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Abstract: 

Integrating remote sensing techniques, geographical information system, and digitized 

information coupled with ground truth verifications and laboratory analysis data, the present 

research work was carried out to study spatial and temporal changes in land use / land cover 

pattern as influenced by soil desurfacing process in national capital region (NCR) of Haryana 

state (India). Study reveals that agriculture land area decreased by 2.12 % (156492 ha-153175 

ha=3317 ha) from 2007 – 2012 in study area (Rohtak district), built-up area increased by 69.92 

% from 6629 ha – 11264 ha (+4635 ha) due to economy upsurge in this period and more 

infrastructural development, forest area decreased by 90.08 % (from 847 ha decreased to 84 ha (-

763 ha), a dismal condition and may affect climate adversely, wasteland area decreased from 

2168 ha – 1523 ha (-645 ha), good development, water bodies marginal increase observed from 

1118 ha – 1906 ha (+788 ha), wetland, insignificant change observed (0.04%) during 2007 – 

2012 period, in desurfaced land area, significant increase observed from 629.30 ha – 888.9 ha, 

41% shift during 2007 – 2012 period.  

(Key words: Desurfaced area, remote sensing, geographical information system, National 

Capital Region, NCR) 
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1. INTRODUCTION: 

Land degradation is increasing in severity and extent in many parts of the world, with more than 

20% of all cultivated areas, 30% of forests, and 10% of grasslands undergoing degradation, [2] 

Millions of hectares of land per year are being degraded in all climatic regions. It is estimated 

that 2.6 billion people are affected by land degradation and desertification in more than a 

hundred countries, influencing over 33% of the earth´s land surface [1]. This is a global 

development and environmental issue, highlighted at the United Nations Convention to Combat 
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Desertification, the Convention on Biodiversity, the Kyoto protocol on global climate change, 

and the millennium development goal [8]. 

The decline in land quality caused by human activities has been a major global issue since the 

20
th

 century and will remain high on the international agenda in the 21
st
 century [3]. The 

immediate causes of land degradation are inappropriate land use that leads to degradation of soil, 

water, and vegetative cover and loss of both soil and vegetative biological diversity, affecting 

ecosystem structure and functions. Degraded lands are more susceptible to the adverse effects of 

climatic change such as increased temperature and more severe droughts. 

Land degradation encompasses the whole environment but includes individual factors 

concerning soil, water resources (surface, ground), forests (woodlands), grasslands (rangelands), 

croplands (rain fed, irrigated) and biodiversity (animals, vegetative cover, and soil) [4]. On the 

other hand, the stressed that land degradation is complex and involves the interaction of changes 

in the physical, chemical, and biological properties of the soil and vegetation [6]. The complexity 

of land degradation means its definition differs from area to area, depending on the subject to be 

emphasized. 

 This study, aimed at exploring, applying and integrating existing field verification, remote 

sensing, geographical information system, and laboratory data available, used a regional, local 

and field / farm levels in an attempt to assess land degradation / desurfacing issues. This paper 

discusses and describes various methods for assessing land use / land cover land degradation / 

soil desurfacing and processes. There are plenty of different approaches for assessing land 

degradation / soil desurfacing worldwide. Expert opinions, field measurements, field 

observations, land user’s opinions, productivity changes, remote sensing and modeling methods 

act as a backbone for many approaches to assess land degradation / soil desurfacing at different 

levels. Moreover, the first distinction that has to be made is land use and land types and scale. 

Significantly, methods or techniques need to be critically selected, taking into account their 

suitability, applicability and adaptability to local conditions. This helps in comparing areas and 

involving stakeholders as much as possible as aids in land use and restoration planning and 

prioritizing projects. It is also important to integrate local knowledge with scientific knowledge, 

interpreting with remote sensing techniques and GIS. For the accomplishment of the study, 

following objectives have been envisaged. 

 

2. OBJECTIVES 
1. To analyze the changes in land use / land cover from 2007 – 2012 in the study area due to soil 

desurfacing. 

 

3. MATERIAL AND METHODS 

3.1 Study area and location: 

Study area (Rohtak District) lies in 28º 23" to 29
o
 6"North latitude and 76

o
 13" to 76

o
 58" East 

longitude of the national capital region (NCR) of Haryana state (India). It is in 70 km northwest 

from national capital, New Delhi and located 235 km South East of state capital, Chandigarh. 

More than 40 % area of Haryana state falls in national capital region (NCR) and whole of study 

area is the part of NCR. Geographical area of the study area is 1745 km
2
. It is comprised of five 

community development blocks / zones (CDB), viz. (Fig. 2) 

1. Sampla  2.Kalanaur  3.Rohtak  4.Meham and  5.Lakhan Majra  
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                                               Fig. 1 Study area (Rohtak District) 

3.2 Climate: 

The normal annual rainfall is 576.2 mm, which is unevenly distributed throughout the year. The 

southwest monsoon sets in from last week of June and withdraws in the end of September, 

contributing about 85 % of the rainfall. Hot in summer, highest day temperature ranging between 

23
o
C-45

o
C. Sub-tropical, semi-arid, continental mainly rains bring by southwest monsoon in the 

season July-August- September. Rains are scanty to normal. 

 

 

 

Fig. 2 Annual rainfall pattern 
 

 The climate classified as tropical steppe, semi-arid and hot, which is mainly dry and hot with 

dry summer except monsoon months, i.e., July to September when moist air of oceanic origin 

penetrates into the land. Winters are also extremely cold and mostly dry where night temperature 

falls to as low as 2-3
o
C. The mean seasonal temperature during kharif and Rabi season are 29-

31
o
C and 16-18

o
C with relative humidity of 70% and 55%, respectively.                                                                                        

 

3.3 GEOMORPHOLOGY AND SOIL: 

The study area falls in eastern zone, which covers around 49 % area of the state. This zone is 

also called wet zone. More than 70 % of the rainfall received during southwest monsoon. Normal 

rainy days are >30 per annum. Mostly the land of these districts is flat and plain. This is further 

manifested into additional three sub-units because of the Aeolian action in the Holocene period 
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as (a) hummocky phase (fossils and dunes), (b) sandy plains of recent times (c) dotted lack 

extension along the central track surrounded by waterlogged areas. 

 The area slopes towards Northeast to South-West with an average gradient of 0.19 m km
-1

. The 

general elevation ranges between 215-222 m from sea level. The soils of the district are fine to 

medium textured, sandy loam in Rohtak and Sampla block, Lakhan Majra, loamy sand with 

occasional clay loam in Kalanaur and Meham. In Rohtak district high content of potassium, 

medium phosphorus and nitrogen are low. 

 However, close examination reveals that there are some slopes towards centre causing area 

prone to floods and waterlogging conditions may prevail in rainy seasons. Because of low 

rainfall and high temperature during summer may lead to accumulation of salts at the surface 

making soil more saline. Deep sub soil water is also mostly brackish, making it more difficult to 

manage in the light of insufficient canal irrigation water available. Soils of Rohtak district are 

arid-brown, Solemnized and Sierozem. With the exception of a few small out liers of Alwar 

quartzite, there is no sign of hard rock exposures in Rohtak district, which almost concealed by 

the wide expanse of alluvium. The district divided into two major geomorphic units as Older 

Alluvial Plain and Recent Sahibi Flood Plain. These are the sediments derived mostly from 

Himalayan Rivers, as a part of the Indo-Gangetic alluvial, having a heterogeneous composition 

with frequent calcium carbonate concretion layers at shallower depths. River Sahibi is of 

seasonal nature and its termination into an aerial delta, leaves behind a vast flood plain. The soils 

are tropical arid brown to arid brown with alluvial origin, calcareous in nature, sandy to loam 

with 7.02-8.5 pH, low to medium in organic carbon, low in available nitrogen, low to high in 

available phosphorus and medium to high in available potassium. The thickness of column is 

more than 150 cm and structure varies from massive to angular blocky. The available moisture 

capacity is good with imperfectly drained and permeability.  

 

 
Fig. 3 Seasonal rainfall pattern  

3.4 Satellite data acquisition: 

 

Data was acquired from Haryana Space Application Centre (HARSAC)-Hisar (125004)-India, 

for the year 2007 and 2012. Multi-temporal and spatial geo-referenced Catosat-1 and 

Worldview-II satellite with following specifications were used for present study. The data is 

obtained by on screen digitization done by Priyanka et. al (2014) . 
 

SECONDARY DATA USED 

 

The land use and land cover data of Rohtak developed for the year 2006-7 by HARSAC was 

used for depicting land use change due to desurfaced soils .Fig.4 depicts land use change in 

Jhajjar district. 
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Fig. 4 Land use change map of the Rohtak District for the year 2006-7 

 

3.5 Survey of India topographical sheet and details: 

The study area lies in the survey of India (SOI) topographical sheet No. 53C/8, 53C/12, 53D/01, 

53D/5, 53 D/6, 53D/9, 53D/10, 53D/13, 53D/14 (Fig. 5). Map-Scale 1:25000 

 

Fig. 5 Map of topographical Sheet Mosaic of Study Area 

 

3.6 Methodology 

 

1. Worldview-II satellite images for the year 2012 is used to identify and map desurfaced soils in 

Rohtak district as depicted in Fig.6 The red spots are depicting the desurfaced soil formation in 

study area. (Priyanka et. al Feb.2014) This layer of brick kilns is laid down on the land use map 

to see the change due to desurfacing and also found the % change.  
 

 
Fig. 6  Map of desurfaced area in Rohtak District (2012) 
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2. Merging of the classes of land use: The level I of the land use is required so the different 

classes merged into single class. Then colours provided to each class. Land use class IV 

converted to Land use class I of 2006-7 of both districts (Fig. 7). 
 

 
Fig. 7 Merging of the classes of land use 

 
 

3. Change in land use / land cover: The brick kiln shape file laid on composed land use of 

2006-7 of both the districts. This will clearly depicts that all the area under soil desurfacing is 

agricultural land in both districts. This will affect the agricultural productivity and the food 

grains production.  

 
3.7 Interpretation keys for identifying various land use / land cover categories 

Table 3 Interpretation keys 

Sr. 

No. 

LU/LC 

Category 

Tone/Colour Size Shape Texture Pattern 

1 Built-up 

Land 

Dark bluish green 

in the core and 

bluish green on the 

periphery 

Small to 

big 

Irregular and 

discontinuous 

Coarse and 

mottled 

Clustered to 

scattered & non 

contiguous 

2 Agri.-Land Bright red to red Varying 

in size 

Regular to 

irregular 

Medium to 

smooth 

Contiguous  

3 Forest Bright red to dark 

red 

Varying 

in size 

Irregular and 

discontinuous 

Smooth to 

medium 

depending on 

crown density 

Contiguous 

4 Grassy Bright red Varying 

in size 

Regular to 

irregular 

Smooth Contiguous to 

non-contiguous 

5 Wastelands White to light blue Varying 

in size 

Regular to 

irregular 

Smooth to 

coarse 

Clustered to 

scattered & non 

contiguous 

6 Water 

bodies 

Light blue to dark 

blue 

Varying 

in size 

Regular to 

irregular 

Smooth to 

medium 

depending on 

turbidity 

Clustered to 

scattered & non 

contiguous 

7 Wetlands Dark blue and dark 

red 

Varying 

in size 

Irregular and 

discontinuous 

Medium & 

rough  

Scattered & non 

contiguous 

8 Desurfaced Yellowish white Varying 

in size 

Regular to 

irregular 

Smooth   Scattered  

LU/LC=Land use / Land cover 
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According to table 4 with the help of interpretation keys, agric-land appears bright red to red in 

colour, varying in size, regular to irregular in shape, medium to smooth in texture and continuous 

in pattern. Built-up area as dark bluish green in the core and bluish green on the periphery, small 

to big in size, irregular and discontinuous in shape, coarse and mottled in texture and clustered to 

scattered in pattern. Forest and grassy land appear as bright red to red like agriculture area, 

varying in size, irregular and discontinuous in shape, medium to smooth depending upon crown 

density in texture and continuous in pattern visible in satellite imagery. Wasteland gives the 

appearance of white to light blue and water bodies light blue to dark blue tone, varying in size, 

regular to irregular in shape, smooth to coarse in texture and clustered to scattered in pattern. 

Water bodies light blue to dark blue in colour, varying in size, regular to irregular in shape, 

smooth to medium in texture depending on turbidity and clustered to scattered and non-

continuous in pattern. Wetlands appear dark blue and dark red in colour, varying in size, 

irregular, discontinuous in shape, medium and mostly rough in texture, scattered, and non-

continuous in pattern. Desurfaced soil gives the appearance of yellowish white in colour, varying 

size, regular to irregular in shape, smooth in texture and scattered in pattern visible in satellite 

imageries. 

 

4. RESULTS AND DISCUSSION 

4.1 CATEGORY WISE DISTRIBUTION AND TEMPORAL CHANGE IN LAND- 

      USE / LAND-COVER  
Fig.8 indicates land use change in Rohtak district in the year 2012, images taken by worldview-II. 

Magenta spots indicate presence of desurfaced area in the district scattered in different blocks. Swarming 

of desurfaced soil area noticed in Sampla block falling near National Capital, Delhi. 

 

Fig. 8 Change in land-use due to soil desurfacing in Rohtak District (2012) 

According to Table 2, various categories like agriculture land, built-up area, forest, grassy, 

wastelands, water bodies, wetlands, and desurfaced land area, spatiotemporal change values have 

been depicted, in the year 2007 and 2012  
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Table 2 Category wise distribution and temporal change in land-use / land-cover  

              Area (Rohtak district)  

S.No, Categories 2011-12  

    (ha) 

% of 

Geo-

Area 

2006-7 

   (ha) 

% of 

Geo-

Area 

Temporal 

Change  

2007- 2012 

% 

difference 

1 Agri-Land 153175 87.78 156492 89.68 -3317 -2.12 

2 Built-up   11264   6.46     6629   3.80  4635   2.66 

3 Forest         84   0.05       847   0.49   -763  -0.44 

4 Grassy     5517   3.16     6541   3.75 -1024  -0.59 

5 Wastelands     1523   0.87     2168   1.24   -645  -0.37 

6 Water bodies     1906   1.09     1118   0.64    788   0.45 

7 Wetlands       144   0.08          77   0.04       67   0.04 

8 Desurfaced       889   0.51       629   0.36    -260   0.15 

9 T GA 174500    100 174500    100    0.00   0.00 

                  TGA=Total Geographic Area (ha), 

 

Fig. 9 Category wise distribution and temporal change in land-use and land-cover area (ha) in 2007 (Rohtak 

district) 

 

Fig. 10 Category wise distribution and temporal change in land-use and land-cover area (ha) in 2012 (Rohtak district) 

In pie-diagram Fig. 9, all other categories like built-up, forest, wastelands, grazing, water bodies 

and wetlands pooled to show exclusive impact of desurfaced soil area in Jhajjar district in the 

year 2006-7. During that period, soil-desurfaced area was 0.36 % of the total geographic area, 

i.e. 175400 ha.             
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In the year 2012, Fig. 10, the desurfaced area increased to 0.51 % from 0.36 % in 2006-7. This 

increase amounts to 889 ha from 629 ha (Table 5.5), which is statistically significant. Because of 

this, agriculture-land (Cultivable area) decreased from 156492 to 153175 ha. There is urgent 

need to arrest further expansion of desurfaced area due to brick kiln activity in the region.   

 
4.1.1 Agriculture-Land Area 

 Analytical data reveals that in Rohtak district major land use is agriculture constituting 89.68 % 

of the total geographic area (TGA) in the year 2006-7. This area decreased to 153175 ha in 2012 

from156492 ha in 2007, reducing cultivable agriculture area to 87.78 %, decreasing absolute 

cultivable area by 3319 ha in temporal land use change pattern in five years duration ,i.e. from 

2006-7 to 2012. This is mainly because of conversion of agriculture-land to non-agriculture use 

like more soil desurfacing due to increased brick kiln activities giving rise to temporal land use 

change from 2007-2012. This change amounts to reduction in agriculture-land by 3317 ha. There 

was 2.12 % decrease in over all agriculture area of Rohtak district due to soil desurfacing in the 

region in five years duration, i.e. from 2007-2012 (Fig. 9 and 10). 

 
                 
                          Fig. 11 Agric-Land area in Rohtak District in 2007 and 2012 

4.1.2 Built-up Area 

The temporal land use analysis indicates that during the period 2007 - 2012, built-up area has 

increased by almost double, i.e. from 3.80 % – 6.40 % (6629 ha – 11264 ha). The built-up area in 

2006-7 was 6629 ha, which enormously increased to 11264 ha in 2012 (Table 2 and Fig. 12), 

constituting 6.40 % of total geographic area (TGA), in absolute term increased by 4635 ha in five 

years duration from 2007-2012. This increase ascribed mainly to enhanced infrastructure 

developmental activities due to economy upsurge in the state. 

 
 
              Fig. 12 Built-up area (ha) in Rohtak District in 2007 and 2012 
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4.1.3 Forests area 

In Rohtak district, the forest area is decreasing to almost non-existent level, i.e. from 847 ha in 

2007 to 84 ha in 2012 (Fig. 13), about 90 % reductions. This scenario may induce local climate 

change, which may have direct impact on crop production affecting over all food grain 

production of the district in particular and state and country in general. 

 
 

Fig. 13 Forest area (ha) in Rohtak district in 2007 and 2012 
 

4.1.4 Grassy/Grazing Area 

It includes pastures and there is marginal decline in grassy/grazing area of Rohtak district from 

6541 ha in 2007 to 5517 ha in 2012, 15.65 % a nominal reduction was observed. It shows 

farmers in Haryana state take keen interest in raising animals. Good grassy pastures are 

necessary for the feeding of animals. 

 

 
                                   Fig. 14 Grassy-Land area (ha) in Rohtak district in 2007 and 2012 

 

4.1.5 Wasteland Area 

Wastelands include gullied land, saline land, waterlogged, barren, and rocky and river sand.  

In Rohtak district there is 29.75 % reduction in wasteland area as temporal land use depicted in 

Table 2 and Fig. 15. In 2007, wasteland area was 2168 ha, which reduces to 1523 ha in 2012, a 

net reduction of 645 ha. The reduction in wasteland is a good development, it shows increasing 

awareness among farmers, and this is the reason Haryana state is one of the leading states in the  

country in crop production. 
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              Fig. 15 Wasteland area (ha) in Rohtak district in 2007 and 2012 
 

4.1.6 Water bodies and Wetland 

Water bodies include rivers/streams, canals, drains, lakes / tanks / ponds etc. In Rohtak district 

also a significant increase in water bodies area depicted in Table 2 and Fig, 16. In 2007, the area 

was 1118 ha, which increased to 1906 ha, with a net increase of 788 ha. This may be ascribed to 

the reason increasing interest of farmers in fishery. Wetland area also increased from 77 ha to 

144 ha in the year 2012 (Fig. 17) 

 

 
                                    Fig. 16 Water bodies area (ha) in Rohtak district in 2007 and 2012 
There is no presence of any permanent water body like lake in the study area except streams and 

small ponds (Taal) in villages to fulfill the requirement of animals. Water accumulates in ponds 

(Taal) area in rainy season and sometime replenished by river water provided by the government 

for meeting the requirement of animals in the village in summer months. 

 
                     
                                             Fig. 17 Wetland area (ha) in Rohtak district in 2007 and 2012 
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4.1.7 Desurfaced Area 

Soil desurfaced area depicted in Table 2 and Fig. 18 in Rohtak district, at first observation looks 

minuscule and insignificant in magnitude but in absolute terms, there is 41% shift from2007-

2012. it is definitely a warning bell for future and its impact on net productivity and fertility of 

soil cannot be ruled out easily.  

 

                                         Fig. 18 Desurfaced area (ha) in the study area in 2007 and 2012 

During that period soil desurfaced area was 629.30 ha of the total geographic area, i.e. 174500 

ha, which increased to 888.80 ha increasing by 259.50 ha (41.32 %). 

  

CONCLUSION:  

Remote sensing technology clearly highlighted the ground truth realities of land use / land cover 

in the study area 

 Agriculture land area: decreased by 2.12 % (156492 ha – 153175 ha=3317 ha) from 2007 

– 2012 

 Built-up area: increased by 69.92 % from 6629 ha – 11264 ha (+4635 ha) due to more 

infrastructural development because of economy upsurge in this period  

 Forest area: decreased by 90.08 % (from 847 ha decreased to 84 ha (-763 ha), a dismal 

condition and may affect local climate adversely 

 Grassy area: Marginal decrease, i.e., from 6541 ha – 5517 ha (-1024 ha) 

 Wasteland area: decreased from 2168 ha – 1523 ha (-645 ha), good development 

 Water bodies: Marginal increase observed from 1118 ha – 1906 ha (+788 ha)  

 Wetland: Insignificant change observed (0.04%) during 2007 – 2012 period 

 Desurfaced area: Significant increase observed from 629.30 ha – 888.9 ha, 41.25 % 

increase observed during 2007 – 2012  
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