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Abstract:

Morphometric analysis is important in any hydrological investigation and it is inevitable in
development and management of drainage basin. A critical evaluation and assessment of
Morphometric parameters and prioritization of Sub Basins based on Basin Morphometry of Karha
River have been achieved through measurement of linear, aerial and relief aspects of sub basins by
using GIS techniques.

Karha River is a 7" order stream with a basin area of 1357.4 km’.This analysis is mainly
confined to 19 sub basins. Morphometric indices like stream ordering, bifurcation ratio, stream
length, drainage density, stream frequency, form factor, Circularity ratio, relief ratio have been
worked out for all these 19 sub basins of Karha River. Factors considered for watershed prioritization
are: bifurcation ratio, drainage density, stream frequency, form factor, circularity ratio. Sub
watershed like Sb1, Sb2, up to Sb19 have been assigned to carried out Morphometric analysis for the
Watershed development.
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Introduction:

A watershed is the surface area drained by a part or the totality of one or several given water
courses and can be taken as a basic erosional landscape element where land and water resources
interact in a perceptible manner. In fact, they are the fundamental units of the fluvial landscape.
Morphometric analysis of a watershed provides a quantitative description of the drainage system,
which is an important aspect of the characterization of watersheds (Strahler, 1964). Morphometric
analysis refers to the quantitative analysis of form, a concept that encompasses size and shape. The
morphometric assessment helps to elaborate a primary hydrological diagnosis in order to predict
approximate behavior of a watershed if correctly coupled with geomorphology and geology (Esper
2008). The hydrological response of a river basin can be interrelated with the physiographic
characteristics of the drainage basin, such as size, shape, drainage density and size, and length of
the streams, etc. (Chorley 1969, Gregory and Walling 1973). Hence, morphometric analysis of a
watershed is an essential first step, toward basic understanding of watershed dynamics.

Study area

Karha river basin is situated in the Purandar and Baramati block of Pune district in
Mabharashtra State and is located at 18° 15' 45' to 18° 22" 48” N latitude and 73° 52'40” to 74° 2' E
longitudes. It is included in toposheet no. 47F/15, 47 J/3, 471/4, 471/7, 471/8, 471/11 and 47J/12 of
Survey of India.

27




P. Gaikwad' V. Nagarale

LOCATION MAP OF THE STUDY AREA

INDIA MAHARASHTRA

Methodology

The Survey of India Toposheet numbers 47F/15, 47 J/3,471/4,471/7,47)/8,47J/11 and 47J/12 on the
scale of 1: 50,000 were used for the present study. Stream ordering method as suggested by the Strahler
has been employed. The different morphometric parameters have been calculated by using formulae.
For stream ordering method suggested by Strahler (1952) has been used.For the preparation of Basin
Priority map Composit score has been calculated. Reliefaspect has been calculated from DEM.
Linear aspect

Stream Orders:

The first step in drainage-basin analysis is designating of stream orders. There are different methods of
designating the stream order, however, the modified method of Strahler (1952) is adopted for the
present analysis, and the number of segments of each order is tabulated in table no. 01. The main
stream through which all the discharge of water is carried is the stream of highest order. Stream orders
has been calculated for all basins and SB-3 is 7" order basin wich have hiest oreder as compare to other
basins. There are 5 sub basins observed having only 4" order as hiest order in the study area. There is
decrease in stream segments with increase in stream orders for all sub basins.
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Table-1: stream orders

SUB BASIN NO. STREAM ORDERS
1™ 2nd 3rd | 4th | Sth 6th | 7th TOTAL NO. OF STREAM
SB-1 148 56 14 5 1 0 0 224
SB-2 165 77 9 1 0 0 0 252
SB-3 431 78 25 8 6 5 1 554
SB-4 505 134 32 16 7 1 0 695
SB-5 273 62 12 3 3 1 0 354
SB-6 215 54 13 4 1 0 0 287
SB-7 382 86 18 4 2 1 0 493
SB-8 311 70 21 5 1 0 0 408
SB-9 203 58 17 3 1 0 0 282
SB-10 300 81 65 58 24 1 0 529
SB-11 150 57 40 31 14 1 0 293
SB-12 171 43 27 12 4 1 0 258
SB-13 61 15 4 2 1 0 0 83
SB-14 58 16 6 3 1 0 0 84
SB-15 73 21 4 1 0 0 0 99
SB-16 89 25 6 1 0 0 0 121
SB-17 306 67 14 1 0 0 0 388
SB-18 240 54 12 8 1 0 0 315
SB-19 154 56 12 11 0 0 0 233

Bifurcation Ratio (Rb):

It is the ratio of number of streams of any given order to the number of streams in the next lower order
(Horton, 1945).. In the Karha river basin bifurcation ratio ranges from 2.13 to 8.12.There are 4 basins
having the bifurcation ratio more than 5 namely SB-10, SB-11 and SB-17 it means that there is strong
geological and structural control. All other basins are in range of 2-5 so they are in normal condition.
The mean bifurcation ratio value tells that how many times as many channel segments to any given
order as of the next higher order. The average bifurcation ratio of the basin reveals that there appears to
be strong geological control in the development of the drainage.

Rb=Np/Np+1
Where,
Rb=Bifurcation Ratio
Np =number of segments of a given order
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Np +1=number of segments of the next higher order
Table-2: bifurcation ratio

BIFERCATION RATIO

SBNO.] 1st/2nd] 2nd/3rd | 3rd/4th[4th/5th | 5th/6th [ 6th/7th | Br | MEAN Br
SB-1 264 | 400 | 2.80 | 5.00 0 0 14.44 3.61
SB-2 214 | 856 | 9.00 | 0.00 0 0 19.70 4.92
SB-3 553 | 3.2 | 3.3 | 133 1.2 5 19.30 4.83
SB-4 377 | 419 | 200 [ 2.29 7 0 19.24 4.81
SB-5 440 [ 517 | 4.00 [ 1.00 3 0 17.57 4.39
SB-6 398 | 415 | 325 | 4.00 0 0 15.39 3.85
SB-7 444 | 478 | 450 | 2.00 2 0 17.72 4.43
SB-8 444 | 333 | 420 | 5.00 0 0 16.98 424
SB-9 350 | 341 567 | 3.00 0 0 15.58 3.89
SB10| 370 [ 125 112 | 242 24 0 32.49 8.12
SB11| 263 | 143 129 | 221 4 0 21.56 539
SB12| 398 | 159 | 225 | 3.00 4 0 14.82 3.70
SB-13| 407 | 3.75 | 2.00 | 2.00 0 0 11.82 2.95
sB14| 363 | 267 | 200 | 3.00 0 0 11.29 2.82
SB15| 348 | 525 | 4.00 | 0.00 0 0 12.73 3.18
SB16| 356 | 417 | 600 | 0.00 0 0 13.73 343
SB-17| 457 | _4.79 | 14.00 | 0.00 0 0 2335 5.84
SB-18| 444 | 450 1.50 | 8.00 0 0 18.44 4.61
SB19| 275 | 4.67 1.09 | 0.00 0 0 851 2.13

Stream lengths (Lu)

The stream length has an important relationship with the surface flow discharge, longer the
length slower the appearance of flood and larger the surface flow. The total lengths of all stream orders
are shown in table.

Table-3: stream length

Stream length

No. Of mean

SB NO stream 1st 2nd 3rd 4th Sth 6th 7th Total length SL
SB-1 224 93.95 29.84 13.40 10.94 148.13 0.66
SB-2 252 86.22 27.54 8.77 11.56 134.09 0.53
SB-3 554 207.52 37.65 30.47 14.85 10.37 7.20 2.40 310.46 0.80
SB-4 695 285.63 78.79 41.51 31.96 14.08 8.10 460.07 0.66
SB-5 354 173.84 49.16 22.32 15.30 14.75 275.37 0.96
SB-6 287 111.98 44.50 13.44 10.71 11.91 192.54 0.67
SB-7 493 210.63 60.33 39.64 20.21 10.15 340.95 0.69
SB-8 408 163.05 54.07 30.05 25.08 69.98 342.22 0.84
SB-9 282 111.32 33.52 22.59 13.12 2.92 183.47 0.65
SB-10 529 170.91 66.72 26.25 44.00 37.69 345.57 0.65
SB-11 293 83.31 20.98 27.80 43.83 7.21 183.13 0.63
SB-12 258 98.69 45.68 20.17 13.29 10.97 188.81 0.73
SB-13 83 39.14 8.63 17.05 3.77 0.09 68.67 0.83
SB-14 84 29.40 12.86 15.39 5.79 1.10 64.53 0.77
SB-15 99 48.95 16.85 15.64 3.42 84.87 0.86
SB-16 121 54.49 31.25 10.26 5.56 101.55 0.84
SB-17 388 182.10 51.28 28.49 15.49 277.36 0.71
SB-18 315 136.80 43.59 19.80 13.47 5.50 219.16 0.70
SB-19 233 103.70 25.01 13.43 8.02 150.16 0.64
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Basin Perimeter:

Basin perimeter is an important linear aspect of the morphometry. It can be defined as the
length of the water divide of the catchment area of the basin. It is also the determinant factor of the size
of the drainage basin. The basin perimeter of Karha sub basins ranges between 21.40 to 67.11 Km for
SB-13 and SB-17 respectively.

Table.4: basin perimeter.

SB NO. | PERIMETER (Km)
SB -1 55.84
SB -2 34.60
SB -3 43.77
SB -4 62.60
SB -5 20.38
SB -6 41.68
SB -7 58.74
SB -8 46.35
SB -9 34.60
SB-10 48.60
SB-11 32.83
SB-12 37.18
SB-13 21.40
SB-14 19.96
SB-15 22.37
SB-16 29.77
SB-17 67.11
SB-18 42.97
SB-19 64.53

Areal aspects:
Drainage Area (A):

Basin area is the direct outcome of the drainage development in a particular basin. The
drainage area (A) is probably the single most important watershed characteristic for hydrologic
design. It reflects the volume of water that can be generated from rainfall.
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Drainage Density (D):

Drainage density is an important factor affecting the flow, infiltration capacity etc. Itis defined
as the ratio of the total length of channels of all orders in a basin to the area of the basin. It is an average
length of channel per unit area of the drainage basin. According to Horton, drainage density is the
length of streams per unit of the drainage area. Here it is derived by using the formulai.e.

D=>Lu/Au
Where,
D =Drainage Density,
2. Lu = total length cumulated for each stream order within a given
basinareaAu.
The drainage density of Karha sub basins is ranges between1.87 t08.60. The density is high for the SB-
3,SB-4,and SB-10 due to the regions of weak or impermeable surface materials and sparse vegetation.

Stream Frequency:
Stream frequency is defined as the number of streams per unit area in a drainage basin. It is also
computed by the formulai.e.
F=2>Nu/Au
The stream frequency of SB-5,SB-11 and SB-10 is above 6, so the texture of the drainage net is of good
quality.
Table: 5- various areal aspects

Drainage Density
SB NO. | Areain sq.km (Km/Sq.km) Stream Frequency
SB -1 79.25 1.87 2.83
SB -2 55.69 241 4.53
SB -3 80.29 5.52 3.16
SB -4 152.81 6.12 4.55
SB -5 103.08 2.67 6.74
SB -6 76.15 2.53 3.77
SB -7 124.58 2.74 3.96
SB -8 88.32 3.87 4.62
SB -9 53.10 3.46 5.31
SB-10 86.77 8.60 6.10
SB-11 38.33 4.78 7.64
SB-12 57.76 3.27 4.47
SB-13 23.03 2.98 3.60
SB-14 18.52 3.48 4.54
SB-15 28.23 3.01 3.51
SB-16 39.89 2.55 3.03
SB-17 101.79 2.72 3.81
SB-18 76.15 2.88 4.14
SB-19 73.30 2.05 3.18
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Circularity Ratio:

The circularity ratio and form factor are the measurements to analyze the outline form of the
basin. The circularity ratio is the ratio of the basin area of a circle having the same perimeter as the
basin. The value of these ratio approaches 1 as the shape of the basin approaches a circle. It is

calculated from the following relationship:

other basins are not circular in shape.

Form Factor:

RC =Areaofbasin/Area of Circle=4n A/ P’
The circularity ratio of SB-5 is 0.93. Therefore it is circular shaped basin because value is close to 1.All

Horton (1932) suggested the 'form factor' which can be expressed as:
F=A/L’
Ifthe 'F' value is higher, then the basin shape is more circular.

Relief aspects:

SB NO | Length | Width | Form factor | Circularity ratio
SB -1 4.15 20.7 4.60 0.32
SB -2 6.95 9.42 1.15 0.58
SB -3 7.83 12.6 1.31 0.53
SB -4 13.1 15.5 0.89 0.49
SB -5 8.99 11.4 1.28 0.93
SB -6 6.14 14.9 2.02 0.55
SB -7 8.63 15.9 1.67 0.45
SB -8 11.1 11 0.72 0.52
SB -9 6.92 10.4 1.11 0.56
SB-10 12.2 7.65 0.58 0.46
SB-11 10.5 4.1 0.35 0.45
SB-12 8.62 5.83 0.78 0.53
SB-13 4.26 5.27 1.27 0.63
SB-14 3.04 7.9 2.00 0.58
SB-15 3.99 6.83 1.81 0.71
SB-16 5.53 7.24 1.30 0.57
SB-17 23.4 6.52 0.19 0.28
SB-18 13.6 7.18 0.41 0.52
SB-19 22 342 0.15 0.22
[Em oF KaRna DRAINAGE BASIN |

Height in meters
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The parameters converging the relief aspect of the basin and channel network are as
follows:
Basin Relief (H):
Relief of a basin is the maximum vertical distance from the stream mouth to the

highest point on the divide.
Relief Ratio (Rh):

Reliefratio is the ratio between total basin relief (i.e., difference in elevation of basin mouth and
summit) and basin length, measured as the longest dimension of the drainage basin. It is calculated by

using formula as:
Rh=H/Lb

SB NO | Area in sq.km Basin Relief| LB RR

SB-1 79.25 85.87 4.15 | 20.6915663
SB-2 55.69 65.94 6.95 | 9.48776978
SB-3 80.29 93.1 7.83 11.890166
SB-4 152.81 97.45 13.1 7.4389313
SB-5 103.08 179.8 8.99 20

SB-6 76.15 138.83 6.14 | 22.6107492
SB-7 124.58 146.25 8.63 | 16.9466976
SB-8 88.32 254.2 11.1 | 22.9009009
SB-9 53.10 200.53 6.92 | 28.9783237
SB-10 86.77 265.48 12.2 | 21.7606557
SB-11 38.33 264.88 10.5 | 25.2266667
SB-12 57.76 473.79 8.62 | 54.9640371
SB-13 23.03 277.7 426 | 65.1877934
SB-14 18.52 255.56 3.04 | 84.0657895
SB-15 28.23 243.47 3.99 | 61.0200501
SB-16 39.89 134.6 5.53 | 24.3399638
SB-17 101.79 105.4 23.4 | 4.5042735
SB-18 76.15 86.05 13.6 | 6.32720588
SB 19 73.30 94.04 22 4.27454545

Basin prioritisation

FACTORS FOR SUB BASIN PRIORITISATION
Area
in stream | stream form | Bifurcation| Drainage |circularity | COMPOUND
SBNO| sq.km | Basin Relief| order | frequency|factor| ratio Density (km) ratio SCORE
SB-1 79.25 85.87 224 2.83 4.60 3.61 1.87 0.32 50.29
SB-2 55.69 65.94 252 4.53 1.15 4.92 241 0.58 48.40
SB-3 80.29 93.1 554 3.16 1.31 4.83 5.52 0.53 92.84
SB-4 152.81 97.45 695 4.55 0.89 4.81 6.12 0.49 120.26
SB-5 103.08 179.8 354 6.74 1.28 4.39 2,67 093 81.61
SB-6 76.15 138.83 287 3.77 2.02 3.85 2.53 0.55 64.34
SB-7 124.58 146.25 493 3.96 1.67 4.43 2.74 0.45 97.13
SB-8 88.32 254.2 408 4.62 0.72 4.24 3.87 0.52 95.56
SB-9 53.10 200.53 282 5.31 1.11 3.89 3.46 0.56 68.74
SB-10 86.77 265.48 529 6.10 0.58 8.12 8.60 0.46 113.14
SB-11 3833 264.88 293 7.64 0.35 5.39 478 0.45 76.85
SB-12 57.76 473.79 258 4.47 0.78 3.70 3.27 0.53 100.29
SB-13 23.03 277.7 83 3.60 1.27 2.95 2.98 0.63 49.40
SB-14 18.52 255.56 84 4.54 2.00 2.82 3.48 0.58 46.44
SB-15 28.23 243.47 99 3.51 1.81 3.18 3.01 0.71 47.86
SB-16 39.89 134.6 121 3.03 1.30 3.43 2.55 0.57 38.30
SB-17 101.79 105.4 388 3.81 0.19 5.84 2.72 0.28 76.00
SB-18 76.15 86.05 315 4.14 0.41 4.61 2.88 0.52 61.22
SB-19 73.30 94.04 233 3.18 0.15 2.13 2.05 0.22 51.01
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Conclusion:

In the present study various parameters representing the geomorphologic characteristics of a
basin covering the linear, areal and relief aspects have been discussed together with the mechanics of
their determination. In the Karha river basin bifurcation ratio ranges from 2.13 to 8.12.There are 4
basins having the bifurcation ratio more than 5 namely SB-10, SB-11 and SB-17 it means that there is
strong geological and structural control. All other basins are in range of 2-5 so they are in normal
condition. The circularity ratio of SB-5 is 0.93. Therefore it is circular shaped basin because value is
close to 1.All other basins are not circular in shape.

Basin priority map shows three categories of priority which are Low, High and Medium
respectivly.SB-13,15 and SB-9 have Low priority for the development. All other basins are comes
under high and medium priority class.
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