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 GIS Based Delineation of Micro-watershed and its Applications:
Mahendergarh District, Haryana
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ABSTRACT A watershed is a logical unit of planning for optimal development of soil, water and biomass resources
or it may be said that it is a basic unit for micro-level planning. In the present paper an attempt has been made to
delineate sub-watershed and micro-watersheds in Mahendergarh district of Haryana. Data has been generated from
Survey of India toposheets on 1:25,000 scale and multi-spectral satellite data of IRS P6. Watershed boundary has
been delineated using ArcGIS 9.3 software. By using Arc-hydro tools, 40 micro-watersheds have been delineated.
These can be used more conveniently in assessing ground water resources and execution of development programme
at micro-level. After delineating micro-watershed, an attempt has also been made to study the landuse pattern of
these micro watersheds. Monitoring of micro-watersheds through the knowledge of landuse pattern helps in
management or in sustainable development of natural resources in that area in scientific manner.
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INTRODUCTION

It is rightly said that water prosperity of our
land lies in the adoption of watershed manage-
ment. Water, land and biomass are the crucial
components of watersheds. In the last two de-
cades, watershed management has gained the
top most priority for integrated water and land
resources development. The watershed ap-
proach has become a pre-requisite for any de-
velopmental programme because land and wa-
ter resources have maximum interaction and syn-
ergic effect when developed on watershed ba-
sis. Watershed approach is, therefore increas-
ingly applied in various development progra-
mmes like command area development, soil and
water conservation, flood control, soil erosion
control, river valley projects, land reclamation,
people and resource dynamics etc. It is equally
important for various hydro-power and irriga-
tion projects, assessment of ground water re-
sources, pollution and artificial recharge stud-
ies. The literature also suggests economic
sustainability, ecological sustainability and so-
cial sustainability as three major themes associ-

ated with watershed development approach. For
proper planning and execution of any develop-
mental programme on watershed basis, it is es-
sential to map various attributes of a watershed.

 What is Watershed: A watershed is a natu-
ral geohydrological unit which is drained by a
part or totality of one or several given water
courses. In other words watershed is a topo-
graphically delineated area draining into a single
Channel. Hence it comprise of a catchment area
(Recharge zone), a command area (Transition
zone) and a delta area (Discharge zone) (Jain
2004).The literature suggests that watershed can
be of various sizes depending upon the size of
stream, drainage density and its distribution. But
management of a watershed requires a suitable
hydrological unit. It may also be noted that
smaller hydrological unit or proper delineation
of sub-watershed is a challenging task in arid
topography.

In this context, present paper attempts to
achieve the following objectives:

Objectives

1. To delineate watersheds, sub-watersheds
and micro-watersheds in semi-arid area of
South Haryana.

2. To study the landuse/landcover pattern of
micro-watersheds and to understand the
sustainability of existing landuse.
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STUDY  AREA

Haryana state enjoys two river basins namely
Ghaghar and Yamuna basins. Mahendergarh dis-
trict, situated in south-western part of Haryana,
has a geographical area of 1927.72 sq. km. The
district is part of Yamuna basin, as reported in
Soil and Landuse Survey (AISLUS 1988) and it
has its own two watersheds of two seasonal
rivers that is, Krishnawati and Dohan Rivers (Fig.
1). The climatic condition in the district varies
from arid to semi arid. The summer months are
very hot whereas, winter season is fairly cool
and dry. The average annual rainfall of the dis-
trict is 592.5mm. About 75 percent of annual rain-
fall is received during the south west monsoon
in the months of. July, August and September. It
is dominated by dry lands with presence of in-
land streams, sandy plains, shifting sand dunes,
stabilized sand dunes, dissected upland tracks
and often barren, denuded, rocky hill ranges and
their outcrops. Overall relief is undulating with a
regional slope.

Dohan and Krishanawati rivers make irregu-
lar flood plains in the district. The flood plain
occurs in association with sandy terrain and
dunes to variable morphology. These rivers af-
ter entering the district gradually shrink and
loose water at high rate of evaporation and ex-
cessive percolation in sandy material. The riv-
ers are active only during the rainy seasons
which raise the fresh quality sub-soil water. The
seasonal flow in Dohan and Krishnawati peri-
odically raises the level of fresh quality subsoil
water. Besides, it also helps base flow during
early part of the dry season. Now since Rajasthan
has made a number of dams in the upstream of
the river, as a result there is no appreciable water
in the rivers (Government of India 1991).

DATA   AND  METHODOLOGY

The paper is primarily based on secondary
sources. Data has been generated from Survey
of India (SOI) toposheets on 1:25,000 scale for
creating micro-watershed by taking into account
the topography of the study area. For this con-
tours and drainage pattern of the district have
been digitized in 2 separate layers. In order to
obtain this, 23 toposheets on 1:25000 scale were
required to mosaic the whole district. The
landuse/landcover has been studied by taking
multi-spectral satellite data of 2008. Satellite im-

ages of IRS 1D-LISS IV and PAN merged were
utilized. In order to generate sub-watersheds,
ArcGIS software has been used. Landuse/
landcover has been delineated using ERDAS
image processing software. Landuse of the study
area has been studied under 5 broad categories.
These are (i) agricultural land, (ii) forest, (iii)
waste land (comprising of open scrub and sand
dunes), (iv) built-up area or settlements and (v)
water bodies. Water bodies have been further
classified as {water body (dry pond, fill pond
and water course)}.

RESULTS  AND  DISCUSSION

1.  Delineation of Watersheds

In order to demarcate a watershed in an area:
one need all linear water features, an elevation
or terrain model, the flow direction grids which
may indicate the steepest descent etc. The pur-
pose of terrain pre-processing is to perform an
initial analysis of the terrain and to prepare the
dataset for further processing (Chinnaya-
kanahalli et al. 2006).  A Digital Elevation Modal
(DEM) of the study area is used as input for
terrain pre-processing. In the present study DEM
is generated using contours and interpolation
of elevation data obtained from toposheets us-
ing algorithms (Fig. 2).

The DEM reconditioning function has been
applied which modifies Digital Elevation Mod-
els by imposing linear features onto them. This
is being done to check the accuracy of slope
and existing drain lines (Tarboton et al. 2003).
Since this area is also affected by stone quarry-
ing and sand extraction, hence the topography
has got modified. In order to nullify that in delin-
eating natural watersheds, the fill sink function
has been applied. This function fills sinks (un-
usual depressions/ elevations) in a grid. In higher
elevation cell, the water is trapped in that cell
and cannot flow. The fill sinks function modifies
the elevation value to eliminate these problems.
Further, the flow direction has been checked
which computes the flow direction for a grid.
The values in the cells of the flow direction grid
indicate the direction of the steepest descent
from that cell. Similarly, flow accumulation, Stre-
am definition and Stream Segmentation functions
have been used for this process. With the input
of all these processes, catchments have been
converted in to raster format. With the help of
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Fig. 1. Mahendergarh -Watershed area of Krishnawati and Dohan River
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these catchment polygons, watershed bound-
aries have been generated.

In all, 40 micro-watersheds of various sizes
have been delineated and are shown in Figure 3.
It shows that among these 40 micro-watersheds,
15 are lying in Dohan sub-watershed and other
25 have been delineated in Krishnawati sub-
watershed. The variation in size of each water-
shed is a characteristic of slope, drainage, linea-
ment, geomorphology and associated factors.
The size wise distribution of micro-watershed
as depicted in Figure 3 and Table 1 reveals that
the smallest watershed is of 4 km² and largest
one is 128 km². There are 4 micro-watersheds
which are as small as covering less than 10 km².
Another 3 are covering 10 to 20 km² area. It may
also be noted that due to varied topography of
the area, 8 watersheds are quite large which con-
stitute 40 percent of total sample study area.

2.  Landuse/Landcover

A comprehensive information on landuse/
landcover is the basic prerequisite for land re-
source evaluation, assessment, utilization, and
management. With increasing population pres-
sure on land and the resulting changes in the
landuse pattern and processes, a considerable
degree of land transformation and environmen-

tal deterioration is being witnessed. Proper plan-
ning, management and monitoring of the natural
resources depend on the availability of accurate
landuse information. This also helps in under-
standing the human induced changes in the land
use pattern in a particular area (Chaudhary et al
2008). In this context, landuse pattern of whole
the district and of different micro-watersheds
has been attempted. The landuse pattern of the
whole study area of the year 2008 as delineated
from satellite multi-spectral data is presented in
Table 2 and Figure 4. It shows 5 main classes of
landuse in the area. It indicates that 84 percent
of its total area is under agriculture. Another 10
percent is waste land in the form of open scrub
and sand dunes. Forest cover is 2.4 percent of
total area. While settlements occupy about 2
percent, and only a minuscule, that is,  (0.21 per-
cent) is under water courses.

A detailed landuse pattern in all micro-wa-
tersheds of the year 2008 may be obtained from
Table 2 and Figure 4. Among different land use
classes, the one which cause problem in natural
resource management is the existence of waste-
land. Depletion of forest cover, presence of
scrubs in the large area pose serious problem to
the environment. This can be easily managed
on micro watershed basis. Hence the land use
pattern on micro watershed basis has been pre-
sented.  It shows that there are three micro-wa-
tersheds lying in north and north-western part
of study area (numbered as 5 and 6) and another
lying in southern part of the study area (num-
bered as 36 and 38) where proportion of waste
land is quite high that is,  more than 40 percent.
Size-wise these are middle level micro-water-
sheds and efforts can be directed for the treat-
ment of land in these micro-watersheds. Among
large micro-watersheds only one lying in north-

Table 1: Characteristics of micro-watersheds (area
in km²)

Size of micro- Number of Total Percent
  watershed watersheds  area   area

Less than 10 04 25.28 1.31
10-20 03 47.77 2.48
20-40 13 427.08 22.15
40-80 12 627.43 32.55
80 and above 08 800.17 41.51

Total 40 1927.72 100.00

Table 2: Landuse/Landcover in Mahendergarh: 1974-76 to 2008 (area in km²)

                     1974-76                2008       Percent

Total Percent Total Percent
area area

Agricultural land 1629.39 84.52 1670.515 86.66 2.14
Forest 46.33 2.40 47.160 2.45 0.05
Waste land 206.41 10.71 166.741 8.65 -2.06
Settlement 38.14 1.98 39.138 2.03 0.05
Waterbody (Dry Pond) 1.96 0.10 1.962 0.10 0
Waterbody (Fill Pond) 0.38 0.02 0.382 0.02 0
Waterbody (River Course) 5.11 0.26 1.826 0.09 -0.17

Total 1927.72 100.00 1927.72 100.00

difference
Landuse categories
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Fig. 2. Mahendergarh - DEM reconditiong
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Fig. 3. Mahendergarh - Delineating of micro-watersheds
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Fig. 4. Mahendergarh - Pattern of landuse and land cover 2008
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Fig. 5. Mahendergarh - Pattern of landuse and land cover 1974-76
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eastern part of study area (numbered as 16) has
5 percent of its land affected by sand dunes and
classified as wasteland.

The change in land use pattern over a period
of 30 years has also been studied1. It shows that
agricultural land has increased over a period of
time. The area has increased from1629 km² to
1670 km². This is largely due to decline in waste-
land (comprising of open scrub and sand dunes).
The area under waste land was 10.7 percent in
1976, which has come down to 8.65 percent in
2008. The area under settlement has also in-
creased. The forest cover has remained almost
stagnant. There is a decline in area under
waterbody or say river course which was 5.11
km². In 2008, it stands as 1.83 km². This is largely
due to drying of river channels.

The detailed landuse pattern under different
micro-watersheds in 1974-76 has been presented
in Table 3 and Figure 5. One can obtain the
change in specific watersheds and this pattern
may be used as the basis of identifying which
micro-watershed needs more attention in terms
of treatment and sustainable development. It may
be obtained from Table 3 that the same water-
sheds numbered 5 and 6 in northern part and 36,
38in southern part of the district remain most
vulnerable as these have more than 40 percent
of their area as waste land (that is, largely under
open scrub). The four watersheds have 20 to 40
percent of their area as waste land.  These are
lying adjacent to the above described water-
sheds. It may be noted that there is marginal
decline in open scrub in micro-watersheds lying
in southern region. Area under agricultural land
has increased substantially in 14, 16, 19 and 20
micro-watersheds, which lies in a strip east to
west across northern portion of the study area.

CONCLUSION

The present study demonstrates the utility
of remote sensing and GIS techniques in delin-
eation of micro-watersheds in an arid area. The
study involved delineation of 40 micro-water-

sheds in 2 sub-watersheds of Krishnawati and
Dohan rivers lying in Mahendergarh district.

The application of these micro-watersheds
has been studied in terms of their existing land
use pattern. Different land use classes depict
the problems pertaining to the natural resource
management in the area. The existence of waste-
land in the large area poses serious problem.
This study of change in landuse pattern over a
period of 30 years revealed that the 3 micro-wa-
tersheds lying in north and 3 in southern part of
district are more vulnerable in terms of propor-
tion of waste land. Similarly it does reveal that
few micro-watersheds lying in eastern part have
shown positive change. Hence development
based on watershed approach is an ideal way of
sustainable development for agriculture and
subsequently rural development. This approach
is more feasible to ecological balance in the long
term.

NOTE

1. It has been attempted for 1974-76  using  SOI
toposheet.
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