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Remote Sensing in the Evaluation of Morpho-hydrological Characteristics of the
Drainage Basins of the Jojri Catchment
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Abstract Quantitative evaluation of the morphological characteristics of the drainage basins
of the Jojri catchment using remote sensing techniques and ground truth has revealed
that the drainage basin area, drainage density, stream frequency, bifurcation ratio and circularity
ratio influence the surface runoff and peak discharge. The mean annual runoff estimated
for all the drainage basins varies from 7.74 to 106.28 ha m. The relations established between
morpho-hydrological variables have shown that the mean annual runoff is significantly correlated
with drainage basin area, total stream length and first order stream frequency and have

a practical application in basin hydrology.
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In the arid, semi-arid and dry sub-humid areas
of Rajasthan, the drainage basins of different
type and shape occur under different morpho-
geological settings. The quantitative morphologi-
cal characteristics of the drainage basins influence
the runoff intensity and discharge. Accordingly,
the studies on the morphological characteristics
of the drainage basins of the Luni-Jawai and
the west Banas basins to evaluate their surface
runoff potentials were done by Ghose et al. (1967)
and Singh et al. (1971). The pair-wise and multiple
relationships between and/or among the mor-
phological characteristics of the drainage basins
were also established (Singh & Ghose 1973, Singh
1976, Singh et al. 1976). The results of these
studies have indicated that the quantitative mor-

phological characteristics influence the yields of

water and sediment from different drainage
basins. The studies on the above aspects of the

drainage basins have also been done in USA

and other countries by several workers (Maxwell
1955, Morisawa 1957, Schumm 1956).

However, very little work on the evaluation
of the morphological characteristics of the
drainage basins and their mutual relationships,
which influence the runoff intensity and discharge,
have been carried out. In the present paper,
an attempt, therefore, has been made to evaluate
the morphological and hydrological charac-
teristics of the drainage basins of the Jojri catch-

ment and to establish the relation between them
for assessing surface water potentials.

Study area

The Jojri catchment, which forms a part of
the Luni basin and comprises an area of 1310
km? is located between latitudes 26°20' and
26°35' N and longitudes 73°40’ and 73° 51’ E.
The climate of the catchment is characterised
by extréme temperatures during summer months,
high evaporation and wind velocity, and low and
erratic rainfall. About 90% rainfall occurs from
June to September. The average annual rainfall
is 4248 mm and the highest rainfall intensity
observed was 291.1 mm day! on July 17, 1979.
The mean daily evaporation decreases with the
onset of monsoon from about 9 to 10 mm day’!
during June to about 6 to 8 mm day! during

August.

The morpho-pedological characteristics of the
catchment are hills, pediments and younger al-
luvial plains and sand to loamy sand and sandy
loam to loam soils. These morpho-pedological
characteristics have influenced the development
of the drainage network of the Jojri catchment.

Materials and Methods

The drainage map of the Jojri catchment was
prepared from the aerial photographs on 1:25,000
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scale, Landsat and IRS products and Survey of
India topographical maps on 1:50,000 scale. The
boundaries of 13 drainage basins selected for
this study were accurately delineated from aerial
photographs under mirror stereoscope and Zeiss
stereopret which provide three dimensional view
of relief features and ridge lines. These were
subsequently checked in the field (Fig.1). The
stream ordering of different order basins (Fig.
2) was done by using the method developed
by Horton (1945) and modified by Strahler (1964).
The quantitative morphological characteristics of
the drainage basins were computed and tabulated
by using rotameter, electronic planimeter and
calculating machine. The rainfall-runoff estimates
were worked out from daily. rainfall data for
last 70 years and their relationship was established
by US Soil Conservation Service (SCS) model.

I

The correlation coefficient, coefficient of deter-
mination (Rz) and regression equations were
worked out for establishing relations between
morphological and hydrological variables.

Results and Discussion

Morphological Characteristics of the Drainage
Basins

Quantitative morphological characteristics of
the drainage network, measures of the intensity
of dissection and shape factors of the drainage
basins of the Jojri catchment are discussed below.

Characteristics of the drainage network : Basin
area, total number of streams, total stream length,
bifurcation ratio and first order stream frequency

Fig 1 Jojri catchment Location of the drainage basin studied.
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Fig 2 Method of designating 4th order drainage basin

are the characteristics of the drainage network.
The size of the drainage basins varies from 3.1
0 26.1 sq. km. The basin area increases with
he increase in total stream length and influences
he average discharge and peak discharge and
both increase with the increase in area. Total
tream length of all the drainage basins ranges
rom 4.7 to 44.5 km and increases with the increase
n basin area. The streams of shorter length will
esult in more rapid discharge and slower in-
iltration, than the streams of longer length. The
ifurcation ratio and first order stream frequency
Iso affect the discharge and runoff intensity.
'he number of these two geomorphic variables
ary from 3.2 to 5.6 and 1.3 to 4.1 streams ls(m'z2
espectively. The large number of streams km"
rea will enable the runoff to proceed faster
ecause they can carry large amount of water
nd can also discharge it quickly. Similarly, the
umerous first order streams carry stream flow
ut of a basin rapidly and in shortest possible
me.

Drainage density and constant of channel
aintenance are the characteristics of the
casures of the intensity of dissection and also
[ drainage network. The drainage density and
nstant of channel maintenance of the drainage
asins vary from 1.2 to 2.8 km km™; and 0.35
081 sq. km km, respectively. It has been

observed that some basins with impérmeable sub-
surface material, sparse vegetation and high relief
have higher density and closely spaced streams
which will result in a rapid runoff and probably
a large volume of flow.

Circularity and elongation ratios are the char-
acteristics of the shape factors and their values
vary from 0.39 t0 0.79 and 0.52 t0 0.75, respectively.
These two geomorphic variables also affect the
discharge and runoff intensity. It has been ob-
served that 5 drainage basins are more circular
and less elongated and hence there will be rapid
runoff and quick discharge from these basins
than that of less circular and more elongated
basins,

Hydrological Characteristics

Mean annual runoff by SCS model was es-
timated to be 45 mm which is approximately
19 per cent of mean annual rainfall (235 mm).
It has been observed from rainfall data that the
rainfall’is erratic and is not compatible with the
runoff trend. The mean annual runoff estimated
for all 13 drainage basins varies from 7.74 to
106.28 ha m (Table 1). It may be inferred that
the impact of drainage basin on annual runoff
is significant and positive. Taking into considera-
tion the criterion of identification of potential
ground water sites with runoff greater than 35
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Table 1 Mean annual runoff from <rainage basins under

study
Basin Mean Basin area Mean an-
" number annual (kmz) nual runoff
rainfall (ha m)
(mm)

1 54.81 8.800 48.24
2 63.50 9.550 60.64
3 61.21 6.975 42.70

4 67.36 4.152 2797
5 52.88 6.150 3252
6 54.29 19575 106.28
7 45.54 21.350 9733
8 30.03 26.125 7845
9 45.54 7.125 3245
10 25.34 6.075 15.40
11 31.64 4.100 1297
12 2497 3.100 7.74
13 20.46 8.875 18.16

100
Q:=5754>84
r=0-874

MEAN ANNUAL RUNOFF,Q (ham) -
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ha m as suggested by Singh & Sharma (1979),
six drainage basins were identified for water
harvesting. Other drainage basins with- runoff
lower than specified value can only be used for
harnessing the water for human and livestock
consumption,

Relationship Between Morphological and
Hydrological Characteristics

Statistical relationships between morphologi-
cal characteristics and mean annual runoff of
13 drainage basins have been established and
discussed below.

Relation of mean annual runoff (Q) to total basin
area (A) : Mean annual runoff has been plotted
on logarithmic paper against total basin area
(Fig. 3) and a correlation coefficient of 0.874,
significant at one per cent level of probability,
was obtained for this relationship. The coefficient
of determination indicates that 76.4% variation
in mean annual runoff is explained by total basin
area. The standard error of estimate worked
out for this relation from the regression was
15.42%. From the above relation, it can be inferred
that mean annual runoff is increasing with an
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Fig 3 Relation of mean annual runoff to drainage basin area
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increase in the basin area and it has been expressed
by the following equation:

Q= 5754 (1)

Morisawa (1957) and Singh & Sharma (1979)
have also found that the basin area is closely
related to streams flow.

Relation of mean annual unoff (Q) to total stream
length (L) : Mean annual runoff has been plotted
on a logarithmic paper against total stream length
and a relationship between these morpho-
hydrological variables was established (Fig. 4).
The correlation coefficient obtained for this rela-
tion is 0.804 which is highly significant at one
per cent level of probability. The coefficient of
determination shows that 65% variance in mean
annual runoff is explained by total stream length.
The standard error of estimate obtained for this
relation from the correlation coefficient is 18.6%.
It is thus obvious that a positive relation exists
between mean annual runoff and total stream
length and it has been expressed by the following
equation:

Q = 4624 L -(2)
180+

Q=4624"%

1 r=0-804

MEAN ANNUAL RUNOFF, Q(ham )
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Fig 4 Relation of mean annual runoff to total
stream length
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Morisawa (1957) and Singh & Sharma (1979)
have also reported that these two variables are
closely related. to each other.

Relation of mean annual runoff (Q) to first order
stream frequency (F) : Mean annual runoff plotted
on logarithmic paper against first order stream
frequency has indicated that these two morpho-
hydrological variables are correlated with each
other at five per cent level of probability and
21.16 % variance in mean annual runoff is ex-
plained by first ofder stream frequency. The stand-
ard error of estimate of this relation from the
correlation coefficient is 34.39%. It has been
observed that mean annual runoff is negatively
correlated with the first order stream frequency
and it shows that with the increase of one variable
the other variable decreases. This relationship
has been expressed by the following equation.

Q = 9495 E180 .(3)

Morisawa (1957) and Singh & Sharma (1979)

have reported that first order stream frequency
has a close inverse relationship with hydrologic
variable. The mean annual runoff is, however,
poorly correlated with drainage den51ty, circularity
and eclongation ratios due to lower values of
these variables, rapid percolation rate and poor
surface runoff.

Conclusions

Remote sensing tcchmques particularly the
aerial photographs, in conjunction with ground
truth, have been proved very useful in identifica-
tion and delineation of the boundaries of the
drainage basins of the Jojri catchment and also
in evaluating their quantitative morphological
characteristics. In other words, due to the three
dimension view of the relief features on the aerial
photographs under stereoscope, divide lines could
be easily identified and the boundaries of different
drainage basins could be accurately and rapidly
delineated and mapped. The quantitative mor-
phological characteristics and their correlation
with hydrological characteristics significantly con-
tribute in estimating the mean annual runoff and
evaluating the runoff intensity and average peak
discharge from'the drainage basins. It has been
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observed that the drainage basin area, total stream
length and first order stream frequency are sig-
nificantly correlated with mean annual runoff
and they directly influence the development and
distribution of the surface runoff and discharge
of the drainage basins.

It may thus be concluded that the deter-
mination and evaluation of the quantitative mor-
phological characteristics have a significant
practical utility in evaluating and estimating the
hydrological conditions of the drainage basins.
The findings of this study could also be applied
for evaluating the morpho-hydrological charac-
teristics of the other drainage basins provided
they are situated under similar climatological and
morpho-geological conditions.
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