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Abstract

Morphometric assessment of the watersheds is considered highly critical to appraise its hydrological
characteristics, such as, general geology, structure, geomorphology and climate conditions. In this study,
morphometric analysis of Hab Watershed has been carried out through Geospatial Technology (RS & GIS) in a
systematic manner to examine its Geo-hydrological characteristics. The drainage network of Hab is typically
dendritic and semi-dendritic indicating its heterogeneous lithology. Recent study reveals increase in stream order,
substantially decreases the stream total length. drainage density of the Hab Watershed indicates the characteristics
of its typical soil. Drainage texture value for Hab watershed is 0.18. Low drainage density value reveals that the
region has a permeable and porous subsurface material with low relief. The shape of the basin has been observed as
quite elongated. The findings of this study reveal that GIS based morphometric analysis is highly effective tool for
geo-hydrological study of watersheds.
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1. Introduction
1.1 Problem Statement

The availability of water is the main factor for human habitation, survival and social and economic growth on
earth. It is an essential requirement for all the living organisms of the planet of the earth. Therefore, there is need
for sustainable usage of water. Non-availability of freshwater resources is posing a serious threat to the world
and especially it is challenging for third world countries. About 70% of earth's portion is covered by water
whereas its only 3% is fresh water but very little amount of this freshwater is available for the consumption of
human-beings (Lefort, 1996). However, only 0.01% quantity of world’s entire amount is accessible for human
consumption located rivers and wetlands (Hinrichsen, 1998).

Pakistan water resources are diminishing rapidly mainly owing to negligence, deficiencies of management sector
and national and international politics on water sector. Present per capita availability of water is about 1000
cubic meters which is very low, is further gradually declining taking Pakistan in to the most critical zone (Islam,
2012). Situation of water scarcity is more severe especially in cities where rate of industrialization and
urbanization is high especially in the megacity Karachi and its surrounding areas. development of Hab industrial
estate on the western margin of Karachi city is ultimately demanding more which is causing water shortage
problems in region (Sadaf, 2014).

Hab River is the most important resource of water for Hab estate and to some extent for Karachi City (about 100
Million Gallons / Day). It is therefore considered one of the most important source to investigate systematically
for the recent and future requirements of the region. According to past studies Hab watershed is a macro
watershed (Sadaf, 2014 and Sadaf, er al, 2017). Hab Dam was constructed in June 1981 to store and properly
manage water supply to surrounding areas of region and for effective flood control. There is a need to properly
assess and monitor changes in dam levels.

Geoinformatics is a powerful and alternative source for monitoring water resources and hence pertinent to water
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resources management. Hydrological analysis has become more effective with the integration of geospatial
techniques. Topographic analysis has also become a convenient task with the involvement of GIS.

1.2 Objectives of the Study

The objectives of the study is to undertake quantitative assessment of Hab Watershed using Geoinformatics. The
specific objective are to

e Establish the relationship between morphometric characteristics and hydrological characteristics.

e Develop the correlations between the different morphometric parameters and geological structures
e Evaluate the morphometric characteristics by performing quantitative analysis in GIS envoirment.
*  Examine the Hydrological characteristics of Hab River for sustainable water supply.

1.3 Relevant Scholarship

In all dimensions of hydrological sciences Geographic information system has provided the chance to appraise the
catchment or basin geometry, its area, volume, channel network, drainage classification and divides, and
extraction of its landscape properties like aspect and slope (Jha, 2017), Jenson, and Domingue (1988), Moore
(1991). Conventional techniques are laborious and labour intensive (Martz and Garbrecht,1992). However,
through GIS, very accurate and reproducible measurements are possible with the application of automated
techniques on topographic maps (Richards, 1981).

Morphometric analysis of a watershed can easily be performed with the help of Geoinformatics (Tribe,1991;
Shakil, 2012; Sangita and Nagarajan, 2012, Vandana, 2013, Magesh et al, 2013, Balakrishna, 2008).

Quantitative investigation of drainage area is a significant characteristic for categorization of a watershed
(Aravinda & Balakrishna, 2013). Assessment of linear and areal characteristics of a drainage basin are main
factors in this regard (Strahler, 1964). Morphometric analysis provides the mathematical analysis and examination
of the earth's surface (Nautiyal,1994). This analysis is a very important scientific tool for the fast and detailed
information of the watersheds (Clarke,1996, Javed, 2009). Morphometric characteristics of a watershed provide
detailed information about its configuration and development and all geomorphological and hydrological
processes taking place in it (Korkalainen et al, 2007).

Digital Elevation Models (DEMs) are very useful and precise source of morphometric analysis of the watershed
(Singh, 2013). Morphometric evaluation in Remote Sensing (RS) and GIS environment using DEM data (SRTM
or ASTER) provides quick and precise technique for the evaluation of hydrological characteristics (El
Bastawesy,2013, Farr and Kobrick, 2000). DEM data has already proved its significance for the extraction of
various parameters of the watershed like slope, aspect, gradient, catchment divides, drainage network and
upstream flow areas (Panhalkar, 2014, Mark, 1984, Tarboton, 1997, Grohmannetal, 2007).

2. Material and Methodological Framework

Present study is about Hab Watershed, which is situated in Baluchistan, Province and its geographical location is
25°t0 32 ° N and 61 ° to 71° E. It's about 55 percent area mountainous where alluvial and aeolian deposits are
frequently found. Climatic conditions are arid, with low precipitation and high evaporation (WAPDA,1984).

Hab river is an important river of Baluchistan serving many parts in the province and also supplies water to
Karachi, the largest city of Pakistan. The river is a part of Porali river system and its total drainage area is about
25,770 km2. Hab River emerges from the mountains near Khuzdar, 321.869 km North of Cape Monze and drains
in Arabian sea (Figure 1). Its catchment area is long and narrow and it flows between the provincial boundary of
Sindh and Baluchistan. Hab River is a perennial river which has intermittent flow and its flow direction is
generally north to south. Catchment area of Hab watershed is 10036.204 km2 out of which 9064.9584 km?2 is long
and narrow mountainous (WAPDA, 1984).
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Figure 1. Location map of the study area

For the assessment of drainage network and potential of the watersheds, DEM data is quite useful. In this study
SRTM (Shuttle Radar Topographic Mission of NASA) data of 30M resolution have been used (Figure 2)

The elevations of the coverage regions have been measured by using the SIR-C and X-SAR payload. This payload
has flown two times onboard Space Shuttle Endeavour in 1994 to make acquisitions for generating a topographic
map of eighty percent of global surface. (JPL, 2017).
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Figure 2. Digital elevation model (DEM) of study area

Many parameters have been calculated through morphometric analysis which provides the information about
watershed's storage capacity, rocks character, and potential of watershed. Captioned study, through integrated use of
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satellite images, GIS techniques, digital elevation model (DEM) and topographic maps provides the various kinds of
drainage parameters of Hab Watershed. Details of used data presented in Table no 1.

Table 1. Details of Data used in this study

Type of Data Details of data used Sources of data

Toposheets 35L/9,35K/16 survey of Pakistan
350/3,350/4,35P/1

SRTM global DEM  3-ARC (90 m resolution),2000. USGS website

Landsat 8 satellite 152/42,152/43,153/41, https://landsat.usgs.gov

imagery 153/42,153/43

2.1 Rectification and Geo-Referencing of Multispectral Satellite Images and Toposheets

Toposheets and satellite images of study areca have been geometrically georeferenced and rectified through
utilization of WGS-84 datum and UTM projection. All Georeferenced topographic maps and images have been
mosaiced by using Erdas Imagine software. Rectified Toposheets were used to delineate the watershed boundaries.
DEM processing was performed using Arc GIS.

2.2 DEM and Delineation of Watershed

Study area has been defined by using topographical maps, satellite imageries and digital elevation model (DEM).
DEM contains files of data about altitude of the ground of any specific region, generally at a permanent grid space
over the "Bare Earth". It is downloaded in tiles and mosaiced by using ERDAS Imagine software (Figure 2).
Delineation of the watershed boundaries, stream layers and different hydrological parameters have been calculated
by using Arc Hydro tool in ArcGIS.

2.3 Generation of Morphometric Map Using DEM

DEM has been used to interpret the slope, topography, and hydrological characteristics map of the Hab watershed
through spatial analysis in Arc GIS.

2.4 Morphometric Analysis

Morphometric investigation of study area has been carried out in GIS environment and different features which
define the area were computed. The adopted methodologies (Pramanik, 2016) for the computation and assessment
in present study are listed in Table 2.

Table 2. Methodological frame work for morphometric Analysis of Hab watershed

S.no.  Parameters Formulae References

1 Relief ® R=H-h Hadley and Schumm
(1961)

2 Relief ratio (Rr) Rr=R/L Schumm (1963)

3 Stream order (So) Hierarchical rank Strahler (1964)

4 Stream no Order wise no of streams Strahler (1964)

5 Stream length (Lu) Length of the stream Horton (1945)

6 Meanstream length(Lsm) Lsm=Lu/Nu Strahler (1964)

7 Bifurcation ratio (Rb) (Rb)=Nu/Nu + 1 Schumm (1956)

8 Mean bifurcation ratio (Rbm) Rbm=average of bifurcation Strahler (1957)

ratios of all order
9 Stream length ratio(RL) RL=Lu/(Lu+1) Horton (1945)
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10 Elongation ratio (Re) Re =D/L Schumm (1956)
11 Circularity ratio (Rc) Rc =4nA/P2 Strahler (1964)
12 Form factor (Ff) Ff=A/L2 Horton (1945)
13 Drainage texture (T) T=Dd * Fd Smith (1950)
14 Drainage frequency Fd=Nuw/A Horton (1945)
15 Drainage density (Dd) Dd=Lw/A Horton (1945)

3. Results and Discussion

Geospatial technology (RS & GIS) provided quite specific and accurate results through the morphometric analysis
of watershed. This analysis provided the detailed quantitative evaluation of the watershed and also important
information about the nature of rocks present there and about their hydrological characteristics. Hydrological
characteristics of rocks have great importance for watershed management and morphometric assessment. They
provide the precise knowledge about the drainage characteristics of rocks like its porosity and permeability, aspect
and slope etc. Drainage characteristics of rocks found in basin, affect the flow of water, its distribution and
infiltration capacity of a watershed. Arial and linear aspects for Hab watershed have been calculated. The details of
these parameters are appended below:

3.1 Linear Aspects

All linear aspects of Hab watershed have been calculated from DEM through GIS. Details of the same is listed in
Table 3.

Table 3. Linear Aspects of the Hab watershed

Stream No  of Bifurcation Mean Total length of Mean length of the Length

Order streams Ratio Bifurcation streams(km) streams(km) Ratio
Ratio

1 16752 1.8721 592.89 0.04 0.9991

2 8164 2.051935 290.94

3 2697 3.027067 95.08

4 5018 0.537465 175.80

Total 32631 5.616468 1154.70

3.1.1 Assessment of Tributaries
Order and Number:

As the first step for the drainage assessment, have extracted the streams numbers and orders in a drainage basin.
Historically, Horton (1945), first proposed the concept of stream ordering ( Horton,1945). Strahlar (1952, 1953,
and 1957) modified and simplified his scheme of stream ordering (Strahler,1964). In this study, the Strahlar
method has been adopted because of its simplicity. According to Strahlar (1952), each smallest stream or tributary
is categorized as a first order stream and convergence of two ‘1st order’ tributaries give the 2nd order stream. The
junction of two 2nd order streams gives the third order. The junction of two different orders gives the higher
category number and so on.

Stream order is a significant factor which provides the suggestion regarding the form of the basin and runoff
behavior. The drainage area and stream order of the Hab Watershed has been shown in Figure 3.

Quantitative evaluation shows that basin has fourth order streams and overall measurement lengthwise is 1,154.70
km and it means bifurcation ratio is 1.8721. The stream order and length disparity depends primarily on
lithological variations. The results reflected the heterogeneous character of basin. Basin has dendritic and
semi-dendritic drainage pattern which shows that the Hab watershed has heterogeneous lithology and less
structural influence.
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Figure 3. Stream network of Hab watershed

3.1.2 Stream Characteristics

Total measurement of streams have been done through DEM data with using Horton’s law. according to that
increase in stream order ultimately decreases the stream length. (Horton,1945). The same can be observed through
Table No3.

The overflow from the some parts of the watershed is released through the tributaries, and, other factors being
stable, the time essential for the water to run a given distance is directly proportional to the stream length.

Hydrological characteristics of a rock, like porosity and permeability, can be evaluated through total and mean
stream length and stream ratio parameters. Geology and Physiography of the watershed area have strong effect on
the relationship of these parameters. Total length of stream has been calculated 1,154.70 km and mean length 0.04
km.

3.1.3 Bifurcation Ratio

It is a dimensionless number which demonstrates the ratio between the stream of one and next higher order stream
(Table 2). It is an important measurement of drainage basin which reflects its risk for flooding. High bifurcation
ratio predicts the greater probability of flooding.

Bifurcation ratio has been calculated for Hab watershed. The values vary from 2.05 to 0.5 whereas mean
bifurcation ratio is 1.8721. Variation in bifurcation ratio predicts the less structural influences (Strahler,1957).
Changes in its value be a sign of the change in the geometry of watershed and irregularities of lithology within the
watershed.

3.2 Areal Aspects of Hab Watershed

Different areal aspects for Hab watershed were calculated from DEM through GIS. The prime morphometric
parameters of the basin which affect the spatial distribution of different areal aspects have been calculated. Details
are shown in Table 5.

3.2.1 Elongation Ratio:

It is the ratio of diameter of a circle of the same area of the basin to the maximum basin length (Schumm,1956),
Table 3. According to Strahlar (1957), its value is between 0.6 and 1.0 which relates to diversity of climate and
geology. Index of elongation ratio is instrumental to classify the slopes in a watershed.

Schuman (1956) defined a standard classification of the river basin elongation and later Strahlar interpreted the
same in detail (Table 4).
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Table 4. Standard classification of the river basin elongation (Schuman, Saad, 2012)

Sequence Standard  Classification Stages of the Basin
1 <0.5-0.7 more elongated and Young
elongated
2 0.7-0.9 less elongated and oval ~ Maturity
0.9-0.10  circular Aging

Elongation ratio in present study is computed by the method as proposed by Schumm (1956) and then verified by
a mathematical equation which was presented by Saad-Falah (2013):

R=4*B/C (equation)
Where, R= Elongation Ratio, A = Fixed factor (1.1282), B = Area of the Basin / km?, C = Along the Basin/km.

The results show that the Hab Watershed has 0.35 elongation ratio which classifies the watershed in the more
elongated basin category and predicts that this basin is in the young age category (Table 5).

Table 5. Areal Aspects of the Hab watershed

Parameters Results Description
Basin area (km?) 14385.94km? The basin area is very large
Basin length (km) 555.47 Basin length is very high
Basin perimeter (km) 2439.25 High basin perimeter
Elongation ratio 0.35 More elongated
Form factor 0.046 Elongated shape and flatter peak
Circularity ratio 0.585 Strongly elongated and heterogeneous

Geological structure
Drainage requency  2.26
Drainage density 0.09 more seepage, and less runoff

Drainage texture 0.18 coarse texture

3.2.2 Circularity Ratio

Water flows from its source to mouth where water supply rate to main stream is defined by the drainage basin
shape. Circulatory ratio is the ratio of the basin area and the area of the circle that fitted in the same perimeter as the
basin. Basin structure, its relief, slope and stream morphology directly affect the circulatory ratio.

The basin circularity index is 0.58 (Table 5), which specifies elongated shape of basin and consists of mixed
geological material and structure. elongated and tapered basins of high bifurcation ratio forecasts about low release
for a long time.

3.2.3 Form Factor

It is a dimensionless number. According to Horton, it is a ratio between the basin area and square of the basin
length (Horton,1932).

It predicts about strength of stream flow in a watershed. Its smaller value shows the elongated character of basin.
Its calculated value in recent study is 0.046 which predicts about elongated shape basin (Table 5). Smaller value
and elongated shape of basin are evidence for flatter peak flow for short time period.

3.2.4 Drainage Texture and Drainage Density

Drainage density is a vital and useful index of basin individuality (Gregory and Walling,1968) as it has direct
bearing on the magnitude of stream flow from drainage (Kirby and Chorley, 1967). It states as Q @ Ddn. drainage
density is average extent of stream calculated per unit area within a basin.
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Its value reflects the structural framework of formations with in a basin which is primarily controlled by inclined
slope of the basin. It indicates the runoff travel time. The low drainage density in a basin shows more seepage, and
less runoff. The calculated value of drainage density is 0.08 in the watershed. Drainage texture shows the relative
space between drainage lines. It is controlled by rock material of underlying rocks and their capability of
infiltration and area slope. According to Smith (Sylla, 2012) drainage texture categories are shown in Table (6).

Table 6. Drainage Texture Categories

Range Texture category
<2 extremely coarse
2to 4 coarse
4t06 moderate
6to 8 fine
>8 extremely fine

Value of drainage texture for Hab watershed is 0.18 shows the coarse texture (Table 5). The low value of drainage
density indicates that the region has a leaky and porous subsurface material with low relief.

3.2.5 Drainage Frequency

Drainage frequency of a basin is calculated by the total number of streams divided by the total area of a basin
(Horton, 1932). Drainage density and stream frequency are interrelated values. For the Hab watershed, drainage
frequency value is about 0.09. Drainage frequency of Hab watershed is poor due to its poor stream network.

3.2.6 Relief and relief Ratio
Difference between the highest and the lowest point of the basin is called total relief (Schumm, 1963).

The relation between the total relief of a basin and the maximum distance end to end of the basin equivalent to the
main drainage line is called Relief Ratio (Schumm, 1956).

Relief ratio specifies the gradient of a basin. Flow of surface water will increase on steep land and rate of
percolation will reduce and risk of terrain degradation, erosion and floods will rise. Flat or less vertical land assists
slow river flow which increases the recharge of ground water. Geologically, Hab River forms Hab valley which is
a strike valley found on eastern limb of anticlinal fold of Pab range. geologically, Hab river valley is placed within
the upper Nari formation of Oligocene age. Dip of the bed rock in Hab valley is south-east and about 5°in the upper
reaches but increases up to about 40° in the terrain near Lang Lohari and additionally to downstream along the
river.

Maximum height and mouth height of Hab basin can be seen in Fig 4(a) and relief map in Fig 4(b).

% ‘N\‘?‘-‘

Height (meters)

TIEIT
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Figure 4. Relief map of study Area

3.3 Slope Analysis

The ratio among horizontal and vertical surface, of any area which is shown by the percentage and degree is called
slope. Slope is a vital tool to monitor the relationship of infiltration rate and runoff intensity because infiltration
rate in a basin is inversely proportional to slope. In this study, slope of the basin has been calculated in degrees and
percents by using DEM data in GIS. Short length slope leads to steeply rising hydrograph limb and high discharges
and steep slopes result in more sedimentation in the water body because of increased erosion.

The slope map (Figure 5) of the basin has been grouped into five categories, such as, 0°-8° (gentle), 9°- 17°
(moderate), 18°-23° (steep), 24°-35° (very steep) and above 36° (very steep slope). It is observed that major area of
Hab watershed comes under the category of sharp to extremely sharp and steep slope which specifies its hilly
landscape.

lower portion of study area falls under the gentle and mild gradient category which is considered to be flat
topography and is best suited for the ground water management through support for infiltration. On the other end,
the mountainous topography of a steep slope has a negligible infiltration rate and higher surface and sub-surface
runoff. Therefore, the slope is a most important parameter which directly influences the infiltration and runoff
amount of any terrain condition and has significant control over development of aquifers.

The Hab River flows into the Arabian Sea to the west of Karachi and Hab Dam is about 30 miles north of Karachi.
The storage area, the dam site and the area which is to be irrigated are

on a relatively low elevation below mean sea level (M.S.L) except for the eastern and western flanks of the upper
part of the storage where hills and mountains with elevations between 600 feet to 2,000 feet and on some places it
is high. The terrain is mostly hilly with characteristics even plateaus, “fairly high flanks" of considerable extent.
The elevations of these plateaus generally remain below 300 feet. From the upper side of the basin, the Hab River
flows through a narrow valley but as it stretches downstream, the river flows through broad and low terraces
covered with relatively thin layers of alluvial deposits.

Ridges present in study area are the tributies of Kirthar ranges. These ridges are formed by hard bands of limestone.
Morphology of these ridges can be grouped as hogback and cuesta ridges.
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Figure 5. Slope map of the study area

3.4 Aspects Map Generation

Aspect map has been generated to understand the direction of mountain slope through DEM data. aspect values
vary from 0 to 360. 0 is True North where as 90 is the east facing slope (Figure 6).
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Figure 6. Aspect map of study area

Aspects map are useful to appreciate the impact of sun angle on the climatic conditions of study area. West facing
slope indicates that the afternoon is the hottest time of a day indicating warmer conditions as compared to the east
facing slope. The study area falls within the east and south west facing slope indicating low vegetation cover and
lower moisture content as compare to west opposite gradient.

3.5 Land Use and Land Cover Appraisal of Hab Watershed

Land use and land cover (LULC) evaluation is very important mean for the examination of watershed area.
Diverse man made activities, especially agricultural activities and urbanization have direct impact on it. (Singh et
al, 2012, Nian et al, 2014). Change in water demand for different activities like industrial and agricultural activities
and domestic needs in a watershed can easily be understood by hydrological inferences through land use activities.
Therefore, examination of land use and land cover change pattern has become a main parameter for Hydrological
situation and natural resource management by many researchers (Sylla, 2012, Rawat et al, 2013, Nautiyal, 1994,
Wagner, 2013).

In this study, the assessment of Land use pattern has been extracted with classified Landsat 8 OLI data through
supervised classification technique in Erdas imagine software. Finally, obtained categories mainly include Barren,
Built-Up land, Water Bodies, Cultivated, Vegetation and Open Land (Figure 7).
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Figure 7. Land use and Land cover classes of study area

It is explored that most of the area of Hab Watershed is barren and open land and has mountainous relief. In the
downstream side, close to Hab Dam, most of the area is cultivated and agricultural activities have been observed.
Water bodies have been found with lower drainage density. These aspects indirectly affect the planning process
and future water resource management (Table 7).

Table 7. Land use and Land cover classes of the Hab watershed

CLASS AREA (Km2) PERCENT %
Barren 10,042.29 70

Built-Up 327.5946 2

Water Bodies 201.3264 1

Cultivated 138.9627

Vegetation 560.16 4

Open Land 3,115.84 22

Total 14,386.16 100

3.6 Correlation of Morphometric and Hydrological Characteristics:

For the analysis of hydrological characteristics and water budgeting of study area rainfall and annual inflow data has
also been analyzed covering different time periods. Key aspects are listed in the ensuing paragraphs.

Precipitation directly contributes to hydrological basin in the form of snow and rain. The whole amount of rainfall does
not convert in to flow or runoff. Rainfall data of Karachi and Lasbella has been analyzed being important stations
of study area. (Figure 8 and 9).

11 Published by IDEAS SPREAD



Is.ideasspread.org

Land Science

Vol. 1, No. 1; 2019

Rainfall (mm)
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Figure 8. Annual Average Rainfall (mm) in Karachi
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Figure 9. Annual average rainfall (mm) in Lasbella
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Figure 10. Comparison between annual average rainfall (mm) in Lasbella and Karachil WAPDA, 2010)

Figure 10 reflects that the precipitation history is inconsistent in the study area. precipitation pattern in Lasbella
directly effects the water level of Hab reservoir. Annual rainfall pattern is also not regular in watershed. Pattern
reflects varying trend in different years. Excessive rainfall during some of the years create flood situations and
eventually considering non-availability of insufficient no of water reservoirs in the area along with limited capacity
to store water leads to loss of water in sea (Fig 11).
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Peak Flood (Cfs)

Peak Flood Years (in Cfs) in Hab Reservoir
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Figure 11. Peak flood years of Hab River (WAPDA)

On the other hand, during some of the years there are drought conditions owing to less precipitation. Such extreme
flood and drought situations are likely to further worsen in forthcoming years owing to global warming effects.
Generally, reservoir level minimum/maximum values of Hab Reservoir vary between 300 to 350 feet (Fig 12).

Reservoir Level (Feet)

Reservoir Level(in Feet) during Floods in Hab Reservoir

1984 1989 1992 1994 1995 2003 2007

Years

B Max. ReservoirLevel (Ft) BMin Reservoir Level (Ff)

Figure 12. Maximum and minimum R.L of Hab reservoir for the period of 1984-2004
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History of Hab Reservoir during Major Floods
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Figure 13. Comparison of inflow and outflow from Hab Reservoir for flood years of 1984-2007

Figure 13 shows comparison between inflow & outflow values covering flood years. The graph demonstrates that
there is a direct relation between inflow and outflow and morphological characteristics of watershed which limits
its holding capacity. Because of this reason most of the water available during rains/flood season. This situation
demands that there should be more water reservoirs in the Hab Watershed area with the capacity to store water for
years to avoid wastage of water.

4. Conclusions

Morphometric analysis of Hab Watershed has shown high relief on upper side of watershed and moderate to low
relief in lower area. The shape of watershed is elongated and it is a young age watershed. In the lower portion
stream network is dendritic which indicates less structural influence and homogenous textural characteristics. The
direction of flow of this river indicates that the general gradient of area is directed from NE to SW. Dendritic and
trellis type of drainage pattern is common in overall study area.

Morphometric appraisal of the Hab River watershed based on SRTM DEM evaluation with RS and GIS
technology has proved to be the most powerful and appropriate method for the appropriate understanding of
hydrological constraints of its topographic features. It also indirectly influences the hydrological character of the
watershed. The quantitative morphometric appraisal has a dominant utility for watershed demarcation and water
and soil management for the sustainability of this valuable watershed. This study reveals that:

*  There is huge diversity in availability of water resources of the Hab Watershed. Their availability is very
intermittent both with respect to volume and time.

*  There is massive difference in availability of water resources in different years.

e Storage capacity of Hab Watershed needs to be enhanced not only to capture the water available in monsoon
season but to store water on annual bases as a long term solution.
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