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Abstract
Population explosion & rapid increase in economic activities cause rapid decrease in
spatial extent in and around Gurgaon district. These activities causes rapid decline in
the spatial extent of the region. Hence the basic objective of this work is to analyze
the future unban growth of the district using the Land sat satellite images of year
1995, 2009 and 2016. For the measurement of environmental change of any area on
temporal and spatial scale it was found that Land use and Land cover change (LULC)
are the important drivers. Hence this work is carried out to analyze Land use change
analysis to predict future consequences and causes of land use dynamics. Land change
Modeler (IDRISI software) was used to predict the future scenario for year 2025 of
the district Gurgaon. Different Landsat satellite images for the year 1995, 2009 and
2016 were used to predict the spatial and temporal change in the studied area. These
data are also used to predict the map of the district in the year 2020 and 2025.
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1. INTRODUCTION
Land use and Land cover change is very significant for knowing about the
environment change regionally as well globally and hence it received great attention
from environmentalist ecologist, geologist and scientists of other allied fields
(Adepogar et. al., 2016; Tiwari and Jain., 2014) A broad range of models of land
use/land cover change (LULC) had been developed to help in land use management
and in evolution of the future role of LULC within the functioning of earth system.
The analysis of Land use and Land cover change helps to assess to what extent the
area would be changed in near future (Bhatta 2010).

STUDY AREA
Gurgaon district of Haryana district is selected for study as it is rapidly growing in
terms of population, settlement and economics prospects. It lies between 27°39´´N
and 28°32´´N latitudes and 76°39´´ and 77°20´´ longitudes. It is bounded by the
districts Jhajjar of Rajasthan. Delhi, Faridabad, Alwar and Rewari as shown in the
map (figure 1). The district is covering an area of 1254 sq. Km.

Figure 1: Study Area: Gurgaon
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DATA USED
For the purpose of land use land cover change analysis for different years, the
following data is used1) One scene of Landsat-7 ETM+ (Feb 2009)
2) One scene of Landsat- 5 TM (April 1995)
3) One scene of Landsat-8 OLI (May 2016)
All these scenes are taken from United State Geological Survey Global Visualization
Viewer. The detailed specifications of data are presented in table 1 and table 2.
The Landsat satellite data is geo-referenced to UTM Zone 43 North Projection using
WGS 84 datum. In addition to this necessary corrections are made during this image
preprocessing.
Table 1. Specifications of Landsat TM, ETM+ and OLI data
Satellite

Sensor

Path

Landsat 5

TM

146

41

147

140

146

41

147

40

Landsat 8 OLI/TIRS 146

41

147

40

Landsat 7

ETM+

Row Acquisition Date
15-Dec-1995

Time
(GMT)

Resolution (m)

04:19:37

30/120

04:27:06
05-Feb-2009

04:59:15

30/60

05:05:10
25-May-2016

05:18:24

30/100

05:24:05

Table 2. Salient Characteristics for different Landsat sensors
Instrument Band

Center
Wavelength(m)

Bandwidth(m)

Spatial
Resolution(m)

TIRS

10

10.9

0.6

100

TIRS

11

12.0

1.0

100

ETM+

6

11.3

2.0

060

TM

6

11.4

2.0

120
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METHODOLOGY
The methodology involved on pre-processing of data, different temporal satellite
images were collected from NASA’s earth explore and ISRO’s Bhuvan portal. Images
are projected to WGS-1984 and UTM Zone-43 N Coordinate system. The images
were processed in the Geographic Information System environment. Image processing
that includes geometric atmospheric and topographic corrections was made to ensure
spatial and temporal changes of the datasets (Eastman et al 2006; Tiwari et al., 2014).
These images were first geo-referenced. Land Change Modeler (LCM) is the software
used for analyzing land use/land cover changes for maps of 20 years. This resulted
into the quantitative land use change assessment using this LCM software developed
by IDRISI selva. Then the land use/land cover change analysis was performed of each
class at time (t1) that changes into another class at time (t2). These changes are
recorded in a change matrix that represented into the subsequent step, calibration and
modeling the transition of interest. After the driving forces have been set, the
transition between 1995 and 2008 are modeled for the prediction of the map for the
year 2016. In brief the whole methodology is explained with the help of flow chart
given in figure 2.

LULC Maps Used For Prediction
The Markov Chain method in Land change modeler is used predicted the future
growth of urban with two different decades of raster image/map series generated from
the classification of the Landsat-5 TM image of 1995, Landsat-7 ETM image of 2009
and LULC map of the same area derived from Landsat-8 OLI/TIRS image of 2016
used as reference map. Each LULC map of different temporal satellite image (1995,
2009 and 2016) contains 04 LULC classes i.e. settlement, vegetation, scrub land and
water body are used in LULC map series and having average accuracy of
classification around 85%.
The remote sensing data for the year 1995 and 2016 was collected from GLCF
website and the basic data preparation has been done in ERDASS IMAGNE 13.5
software. After performing supervised classification, land use map of the year 1995
and 2016 having four classes of land use category were prepared.
Following are the four classes used in land use classification.
1. Settlement
2. Vegetation
3. Scrub Land
4. Water Body
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The landuse classes have been decided on the basis field visit to the study area. The
landuse maps of year 1995, 2009 and 2016 are shown in the figure 3 respectively.

Figure 2. Flow chart describing methodology.
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Selection of Factors

For certain land use category there may be number of factors which bring change and
these factors mutually interact with each other and form a complex relationship. And
these factor are generally directly proportional to each other. So certain assumptions
have been taken in the study. As factors (driving forces for changes in land use) are
large and different in nature for each land use class so it becomes impractical to
incorporate all those factors moreover their influence do not have well defined spatial
nature. So only those factors have been incorporated which are influencing most of
the Indian cities and more logical for the scenario. For each land use class most
appropriate factors have been selected. After selecting a factor its fuzzy image has
been produced to bring all factors on scale of 0 to 225. While preparing fuzzy image
appropriate function have been selected to describe spatial variation of scores such
that highest suitable value would get a score 225 and least suitable get a score 0 other
intermediate value will be governed by function e.g. for urbanization distance from
city centre is one such factor and as we go away from city centre suitability for
urbanization decreases with increase in distance from city so a linearly decreasing
function will be appropriate for describing the influence. Following factors have been
utilized in preparing suitability maps of dense build up land less built and industrial
land.
1. Preferable land class
2. Distance from road
3. Distance from railway line

Markov Chain Analysis
Markovian analysis uses matrices that represent all the multi-directional LULC
changes between all the mutually exclusive LULC categories (Knudesen et.al. 1986).
One way to summarize landscape change is to tally all the instances, on a pixel by
pixel basis, in which a pixel changed LULC types over that time interval. A concise
way of summarizing these tallies is the so-called tally matrix. Markov chain analysis
is basically a process which simply describes how to analyze LULC from one period
to another and can be utilized as the basis for projecting the further changes in the
studied area. This Morkov Chain analysis is applied in our study area for predicting
the future scenarios in year 2025.
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RESULTS AND DISCUSSION
Land use Land cover change (LULC) are very critical issues as they badly affected
the human life as well as biodiversity (Islam et.al. 2011). With the steep decline in
forest resources there is gradual decrease in biodiversity in the region (Serra et.al.
2003).
Using the images of 1995, 2009 and 2016, the area of each land use category was
computed and it is found that these is lot of changes between the images as shown in
figure 3
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Figure 3. Land use/cover map of study area for 1995, 2009 & 2016
Markov analysis was performed for the multitemporal and covers images of 1995 and
2009. Prediction for 2020 and 2025 are shown in figure 8. Results of the Markov
models are focused predominantly on providing the knowledge of how much, where,
what type of land use changes has occurred. On the basis of Markov analysis it can be
predicted that land use change in Gurgon district will be degraded in terms of
plantation of forest cover.
Table 3: LULC statistics
LULC Class Year 1995 Area
(sq km)

%
Area

Year 2009
% Year 2016 %
Area (sq km) Area Area (sq Area
km)

Settlement

76.57

02.77%

194.81

07.05%

311.22

11.26%

Vegetation

1903.88

68.90%

2036.20

73.69% 2039.52 73.81%

Scrub Land

736.22

26.64%

485.74

17.58%

398.95

14.44%

Water body

46.55

01.69%

46.58

1.69%

13.63

0.49%
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Figure 4. Gains and losses of land use/cover categories between 1995 and 2016

Figure 5. Combined LULC change map of 1995 and 2016.
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Figure 6. Factor distance from roads network, DEM, and Slope

Validation and Change Prediction
To project land use and land cover change for next 14 year using known LULC of
1995 and 2009, probability statistics for land use/land cover change for 2016 have
been generated through cross tabulation of two LULC maps. Thus, Markov model
combines both the concept of Markov chain procedure and CA filters, after getting
Markov transition probability, Markov Chain used the transition probability matrix
and probability images (here, suitability/evidence likelihood map) to predict the
LULC over 8 year period i.e., 2016. The total numbers of iterations are based on the
number of 76 times steps, for 08 year model will choose to complete run in 10
iterations.
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Figure 7: Predicted LULC Map of 2016
Table 4. Projected land use and land cover statistics of the study area for 2016
LULC Class Settlement Vegetation Scrubland

Water body

Area
(Sq.Km)

380.95

2065.58

299.81

16.97

Area In (%)

13.78%

74.75 %

10.85%

0.61%
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At the last stage, the model is run for change prediction to a specified future date for
the allocation of land cover changes (Wu.Q et.al 2006). The default procedure,
Markov Chain analysis, has been run for this study to determine the amount of change
using two land cover maps (1995 & 2003)
Table 5. Markov prediction to 2020 based on land use and land cover maps of 1995
and 2016
Class

Settlement Vegetation

Scrub Land

Water Body

Settlement

0.9256

0.0050

0.0400

0.0162

Vegetation

0.0092

0.2539

0.7369

0.0000

Scrub Land

0.0999

0.1166

0.7803

0.0000

Water Body

0.0762

0.0891

0.0194

0.6679

Table 6. Markov prediction to 2025 based on land use and land cover maps of 1995
and 2016
Class

Settlement

Fallow Land

Scrub Land

Water Body

Settlement

0.6532

0.0585

0.2391

0.0211

Vegetation

0.0875

0.2082

0.7043

0.0000

Scrub Land

0.1754

0.1101

0.7102

0.0010

Water Body

0.1298

0.0955

0.1045

0.5350
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Figure 8. Land use and land cover maps of 2020 and 2025.
Table 7. Projected land use and land cover statistics of the study area for 2020
LULC 2020
Area
(Sq.Km)
Area In (%)

Settlement

Vegetation

Scrub land

Water body

462.75

1911.75

375.45

13.36

16.75%

69.18%

13.59%

0.48%

Table 8. Projected land use and land cover statistics of the study area for 2025
LULC 2025
Area
(Sq.Km)
Area In (%)

Settlement

Vegetation

Scrubland

Water body

533.16

1999.08

315.15

15.94

18.62%

68.81%

11.00%

0.55%

CONCLUSIONS
The present study shows that there are continuous changes in land use land cover
categories over the year (1995-2016). The MLP Markov chain model has been found
most appropriate and accurate method for analysis of prediction for two decades, this
method successfully predicted future land use and land cover maps of year 2020 and
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2025. As demonstrated in this paper, this study will be of great value to the urban
planning and decision making for the future planning of a modern district Gurgaon.
This study also demonstrated how the use of satellite data is helpful in analyzing the
change in land use and land cover for the period predetermined. And this change
detection analysis will definitely be very helpful to local administration, decision
maker and geoscientist.
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