seasons. As the paper by Sun et al., 2011; Xiao et al., 2018 state that there is ought to be 

a negative relationship between NDVI and LST. That means more vegetated areas means lower 

LST. Though multiple R-Squared is considerably small but the shift in relationship between 

NDVI and LST to a positive one may be attributed to drastic decline in vegetated areas and 

change in vegetation type from dense and broad canopy varieties to those of sparse one. 

 Table 9 and table 10 show the result of a regression analysis conducted between all the 

NDWI pixels and all the LST pixels for each data set of the years under study. As it is 

scientifically proven water having a specific heat capacity of 1 calorie/gram is higher than any 

other common known substance water takes more time to get heated up than other materials it is 

obvious that LST and NDWI would possess an inverse relationship.  According the following 

regression equations derived for the summer season a negative relationship is vivid.  

 LST (y)= 28.81 + (-7.133) NDWI                                                 ---  (eq 19) 

LST (y)= 27.03 + (0.800) NDWI                                                 ---  (eq 20) 

 LST (y)= 27.76 + (-1.794) NDWI                                                 ---  (eq 21) 

LST (y)= 28.82 + (1.039) NDWI                                                 ---  (eq 22) 

LST (y)= 37.92 + (-8.504) NDWI                                                 ---  (eq 23) 

  LST (y)= 19.25 + (-14.529) NDWI                                                 ---  (eq 24) 
Table 12 Summary of Ordinary Least Square Regression Analysis between NDWI and LST of different years for summer 

months 
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Variable 

(SUMMER) 

Coefficien

t 

StdError t-Statistic Robust_SE Robust_t Multiple 

R-

Squared INTERCEP

T 

28.811987 0.001182 24375.33081

9 

0.001393 20690.05610

3 

0.060829 
1990_NDW

I 

-7.133521 0.020021 -356.295837 0.024251 -294.157293  
 27.034441 0.001538 17572.67908

2 

0.002582 10471.66037

9 

0.004628 
1997_NDW

I 

0.800491 0.008385 95.465237 0.013412 59.684928  
 27.760979 0.001922 14442.67907

5 

0.003314 8377.906229 0.017135 
2001_NDW

I 

-1.794265 0.009707 184.849576 0.016556 108.377622  
 28.820883 0.002369 12165.61814

1 

0.003669 7854.727709 0.003390 
2006_NDW

I 

1.039299 0.012729 81.648637 0.019215 54.087596  
 37.926706 0.005010 7570.659973 0.008747 4335.913633 0.247946 
2011_NDW

I 

8.504538 0.010580 803.861428 0.017953 473.712988  
 19.251285 0.001894 10166.02925

4 

0.001996 9645.914784 0.278781 
2016_NDW

I 

-

14.529062 

0.016692 -870.414007 0.016319 -890.296736  
 

Table 13 Summary of Ordinary Least Square Regression Analysis between NDWI and LST of different years for winter 
months 

Variable 

(WINTER) 

Coefficient StdError t-Statistic Robust_SE Robust_t Multiple 

R-

Squared INTERCEP

T 

25.000091 0.001248 20029.25747

1 

0.001295 19298.18615

1 

0.040007 
1990_NDW

I 

-6.042353 0.021142 -285.797778 0.022776 -265.295639  
 22.534425 0.001502 14999.15316

4 

0.002491 9046.004557 0.001082 
1997_NDW

I 

-0.377244 0.008189 -46.069216 0.012781 -29.515234  
 20.047982 0.001326 15123.94596

3 

0.001935 10362.97403

2 

0.034535 
2001_NDW

I 

-1.772454 0.006694 -264.781943 0.009019 -196.529461  
 21.964096 0.001532 14338.29462

5 

0.002379 9232.883508 0.002090 
2006_NDW

I 

-0.527313 0.008231 -64.067026 0.012188 -43.266354  
 28.273638 0.003601 7851.799314 0.006810 4151.628861 0.311134 
2011_NDW

I 

7.154910 0.007604 940.878467 0.014296 500.481546  
 11.348422 0.000917 12375.09570

1 

0.001126 10074.11585

5 

0.366820 
2016_NDW

I 

-8.613528 0.008083 -

1065.591716 

0.009318 -924.404437  

 But due to high turbidity conditions in the water bodies and specially that of river 

Hooghly often there is a shift in the expected relationship of NDWI and LST. Regression 

equation between NDWI and LST for the winter months can also be derived from table 10.  

Conclusion 

 The present study has many-fold significance; first, it provides an updated detailed 

analysis of LULC change and mean LST change in one of the most vulnerable metropolitan 

cities of the world. Secondly, it attempts to establish a relationship between LULC and LST over 

decades focusing on the spatio temporal changes. This study bequeath a strong groundwork for 

understanding the causal relationship between LULC and LST which helps in identification of 

UHI across KMA. 
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Abstract 

Migration — the important component of population dynamics —recomposes the socio-eco-cultural 

fabric of two regions: i.e., source and destination regions. The urban areas with their larger services and 

amenities draw people from the less developed areas. 
In Haora, the second largest city of West Bengal, population influx from various parts of India has 

resulted in assimilation of diverse cultures, languages, religion, occupational pattern and standard of 

living. Salkia in Haora is an important place of commercial activity which has been experiencing 
continuous modification of land use pattern as a corollary to population growth associated with 

increasing industrial and tertiary activities. 

The present study intends to focus on the spatial effects of migration at Salkia. It also attempts to 

highlight the transforming socio-economic set-up in consequence of large scale migration. The causes of 
migration, assimilation of socio-cultural and economic activity and their effect on society are another 

part of this study. 

The study is principally based on primary data acquired through a structured questionnaire. The target 
population in this respect comprises members of households. Data have been analyzed through suitable 

statistical and cartographic techniques. 

Salkia represents a very cosmopolitan expanse with diversified population and culture. The study 

attempts to point out few suggestions in regard to the problems being faced by the populace of Salkia. 

Keywords: Population Influx, Population Dynamics, Assimilation, Land Use Modification 

Introduction:- 

The process of ‘Migration’—involving movement of people— is an important component of population 
dynamics which impacts on society of place of origin and place of destination. It leads to socio-cultural 

assimilation and economic transformation. It is induced by push and pull factors related to the place of 
origin and place of destination respectively.   

 Haora -- the second largest city of West Bengal, falls within the Kolkata metropolitan area. 

Haora municipality, with a population of 1077075, covers 51.74 sq.km of area. Salkia in Haora, the focus 
of the present study, is a place of commercial activity. The global location of Salkia is 220 35’49.92”N 

and 880 20’ 15.72” E. Many industries have been increasing in this area which has led to change in 

standard of living. Large number of people is involved in secondary and tertiary sector for their 
occupation. The process of migration has been gradually increasing over the years.  

Objective of the study:- 

The present study seeks to understand the impact of migration on the socio cultural and economic 
assimilation of Salkia, Haora.Speaking specifically, the objectives are as follows: 

 To investigate the profile of migrants at Salkia  

 To identify the causes of migration at Salkia 

 To identify the spatial effects of migration at Salkia; 

 To highlight the transforming socio-economic set-up in consequence of large scale migration; 

 To identify the cultural assimilation of migrants 
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A brief overview of Literature:- 

Debasis Chakraborty in his journal “Migration And urban informal Sector: A study in West Bengal”1 

(2014) explained about the relationship between migration and urban informal sector. This book is 
mainly based on different type on migration and its effect on origin place and destination place.  

Gianluca orefice in his paper “On the effect of immigration on host country” (2010)2 has discussed about 

the importance of international migration on the world economy. He also focused on the effect of labour 

market and wages discrimination on immigration.   
Gil S. Epstein and Ira N. Gang in their paper “Migration and culture” (August 2010)3 has explained about 

the relationship between the migration and assimilation of culture. Cultural diversification and socio-

economic transformation are effects of migration.  
Ivan Etzo in his paper “Internal migration: a review of the literature” (May, 2008)4 explains about the 

interest of international migration flows in economic covers two important aspect. The first aspect 

concerns the main microeconomic variable in determining the intensity and the direction of the migration 

flows. The second aspect focuses on migration as an important variable that might affect the growth rate. 
Ram Bahadur Chhetri in his book “Migration, Adaptation And socio-Cultural Change: The Case Of the 

thakalis In Pokhara” provides information about adaptation, cultural continuity.  Some important 

argument has been represented in this book about the adaptation process or way to different culture. 
 

                                       LOCATION MAP OF THE STUDY AREA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Map No. 1 

Source: Prepared by the Authors based on Maps of India and NATMO 
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Location of the Study Area:- 

The present study is concerned with socio-cultural set-up of migrant people in Salkia under Haora 

municipality in Haora city, West Bengal. Salkia, globally located at220 58’33”N and 880 35’00”E, is 
situated in the east bank of Hooghly River.  It is included in ward number 7.  Salkia, facilitated by 

transport, education, health facilities, and nearness to Kolkata city draws large number o population to 
settle here.  

Materials and Methods:- 

The present study is principally based on primary data collected from household survey through a 
structured questionnaire. The target group is migrant population of Salkia, Haora. The secondary data has 

been collected from different sources, e.g. records of municipality, district library, and internet link, 
census of India & census of Haora district. Details of newspaper prints have also been collected.     

The method of simple random sampling has been followed in the survey. Two approaches of 
methodology have been followed in this research work:          

 i) Analytical approaches through cartographic depictions, GIS based map, GPS and statistical techniques   

and   ii) Non analytical approaches have 
also been carried.  

Results and analysis:- 

Enquiry on places of origin of migrants 

reveals that about 32% migrants are 

international migrants mostly from East 

Pakistan and Bangladesh.   Among the 

internal migration inter-state stream 

occupies 33%. The rest 35% are intra-

state steam, of which 10% is intra-

district (fig. 2).    

This picture indicates varieties of human life in Salkia as well as the importance of Salkia in the 

map of Haora’s migration. 

Table: 1    Causes of Inter-state Migration  

State Name Causes of Migration 
Percentage of 

Migrants 

Bihar 

Education 20 

Political 10 

Service 20 

Business 44 

Economic 6 

Jharkhand Education 25 

WITHIN

DISTRICT

WITHIN

STATE

WITHIN

COUNTRY

OTHER

COUNTRY

10%

25%
33% 32%

PLACE OF ORIGIN OF 

MIGRATION

                              Fig 2 
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Political 5 

Service 30 

Business 30 

Economic 10 

Odisha 

Education 26 

Political 34 

Service 16 

Business 30 

Economic 4 

Uttar Pradesh 

Education 10 

Political 20 

Service 16 

Business 30 

Economic 34 

                                                           Source: Primary Survey, 2018 

 

Table: 2    Causes of International Migration  

Country Causes of Migration Percentage of Migrants 

Pakistan 

Education 20 

Political 15 

Service 17 

Business 35 

Economic 13 

Bangladesh 

Education 15 

Political 20 

Service 40 

Business 5 

Economic 20 

                                                           Source: Primary Survey, 2018 
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It seems that the major influx of population 

(56%) has been taken place here in between 

1970-1990.54% migrant are Hindu, 40% are 

Muslim.34% of migrants belong to general 

caste, 10% people are SC, 6% are ST, and 

50% people are from OBC. 

 

Figure 4 represents the distribution of migrants 

according to their age during their in-migration to 

Salkia. 40% people have in-migrated here when 

their age was below 16, 30% were16-30 years age, 

25% people came at 30-60 years age and only a few 

(5%) aged 60 years. 

It appears from the household survey that 60% are permanent migrants as they have 

permanently settled here. But 40% people are seasonal migrants; they continuously maintain 

their connection with their places of origin. 

 

 

 

 

 

 

 

 

The education composition of migrant people as depicted by Fig 5 indicates that 30% are 

graduate, 13% have studied up to higher secondary level. 20% and 17% of migrants have 

completed post graduation and other professional courses. 

Figure 6 represents the causes of migration. 

25% people have come for education 

purpose. 20% people are permanent migrants 

and they have come here for political 

problems. Employment opportunities have 

become the reasons for 20% people to 

migrate in Salkia and 10% people have 

migrated for economic problems of their 

families and of their places of origin. 

 

Figure 3 

BELOW…

16-30

30-60

ABOVE…

40%

30%

25%

5%

AGE OF MIGRANTS DURING 

MIGRATION

BELOW SECONDARY

SECONDARY

HIGHER SECONDARY

GRADUATION

POST GRADUATION

OTHER PROFESSIONAL COURSES

10%

10%

13%

30%

20%

17%

EDUCATION LEVEL OF MIGRANTS

 Figure 5 

25%

20%

20%

25%

10% CAUSES OF MIGRATION

EDUCATION 

POLITICAL 

JOB 

BUSINESS 

ECONOMIC 

           Figure 6 

30% 26% 20%
12% 12%

YEAR OF MIGRATION

Fig 4 
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Figure 7 represents the changing scenario of occupation of the migrant-respondents of the 

present study. Maximum people (40%) were unemployed just after migration. But during the 

course of time the proportion of unemployed has decreased. Among the respondents majority 

were labour during migration; but with time the proportion of labour has markedly declined 

from 30% to 18% while a rising trend has been observed for people absorbing in service of 

which informal service has an important role.  Data has been presented at table 3. 

Figure 8 represents the present monthly 

income of the migrants. About 53% migrants 

belong to the income range of 10000/-50000/ 

while 35% people earns less than 10000/.  44% 

people own their houses while 56% people 

have rented houses. 

60% people change their previous occupation for 

various conditions and 40% people can’t 

change their occupation. 

 

TYPE OF 

OCCUPATIOPN 

PRESENT 

OCCUPATION 

OCCUPATION 

SOON AFTER 

MIGRATION 

OCCUPATION 

BEFORE 

MIGRATION 

SERVICE 15% 2% 9% 

BUSINESS 15% 5% 15% 

LABOUR 18% 20% 30% 

OTHER WORK  1% 3% 5% 

STUDENT 25% 30% 25% 

RETIRED 10% 0 0 

UNEMPLOYED 16% 40% 16% 

35% 30%
23%

12%

MONTHLY INCOME OF MIGRANT 

PEOPLE
Figure 9 

0%

20%

40%

60%

R
e
sp

o
n

d
e
n

ts
 (

%
)

CHANGING SCENARIO OF OCCUPATION FROM 

PAST TO PRESENT

PRESENT OCCUPATION

OCCUPATION AFTER
MIGRATION

FIRST OCCUPATION
BEFORE MIGRATION

Fig 7 

Fig 8 

Table 3 
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20% people remark that the previous work was not suitable. 30% people have changed their 

occupation for better opportunity of job and 30% have changed occupation for better salary.(Fig 

9). 

Problems faced by Migrants 

70% respondents have pointed to different problems faced by them. Of them, 15% have 

language problem. 15% have highlighted 

problems of cultural dissimilarity from 

their own culture. 30% people have to 

encounter with societal harassment. 30% 

have a serious problem of insecurity. (Fig 

10) 

 

 

 

 

Cultural Assimilation  

In spite of these problems, a strong assimilation of culture between native and migrants has been 

recognized by 30% of the respondents. Some (25%) adopted the native culture of this place.  

To investigate the changes required for adapting to the new lifestyle it has been revealed that 

60% people are trying to learn a new 

language, which is acceptable in this area. 

15% people obey new law and rules, 25% 

people are getting accustomed to the local 

food. (Fig 11) 

 

 

 

 

But they have not changed their religion. 

Unsuitable 
Previous 

work 
20%

For better 
opportunity

30%
better 

position
20%

Higher Salary
30%

CAUSES OF CHANGES OF OCCUPATION

Figure 9 

30%

15%

30%

5%

5%

15%

LACK OF SEQURITY

DIFFERENCE OF CULTURE

FACING HARASSMENT FROM…

NOT GET PROPER BEHAVIOUR…

DIFFERENT LIFESTYLE

LANGUAGE PROBLEM

0% 10% 20% 30% 40%

PROBLEMS IDENTIFIED BY MIGRANTS 

LEARNING A
NEW

LANGUAGE

OBEYING THE
NEW LAWS
AND RULES

GETTING
ACCUSTOMED
TO THE LOCAL

FOOD

60%

15%
25%

CHANGES REQUIRED FOR ADAPTING 

TO THE NEW LIFESTYLE

Fig 10 

Fig 11 
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Government Facilities to Migrants   30% migrants get education facility and 40% people have 

received scope of employment while 20% have access to food by rationing system. 

 

 

 

 

 

 

 

 

 

Migrants' Criteria for Selecting Salkia as their Residences  

EDUCATION PURPOSE 25% 

JOB PURPOSE 45% 

SOCIO-CULTURAL 
CONDITION OF THIS PLACE 
IS VERY GOOD 18% 

LEVEL OF STANDARD OF 
LIVING OR LIFE STYLE IS 
VERY HIGH 12% 

 

Fig 12 and Table 4 represents migrants ‘opinion of selecting Salkia for residential purpose. 45% 

people have chosen this place for their places of employment while 25% people have selected 

for education purpose. According to 18% migrants, the socio cultural condition of this place is 

very congenial.  

Summary of Findings:- 

The upshot of the present study of migration and associated transformation of socio-cultural setting of 
Salkia Haora has unfolded the following findings- 

 The stream of international migration in Salkia is sizeable consisting of immigrants from 
Bangladesh and East Pakistan. Political turmoil of their places of origin has acted as push factor 

for such stream of migration.  

 The inter-state stream is represented by in-migrants from Bihar, Jharkhand, Odisha and Uttar 

Pradesh.  

 Rural-Urban migration is important for both the inter-state, intra-state and inter-district streams 
of migration pulled by urban opportunities, viz., education, employment and pushed by economic 

distress of their places of origin. The various scopes of business in and around Salkia have 

attracted many of them.  

 Educational in-migration has been prominent here from Amta, Udaynarayanur, Ranhati blocks of 

Haora district representing intra-district streams of migration.  

 Majority of the migrants were aged less than 16 years at the time of their migration. 

EDUCATION PURPOSE

JOB PURPOSE

SOCIO-CULTURAL CONDITION OF THIS

PLACE IS VERY GOOD

LEVEL OF STANDARD OF LIVING OR LIFE

STYLE IS VERY HIGH

25%

45%

18%

12%

Migrants' Criteria for Selecting Salkia as their Residences

Fig 12 

Table  4 
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 The migrants here have become permanent residents here; very few of them are seasonal 

migrants.  

 A large proportion of unemployed youth in-migrated here who has been absorbed in some 
services, especially informal services. 

 The vocational landscape has been changed in Salkia largely with migration because of major 

occupational shift of in-migrants in lure of better opportunity, better salary and better position. 

 Migrants of Salkia have been encountered with problems, i.e. lack of security, cultural disparity, 

language problems etc.  

 Of course, some of them are adopted the new culture, new lifestyle. They are satisfied with the 
cooperation from people of new habitat. They obey new laws and rules. But they did not want to 
change their religion. Thus a number of migrants have been accultured. 

Conclusion 

From the above discussion it can be concluded that the process of migration is an important issue in 

Salkia leading to associated transformation in socio-cultural and economic landscape of the region. Since 
Salkia is located near to Kolkata, it has acquired pull factors of migration with its high connectivity, 

schools and colleges, business opportunities, health facilities. Various streams of migration have led to 

cosmopolitan character of this place. Thus to conclude it can be inferred that Government can provide 
some schemes for migrants, e.g., reservation in education sector, service sector, increasing quantity of 
food by rationing system, providing many educational scholarship etc. 

Migrants of Salkia have thus been adjusted to the native culture and a sociable eco-cultural space may be 
developed in tune with the process of migration.  
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Abstract: 

Pseudo urbanisation has grasped every Indian city and Kolkata is no exception. Filling up of 

wetlands for the eastward extension of the city featuring townships, micro townships and bypass 

to cater to the growing population has been a reflection of such urban growth.  However, the 

implications of these developments have been manifold on the surrounding areas. The current 

study is conducted in Highland Park, a micro township on Eastern Metropolitan Bypass and its 

surrounding slum area. The study aims to propose a comprehensive plan for the area using 

geographical information system. With an average height of 214 feet, the Highland towers 

create problems of various magnitude, making it an example of dysfunctional urbanisation that 

eventually disturbs the urban microclimate. Plans have been proposed to reduce the over 

shading, wind alteration and associated downdraught effect, the internal setting and design of 

Highland Park towers in terms of rainwater harvesting system and installation of solar panels to 

cope with some of the local problems. Questionnaire surveys conducted in both the high-rise 

and slum revealed the difference in problems faced by the residents. In an effort to address these 

problems, transformation of the slum to flat system, involvement of the slum dwellers in the 

overall development of the area and intervention of NGO to empower the local women folks 

have been identified to be suitable solutions, thereby offering a holistic approach to 

development of the area. 

Keywords: Pseudo-urbanization, planning, slums, high-rise, development, GIS 
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Introduction 

The shape of Kolkata, once a glorifying capital of the British India suffered a massive blow in 

the post-independence era, kick starting with the migration of refugees from erstwhile East 

Pakistan, thereby enlisting Kolkata as a city of pseudo urbanisation. While the population 

increased almost five times between 1901 and 2011, the area under Kolkata Municipal 

Corporation had increased to only double during the same period. Driven by the joint objective 

of catering to this growing population and easing the pressure on land in the city proper, the 

Government of West Bengal adopted developmental policies for the eastward expansion of 

Kolkata. These policies formulated during 1950s, 1960s and 1970s specifically focused on the 

creation of more space for residential and commercial purposes. Since then various wetland 

reclaimed developmental projects were undertaken in Eastern Kolkata, including the 

construction of Saltlake Township, East Kolkata Township, Baishnabghata Patuli Township 

during 1960s, 1970s and Eastern Metropolitan Bypass in the 1980s. 

Wetlands in general constitute the most vulnerable targets of urbanisation, largely because of the 

ignorance about their importance and East Kolkata Wetland is no different (Nitai Kundu, 2008). 

Expansion of urban areas deep inside the wetland grew to be a severe problem, especially 

towards the end of the 1980, when the real estate sector reached to a new height driven by the 

tendency to convert wetlands into housing complexes (Ghosh, 1999). With the further progress 

of time and thought of the urbanised section, skyline metamorphosed into a symbol of modern 

city life. Although the city planners of the recent times are in constant effort to assign order to 

the areas of unplanned growth to develop the urban social fabric (National Atlas and Thematic 

Mapping Organization, 1996), the effects of such growth are seldom diminishing. As a 

consequence, achievement of sustainable environments in and around the residential buildings 

have become increasingly challenging, for may research findings have revealed difference in the 

experience of living in high-rise among individuals and cultures in various regions and 

environmental conditions (Towers, 2000). 

Discussions about high-rise began in the late 1960s, mainly focusing on the problems resulting 

from social effects, psychological effects, physical health effects and impacts on families and 

children (Kearns, 2011).  The urban context adorns both high and low-rise, which should not be 

isolated against the surrounding environment for every surrounding environment has its own 

physical properties (Krummeck, 2010). Hence, under such circumstance the physical factors that 

are most prominently affected from high-rise includes wind, sunlight, natural light, air, noise, 
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skyline, landscape and traffic. A study in Taipei-China demonstrated that after the lack of open 

space area (20.90%) and public facility (17.48%), environmental pollution is the third factor 

(14.92%) that dissatisfies users. ‘Strong wind effect’ around high-rise buildings, generate loop 

of dust and air pollution around high-rise buildings, consequently, cleaner air flows above the 

urban canopy (Wang, 1999). Tall building, accommodating large population strongly influences 

solar radiation to surroundings, thereby casting long shadows (Jose, 2011). Shadows of 

unplanned high rises offer negative impacts to human health and comfort living. These block 

natural ventilation and reduce economic value of land, affecting building design, orientation and 

landscaping (Bronin, 2009). A study conducted in the Instanbul Levent region on the effects of 

tall building on solar access, i.e., amount of solar radiation that reaches a building, found that the 

shadow domain of tall buildings could reach far away from their location. The solar access of 

buildings located in close proximity to tall buildings is blocked up to 30 - 40%, resulting in 

serious reductions of solar energy (Sozen, 2012).  

“Society and culture play a key role in accepting or rejecting tall building development” (Al-

Kodmany, 2012). Many researchers illustrate that living in apartments has socio-psychological 

impacts.  Continued living in high-rise buildings, detached from nature, can lead to the loss of 

one’s physical and psychological sense of safety and security. Normal social relations of 

neighbourhoods suffer (Aldeberky, 2007). These buildings work against man himself, because 

they isolate him from others, and this isolation is an important factor in the rising crime rate 

(Doxiadis, 1966). Thus, high-rise building and its spatial pattern has significant implications on 

the function and the urban morphology of a city’s built-up area (Huang, 2006), whereby the 

negative impacts are out-weighed than that of the positive ones. 

However, concerning growing population and increasing urbanization rate, high-rise buildings 

in spite of their presumptive disadvantages seem as a typology of future world (Sev, 2014). 

Therefore in this connection, this paper attempts to identify the impacts of high-rise with respect 

to the towers of Highland Park micro township in the context of the city of Kolkata.  
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Objective 

 To identify the problems of the Highland Park towers and its impact on the surrounding 

area. 

 To propose a comprehensive plan for Highland Park and make some alternative 

recommendations with respect to its internal setting.  

Study Area 

Highland Park is a micro township on the eastern part of Kolkata, sprawling over an area of 

32.14-acre (130,100 m2). Situated in Chak Garia on Eastern Metropolitan Bypass and belonging 

to Kolkata Municipal Corporation (KMC) ward number 109, the micro township features a 

residential complex, shopping mall, named as ‘Metropolis Mall’ and a social club called 'The 

County'. The Residential complex 

has nine building towers with an 

average height of 214 feet, housing 

a total of nine hundred and forty 

one residential units including 

standard apartments, duplex and 

penthouses. 

The nine building towers include:  

Peak -28 floors, 282 feet. 

      Cape- 24 floors, 243 feet. 

      Brook-24 floors, 243 feet. 

      Fiord-21 floors, 213 feet. 

      Bay- 21 floors, 213 feet. 

      Glen-18 floors, 184 feet. 

      Isle-18 floors, 184 feet. 

      Ridge-18 floors, 184 feet. 

      Losch-18 floors, 184 feet. 

Being a joint venture between Kolkata Metropolitan Development Authority (KMDA) and 

Highland Group, whose construction continued for four years from 2000 to 2004, Highland Park 

is one of the firsts of its kind.  

Figure 1: Map showing ward number 109 of Kolkata Municipal 

Corporation (KMC). 

https://en.wikipedia.org/wiki/Chak_Garia
https://en.wikipedia.org/wiki/Eastern_Metropolitan_Bypass


International Journal of 
Integrated Research and Development        ISSN : 2278-8670 

221 

 

 

 

 

 

 

 

 

 

 

Methodology 

The study here is of descriptive-analytic type, whereby the books, reports, specialised journals 

and explanatory diagrams related to the impacts of high-rise on the urban environment, have 

been the most important sources of conducting this research. Following such effort, the study 

adopted the method by Sakinc and Sozen (The Effect of tall building on Solar Access of the 

Environment, Istanbul Levent as Case., 2012) for the calculation of the high-rise casted shadow 

length. 

𝒄 = 𝟏/𝒕𝒂𝒏𝜹, 𝒃 = 𝒄. 𝑯 

Where, δ= altitude angle of sun (◦); c= shadow length of 1 m stick (m); b= shadow length of the 

building (m); H= height of the building (m). 

Nevertheless, primary data collected from the Highland Park office and the nearby slum has 

considerable contribution in the present work. All other figures and its related analysis 

Figure 3: Representative 3D model of the Study Area (Not to 

scale). 

Figure 2: Highland Park Towers 

Source: www.google.com. 

N 
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pertaining to this study have been mainly carried out using various software programmes namely 

AutoCAD 2016, Vectary, GoogleEarth, Arc GIS 10.3.1and SketchUp Pro 2016. 

 

Results and Discussions 

Impact of the Highland Park towers on the surrounding environment. 

Back in 2004, when Highland Park became operational, Kolkata witnessed the manifestation of 

building height enormity for the very first time. Peak, one of the nine towers of the micro 

township is the first residential high rise in the city, subsequently surpassed by South City 

Towers, Urbana Towers and the very 

recent ‘the 42’. Thus, undoubtedly 

Highland Park pioneered the way of 

construction of high-rises for 

residential purposes in the city. As a 

result, consideration of the fabricated 

design variables of high rises, such as 

tower layout, tower structure, ratio of 

the building height to the distance 

between them were too nascent a 

concept to fathom the severity of its impact both on the residential towers as well as on the 

surrounding area. 

The towers of the Highland Park are 

arranged in a column pattern, with the 

sideward alignment of the towers and 

consequent limited internal distance. The 

ideal distance between high-rise towers 

should not be less than one t 

Figure 4: Aerial view of a.Highland Park Towers and b.Metropolis Mall. 

Figure 5: Effect of wind on perfect square corners (downdraught effect) 

b 

a

. 

Wind 

Flow 
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hird of the height of the 

towers. The average 

height of to Highland 

towers is sixty-five 

meters, so ideally the 

supposed internal 

spacing of the towers 

should be of twenty-two 

meters, whereas the 

actual distance is found 

to be twelve to thirteen meters. Such minimum distance does not properly accentuate wind flow 

within the urban planning, allowing the confinement of the air within the narrow space, an effect 

commonly known as ‘channelling’. Such closely spaced buildings create a form of ‘venturi 

effect’ (Felföldi, 2018) where the narrowing passages cause local pressure to drop, thereby 

increasing the relative speed of the wind. Furthermore, the absolute square corners of the 

highland buildings give rise to ‘downdraught effect’ (Parkinson, 2015) whereby the air hitting 

the building and with nowhere else to flow, is pushed up, down and sideward. This forced 

downward air increases the speed of the wind at the street level, thereby obstructing the 

normality of wind flow in and around the towers. 

The problems with respect to the structure of the Highland towers get increased manifold due to 

the low average height of 

the surrounding buildings. 

Increasing building height 

causes large wind shadows 

while minimizing airflow 

and wind pressure behind 

the building at the street 

level (Sleeper, 1981). 

Manglik Housing Society 

standing behind the Highland towers is affected by similar problem. These buildings are much 

lower in height with a maximum of five storeys. Hence, the wind flow in this area due to the 

towers gets altered creating a negative pressure thereby affecting the urban micro climate. The 

intensity of this effect gets multiplied due to the problem of over shading associated with these 

Figure 6: Aerial view of a.Manglik Housing Society b.Baitalik Housing Complex and c.the slum. 

a 

b 

Figure 7: Negative pressure of wind due to high-rise on the surrounding low rise. 

c 
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towers. The extent of the shadows and the impacted area changes from least to greatest between 

summer and winter season. The shadow lengths of the highland towers vary between 0.67 and 

88.07 meters between both seasons. 

  

  

Demarcation of a 

shadow buffer of 90 

meters around the 

Highland towers 

shows that during the 

winter season, when 

the impact of shadow 

is maximum, 

sufficient portions of 

the Manglik Housing 

Society and Baitalik 

Housing Complex 

are affected along with some nearby buildings in the south. However, the nearby slum in the 

south-western part is relatively less affected. The impact of over shading gets more pronounced 

due to the sideward alignment of the Highland towers in column pattern with limited internal 

TIME SOLAR 

ALTITUDE 

SHADOW LENGTH (meters) 

PEAK CAPE BROOK FIORD BAY GLEN ISLE RIDGE LOSCH 

31stMay 

12:00 

89.31° 1.03 0.89 0.89 0.78 0.78 0.67 0.67 0.67 0.67 

31stDecember 
16:30 

44.32° 88.07 75.78 75.78 66.56 66.56 57.34 57.34 57.34 57.34 

Figure 8: Shadow buffer of the Highland Towers. 

Figure 9: Shadow impact of high-rise on the nearby low-rise 

Table showing shadow length of the Highland Towers during summer and winter. 

Figure 10: Over shading effect due to sideward 

alignment of towers in column pattern. 
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spacing. Such design extends the impact of over shading upon the green area and the plants 

within the urban structure, which are vital elements of social activities in the residential 

complexes. 

In this context, staggered layout of the buildings with rounded corners are some of the most 

desired elements of high-rise construction. Such design can help in enhancing the free flow of 

the wind without alteration. Rounded corners minimise the downdraught effect, as the air cannot 

accelerate around corners. In addition, staggered layout of the building also allows the garden 

within the residential complex to get proper exposure to sunlight, thereby controlling the over 

shading impact.  

The four bladed fan shaped structure of the building with nearly rounded corners arranged in the 

form of rounded zigzag pattern can facilitate in the proper distribution of sunlight both within 

the residential complex as well as in the surrounding area. The layout and the shape of the 

buildings can also enable every part of the building to get adequate amount of sunlight along 

with proper accentuation of wind flow. However, large pronouncement of rounded corners of 

the towers may effectively help in reducing the impact of over shading on the surrounding areas, 

as such design facilitates in reflecting the diffused sunlight. 

 

 

 

 

Figure 11: Proposed Layout of the Highland to ers with nearly rounded corners. 
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Internal Setting of the Highland Park 

The recent boom in the construction of high-rise in the city has taken an inevitable toll on the 

water supply by the Municipal Corporation. On account of which the Highland towers does not 

get the water supply from the Municipal Corporation, instead the complex draws bore well 

water. The bore well water is filtered through filter 

pumps and is collected in the filter tanks. The filtered 

water is pumped again to be distributed to the overhead 

tanks. This in turn gets distributed to the residential units 

mainly through two pipelines, one for drinking purpose 

and the other for other daily usage. The drinking water 

gets filtered once again and distributed through the 

central RO (Reverse Osmosis) water purifier system 

installed in each of the nine towers. Such drawing of 

bore well water, cause immense rusting of pipes due to 

high iron content, as a result of which every five to six 

year Highland Park authorities need to invest lakhs on 

reinstalling new piping system. 

In view of such problem, installation of water harvesting 

system can be an useful way to meet the water demand 

of the residential complex and also to release the burden of bore well water extraction to some 

extent. Collection of water from the terraces and balconies and channelling these water through 

slotted pipes into the ground can be an effective way to recharge the ground water. In addition, 

surface runoff generated from the paved area within the complex can be harvested through 

recharge trenches, which in turn can be lined with geotextile and gravel to provide filtration.  

The storm water collected during the rainy season in the complex gets disposed in the chamber 

located near Manglik Housing Society wherefrom the water gets pumped out into the canals. 

Hence, a provision can be made to use this storm water instead of disposing it off. The storm 

drains can be connected to percolation pits provided with a recharge bore. The percolation pit 

can also take care of the surface runoff from the paved areas as well as overflow from the 

overhead tanks, which takes place throughout the year. Coir wrapping on slotted pipe and 

filtering material like pebbles can also ensure better filtration of water. Such action can also help 

eliminate the iron content and thus minimise the rusting phenomenon. However, installation of 

Figure 12: Model Tower with perfectly 
rounded corners. 

Sunlight 
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water volume and flow measurement devices as well metering of water usage for daily purposes 

becomes essential in this context to prevent the misuse of excessive water. 

Most of the residential buildings in Kolkata are not energy efficient, which makes the problem 

of concentrated urban heat more severe. Energy efficient buildings make use of cement partially 

composed from organic material that helps in reflecting the heat rather than absorbing it. 

Whereas the normal cement, generally used for construction, is derived from igneous particles 

and contain a large proportion of mica element, which has high emissivity thereby generating 

high temperature. Similarly Highland towers due to its past construction and its being as one of 

the firsts of its kind did not include any such precautionary building material. Moreover, at 

present, there are six hundred and fifty families residing in this residential complex with each 

residential unit having an average of two air conditioners, hot water geyser, twenty-four hour 

filtered water supply along with several other electric appliances. Additionally, the residential 

complex consisting of nine towers and a clubhouse has twelve lifts and three types of water 

pumps. Therefore, in view of such huge energy consumption and its impact on the environment, 

installation of solar plant qualifies to be a reasonable suggestion. Besides, high-rises are the 

largest beneficiary of the solar radiation owing to their height. These buildings absorb both 

direct and reflected solar radiation. Hence, solar plantation is an effective way to utilise the 

additional radiation. In relation to the installation of solar plants, an important thing includes 

stationing of the grid-connected solar power generation system instead of battery-driven solar 

panels mainly because capital cost of battery-supported system is about 80 per cent more, 

recurring cost of replacement of batteries is high and disposal of used battery is a hazardous 

proposition. Further installation of net meter system can also be recommended in the towers that 

allows excess electricity generated by the solar panels to be sent back to the grid and get 

adjusted in the next month and so on. 
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Beside solar power, introduction of vertical landscaping can prove to be operative for the 

highland towers. Even though the rooftops of the Highland towers are covered with mechanical 

plants, the height of these towers makes 

any overhangs of these roofs effective 

only for the upper few floors. 

Therefore, planting and soft 

landscaping, equipped with sun 

breakers, for protection against direct 

sunlight, to the face of the Highland 

towers can have an overall aesthetic, 

ecological benefits as well as effective 

climatic responses. Apart from shading 

the internal spaces and external wall, 

such effort minimises the glare into the 

building. Ensuring physical continuity 

between the landscaping is important to 

encourage species diversity and 

interaction (Yeang, 1992). To achieve 

this physical continuity, a system of 

linked planting zones up the face of the 

towers can be set.  

 

 

Bridging the gap 

The south-western part of the Highland Park 

consists of a slum belonging to East Rajapur D 

Block. The presence of slum in this area along 

with the average two to three storeyed buildings 

noticeably stratifies the social ladder. The people living in the slum are mostly engaged in 

various types of labour services in the nearby residential complexes, including the Highland 

Figure 13: Proposed pattern of linked vertical landscape 
with rooftop garden, sun breakers and solar panels. 

Figure 14: East Rajapur D Block Slum. 



International Journal of 
Integrated Research and Development        ISSN : 2278-8670 

229 

towers. The slum consists of housing plots that were allocated to the dwellers by the then 

Government of West Bengal, driven by the objective of organising and converting their prior 

scattered pattern into a collective one, during the development of several housing societies under 

the initiative of KMDA. Since slum areas are inevitably characterised by unhygienic and shabby 

environment, thus in this context with the ‘redevelopment of slums’ being the need of the hour, 

the semi pucca houses of the slum dwellers in the area can be transformed into an apartment or 

flat system, i.e, four to five storied buildings. Where every family can be allotted a flat of some 

minimum carpet area with attached bathroom and kitchen beside access to a community hall. 

The developers can be the private builders, selected through the tenders depending upon the 

appropriate size of the project, followed by subsequent technical and financial evaluation. The 

interaction of the developer with that of the slum dwellers becomes extremely important here to 

incorporate their suggestions into the project and make it successful through joint effort. 

Social Problem in the slum include large number of dropouts due to early engagement in various 

low paid jobs. Therefore, provision of holding evening classes for the slum girls and boys can be 

recommended. This requires the involvement of Non-Governmental Organisation (NGO). Since 

most of the slum children mainly work to support their family, so instead of travelling the 

distance, these classes can be held in the community hall. Active involvement of NGO can help 

in enhancing the empowerment of the women in the slum. Organising handicraft, knitting, 

stitching sessions for the women is a productive way. Such sessions can be held thrice a week to 

make it adjustable with the other subsidiary works that these women are required to do. 

Moreover, an added provision can be made to enable these women sell their handicrafts every 

year by organising a small fair or exhibition near Metropolis Mall, since malls are generally 

visited by various kinds of people and it is the nearest potential market. In this way, the women 

can directly sell their work to the customers without the involvement of middlemen. Also, it 

Figure 15: Proposed plan of rehabilitating the slum near Highland Park. 
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would encourage them to do further work. However, this initiative has to be undertaken jointly 

by the NGOs and the State Government. Though the West Bengal Government’s Biswa Bangla 

Prakalpa aims to uplift the culture, heritage and the art of Bengal and its artisans, here it is about 

local development. Furthermore, the women in this area are involved in various other activities 

and are not professional artisans, so even a small initiative of this fashion can boost their 

confidence and economy, that too without any kind of investment on their part. Further health 

camps can be set in the community hall twice a year for regular health check-up of the residents 

of all age groups.  

Conclusion 

Careful consideration of the present state of urbanisation in India and its impact on the 

consumption behaviour carves out a vivid picture of the essentiality of high-rises in the country. 

Even though the impacts of these buildings on the urban morphology are largely negative, the 

positive ones cannot be totally shunned down, especially in view of its vitality in mitigating 

uncontrolled horizontal spread. This study has been mainly an effort to recognize and evaluate 

the first experience of Kolkata’s residential high-rise, namely Highland Park, in terms of its 

design and impacts. In the following years, Kolkata has witnessed the growth of several new 

high-rises, with each surpassing its predecessors both with respect to height and impact 

intensity. Nevertheless, the role of Highland Park in changing the developmental landscape of 

Eastern Metropolitan Bypass has been worthy of notice. It has not only introduced Metropolis 

Mall, the first to be built in the southern region of the city, but has also been a flagship project of 

the Highland Group. Back in 2000 it was one the very few residential complexes in Kolkata to 

provide high-end facilities like duplex apartments and penthouses for housing the Non 

Residential Indians. However, more focused initiative on part of the Kolkata Municipal 

Corporation (KMC) and its planning and developmental body KMDA along with community 

involvement and public awareness can bring about a comprehensive development in this area. 
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CHANGE IN LANDUSE/LAND COVER WITH CHANGING COAST LINE 

ALONG THE SHANKARPUR AND TAJPUR BEACH, PURBA 

MIDNAPUR, WEST BENGAL, INDIA 
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Abstract: 

Coast line is a very dynamic in nature and due to this dynamic nature landuse and land cover 

along the coast line change very frequently. Shankarpur and Tajpur coast line of Purba 

Midnapur are not new in this case.  Change is detected along the coast line from 1976 to present 

time. There is massive change of landuse/ landcover and geomorphic features. The present 

paper try to explain the change in geomorphic feature, land use/ land cover with in the changing 

coast line. Remote Sensing techniques are used to fulfil the paper.   

Key Words: Landuse & Landcover change, Shoreline change, geomorphic features. 

Introduction:  

Coastline is a very dynamic in nature due to this dynamic nature landuse & landcover along the 

coastline change very frequently. These changes also occur in various geological and 

hydrodynamic phenomena. The changes of shoreline and coastal landscape is very important for 

integrated coastal zone management, vulnerability assessment, risk prone area detection, 

developmental planning and also help in further geomorphological study. 

Study Area: 

Shankarpur and Tajpur are one of the virgin beach of West Bengal which is situated in the 

southern part of East Midnapore district, Ramnagar-I block. The latitudinal extent of this coastal 

area is 21˚38’00”N to 21˚39’16’’ and longitudinal extent is 87˚34’35’’ to 87˚38’12’’ consist of 

12 village-Shankarpur, Panchdaria, Dakshinbalarampur, Lachimpur, Jamra-syampur, 

Dalbaladya, Choto-balarampur, Kiagoria, Chandpur, Jaldah, Berakhana, Tajpur. The 

geographical area is cover by SOI Toposheet no-73o/10 and landsat path & row no is -138/45 & 

139/45. 

Objectives:                                                                                                                                                                                     

To study the landuse & landcover chage along the shoreline. 
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Methodology:  

Methodology of the work as been segmented into 3 parts: i) pre-field study ii) field iii)post-field 

study. 

i) Pre-field study: The google earth maps,Survey of India Topographic map and field 

investigations are very useful to depict the primary and basic information of geomorphic 

features of this terrain.These maps show a variety of landmarks and landscape information 

both,natural and manmade.scanned toposheet and high resolution google earth images of the 

study area were georefferenced by using ArcMap 10.5 and QGIS 2.18. 

ii) Field work: Detail GPS survey has been done for high tide line detection , Landuse and 

landcover verification. 

iii) Post-field study: All the data collected from the field are analysis statistically afterthat using  

this result various maps  are prepared by various  remote sensing technique. 
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Result and Discussion 

Shoreline Change: It has been observed that, there has been massive change in shoreline from 

1972 to 2018.The high tide line has been shifting toward the coastal land area. Previously 

(1972),the the high tide line war far beyond than present high tide line. The shoreline change are 

different in various point, near the Champa river the rate of annual erosion is approximately 

6m/y and total erosion from 1972 to 2018 is approx 313m.But, near sea dyke the rate of annual 

erosion is approximately 3mm/yr and total erosion from 1972 to 2018 is approx 189 m. The 

main cause of low rate of erosion near sea dyke is the present of previous embankment, which 

was comparatively resistant the wave attack erosion than the non-embankment region. In the 

field observation we also see that the embankment of 1972 does not exist right now. In 

Shankarpur region angle of wave impact is more and it is responsible for erosion of the beach. 

The breaking wave energy is also responsible for the retrogation of coastline in this region, with 

the help of landuse & land cover survey get the beach area which was 14.47% in sq.m in 1972 

and now the area is 7.72%.   

 

Fig:4.1 Source: Computed by author from 1972 SOI Topographical sheet, GPS Field 

Survey, 2018 
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Landuse & Land cover map generation:  

A landuse & land cover map was prepared by the use of SOI Toposheet of  1972.Another,the 

recent landuse & landcover map was prepared by visual interpretation of the Geo referenced 

Google earth image depending upon present condition of the area according to the field 

verification. with these two map’s comparison detect the landuse & landcover changes from 

1972 to 2018 of the study area Based on toposheet 6 features set River, Flooded area, Arable 

land, Settlement with vegetation, Sand dune are used to detect the changes (Table- 3.1.1).In 

2018 landuse & landcover map various new features are added as for example-lodge/office, 

plantation, beautification, sea dyke etc which was not exist in 1972 SOI Toposheet (Fig-5.2 ). 

Table 5.1.1: Difference in Percntage of lands from 1972 to 2018. 

 

   

Fig:5.2 
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Features 1972 (in%) 2018 (in%) Difference 1972 to 

2018 (in%) 

River 3.86 6.66 +2.8 

Floaded Area 15.06 7.42 -7.64 

Beach 14.47 7.72 -6.75 

Settelment with Vegetation 8.65 14.77 +6.12 

Sand Dune 14.19 1.6 12.59 

Arable Land 43.90 31.8 -12.1 
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Result & Discussion: 

Based on Toposheet feature’s detection,this region’s landuse & lancover is change huge.In 1972 

the total river area was 3.86% ,in 2018 the area is 6.66%, an increment of +2.8%(Table-5.1.1 )  

and the channel pattern also change change in the northern portion of the study area (Fig-5.1  ) 

The total Floaded area ranged from 15.06% in 1972 to 7.42% in 2018 (Table-5.1.1  ).The total 

change in terms of it’s reduction from the year 1972 to 2018 is calculated to be  -7.64% . In this 

area now  exist Benfish Fishing Harbour, Road, Hotel (fig-5.1  ). The total area of beach ranged 

from 14.47% in 1972 to 7.72% in 2018..The total change in terms of it’s reduction - 6.75 %. The 

area of settlement with vegetation ranged from 8.65% in1972 to 14.77% in 2018. The total 

change in terms of it’s induced +6.12%. The total area of sand dune ranged from 14.19% in 

1972 and 31.8% in 2018 .Near the shoreline sand dune are partially eroded (fig-5.1) and in the 

Chnadpur region the sand dune are modified by Plantation, Resort and Hotel.The total area of 

arable land was 43.90% in 1972 and 31.8% in 2018. The total area is decrease  -12.1%.   

                                                                                                 

Source: http://bhuvan.nrsc.gov.in   

 

http://bhuvan.nrsc.gov.in/
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Interpretation of the geomorphic map: 

The geographical extension of the geomorphic map is 87˚32’40” & 21˚37’50” to 87˚38’17” & 

21˚38’56”.The wide ‘coastal origin younger coastal plain’ start from the east of Tajpur to west of 

Shankarpur.The extreme east and west portion are wider than the middle portion of the study area.The 

total area of this segment is 5066.86 sq.km and it close to the sea.this ‘coastal origin younger coastal 

plain’ are surrounding of the ‘coastal origin older coastal plain’.This ‘coastal origin older coastal plain’ is 

far from the sea.The total area of this segment is 4358.29 sq.km. The ‘Anthropogenic origin 

Anthropogenic Terrain’  is present  little in the western, northern part of the study area, the total area is 

190.12 sq.km .The waterbody is present eastern and western  part of the study area. 
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 Interpretation of Superimposed map: 

The geomorphic map of the study area is superimposed on recent landuse and landcover map. 

Under ‘coastal origin younger coastal plain’ segment has a presence of  geomorphic landforms like 

Sandbar, the intertidal zone of the beach sand dune and manmade features like lodge/office, Benfish 

fishing harbour ,plantation, sea dyke, beautification, temporary settlement, playground, shop. under 

‘coastal origin older coastal plain’ exist cropland, this segment is more fertile than ‘coastal origin 

younger coastal plain’ because this segment is far from the sea .so, brackish water is less infected than 

other segmented area and it’s  developed by the river’s  fertile alluvial soil. Under ‘Anthropogenic origin 

Anthropogenic Terrain’   presence fallow land and swampy land and under Waterbody exist the river 

channel. 

Table 3.1.1 : Percentage of various geomorphic unit and various landuse & landcover 

features         remain under this geomorphic features 

Sl 

No 

Geomorphic Unit Landuse/Landcover % 

1 Coastal Origin 

Younger coastal plain 

Beach,Lodge/office,Shop,Urban based 

Economy,Beautification,Sanddune,Temporary 

settlement,seadyke,Sandbar,Plantation,Playground 

 

47.87 

2 Coastal Origin Older 

Coastal Plain 

Cropland,settlement with plantation, Road, 

Waterbody 

41.18 

3 Anthropogenic 

Original 

Anthropogenic terrain 

 

Fallow Land, Swampy Land 

 

1.8 

4 Waterbody River 9.15 

 

Conclusion: The analysis indicates that from change 1972 to 2018 river area 2.8%,settlement 

and vegetation area 6.12% have increased and the decease trended landforms are beach 

landforms are area 19.33% and flooded area 7.64%this change has been exhibit on the 

geomorphic features also.Landude/Landcover impact found on younger coastal plain 

47.78%,older  coastal polain 41.18%and anthropogenic terrain 1.8% of coastline areas 

encroachment by the human create the situation more complex. 
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Abstract: 

Solar Energy has become the ultimate solution to solve climate problems. However, apart from 

that, solar energy can also reduce the electricity bill of a household to a tremendous extent. That 

is the premise of our web application, where the calculator estimates how much the user will 

have to spend on a one-time investment to install a grid-connected solar photovoltaic (PV) 

system to run the entire household as it would on normal electricity. The major aim of the index 

is to analyze the factors which drive the market attractiveness for a country, where renewable 

energy has become much more than de-carbonization and reliance on subsidies. 

Keywords:  Photovoltaic, Sustainable Development Goals, Application Program Interface, 

Renewable Energy Country Attractiveness Index 

 

INTRODUCTION:  

India is both the 6th largest consumer and 6th largest generator of electricity. As of 2012, 

most of the electricity generated in India (about 65%) is made from thermal power 

plants, 22% is made from hydroelectric power plants, 3% of the electricity is generated 

by nuclear power plants, and only 10% is made from renewable sources of energy, like 

solar energy, wind energy, biomass, etc. As much as 54% of the country’s commercial 

electricity demands are met through the vast coal reserves owned by India 

(www.indianpowersector.com). In fact, India has reached such great success when it 

comes to renewable energy that it has replaced U.S. and bagged the 2nd position for the 

best country for renewable energy. Solar energy is basically of two types: solar thermal 

energy and solar electric energy.Solar electric energy is used in applications where 

generation of electricity is the main concern. It uses PV cells to generate electricity from 

sun ‟slight rays”.  
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1. Off-grid system – This kind of system works independent of the grid, and is 

not connected with the same. Grid is the wiring network which comes from 

the electricity distribution company and provides electricity. Off-grid 

systems are usually more expensive because of the extensive assembly of 

equipmentswhich requires very expensive batteries. However, with this 

system, the consumer will be creating and using his/her own electricity, 

which will be absolutely green and pollution-free. 

 

Figure 1: Off-grid system (Source: www.bijlibachao.com) 

2. Grid-connected system – This kind of system is easier to install and are 

much cheaper in comparison to off-grid systems. It also requires a lot less 

maintenance than off-grid systems and generally does not involve the use of 

batteries. Off-grid system requires special high-power batteries is connected to 

the grid, so when there is ample sunlight, the PV cells generate electricity 

which is used throughout the house with the help of the inverter, and any extra 

electricity that is generated is sent back to the grid. However this is only 

possible if the state has a net-metering system. Additionally, during cloudy 

days, if enough electricity is not generated by the PV cells, the required amount 

can always be drawn from the grid  
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STUDY AREA: 

The research work has been undertaken in India. 

India, being a tropical country lying between 

(20º59’37’’N; 78º96’29’’E)receives much of the 

insolation almost readily available throughout 

the year. The population resourceratio is getting 

imbalanced with the growing population 

(133.92crore in 2017). Government stepped up 

India’s solar power capacity target under 

Jawaharlal Nehru national Solar mission 

(JNNSM) by five times reaching 1, 00,000 MW 

by 2022.  

The new targets were approved in June 2015. 

The target comprises about 40 GW in rooftop and 60 GW 

through Large and medium scale grid connected solar power projects principally. This Web 

based Application can help to achieve the target of India. 

OBJECTIVE:  

The research itself has set itself the following objectives-  

 

(i) To make more people switch from thermal and fossil fuel-powered electricity to solar 

electricity so that we can curb the fast deteriorating climate and air conditions.  

(ii) To initiate awareness about the information on various kinds of solar energy system 

available, solar equipment dealer’s and the current scene of electricity and solar 

electricity in India. 

(iii) To aid a consumer whose primary concerns are comfort and investment. The idea of the 

switch has to be introduced in a way where not only the environment but also the 

consumer is benefited. 

 

 

 

Figure 2:Study Area - India 
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DATABASE:   

Software used –                                      Languages used –  

a) Google Earth Pro                                                                  a) HTML 5/CSS  

 b) Arc Map 10.3.1                                      b) JavaScript  

 c) ArcGIS Online                                      c) ArcGIS API for JavaScript 4.3  

d) ArcGIS for Developers  

e) Microsoft Excel 2007  

METHODOLOGY  (WEB APPLICATION): 

 

 

 

 

 

 

 

 

Working of the web application – 

 

The Dealer point from Google Earth Pro has been gathered and compiled, with over 100 

Dealers listed for 30 cities. Following this, the dealer coordinates as XY data to Arc Map was 

added and Dealer point’s layer was made. The Global Irradiance data of 2013 has been 

collected from the NREL website as a shapefile. Both the shape files were published and 

used in our application. 

Acquire Dealer points and details from Google Earth 
and

compile them in MS Excel

Global Irradiance data layer for the 
year 2013

Add the Dealer points to ArcMap to 
create the

Dealer layer

Publish the two layers on ArcGIS Online 
to make a

Web Map

Use the WebMap and the two published layers in 
the code to generate map for the web application

Coding for all functionalities has been done to 
program and configure the application
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Figure 4: First page of the final Web Application 

The application has two pages, the first page being the calculator itself, and the second page 

gives information about the present scenario of solar electricity in India. The first page uses 

Google API for geo location and reverse geo location to find the location of the user. In the 

Map View, the published Dealer and Irradiance is loaded. Thereafter, determination of the 

center of the map and the zoom level was done, which gave a fully functioning map with a 

search bar to zoom into specific locations. A click on the map reveals a popup with contact 

details of the dealer clicked, or the annual global irradiance falling on the specific sq. km. 

 

Secondly, a buffer is generated so that the user can find the dealers located closest to him 

and see their details in a feature table. There is a checkbox which needs to be checked to 

Figure 3: Showing Global irradiance of India (January, May, September and Annual global irradiance) 

Figure 5: First page of the final Web Application 

Figure 6:Webpage showing Geolocation  

 

Figure 7: Webpage showing Buffer area and 

Calculation 
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generate the buffer with a click on the Map View, where the center of the buffer is the point 

where the user clicked. The user can choose a buffer distance in kilometers, and all the solar 

equipment dealers within that buffer distance are highlighted. When the checkbox is 

unchecked, the buffer disappears, along with the feature table. 

The next segment of the home page is the calculator itself. Upon entering the location and 

the average monthly consumption, the user clicks on “Submit”. The page then lists the 

number of solar PV panels that will be required to run the household with a grid-connected 

system, and the total expense of the panel system that the user will need to invest in. The 

user also gets to know the amount of energy that will be saved using that system. The 

“Back” button takes the user back to the base calculator without reloading the page. 

The second page of the application is solely for awareness. As the main purpose of the web 

application is not only to help user to switch from thermal electricity to solar electricity, but 

also to initiate awareness about the same, therefore this page is an integral part of our 

application. In this page the problems faced with conventional electricity and its distribution 

throughout the country is discussed. The user learns a lot about the success of the country in 

the field of solar energy and how it has surged ahead in solar energy market, along with some 

basic information. 

After the main functionality of the 

application comes the design of the 

application. For the design aspect, Cascading 

Style Sheets (CSS) is used. The main focus 

of the design aspect was to make the 

application more presentable and user-

friendly. User-friendly interface is, at times, 

even more important than the base functionality of an application. The user first has to feel 

comfortable using the application, without needing a user manual. The look and feel of the 

application should be smooth, engaging, and free of glitches. Since our application was 

primarily about awareness, making the application super catchy yet elegant was very 

important. Information had to be presented in such a way so that it is easier and interesting for 

the user to read. 

 

Figure 8: Webpage showing footer with solar power information 
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RESULT: 

The web application, called “Solar Energy Calculator” is something that any person can use 

without any problem. Almost every feature is self-explanatory, making the application user-

friendly. Though the application is ideally for single houses and apartment buildings, even 

commercial buildings and offices can make use of this application to inculcate an idea about 

solar energy and its investments. The main reason why the application focuses solely on grid 

connected systems only. User should contact the required personnel, i.e., the solar equipment 

dealers, to get more details even then. 

DISCUSSIONS:The application does provide only estimated values based on few basic, 

general assumptions which are - 

● Calculations have been done assuming a 250W solar panel system. 250W is the 

average wattage of a solar panel in India, but it can usually range from 200W 

to1MW. 

● The price of the solar panels depends on their wattage. Panels are usually 

rated at Rs.35/watt, but the rates can vary. User should consult experts and 

dealers for more accurate listing. 

● The average sun hour for India is around 5.5 hours, and the calculator takes this 

value into account. However, how many solar panels will be required and how 

much energy can be produced depend largely on the sun hours of the particular 

area. The longer the sun hours, the more electricity will be produced from 1 panel, 

and hence less number of panels will be required, and vice versa. So knowledge 

about the sun hours of user’s area is important. 

● Apart from the solar panels, the user will need to have net metering system, an 

Figure 9: Second page of the Web Application 
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inverter, mounting frame for the panels, cables, connectors and DC/AC 

distribution box for converting DC current to AC current. 

● If the user wants to install an off-grid solar PV system, they must contact the 

required personnel as our calculator does not deal with that. 

● The application can be made even more accurate and informative with the help of 

LiDAR data and a 3D solar radiation model. 

 

FUTURE WORK: 

Future work on the application will entail including a 

site suitability model for various areas as follows:  

 The idea is to use LiDAR data for various 

areas in 

India, 

and to create a 3D solar radiation model using 

the Solar Radiation tools of Arc GIS Pro, which 

tells the user exactly how much sunlight and 

shadow a user will get on his/her rooftop, and 

how much carbon footprint could be reducing by installing solar panels on their 

rooftop 

 In order to localize the application for a particular city, or state, an attempt has been 

taken to analyze the solar panel potential at various places depending on their societal 

utilities, forexample: schools, industries, hospitals. 

 A scope for high end machine 

learning which can be implemented in 

the same in order to undergo OBJECT 

DETECTION to produce an automated 

tool which will easily provide user with 

an interface to identify the potential solar 

panel packages. 

 

 

Figure 10: Maximum Solar Insolation Potential            
(Month wise) 

Figure 11: AOI for Solar panel Zonation 

Figure 112: Demarcation of high to low radiance for solar 
panel setup 
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CONCLUSION-  

Solar Energy can be rightfully called as only potential savior of this world. It can bring our 

Earth back from the brink of irreversible destruction. However, to ask people to change their 

age old ways to protect the environment is hardly going to work. What can work is if we can 

show people the advantages of switching to a greener alternative of generating electricity, 

especially one in which they are more in control. People will start using solar and other 

renewable energy sources for generating electricity when they see how much money they are 

saving and how much they are benefiting during power cuts. Basically, solar energy needs to 

be “advertised” and not just “proposed”. 
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Abstract – 

The present work deals with the classification of mangrove forests and determination of their 

health spatially using Airborne Visual Imaging Infrared Spectrometer – Next Generation 

Phase I Surface Reflectance data (AVIRIS-NG) over a portion of Indian Sundarbans covering 

parts of Lothian Island and Bhagabatpur with adjoining agricultural and settlement areas 

extending between 21°56'54" to 21°57'19" N and 88°22'27" to 88°24'23" E. The objectives 

were to (1) test pixel-based classifiers and object-based approach for classification of 

mangroves into floristic composition classes and (2) map the health status of the mangroves. 

Specific spectral indices (already published), namely, Mangrove Probability Vegetation 

Index, Normalized Difference Wetland Vegetation Index, Shortwave Infrared Absorption 

Depth, Normalized Difference Infrared Index (NDII) and Atmospherically Corrected 

Vegetation Index were applied in decision tree (DT) algorithm for identifying mangrove 

forests, followed by creation of a mangrove mask of the study area. Then, two pixel-based 

classifiers, namely Spectral Angle Mapper (SAM) and Support Vector Machine (SVM), and 

Object Based Image Analysis (OBIA) were separately evaluated on the data within the mask. 

The overall classification accuracy in case of SVM was higher (99.28%) as compared to 

SAM (70.63%) and OBIA (67.66%). A total of ten floristic composition classes were obtained 

(including beach vegetation). The classes were further classified into three health classes, 

viz. most healthy, moderately healthy and less healthy/ stressed using six vegetation indices, 

namely, vegetation greenness indices (Enhanced Vegetation Index and Vogelmann Red Edge 

Index 1), Photochemical Reflectance Index (for light use efficiency), leaf pigment indices 

(Carotenoid Reflectance Index 1 and Modified Chlorophyll Absorption Ratio Index) and 

NDII (for canopy moisture status) in DT algorithm. The methodology presented here holds 

good opportunity to be applied to other mangrove forests for producing mangrove health 

maps at finer levels.  

 

Keywords: airborne hyperspectral data; support vector machine; vegetation indices; decision 

tree; mangrove health. 
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I. INTRODUCTION 

Mangrove forests or “mangals” are a type of intertidal wetland ecosystems. These 

forests grow in harsh environmental conditions with high levels of salinity, high 

temperature, extreme tides, high rates of sedimentation and muddy anaerobic soils [1]. 

Sundarbans is considered to be one of the world’s largest blocks of mangrove ecosystem. 

Presently, Sundarban Biosphere Reserve has about 26 true mangrove species, 29 

mangrove associates and 29 back mangrove species belonging to 60 genera and 40 species 

[2]. 

The mapping accuracy of a mangrove forest strongly depends upon the classification 

technique adopted [3]. Moreover, in comparison to unsupervised or supervised 

classification methods, Decision Tree (DT) is computationally faster [4]. Various 

researchers have used different vegetation/ spectral indices using multispectral and 

hyperspectral space-borne satellite imagery for characterizing the mangrove forests, but 

such investigations are completely lacking in the domain of high resolution airborne 

hyperspectral data over Sundarbans mangroves. Literatures are also lacking in the field of 

classification of Indian Sundarbans mangroves into floristic composition classes at 

species-level using high resolution hyperspectral data. Moreover, it would be quite useful 

to determine the health of the mangrove forests/ mangroves species using different 

vegetation indices. 

The objectives of the present study were to (1) test pixel-based classifiers and object-

based approach for classification of mangroves into floristic composition classes and (2) 

determine the health status of the mangroves spatially. 

II. MATERIALS AND METHODS 

A. Study Area 

The pristine mangrove habitats of Bhagabatpur island, major portions of Lothian island 

together with some of the fringing mangrove forests with adjoining agricultural and 

settlement areas extending between 21°56'54" to 21°57'19" N and 88°22'27" to 88°24'23" 

E was selected as the study area (Fig. 1). 

 

 
Fig. 1. Index map of the study area and false colour composite of the AVIRIS-NG data 
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B. Data Used 

The Airborne Visible and InfraRed Imaging Spectrometer – Next Generation 

(AVIRIS-NG) airborne campaign data [a joint collaboration of Jet Propulsion Laboratory 

(JPL), NASA and Indian Space Research Organisation (ISRO)] were used in the present 

study. There were 425 narrow continuous spectral bands in the visible and near infrared 

(VNIR) and shortwave infrared (SWIR) regions in the range of 376-2500 nm at 5 nm 

interval with high signal-to-noise ratio (SNR) with accuracy of 95% having field of view 

34 degrees and instantaneous field of view of 1mrad. The scene characteristics of 

AVIRIS-NG image over Sundarbans area are listed in Table 1.  

 
TABLE 1 

SCENE CHARACTERISTICS OF THE AVIRIS-NG DATA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ground truth data regarding the geographic distribution of different mangrove species 

in the study area were collected along with published maps and reports on the distribution 

of mangrove species in the Indian part of the Sundarbans [5, 6]. 

 

i ii .  METHODOLOGY 

A. Removal of Bad Bands 

All the bands were visually examined and a list of bad bands was prepared. AVIRIS-

NG data had 425 bands out of bad bands which included no information bands, higher 

noise level bands and water vapour absorption bands were removed. 

B. Data Reduction 

Reflectance values of random pixels of regions of interests (ROIs) for all the bands 

(excluding the bad bands) were subjected to factor analysis which attempts to identify 

underlying variables/factors (here bands) that explain the pattern of correlations within a 

set of observed variables. The method used for extraction was principal component 

analysis (PCA) [7]. The technique adopted for rotation was Varimax method with Kaiser 

Dataset 

Attribute 

Attribute Value 

Acquisition Date 24th February – 6th 

March 2016 

North West 
Corner 

21°56'54.77"N, 
88°22'27.40"E 

North East Corner 21°57'19.50"N, 

88°24'22.40"E 

South West 

Corner 

21°33'26.65"N, 

88°17'42.00"E 

South East Corner 21°33'21.66"N, 

88°19'24.42"E 

Dimension 747 x 9167 x 425 [BIL] 

Datum North America 1927 

Target Path  138 

Projection  UTM, Zone 45 North 

Sensor Type AVIRIS-NG, PHASE 1  
Spatial Resolution 5 m 

Radiometric 

Resolution 

14 bits 

Product L2 (atmospherically 

corrected) 
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Normalization [8]. Eigenvalues over one were only extracted and principal components 

were analyzed on the basis of a correlation matrix. The selection of uncorrelated 

wavelengths was done using factor analysis tool in SPSS software. The bands registering 

correlation coefficients ≥ 0.8 were considered for further analysis. 

C. Computation of Pixel Based Spectral Indices 

Five known/ already published spectral/ vegetation indices were applied on the 

AVIRIS reflectance image data (bands after data reduction). These indices are as follows: 

 

1. Mangrove Probability Vegetation Index (MPVI) 

MPVI [9], a kind of spectral matching algorithm and was used to identify the image 

pixels that might fit in or belong to mangrove forest type by calculating their correlation 

coefficients with a ‘certain spectrum’ of mangrove forest. The MPVI was calculated as 

follow:  

 

𝑀𝑃𝑉𝐼 =  
𝑛 ∑ 𝐵𝑖𝑏𝑖

𝑛
𝑖=1 − ∑ 𝐵𝑖 ∑ 𝑏𝑖

𝑛
𝑖=1

𝑛
𝑖=1

√𝑛 ∑ 𝐵𝑖
2 − (∑ 𝐵𝑖

𝑛
𝑖=1 )2𝑛

𝑖=1 √𝑛 ∑ 𝑏𝑖
2 − (∑ 𝑏𝑖)2𝑛

𝑖=1
𝑛
𝑖=1

  (1.1) 

Where, n = total number of bands in the image (270 in the present study), Bi is the 

reflectance value at band i for a pixel of the reflectance image, and bi is the reflectance 

value at band i for a ‘certain spectrum’ of mangrove forest. The average spectrum of these 

pixels (average spectrum of ROIs taken over known mangrove forest locations on the 

reflectance image) was computed as the ‘certain spectrum’ of mangrove forest. MPVI was 

computed using the band math tool in ENVI. 

2. Normalized Difference Wetland Vegetation Index (NDWVI) 

The spectral reflectance of mangrove forests is lower than that of terrestrial vegetation 

at the shortwave infrared spectral region and thus normalized difference wetland 

vegetation index (NDWVI) [9] was used taking two bands into consideration, viz. one in 

the SWIR region and the other in the green region to enhance the discrimination of 

mangrove forests and terrestrial vegetation. NDWVI was computed using the band math 

tool in ENVI. In the present study, reflectance values at 1242 nm and 857 nm were used as 

follows: 

 

𝑁𝐷𝑊𝑉𝐼 =
𝑅857 − 𝑅1242

𝑅857 +  𝑅1242
  (2.1) 

 

3. Shortwave Infrared Absorption Depth (SIAD) 

This index [9] was used to highlight the water absorption features of mangrove 

forests. In the present study, reflectance value at 1578 nm was used. Before the calculation 

of absorption depth, the continuum-removed reflectance was calculated. The used formula 

is as follows: 

 
𝑆𝐼𝐴𝐷 = 1 − 𝐶𝑅1578  (3.1) 

Where CR1578 is the continuum-removed value at 1578 nm. SIAD was computed using the 

band math tool in ENVI. 

4. Normalized Difference Infrared Index (NDII) 
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The NDII is a reflectance measurement that is sensitive to change in water content of 

plant canopies. The value of this index ranges from -1 to 1 [10, 11]. The common range 

for green vegetation is 0.02 to 0.6. NDII is defined by the following equation: 

 

𝑁𝐷𝐼𝐼 =  
𝑅819 − 𝑅1649

𝑅819 + 𝑅1649
  (4.1) 

Where R819 and R1649 are the reflectance values of 819 nm and 1649 nm, respectively. 

NDII was computed using the NDII option of the Vegetation Index Calculator under 

Vegetation Analysis tool in ENVI. 

5. Atmospherically Resistant Vegetation Index (ARVI) 

The ARVI is an improvement to the Normalized Difference Vegetation Index (NDVI) 

that is relatively unaffected by atmospheric constituents (e.g. aerosol). It is most useful in 

tropical regions. The common range of ARVI for green vegetation is 0.2 to 0.8. ARVI is 

defined by following equation [12]. 

 

𝐴𝑅𝑉𝐼 =  
(𝑅𝑁𝐼𝑅 − 2)(𝑅𝑅𝑒𝑑 − 𝑅𝐵𝑙𝑢𝑒)

(𝑅𝑁𝐼𝑅 + 2)(𝑅𝑅𝑒𝑑 − 𝑅𝐵𝑙𝑢𝑒)
  (5.1) 

 

ARVI was computed using the NDII option of the Vegetation Index Calculator under 

Vegetation Analysis tool in ENVI. 

 

D. Identification and Extraction of Mangrove Forests/ Mangroves 

Decision Tree (DT) method was used for identification of mangrove vegetation. The 

above mentioned spectral/ vegetation indices (MPVI, NDWVI, SIAD, NDII and ARVI) 

were used as inputs in the DT classifier. Fig. 2 illustrates the decision rules for identifying 

mangrove forests using DT and the reflectance image. The images of the indices were 

stacked for highlighting the mangrove forests and the DT rules for the identification of the 

forests were obtained after thresholding to cover all mangrove pixels. A mangrove mask 

was built using the classified output of DT. 

 

 
Fig. 2. Rules for identifying mangrove forests of the study area using decision tree 

 

E. Classification 

In this study, three kinds of classifiers, viz. two types of supervised full–pixel 

classifiers, namely, Spectral Angle Mapper (SAM) and Support Vector Machine (SVM) 

 

MPVI ≥  0.219 AND        MPVI  ≤  0.99 

Non - Mangrove NDWVI ≥  - 0.43 AND NDWVI ≤  - 0.125 

SIAD ≥  0.8  AND SIAD ≤  0.929 

Non - Mangrove 

Non - Mangrove 

NDII  ≥  0.08  AND  NDII  ≤  0.5 

ARVI  ≥  0.51  AND  ARVI  ≤  0.76 
Non - Mangrove 

Mangrove 
Non - Mangrove 
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and Object-based classifier [Object-based Image Analysis (OBIA)] were used. Known 

locations of definite floristic composition were used as training site pixels. Minimum noise 

fraction transformation (MNF) was carried out in ENVI and the first 10 MNF bands were 

used for classification. 

 

F. Spectral Angle Mapper 

A physically–based spectral classifier – SAM utilizes n–D angle to match pixels to 

reference spectra. Endmembers were retrieved from specified ROIs. The acceptable angle 

set was 0.1 rad as ENVI does not classify pixels with an angle larger than this value. 

 

G. Support Vector Machine 

SVM provides high–quality classification results from intricate and noisy data [13]. 

The SVM parameters set were kernel type (sigmoid), bias in kernel function (1), gamma in 

kernel function (0.005), penalty parameter (100), pyramid level (0) and classification 

probability threshold (0).  

 

H. Object Based Image Classification (OBIA) 

The algorithm of multi-resolution segmentation was employed, followed by supervised 

classification. The parameters used were: classification method (nearest neighbourhood), 

domain–pixel level, shape–0.1, compactness–0.5 and scale parameter–1.5. The image was 

classified using the first 10 MNF bands. eCognition software was used for OBIA.  

 

I. Classification Accuracy Comparison 

This was done using post classification confusion matrix with ground truth ROIs. A 

comparison was drawn amongst the classified images of SAM, SVM and object-based 

image classification.  

 

J. Vegetation Indices for Forest Health Determination 

Six vegetation indices were computed for health determination of mangrove 

communities/ species and these are as follows: 

 

1. Enhanced Vegetation Index (EVI) 

This index was developed to improve the NDVI by optimizing the vegetation signal in 

Leaf Area Index (LAI) regions. It uses the blue reflectance region to correct for soil 

background signals and to reduce atmospheric influences, including aerosol scattering. It 

is most useful in LAI regions where the NDVI may saturate [14]. 

𝐸𝑉𝐼 = 2.5 ×
(𝑅𝑁𝐼𝑅 − 𝑅𝑅𝐸𝐷)

(𝑅𝑁𝐼𝑅 + 6 × 𝑅𝑅𝐸𝐷 − 7.5 × 𝑅𝐵𝐿𝑈𝐸 + 1)
  (1.1) 

2. Vogelmann Red Edge Index 1 (VOG1)  

This index is a narrowband reflectance measurement that is sensitive to the combined 

effects of foliage chlorophyll concentration, canopy leaf area, and water content [15]. This 

vegetation index was calculated using band math tool in ENVI. 

 

𝑉𝑂𝐺1 =  
𝑅740

𝑅720
  (2.1) 

3. Photochemical Reflectance Index (PRI) 

This index is a reflectance measurement that is sensitive to changes in carotenoid 

pigments (particularly xanthophyll pigments) in live foliage. Carotenoid pigments are 
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indicative of photosynthetic light use efficiency, or the rate of carbon dioxide uptake by 

foliage per unit energy absorbed. The value of this index ranges from -1 to 1. The common 

range for green vegetation is -0.2 to 0.2. This vegetation index was calculated using band 

math tool in ENVI. 

 

𝑃𝑅𝐼 =  
𝑅531 − 𝑅570

𝑅531 + 𝑅570
  (3.1) 

4. Carotenoid Reflectance Index 1 (CRI1) 

Carotenoids function in light absorption processes in plants, as well as in protecting 

plants from the harmful effects of too much light. Weakening vegetation contains higher 

concentrations of carotenoids, so this index is one measure of stressed vegetation. Higher 

CRI1 values mean greater carotenoid concentration relative to chlorophyll. The value of 

this index ranges from 0 to more than 15. The common range for green vegetation is 1 to 

12. This index uses reflectance measurements in the visible spectrum to take advantage of 

the absorption signatures of stress-related pigments [16]. This vegetation index was 

calculated using band math tool in ENVI. 

 

𝐶𝑅𝐼1 =
1

𝑅510
−

1

𝑅550
  (4.1) 

5. Modified chlorophyll absorption ratio index (MCARI)  

MCARI is one of several chlorophyll absorption ratio indices that indicate the relative 

abundance of chlorophyll. The CARI index was simplified to minimize the combined 

effects of soil and non-photosynthetic surfaces [17]. 

 

𝑀𝐶𝐴𝑅𝐼 =  [(𝑅700 − 𝑅670) − 0.2 (𝑅700 − 𝑅550)] (
𝑅700

𝑅670
)  (5.1) 

6. Normalized Difference Infrared Index (NDII) (as mentioned in section C of 

Methodology). 

The ranges of the six vegetation indices (Table 3) were used in DT algorithm to obtain 

the health classes (most healthy, moderately healthy and less healthy/ stressed) for the 

mangrove forests.  

TABLE 3  

RANGE OF VALUES OF THE VEGETATION INDICES FOR IDENTIFICATION OF MANGROVE 
HEALTH 

 

 

 

 

 

 

 

 

Fig. 3 shows the stepwise DT rules for health determination. 

Vegetation 

index 

Range of 

values 

EVI 0.15 to 0.69 
NDII 0.057 to 0.450 

PRI -0.024 to 0.026 

CRI1 0.210 to 2.11 

VOG1 1.118 to 1.582 

MCARI 0.012 to 0.086 

javascript:void(0);
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Fig. 3. Rules for identifying health of the mangroves using decision tree 

 

IV. RESULTS AND DISCUSSIONS 

A. Data reduction 

After removing the bad bands, 306 bands remained. The dimensionality of the data (306 

bands) was determined to be 4. Table 4 shows the total variance explained.  

 
TABLE 4 

TOTAL VARIANCE EXPLAINED 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The factor loadings and the rotation component matrix of 306 bands and corresponding 

correlation coefficients for 4 principal component (PC)s are depicted in Fig. 4. 270 bands 

were obtained after data reduction. 

 

(EVI>0.6 AND EVI<0.69) OR (NDII>0.340 AND NDII<0.412) OR (PRI>-0.024

AND PRI<-0.003) OR (CRI1>0.210 AND CRI1<1.052) OR (VOG1>1.320

AND VOG1<1.582) OR (MCARI>0.045 AND MCARI<0.086)

MOST HEALTHY
(EVI>0.3 AND EVI≤0.6) OR (NDII>0.281 AND NDII≤0.340) OR (PRI>-0.003

AND PRI≤0.002) OR (CRI1 >1.052 AND CRI1 ≤ 1.268) OR (VOG1>1.278

AND VOG1≤1.320) OR (MCARI>0.039 AND MCARI≤0.045)

MODERATLY 
HEALTHY

LESS 
HEALTHY/STRESSED 

(EVI≥0.15 AND EVI≤0.3) OR (NDII≥0.057 AND NDII≤0.281) OR (PRI≥0.002

AND PRI≤0.026) OR (CRI1≥1.268 AND CRI1 ≤ 2.110) OR (VOG1≥1.118

AND VOG1≤1.278) OR (MCARI≥0.012 AND MCARI≤0.039)

MANGROVES

Total Variance Explained 

P

C 

Initial Eigen Values Rotation sums of 

square loadings 

 Tota

l  

% 

of 

vari

ance 

Cumu

lative 

% 

Total % 

of 

vari

anc

e 

Cum

ulativ

e % 

1 205.2
5 
 

67.0
7
  

67.07 156.6
2 

51.1
8 

51.18 

2 92.19 
 

30.1
2 

97.20 134.7
3 

44.0
3
  

95.21 

3 6.14 
 

2.00 99.21 11.85 3.87
  

99.08 

4 1.25 
 

0.40 99.62 1.63 0.53 99.62 
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Fig. 4. Rotation component matrix of 306 bands and corresponding correlation coefficients 

for the 4 principal components 

 

B. Identification and Extraction of Mangrove Forests/ Mangroves 

The DT output exhibited the mangrove forests/ mangroves in the study area. A mask 

was built with the DT classified output for extraction of the mangroves (Fig. 5). 

 

 
 

Fig. 5. Decision tree output exhibiting the mangroves in the study area 

 

B. Classification 

A total of nine mangrove classes and other land cover classes [intertidal mudflats, 

agricultural area (fallow), agricultural area (cropped), beach vegetation, homestead 

vegetation, water and beach] were used as training sites for classification. Classified 

images over the mangrove forests/ mangroves are shown in Fig. 6. 
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Fig. 6. Spectral Angle Mapper, Support Vector Machine and Object-based Image 

classified outputs over mangrove forests 

The mangrove classes, which were characterized by the following communities/ species 

are: Excoecaria agallocha – This community is composed of pure, homogenous and 

dense stands of Excoecaria agallocha; Avicennia alba – It is composed of pure, 

homogeneous and dense stands of A. alba; Avicennia marina – A. marina is the most 

dominant species in this class. Other mangroves that are also present are A. alba, A. 

officinalis, Aegiceras corniculatum, Ceriops species, Bruguiera species, E. agallocha, 

Acanthus ilicifolius, Derris species, etc; Aegialitis rotundifolia – This class is composed 

of pure stands of A. rotundifolia; Aegialitis-Excoecaria mixed – It is an association of 

Aegialitis rotundifolia and E. agallocha. It is the mixture of both the species; Phoenix-

Avicennia-Excoecaria mixed – This community is an association of Phoenix, Avicennia 

sp. and E. agallocha; Marsh Vegetation – It is characterized by Suaeda sp., Sesuvium sp., 

Salicornia brachiata, Acanthus ilicifolius and Avicennia marina (stunted growth); 

Phoenix paludosa – It is composed of pure stands of P. paludosa; Saline Blank – This 

class forms as a result of increase in salinity due to increase in elevation, probably because 

of deposition. Sparse and much stunted Avicennia trees occur in this zone. 

         Classification accuracy using 10 MNF bands showed that SVM classifier provided 

the best results (overall accuracy = 99.86%), followed by SAM (overall          accuracy = 

70.63%) and lastly by OBIA (overall accuracy = 67.66%). In the classified output of SAM 

there were some black pixels that were unclassified. The SVM classified image showed 

that Avicennia marina dominated the study area (Fig. 7).  
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Fig. 7. Proportion of different classes in the SVM classified output (including beach 

vegetation) 

 

C. Computation of Vegetation Indices for Forest Health Determination 

AVIRIS-NG data were used to determine the biochemical and biophysical parameters 

of mangroves communities and species to detect most healthy, moderately health and less 

healthy or stressed mangroves. EVI and VOG1 were used to determine greenness; NDII 

gave moisture status of mangrove canopy. PRI was the representation for light-use 

efficiency of species and communities. CRI1 and MCARI showed the status of pigment 

contents in the leaves. Additionally, VOG1 and CRI1 measured stress in vegetation. Fig. 8 

shows the images for the computed indices over the mangrove forests. 

 

 
 

Fig. 8. Outputs for the vegetation indices over mangroves 
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D. Determination of Health of Mangrove Forests/ Mangroves 

Six vegetation indices (EVI, NDII, PRI, CRI1, VOG1 and MCARI) were used as 

inputs in the DT classifier. The DT rules for the identification of the healthiness of 

mangrove communities and species were obtained after thresholding. The ranges of values 

for each of the vegetation indices have been tabulated in the methodology section. Fig. 9 

shows the DT output for the health classes in the study area. The result of DT algorithm 

indicated that the proposed indices could appreciably detect the health of the mangroves 

spatially. The proportions of the most healthy (healthiest) and less healthy or stressed 

mangroves were around 59% and 11%, respectively. Fig. 10 depicts the proportion of the 

health status for each of the mangrove classes (including beach vegetation) obtained in 

case of SVM. Phoenix paludosa recorded the highest percentage of healthy mangroves. 

Both Avicennia marina and A. alba were found to least stressed classes, while Saline 

Blank was found to be the most stressed community. 

  

 

Fig. 9. Mangrove health classes and their proportion in the study area 

 

Fig. 10. Proportion of healthiness for the different classes (including beach vegetation) 
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V. CONCLUSION 

 

The present work showed that SVM outperformed the other two classifiers in terms of 

overall classification accuracy. Out of the nine mangrove classes, 4 classes (namely, 

Excocaria agallocha, Avicennia alba, Aegialitis rotundifolia and Phoenix paludosa) could 

be segregated at species-level, while the remaining classes were classified at community-

level. 

The methodology presented in this paper is being extended for other islands and 

localities of Indian Sundarbans. The methodology also holds good opportunity to be 

applied to other mangrove forests of India for producing mangrove health maps using high 

resolution hyperspectral image data.  
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