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Abstract: The accurate and timely information on land use/land cover (LULC) and changes over time in
the form of maps and statistical data is very vital for understanding, planning and management of
sustainable urban development processes. With the advent of new capital development project taken up
by the Government it has acquired tremendous potential for development in the industrial and
infrastructural sectors. To mitigate and manage adverse environmental impacts of this future
development, study of LULC dynamics will be immensely useful. In this paper the spatio-temporal
changes in LULC of the capital region of newly formed Andhra Pradesh state, India have been estimated
and presented for a period of 38years from 1977 to 2015. For this study Landsat satellite images of
1977and 2015 were procured and processed for development of LULC images. Supervised classification
was performed using ERDAS imagine, an image processing software supplemented by ground truth data
collected in the field using hand held Global Positioning System. The Land cover is classified in to seven
classes: built-up, forest, agriculture, open area, barren land, water bodies and sand. The classification
accuracy of the LULC image was found to be 93%. Finally LULC change analysis between1977-2015 has
been conducted and presented in the form of tables, graphs and pie charts. The analysis reveals built-up
area and open area has been increased by 3.99%and 22.06% respectively. Though there is an increase in
forest area by 4.88%, agriculture area has been decreased by 15.37%. The overall reduction in greenery
is at an alarming rate. This will have some serious impact on the ecology of this region. Hence proper
environmental management practices must be adopted in the urban planning and development process
for sustainable future.
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1. Introduction

Land use land cover (LULC) is a fundamental variable that significantly impacts many parts of the human and
physical environments. LULC change is also regarded as the single most important variable of global change
affecting ecological systems. The impact of LULC changes on the environment is at least as large as that
associated with climate change. It is also well established that LULC change has significant effects on basic
processes like biogeochemical cycling and thereby on global warming, the gradual erosion of top soils and
accordingly on sustainable land use, habitat fragmentation and destruction, most important variable, which
impacts on biodiversity.[1, 2]

The LULC pattern of any region is the outcome of natural and socio-economic factors and their utilization by
human being in time and space. [3] Land is now becoming a scarce resource due to immense agriculture and
demographic pressure posed by the unprecedented growth in population. [4, 5] Vast surface of land is being
converted into human settlements, infrastructure establishments, transportation systems and other anthropogenic
constructions. The conversion of forests and other green lands into barren or open lands in the process of
urbanization leads to several environmental issues which pose a severe threat to the sustainability of the region.
[6. 7]

Hence, information on LULC and various possibilities for their optimal use is essential for the selection,
planning and implementation of LULC schemes to meet the increasing demands for basic human needs and
welfare. This information also assists in monitoring the dynamics of LULC resulting out of changing demands
of increasing population. Modelling and mapping of LULC patterns have been reported since long back and are
backbones of the urban planning and development activities. [8, 9]
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Remote Sensing (RS) and Geographic information system (GIS) are now providing new tools and new methods
for advanced ecosystem management.[10, 11] The collection of remotely sensed satellite data facilitates the
synoptic analysis of earth’s system function, patterning, and change at local, regional and global scales over
time. The acquired satellite images contain spectral reflectance information of the earth’s surface in the form of
pixels. These satellite images cover the entire earth’s surface continuously. Hence through satellite images, it is
not only possible to study the LULC, but also we can study the change in LULC over a period of time. [12, 13]
These change detection studies are found to be immensely useful in developing the models for future land use
land cover studies. [14, 15] One of the greatest application of such studies is estimation of land surface
temperature and urban heat island assessment which were widely documented. [16, 17] In this paper, change
detection and analysis was carried out for a period of 38 years from 1977 to 2015 in the new capital region of
Andhra Pradesh, India. For this purpose multispectral and multi-temporal satellite images from Landsat satellite
were used. Supervised classification technique was performed to classify the satellite image. Ground truth data
was obtained by visiting the site with hand held Global Positioning System (GPS). The changes in the LULC of
the study area are presented and analysed.

The aim of this present study is to produce a LULC map of the study area at different epochs in order to detect
the changes that have taken place over a given period. The following are the objectives of the present work.

+ To create an LULC classification scheme.
+ To determine the nature, magnitude and trend of LULC change during the study period.
2. Study area and Data
2.1 Study area selected:

With the bifurcation of Andhra Pradesh in to two states, Telangana and Andhra Pradesh, the new state of
Andhra Pradesh has got tremendous potential for development in infrastructure, industrial and commercial
sectors. The Andhra Pradesh Capital Region Development Authority (APCRDA) was notified on December
30th, 2014 by the Government of Andhra Pradesh, which replaced the existing Vijayawada-Guntur-Tenali-
Mangalagiri Urban Development Authority (VGTMUDA). The extent of the region is spread across 7,068 km?
in 58 mandals, of which 29 are in Krishna district and 29 in Guntur district. The capital region covers 18
mandals fully and 11 mandals partially in Guntur district. In Krishna district, it covers 15 mandals fully and 14
mandals partially under the jurisdiction of APCRDA. Within this new capital region, several infrastructural
projects were already proposed. One outer ring road project and one inner ring road project, capital city
development project, airport development projects are some examples. All these projects will definitely
consume a lot of land and there will be a significant change in the land use and land cover. In order to estimate
the future implications of the developmental activities on the LULC, first we need to understand the current
trend in the LULC change. Hence in the present work, LULC change in the past 38 years has been estimated
from the study area. The location of the study area is shown in the Figure.1.

2.2 Data collected:

To carry out the present work first, CRDA master plan proposed was collected from the authorities. Total 20
topomaps were collected from Survey of India with the following numbers: 65 D/1 to 65 D/16, 65 H/1 to 65
H/4. The mosaic of these topomaps after clipping the study area is shown in the Figure.2. Landsat Satellite
images for the two dates viz., 1977 and 2015 were selected and downloaded from the official website of USGS:
http://earthexplorer.usgs.gov/. The details of satellite imagery collected were presented in the Table.l. For
supplementing the image classification process with ground truth data, field visits were conducted in the entire
study area, and about 100 locations were identified, and latitude and longitude were noted using hand held GPS.
Some of the field data collected were shown in the Table.2 as a sample.

Table.1 Details of satellite images collected

Time of Reference Path/ Resolution
Date Pass Satellite Sensor Svstem Row Bands Multi-
(GMT) 4 (Scene centre) spectral
1977-01-09 4:07:17 | Landsat-1 MSS WRS-I 153/49 4 60
2015-05-23 4:56:46 | Landsat-8 | OLI/TIRS WRS-II 142/49 11 30
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Figure.2 Study area extracted from mosaic topomaps
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Table.2 Ground truth data collected by field visit in the study area (12 points were shown here as a sample)

PO“'DNT CLI'SSS LATITUDE | LONGITUDE PLACE PHOTO
1 AL 16 1256.21 N 8046 17.38 E Vellabadu
AL
2 16333577N | 804146.32E Nunna
oD
3 16 3702.94 N 80 25 14.69E Kothapeta
BR o
4 163942.42 N 80 45 53.18E Agiripalli
BR
5 16333676 N | 804934.91E Atkuru
FD
6 16131353N | 800056.17 E Kaza
WB o
7 162056.73N | 804348.74E | Krishna river g,
8 AL 16035233\ | 80321949E | Kasukarru
9 BR 16280058 N | 80353330F | Yerrabale-m kg
10 OD | 16235237N | 80325599E Ch'”ﬂ?kk""'
11 AL 16244355N | 8036 38.55E Pe"'&‘]’gid'a'
AL
12 16 0504.37 N 8046 40.59 E Vemavaram

WB- Water Bodies/Wet Lands, AL- Agricultural Land/Light Vegetation, FD- Forests/Dense Tree Clad Area,
OD- Open Area/Dry Fields, BR- Barren Land/Rocky Area
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3. Methodology

The main objective of the present work is to develop LULC images for the years 1977 and 2015 and to carry out
the change detection analysis. For this purpose, the satellite images were down loaded. For the year 1977, three
scenes with path and row numbers 152-49,153-48,153-49 were taken where as for the year 2015, four scenes
with path and row numbers 143-48,143-49,142-48,142-49 were taken.

The images are processed in ERDAS by Mosaicing, Stacking, and Histogram Equalization. After the processing
of imagery, the imagery the required study area is extracted by sub-setting. Now the prepared images were
subjected to classification process using supervised classification technique. In this supervised classification
process, the computer is assisted by field-based knowledge in identifying the different classes of the land cover.
Hence, different training sites will be selected for known classes of land cover and class names will be assigned,
so that the computer is trained for classification. For assigning the class names field knowledge is required.

For classifying the image of 2015, direct field data collected was used where as for classifying the image of
1977, topographic-maps and other Government published data was used. The image is classified based on
maximum likelihood algorithm, and it is classified into seven classes. The seven classes of land use types
identified are water bodies, sand, built-up, forests, agricultural land, open area and barren land. Classification
accuracy assessment is also performed. After classification of two images, i.e. 1977 and 2015 the areas of land
use of six classes are calculated, and change detection between 1977 and 2015 is performed. Finally with the
results are presented in the form of table and pie charts. The detailed description about the methodology adopted
is presented below in the Figure 3. The base map of thestudy area developed from topomaps and Google earth
images was shown in Figure.4.

PRE-PROCESSING
SURVEY OF OF FIELD DATA,
INDIA TOPO- SATELLITE IMAGES
S GOOGLE EARTH
U IMAGES,
CRDA
STUDY AREA
GOVT PUBLISHED
MASTERPLAN Shiiiei—— AT
— CLIPPING

I I

SUPERVISED CLASSIFICATION USING
MAXIMUM LIKELY HOOD ALGORITHM

|

CHANGE DETECTION ANALYSIS
(1977-2015)

Figure.3 Methodology adopted in the present work

4. Results and Discussion

The LULC images for the years 1977 and 2015 obtained from supervised classification were shown in the
Figure.5 and Figure.6 respectively. The areas of LULC classes over the years 1977 and 2015 and the
corresponding changes were shown in the Table. 4. The distribution of LULC areas throughout the year 1977
and 2015 was shown in pie charts given in the Figures 7 and 8. From the LULC image of 1977, it was
understood that 42% of the area is covered with agricultural and light vegetation land and 25% of the area is
observed as open are and dry fields. Another huge share, 22% of the area is covered with barren land and rocky
area. Built-up area, including rural and urban accounts for about 1% of the total area and forests occupied 5% of
the area and from the LULC image of 2015, it was understood that 26% of the area is covered with agricultural
and light vegetation land and 48% of the area is observed as open are and dry fields. Another huge share, 8% of
the area is covered with barren land and rocky area. Built-up area, including rural and urban accounts for about
5% of the total area and forests occupied 10% of the area.
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BASE MAP OF THE STUDY AREA

Legends
Railway Lines N
Highways
I rorests A
I River
I Hins
_ Builtup Area

o 510 20 30 40
[ . Kilometers

Figure.4 Base map of the study area prepared from topomaps

LAND USE LAND COVER IMAGE OF 1977

(e ]
Kilometers

LAND USE LAND COVER CLASSES
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B FORESTS - DENSE TREE CLAD AREA
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Figure.5 LULC image developed for the year 1977
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LAND USE LAND COVER IMAGE OF 2015

O = Kilometers

LAND USE LAND COVER CLASSES

I WATER BODIES - WET LANDS

| SAND - RIVER COURSE

I BUILTUP - URBAN/RURAL

B FORESTS - DENSE TREE CLAD AREA

[ AGRICULTURAL LAND - LIGHT VEGETATION
[ OPEN AREA - DRY FIELDS

I BARREN LAND - ROCKY AREA

Figure.6 LULC image developed for the year 2015

Classification accuracy assessment report was presented in the Table.3.below. The overall classification
accuracy obtained is 93% and the corresponding Kappa statistic is 0.9102.

Table 3. Classification Accuracy assessment Report

Year -2015
LAND COVER CLASS PRODUCER’S USER’S
ACCURACY ACCURACY

WATER BODIES - WET LANDS 100.00% 100.00%
SAND - RIVER COURSE 53.33% 100.00%
BUILT UP - RURAL & URBAN 100.00% 92.31%
FOREST - DENSE TREE CLAD AREA 100.00% 91.43%
AGRICULTURE LAND - LIGHT VEGETATION 100.00% 89.29%
OPEN AREA - DRY FIELDS 100.00% 100.00%
BARREN LAND - ROCKY AREA 100.00% 100.00%
OVERALL CLASSIFICATION ACCURACY 93.00%

KAPPA STATISTIC 0.9102
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Table 4. Change detection in areas of different LULC classes

0

LAND USE TYPE AREA IN HECTARES ?FQSSAE\ CHA/KIGE
1977 2015 1977-2015

WATER BODIES - WET LANDS 13738.8 8281.08 -5457.72 -0.76
SAND - RIVER COURSE 18135.4 14008 -4127.4 -0.58
BUILT UP - RURAL & URBAN 7164.08 35750.3 28586.22 3.99
FOREST - DENSE TREE CLAD AREA 38309.3 73216.9 34907.6 4.88
CESIIE%LAI'_F-II—SI\RIE LAND - LIGHT 297152.41 187164 -109988.41 -15.37
OPEN AREA - DRY FIELDS 180861.9 338747 157885.1 22.06
BARREN LAND - ROCKY AREA 160322 58516.61 -101805.39 -14.22
TOTAL 715683.89 | 715683.89 0 0

Change Detection Analysis

The land use land cover images developed for the years 1977 and 2015 were compared and change detection
analysis was carried out. From the land use land cover image of the year 1977, it is understood that out of the
total area 42% was occupied with agricultural fields, 22% were covered with barren land, and 25% were left as
open land. During the study period, there had been a lot of changes observed in the classes of land use land
cover. Water bodies and wetlands have been decreased by 0.76% of the original, sand & river course decreases
by 0.58%. Built-up area (rural/urban) has been increased by 3.99%. This corresponds with the expansion
within the city. Forest area which includes dense tree clad area found to be increased by 4.88%. However
agricultural area and light vegetative area have been drastically decreased by 15.37%, which shall be taken as
environmentally damaging factor. Area of open land and dry fields got increased by 22.06%, this is because of
conversion of agricultural areas into real estate plots. Existing barren area has been decreased by 14.22%. This
analysis shows that there is a decrease in agricultural and light vegetative area and increase in open area and
built-up area. The outcome of this research can be used by the city planners for better urban environmental
management.

Land Use/Cover area in 1977

m WATER BODIES - WET
LANDS
SAND - RIVER COURSE

0
22% 3% 1% sy

-

25%

M BUILT UP - RURAL & URBAN

B FOREST - DENSE TREE CLAD
AREA

B AGRICULTURE LAND - LIGHT
VEGETATION
OPEN AREA - DRY FIELDS

H BARREN LAND - ROCKY
AREA

Figure.7 LULC distribution for the year 1977
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Land Use/Cover area in 2015

® WATER BODIES - WET
LANDS

SAND - RIVER COURSE

8% 1% 2%
()

B BUILT UP - RURAL & URBAN

B FOREST - DENSE TREE CLAD
AREA

B AGRICULTURE LAND - LIGHT
VEGETATION

— OPEN AREA - DRY FIELDS
48% 26%

m BARREN LAND - ROCKY
AREA

Figure.8 LULC distribution for the year 2015

5. Conclusions

In this paper the spatio-temporal changes in LULC for a period of 38years from 1977 to 2015, of the capital
region of newly formed Andhra Pradesh state, India has been evaluated. For this study Landsat satellite images
of 1977and 2015 were procured, and LULC images were developed using the supervised classification
algorithm in ERDAS imagine. Ground truth data was collected in the field using hand held Global Positioning
System. Land cover is classified into seven classes: built-up, forest, agriculture, open area, barren land, water
bodies and sand. The classification accuracy of the LULC image was found to be 93% with Kappa statistic as
0.91. The change analysis between1977-2015 reveals the built-up areas, and open area has been increased by
3.99%and 22.06% respectively. The agriculture area has been decreased by 15.37%. The overall reduction in
greenery is at an alarming rate. This also shows that large agricultural area has been converted in to open area
for further construction. Hence proper environmental impact mitigation practices must be adopted in the urban
planning and development process for sustainability of the region.

Acknowledgement

The USGS official web site for distribution of satellite imagery “Earthexplorer” is duly acknowledged for
making the requisite remote-sensing satellite data available for the study.

References

[1] Fei Yuan, Kali E. Sawaya, Brian C. Loeffelholz, Marvin E. Bauer, (2005), Land cover classification and change analysis of the Twin
Cities (Minnesota) Metropolitan Area by multi-temporal Landsat remote sensing, Remote Sensing of Environment, 98,317 — 328.

[2] Jieying Xiao, Yanjun Shen, Jingfeng Ge, Ryutaro Tateishi, Changyuan Tang,Yanging Liang, Zhiying Huang, (2006), Evaluating urban
expansion and land use change in Shijiazhuang,China, by using GIS and remote sensing, Landscape and Urban Planning, 75 ,69-80.

[3] Jin S. Deng, KeWang, Yang Hong, Jia G. Qi,(2009), Spatio-temporal dynamics and evolution of land use change and landscape
pattern in response to rapid urbanization, Landscape and Urban Planning, 92, 187-198.

[4] Xinchang Zhang, Tingjun Kang, Haiying Wang, Ying Sun,(2010), Analysis on spatial structure of land use change based on remote
sensing and geographical information system, International Journal of Applied Earth Observation and Geoinformation,12S S145—
S150.

[5] Yaolong Zhao , Ke Zhang , Yingchun Fu and Hong Zhang ,(2012), Examining Land-Use/Land-Cover Change in the Lake Dianchi
Watershed of the Yunnan-Guizhou  Plateau of Southwest China with Remote Sensing and GIS Techniques: 1974-2008,
International Journal Environmental Research Public Health, 9, 3843-3865.

[6] Divine Odame Appiah, Dietrich Schroder , Eric Kwabena Forkuo and John Tiah Bugri, (2015), Application of Geo-Information
Techniques in Land Use and Land Cover Change Analysis in a Peri-Urban District of Ghana, International Journal Geo-Infomatics, 4,
1265-1289;

[71 Md. Surabuddin Mondal, Nayan Sharma , Martin Kappas and P. K. Garg, (2015), Critical Assessment of Land Use Land Cover
Dynamics Using Multi-Temporal Satellite Images, Environments, 2, 61-90.

[8] M. Alkan, M. Oruc, Y. Yildirim , D. Z. Seker ,K. Jacobsen,(2013), Monitoring Spatial and Temporal Land Use/Cover Changes; A
Case Study in Western Black Sea Region of Turkey, Journal Indian Society Remote Sensing,41(3):587-596.

[91 John B. Adams, Donald E. Sabol, Valerie Kapos, Raimundo Almeida Filho, Dar A, Roberts, Milton O.Smith, Alan R.
Gillespie.(1995).Classification F Multispectral Images Based On Fractions Of End members: Application To Land-Cover Change In
The Brazilizn Amazon. Remote Sensing Environment,52,137-154.

ISSN : 0975-5462 Vol. 9 No.01 Jan 2017 9



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Kusuma. Sundara Kumar et al. / International Journal of Engineering Science and Technology (IJEST)

M. Alkan & M. Oruc, Y. Yildirim, D. Z. Seker K. Jacobsen.(2013). Monitoring Spatial and Temporal Land Use/Cover Changes; a
Case Study in Western Black Sea Region of Turkey, Indian Society of Remote Sensing, 41(3), 587-596.

Strohschon, R, Wiethoff, K, Baier, K, Lu, L, Bercht, A. L, Wehrhahn, R and Azzam, R.(2013). Land use and Water Quality in
Guangzhou, China: A survey of ecological and Social Vulnerability in Four Urban Units of the Rapidly Developing Megacity.
International Journal of Environmental Research, 7(2), 343-358.

Haque, A, Alam, J. B., Shaha, N. K. and Raihan, F.(2008).Study on Land use Pattern Change and Its Causes. International Journal of
Environmental Research, 2(2), 199-204.

K. Sundara Kumar, M. Harika, Sk. Aspiya Begum, S. Yamini, K. Balakrishna, (2012), Land Use And Land Cover Change Detection
and Urban Sprawl Analysis of Vijayawada City Using Multitemporal Landsat Data, International Journal of Engineering Science and
Technology, Volume 4, Number 1, pp. 166-174.

K. Sundara Kumar, Dr. P. Udaya Bhaskar, Dr. K. Padmakumari, (2015), Prediction of Changes in Urban Micro-Climate using Remote
Sensing Data and Artificial Neural Network Model, Wulfenia Journal, Volume: 22 Issue: 12, pp. 91-112.

K. Sundara Kumar, Dr. P. Udaya Bhaskar, Dr. K. Padmakumari, (2015), Application Of Land Change Modeler For Prediction of
Future Land Use Land Cover- A Case Study of Vijayawada City, International Journal of Advanced Technology in Engineering and
Science, Volume: 03 Issue: 01, pp. 773-783.

K. Sundara Kumar, Dr. P. Udaya Bhaskar, Dr. K. Padmakumari, (2016), Application of Markov chain and Cellular automata Model
for Prediction of Urban transitions, International conference on Electrical Electronics and Optimization Techniques (ICEEOT-2016),
IEEE-Explore, pp.4007-4012.

K. Sundara Kumar, Dr. P. Udaya Bhaskar, Dr. K. Padmakumari, (2016), Emerging Urban Heat Islands in the new capital region of
Andhra Pradesh, India-A satellite based evaluation, International Journal of Advanced Remote Sensing and GIS, VVolume 5, Issue 10,
pp. 1915-1929.

ISSN : 0975-5462 Vol. 9 No.01 Jan 2017 10


https://www.researchgate.net/publication/316991332



