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Abstract 

Monitoring urban expansion or sprawl through change detection is now much 

easier, accurate and cost-effective with the use of remote sensing and GIS. In order 

to perform change detection, this study used Landsat satellite images belonging to 

1975, 1995 and 2015. Different image enhancement procedures have been adopted 

to visualize the surface covers of study area followed by the classification of 

features. Five land use land cover classes were used to perform the maximum 

likelihood algorithm of supervised classification system. Urban and environmental 

change rate, trend and magnitude have been determined by the change detection 

statistics from classified images. The Land Use and Land Cover (LULC) mapping 

have also been extracted from the classified images using GIS tools via vector shape 

files. The study shows that the process of urbanization thrusting other land covers. 

From last 40 year’s land cover analysis, the rate of increase in urban areas 0.25 

km2/year leading the agriculture and vegetation to a decline of 0.14 km2 and 0.06 

km2 per year respectively. The overall accuracy (96.02%) and kappa coefficient 

(0.84) shows that the classification quality is reliable. 
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Introduction 

One of the most significant human induced causes of the loss of arable land, habitat 

destruction, and the decline in natural vegetation cover is urban expansion resulting from 

rapid population growth (Lopez et al., 2001; Alphan, 2003). Apparently, the urban 

population has grown exponentially. By 2017, the developing world is likely to have 

become urban in character than rural; therefore, the vast majority of urban growth is now 

occurring in the developing world (UN-Habitat, 2003). It is very much true in case of 

India, China, and Bangladesh where urbanization is going on at a high environmental 

cost. Land use and land cover are distinct yet closely linked characteristics of the Earth’s 

surface. The use to which we put land could be grazing, agriculture, urban development, 

logging, and mining among many others (Meyer, 1995). The term land cover originally 

referred to the kind and state of vegetation, such as forest or grass cover but it has 

broadened in subsequent usage to include other things such as human structures, soil 
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type, biodiversity, surface and ground water (Meyer, 1995). Changes in land cover by 

land use do not necessarily imply degradation of the land. However, many shifting land 

use patterns driven by a variety of social causes, result in land cover changes that affects 

biodiversity, water and radiation budgets, trace gas emissions and other processes that 

come together to affect climate and biosphere (Riebsame et al., 1994). In some instances, 

land use land cover change may also result in social and economic impacts of greater 

damage than benefit to the area. Hence, in order to use land optimally, it is not only 

necessary to have the information on existing land use land cover but also the capability 

to monitor the dynamics of land use resulting out of both changing demands of increasing 

population and forces of nature acting to shape the landscape (Olorunfemi, 1983). 

Conventional ground methods of land use mapping are labor intensive, time consuming 

and seldom. These maps soon become outdated with the passage of time, particularly in a 

rapid changing environment. In fact, monitoring changes and time series analysis is quite 

difficult with traditional method of surveying (Olorunfemi, 1983; Shosheng et al., 1994). 

In the past decade, different remote sensing database of both fine and coarse detail forms 

an important component for preliminary studies on urbanization and environmental 

studies (Zomer and Ives, 2002). Remote sensing along with GIS is a powerful and cost 

effective tool for assessing the spatial and temporal dynamics of LULC (Lillesand and 

Kiefer, 2000). Remote sensing data provide valuable and spatiotemporal data on the 

processes and patterns of LULC change, and GIS is useful for mapping and analyzing 

these patterns (Taubenbock et al., 2009). 

Xiaomei and Rongqing (1999) noted that information about change is necessary for 

updating land cover maps and the management of natural resources. The information may 

be obtained by visiting sites on the ground and or extracting it from remotely sensed data. 

Change detection is the process of identifying differences in the state of an object or 

phenomenon by observing it at different times (Singh, 1989). Change detection is an 

important process in monitoring and managing natural resources and urban development 

because it provides quantitative analysis of the spatial distribution of the population of 

interest. Macleod and Congation (1998) list different aspects of change detection, which are 

important when monitoring natural resources. The basis of using remote sensing data for 

change detection is that changes in land cover result in changes in radiance values. 

Techniques to perform change detection with satellite imagery have become numerous 

because of increasing versatility in manipulating digital data and increasing computer 

power. A wide variety of digital change detection techniques have been developed over the 

last two decades. Singh (1989) and Coppin and Bauer (1996) summarized different change 

detection algorithms. The State of Maryland Health Resources Planning Commission used 

all seven bands of Landsat TM data to create a 21-class land cover data set for inclusion in 

their Maryland Geographic Information (MAGI) database (EOSAT, 1992).In 1985, the 

U.S.G.S produced 1:250,000 land cover maps for Alaska using Landsat MSS data 
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(Fitzpatrick et al., 1987). In addition, in 1992, the Georgia Department of Natural 

Resources mapped the entire State of Georgia to identify and quantify wetlands and other 

land cover types using Lands at TM data (ERDAS, 1992). The State of southern Carolina 

Lands Resources Conservation Commission developed a detailed land cover map 

composed of 19 classes from multi temporal and multi spectral TM data (EOSAT, 1992). 

Pandy and Nathawat (2006) carried out a study on land use land cover mapping of 

Panchkula, Ambala and Yamunanger districts, Hangana State in India. A study of LULC 

change in Indonesia (Dimyati, 1995) shows the use of remote sensing to calculate the index 

of changes, superimposing land use land cover images of 1972, 1984 and land use maps of 

1990. Daniel et al. (2002), in their comparison of land use land cover change detection 

methods, made use of five methods resulting nine land use land cover classes. They 

observed that there are merits to each of the five methods examined, and that, at the point of 

their research, no single approach can solve the land use change detection problem.  

According to Population and Housing Census 2011 of Bangladesh (BBS, 2011), 

35094684 (adjusted) persons live in urban areas, which contribute 23.43% of the total 

population from 2.43% in 1901. The proportion of urban population was almost similar 

during the period 1901-1921 after that it started increasing and the rate of increase was 

relatively high during 1961-1974 (137.6%), 1974-1981 (115.8%) and 1981-1991 (65.9%) 

Though the urban population shows substantial rise during the last three decades even 

then Bangladesh by and large continues to be predominantly a rural country having about 

76.57% of its population living in villages (BBS, 2014). As urban population increases, 

the demand of land for various urban activities also increases. In Bangladesh, the process 

of urbanization gained momentum with the start of industrial revolution and globalization 

way back in 1970s. After the War of 1971, the process of urbanization accelerates. 

Forests, grasslands, wetlands and croplands were encroached upon under the influence of 

expanding cities, yet never as fast as in the last two decades. Various studies have 

revealed that main basis of urbanization is the socio-economic transformations and in 

particular the growth of secondary and tertiary occupation in urban areas. 

Jhenaidah municipality has become a very important place due to its geographic location. 

According to different statistics from the office of Jhenaidah Municipality and the 

author’s observation in this decade, the city is facing a very speedy process of 

urbanization. Therefore, the present study is aimed at assessing the urbanization in 

Jhenaidah over the period of 40 years (1975-2015) using remote sensing technology and 

spatial functionalities technique in Geographical information system (GIS). The aim of 

the study is to monitor urban expansion of Jhenaidah municipality over time with three 

specific objectives; to prepare multi-temporal LULC map of Jhenaidah Municipality; to 

assess the multi-temporal LULC change pattern of Jhenaidah Municipality and to 

evaluate the LULC changes between 1975 and 2015; and to determine the LULC change 

rate, trend and magnitude of the study area. 
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Materials and Methods 

Jhenaidah municipality is the only urban area of Jhenaidah sadar upazila consisting of 9 

wards, 34 mahallas and 1 adjoining mouja, which altogether occupy an area of 32.42 

km2. The study area is located in between 89.130E, 23.590N and 89.200E, 23.500N. The 

City is a plain land with high altitude (12-16m). The river Nabaganga is the only river 

running through Jhenaidah city. Due to the geographic location, the city is almost free of 

risks of flood as well as other natural hazards. 

 

Fig. 1. Location of the study area in the context of Bangladesh and Jhenaidah district 

Jhenaidah municipality started its journey in 1958 and became a town committee in 1960 

under the municipal administration ordinance of 1960. According to the Bangladesh local 

councils and municipal committees (Amendment) Order, 1972 Jhenaidah municipality 

replaced the town committee. Jhenaidah municipality was termed as a city in the census 

of 2011 (BBS, 2014). Multispectral, multi-temporal LANDSAT data for Jhenaidah 

municipality were acquired for three different years namely, 1975, 1995 and 2015 (Table 

1). All the images were brought to universal transverse mercator (UTM) Zone 45N 

projection and World Geodetic System 1984 (WGS-84) datum. Data were analyzed with 

the help of ENVI Classic 5.3 and Arc GIS 10.3 software packages. 
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Table 1. Acquired data and source 

Sl. Data type and ID. Production date  Resolution Source 

1. Landsat 2 (MSS) 

LM21480441975339FAK07 

05-12-1975 79m Earth explorer, 

USGS 

2. Landsat 5 (TM) 

LT21380441995092BKT00 

02-04-1995 30m Earth explorer, 

USGS 

3. Landsat 8 (OLI-TIRS) 

LC81380442015035LGN00 

04-02-2015 30m Earth explorer, 

USGS 

4. Base map 08-07-1999 1:300 Office, Jhenaidah 
municipality 

 

 

Fig. 2. Flow chart of the methodology 

Images were collected from the website of Earth Explorer, United States Geological 

Survey (USGS). The study area lies in a single image of path-138, row-044 in WRS2 

system (path-148, row-044 in WRS1 system in the case of MSS images, e.g. Landsat-2 

images). The collected data contain all available bands with geographic reference of a 

particular sensor system such as Landsat-8 has 11 different bands while Landsat-2 has 

only four bands. To make the Landsat data easily operable in Envi Classic 5.3, the bands 

are combined to standard BSQ format images. This software package can load all the 

available bands in a single image file in Envi standard format. All the satellite imagery 

was geo-referenced using the ground control points (GCPs) collected from the field using 
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a standard GPS device. Three distinct GCPs were chosen for each image. The geometric 

error was checked for each image using the following equation, 

𝑅𝑀𝑆𝑒𝑟𝑟𝑜𝑟 =  √(𝑥′ − 𝑥𝑜𝑟𝑖𝑔)
2

+ (𝑦′ − 𝑦𝑜𝑟𝑖𝑔)
2
 

Where, x'= latitude of the image 

y'= longitude of the image 

xorig= original latitude of the ground 

yorig= original longitude of the ground 

 
Table 2. RMS error during geo-referencing 

Sl. 
Corresponding year 

of image 

RMS error in  

acquired data 
Remarks 

1. 1975 0.176985 Wrapped 

2. 1995 0.002271 Accepted 

3. 2015 0.00155 Accepted 

The study area is a subset of the image. Before the classification process, the exact study 

area map is digitized using the ROI tool of Envi classic 5.3 in order to build a mask band. 

A mask band let us run any operation only within the masked area. Therefore, masking is 

essential to calculate the land use change statistics. Envi classic 5.3 supports both 

supervised and unsupervised classification of images. The authors preferred maximum 

likelihood algorithm for supervised classification. The classification method works upon 

the pre-selected ROI. Based on the Landsat band metrics (Near infrared RGB: band 4-3-

2; and Natural color RGB: band 7-4-2) and the authors observation, the study area is 

classified with five ROI of corresponding classification scheme (Table 3). 
 

Table 3. Classification scheme 

Sl. Class Description 

1. Water body All type of water body 

2. Agricultural land Cropland, grassland and irrigated regions 

3. Vegetation Woody vegetation, sparsely vegetated area 

4. Barren soil Non vegetated and dry land 

5. Built up area Settlement area, commercial buildings, highways, bus terminal, etc. 

The classified image is then converted into Envi vector format, then to shape file format 

which is operable in ArcGis 10.3. The land use map is projected in WGS-84 with all map 

formalities. Three maps of the study are presented in the same manner. The comparison 

of the land use land cover statistics assisted in identifying the percentage change, trend 

and rate of change between 1975 and 2015. In achieving this, the first task was to develop 

a table showing the area in square kilometer and the percentage change for each year 
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(1975, 1995 and 2015) measured against each land use land cover type. Percentage 

change to determine the trend of change can then be calculated by dividing observed 

change by sum of changes multiplied by 100. 

(𝑡𝑟𝑒𝑛𝑑) 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 =
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑐ℎ𝑎𝑛𝑔𝑒

𝑠𝑢𝑚 𝑜𝑓 𝑐ℎ𝑎𝑛𝑔𝑒 
× 100 

The overall accuracy is calculated by summing the number of correctly classified values 

and dividing by the total number of values. The correctly classified values are located 

along the upper-left to lower-right diagonal of the confusion matrix. The total number of 

values is the number of values in either the truth or the predicted-value arrays. 

 𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  
∑ 𝑚𝑖𝑖

𝑛
𝑖=1

𝑁
∗ 100 

Where, i is the class number. 

N is the total number of classified values compared to truth-values. 

mi,i is the number of values belonging to the truth class i that have also 

been classified as class i (i.e., values found along the diagonal of the 

confusion matrix). 

The kappa coefficient measures the agreement between classification and truth-values. A 

kappa value of 1 represents perfect agreement, while a value of 0 represents no 

agreement. The kappa coefficient is computed as follows: 

𝐾𝑎𝑝𝑝𝑎 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =  
𝑁 ∑ 𝑚𝑖𝑖

𝑛
𝑖=1 − ∑ (𝐺𝑖𝐶𝑖)

𝑛
𝑖=1

𝑁2 − ∑ (𝐺𝑖𝐶𝐼)𝑛
𝑖=1

 

Where, i is the class number. 

N is the total number of classified values compared to truth-values. 

mi,i is the number of values belonging to the truth class i that have also 

been classified as class i. 

Ci is the total number of predicted values belonging to class i. 

Gi is the total number of truth-values belonging to class i. 

Producer accuracy is the probability that a value in a given class was classified correctly. 

In the example confusion matrix, user accuracy is the probability that a value predicted to 

be in a certain class really is that class. The probability is based on the fraction of 

correctly predicted values to the total number of values predicted to be in a class. 

 

Results and Discussion 

Land use land cover distribution 

The land use land cover distribution for each study year as derived from the LULC maps 

are presented in Table 4. 
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Table 4. LULC distribution for 1975, 1995 and 2015 

Land use land 

cover categories 
1975 (area) 1995 (area) 2015 (area) 

 (Km2) (%) (Km2) (%) (Km2) (%) 

Agriculture 13.11 40.54% 10.84 33.52% 7.41 22.91% 

Vegetation 13.52 41.81% 11.41 35.28% 10.86 33.58% 

Water body 1.14 3.53% 1.02 3.15% 0.87 2.69% 

Barren soil 2.71 8.38% 1.59 4.92% 1.31 4.05% 

Built up area 1.86 5.75% 7.48 23.13% 11.89 36.77% 

Total 32.34 100% 32.34 100% 32.34 100% 

 

 

Fig. 3. Land cover area distribution 

 

 

Fig. 4. Land use maps of Jhenaidah municipality 
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In 1975, Built-up area occupied only 5.75% of the total cover. This indicates the fact that 

urbanization in Jhenaidah is still not at its mark. However, with respect to the 

urbanization scenario of the then Bangladesh Jhenaidah was declared as a municipality in 

1958. The Agriculture occupying the largest share (41% of the total) from the 1975 land 

cover indicates the dependency of the town on farming. In addition, the vegetation cover 

is enough to present the town as green in aerial photo along with the Agriculture. The 

figs. in 1995 showed the trend in the change in natural and built environment. 

Agriculture, vegetation and water body decreases as time travels. Even the barren soil is 

diminishing. The only gaining side in this competition of LULC is the built-up area, from 

5.75% of the total cover to 36.77% in 40 years. Agriculture, the largest cover in 1975 

loses its half by 2015 and a quarter in case of vegetation. 

In 1975, built up area is mostly centered and a little dispersed along with the river. 

Vegetation area is radial from central city while the agricultural lands are concentric 

towards the center. Water bodies are randomly dispersed except the river Nabaganga. In 

20 years, the built-up area covers most of the location in the municipality. The tendency 

of centralized urbanization is less visible in this period. Agriculture and vegetation area is 

converted to other forms from all portion of the study area keeping the water bodies 

randomly dispersed. Land use map of 2015 shows both central and radial expansion of 

the urban area affecting the agricultural land mostly. Water bodies and barren lands are 

diminishing. Vegetation area is also facing a thrust from the center of the city. 

Land use land cover change: Trend, rate and magnitude 

Measured data shows negative rate of change in land covers except the built-up area in 

both time interval (Table 4). Mostly the covering up of barren soil is speedy in 1975-95 

window (41.33% Barren soil reduced); gradually the change drops to 17.61% in 1995-

2015. On the other hand, the agriculture and vegetation contribute 17.32 and 15.61% 

respectively in the first 20 years and 32.64 and only 4.82% in the second. 
 

Table 4. Land Use Land Cover Change of Jhenaidah (1975, 1995 and 2015) 

Land use 

land cover 

categories 

Changes 

1975 – 1995 

Changes 

1995 - 2015 
Annual rate of change 

Km2 (%) Km2 (%) 1975-1995 1995-2015 Average 

Agriculture -2.27 -17.32 -3.43 -31.64 -0.1135 -0.1715 -0.1425 

Vegetation -2.11 -15.61 -0.55 -4.82 -0.1055 -0.0275 -0.0665 

Water body -0.12 -10.53 -0.15 -14.71 -0.006 -0.0075 -0.00675 

Barren soil -1.12 -41.33 -0.28 -17.61 -0.056 -0.014 -0.035 

Built-up 5.62 302.15 4.41 58.96 0.281 0.2205 0.25075 

Though the change in water body is almost uniform, the built-up area shows difference in 

change percentage (drops from 302.15 to 58.96%) in two windows of 20 years. In the 
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following figure, the radar chart indicates maximum rate of change in built up areas while 

water bodies remain relatively stable. Here the water body shows a stability in cover 

while agriculture vegetation and barren soil show gradual decrease. Built up area 

fluctuates the most, from two to twelve Km2. Speaking of annual change rate, the first 20 

years shows strength in built-up, vegetation and barren soil. However, the agricultural 

land decreases at a higher annual rate in the last 20 years of observation. 

 

Fig. 5. Comparison of LULC change rate and trend 

 

 

Fig. 6. LULC change pattern of 1975, 1995 and 2015 

 

Nature and location of urban expansion and LULC change 

An important aspect of change detection is to determine what is actually changing to what i.e. 

which land use class is changing to the other. This information will reveal both the desirable 

and undesirable changes and classes that are “relatively” stable overtime. This information 
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will also serve as a vital tool in management decisions. This process involves a pixel-to-pixel 

comparison of the study year images through overlay. Agricultural area shows radial pattern 

of negative change. Irrespective of the rate of change agricultural land of Jhenaidah 

municipality has a uniform tendency to reduce outwards. Most apparently the process of 

urbanization triggers this reduction of agricultural land. 

 

Fig. 7. Change map for agriculture, vegetation, water body and barren soil 
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The Fig. 7 shows the change in agricultural lands over time with different colors. Change 

in vegetation shows a little difference from agricultural land. Almost all of the surface 

cover of the municipal area is characteristic of deforestation. The maximum deforestation 

is pictured in the center of the city, letting the outward forest cover survive until present. 

Before 1995 the barren soil were found in the periphery of the urban area. With the 

increase of urban population over time, mostly the built up and agriculture replaced the 

barren soil. Decrease in water bodies is not negligible. Most of the small water reservoir 

has been erased in last 40 years. Only the river Nabaganga and some oxbow lakes in the 

outer region of the municipality are found in 2015. As the urbanization process 

accelerated after 1960s in Bangladesh the process of LULC change and alteration also 

started.  

 

 

Fig. 8. Change in built-up area 
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However, the maximum change in urban population is noticed in last couple of decades. 

Therefore, the maximum alteration of LULC, specially the rapid growth of built up areas, 

change also occurred. From Fig. 7, the case is also proved true for Jhenaidah city. 

Due to population increase in urban area settlements increase which pushes other forms 

of land cover to move away. Therefore, the whole landscape is being changed by the 

process of spreading built up area. After absorbing the maximum load of urbanization, 

the center of the city stared to push away the built up area outward. This process is 

termed as urban sprawl (Poyil and Misra, 2015). So according to maps shown in Fig. 7, 

Jhenaidah city is facing urban sprawl now. 

From the observation of the figure, the urban sprawl direction and location is affirmable. 

In last 40 years, the expansion of the urban area occurred mainly in the southern and 

south-western part of the study area (Fig. 8). On the other hand, the north and eastern part 

of the study area shows comparatively less sprawl. 

Classification accuracy assessment 

Only the year of 2015 is considered as the ground truth information of previous times are 

not available. Overall accuracy for 2015 was 96.0212% and Kappa coefficient for 2015 

was 0.8407.  
 

Table 5. Producer accuracy and user accuracy for 2015 

Land Class Producer accuracy User accuracy 

Agricultural land 95.25 94.65 

Barren soil 94.74 96.64 

Built-up area 93.4 91.24 

Vegetation area 94.65 90.31 

Water body 86.09 97.06 

The overall accuracy and kappa coefficient indicates a very strong agreement of the 

ground truth information and classified image. Therefore, the land cover map is 

acceptable. Table 5 indicates a very negligible misclassification error as all the user 

accuracy is above 90%. Only the producer accuracy of water body is below 90% 

indicating relatively poorer quality of classification training area than other land covers. 

 

Conclusion 

The result of the study showed that there was a rapid decrease of vegetation and 

agricultural areas during the period from 1975 to 2015. Therefore, the increase in 

urbanization is damaging to natural environment. If this rate of changing land use land 

cover continues, the consequences will be more harmful for the environment, as already 

one third of the natural landscape of the Jhenaidah city were replaced by human 
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settlement in last 40 years. This study detected the trend of urbanization, its direction and 

magnitude which proved the hypothesis of urban sprawl in Jhenaidah city. The sprawl 

occurred in the south and south-western part of the study area more intensely than the rest 

parts. The present study can be useful in predicting the future land use land cover. 

 

References 

Alphan, H. 2003. Land use change and urbanization in Andana, Turkey. Land Degradation and 
Development, 14(6): 575-586. 

BBS (Bangladesh Bureau of Statistics). 2011. Population and Housing Census-2011. Statistics and 
Information Division, Ministry of Planning, Government of the People’s Republic of 
Bangladesh 

BBS (Bangladesh Bureau of Statistics). 2014. Population and Housing Census-2011: National 
Report Volum-3: Urban Area Report. Statistics and Information Division, Ministry of 
Planning, Government of the People’s Republic of Bangladesh. 

Coppin, P. and M. Bauer, 1996. Digital change detection in forest ecosystems with remote sensing 
imagery. Remote Sensing Reviews, 13: 207-234. 

Daniel, L. C., D. H. James, H. W. Emily, S. Mingjun and Z. Zhenkui. 2002. A Comparison of Land 
use and Land cover Change Detection Methods, ASPRS-ACSM Annual Conference and FIG 
22nd Congress. p. 2. 

Dimyati, M., K. Mizuno, S. Kobayashi and T. Kitamura. 1995. An analysis of land use/ land covers 
change using the combination of MSS Landsat and Land Use Map- A case study of 

Yogyakarta, Indonesia. International Journal of Remote Sensing, 17(5): 931-944. 

EOSAT. 1992. Landsat TM Classification. In: International Georgia Wetlands in EOSAT Data 
User Notes. EOSAT Company, Lanham, MD. 7(1). 

ERDAS, Inc. 1992. ERDAS Production Services. In: Map State for Georgia DNR in the Monitor. 
ERDAS, Inc, Atlanta, GA. 4(1). 

Fitzpatrick-lins, Katherine, E.F. Doughty, M. Shasby, R.L. Thomas and S. Benjamin. 1987. 
Producing Alaska Interim Land Cover Maps from Landsat Digital and  Ancillary Data. In: 
11th Annual William T. Pecora Memorial Symposium: Satellite Land Remote Sensing: 
Current Programs and a Look into the Future American Society of Photogrammetry and 
Remote Sensing. 

Lillesand, T.M. and R.W. Kiefer. 2000. Remote Sensing and Image Interpretation. 4th Edition, John 
Wiley & Sons Inc., New York. 

Lopez, E., G. Boccp, M. Mendoza and E. Duhau. 2001. Predicting Land Cover and Land Use 
Change in Urban Fringe a Case in Morelia City, Mexico. Landscape and Urban Planning, 
55(4): 271-285. 

Macleod, R.D. and R.G. Congalton. 1998. A Quantitative Comparison of Change Detection 
Algorithms for Monitoring Eelgrass from Remotely Sensed Data. Photogrammetric 
Engineering and Remote Sensing, 64(3): 207-216. 

Meyer, W.B. 1995. Past and Present Land-Use and Land-Cover in the U.S.A. Consequences. 

Olorunfemi, J.F. 1983. Monitoring Urban Land – Use in Developed Countries – An Aerial 
Photographic Approach. Environmental International, 9: 27-32. 

Pandy, A.C. and M.S. Nathawat. 2006. Land Use Land Cover Mapping Through Digital Image 
Processing of Satellite Data – A Case Study from Panchkula, Ambala and Yamunanagar 
Districts, Haryana State, India. 



Monitoring Urban Expansion of Jhenaidah Municipality 15 

Poyil, R.P. and A.K. Misra. 2015. Urban Agglomeration Impact Analysis Using Remote Sensing 
and GIS Techniques in Malegaon City, India. International Journal of Sustainable Built 
Environment. 4: 136-144. 

Riebsame, W.E., W.B. Meyer and B.L. Turner. 1994. Modeling Land-use and Cover as Part of 
Global Environmental Change. Climate Change, 28: 45. 

Shoshany, M., P. Kutiel and H. Lavee. 1994. Monitoring Temporal Vegetation Cover Changes in 
Mediterranean and Arid Ecosystems Using a Remote Sensing Technique: Case Study of the 
Judean Mountain and the Judean Desert. Journal of Arid Environments, 33: 9-21. 

Singh, A. 1989. Digital Change Detection Techniques Using Remotely Sensed Data. International 
Journal of Remote Sensing, 10(6): 989-1003. 

Toubenbock, H., M. Wegmann, A. Roth, H. Mehl and S. Dech. 2009. Urbanization  in India: 
Spatiotemporal Analysis Using Remote Sensing Data. Computers, Environment & Urban 
Systems, 33(3): 179-188. 

UN-HABITAT (United Nations Human Settlement Programme). 2003. In: Water and Sanitation in 
the world’s Cities: Local Action for Global Goals. London: Earthscan. 

Xiaomei, Y. and L.Q.Y. Ronqing. 1999. Change Detection Based on Remote Sensing Information 
Model and its Application to Coastal Line of Yellow River Delta – Earth Observation Center, 
NASDA, China. 

Zomer, U.S. and J. Ives. 2002. Using Satellite Remote Sensing for DEM Extraction in Complex 
Mountainous Terrain: Landscape Analysis of the Makala Barun National Park of Eastern 
Nepal. International Journal of Remote Sensing, 23: 125-143. 


