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Abstract

The study has been carried out in the upper catchment area of Kumari river basin in the eastern part of India. The main aspiration
of the study was to examine the linear, areal, and relief aspect of morphometric parameter of third order sub-basin for geo-
hydrological studies, with the help of geospatial technology. Here 64 third order basin has been considered for morphometric
analysis. Analysis of morphometry of drainage basin plays a significant role to understand the geo-hydrological behaviour of that
particular drainage basin. The result has revealed that maximum sub-basin has highest first order stream and it decreases as order
increases. Also similar result we show on stream length. From the shape parameters it was revealed that maximum sub-basins were
more elongated where value was > 0.5 (R. = 0.25 to 0.49). The areal and relief parameters have been shown that maximum sub
basin has high discharge of runoff in short span of time and impermeable sub-soil, hard rock material condition, moderate to low
infiltration capacity, poor groundwater resource. The study exposed that morphometric analysis upon integrated RS & GIS
technique is a capable tool for geo-hydrological studies. Also this type of work very useful for planning of groundwater potential
areas, watershed management and environmental assessment.
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1. Introduction
Morphometry refers to the mathematical-statistical analysis of
configuration of the earth’s surface, shape and dimension of

assigning Universal Transverse Mercator (UTM), World
Geodetic System (WGS 1984) and 45N Zone Projection
system. We have wused conventional techniques of

its landforms ™ 2- A basin of morphometric characteristic is
fundamental to understand the various hydrological behaviour
or process Bl A river basin is a natural hydrological unit ™.
Therefore, morphometric analysis of a basin is a useful and
prefers to get to know the hydrological condition of that
particular place. The morphometric analysis of a particular
drainage basin is paramount important for hydrological
investigation like groundwater management, assessment of
groundwater potential and environmental assessment [,
Geospatial techniques are being increasingly used for analysis
of spatial information and morphometric parameters ! of the
drainage basin. Because in recent times this technology known
as efficient, rapid tools and provide a flexible environment [,

The objective of the present study was to examine the linear,
areal and relief aspect of morphometric parameter of third
order sub-basin of upper catchment area of Kumari river basin
in eastern part of India using geo-spatial technology. Here
morphometric analysis and GIS give us sagacity of different
geo-hydrological characteristics of the third order drainage
basin.

2. Materials and Methods

For the fulfilment of present study, we have used topographic
maps which nos. were 73 1/4, 1/8, 1/12 and 73 J/1, J/5, J/9 on
the scale 1. 50000. Topographic maps were rectified
geographically and whole study area was delineated in GIS
environment with the help of ArcGIS 10.2.1 software

morphometric analysis of different aspects i.e. linear aspect,
areal aspect, relief aspect. The drainage network of the basins
was digitised from scanned SOI Topographical sheets (refer to
above said topographic sheet nos.) and after the digitisation, it
was updated from LISS IV MX image and all works done in
GIS platform. Here 64" 3™ order basins have been carried out
for morphometric analysis using standard mathematical
formulae given in the table 1. Present day advance Geographic
Information System and current computer technology has
been used for assessment of the drainage basin morphometry
(See Flow Chart in Fig 1).

Data l
Ancillary Data Satellite Image
(Topographical Map Nos. 731/4, I/8, (IRS P6 LISS IV MX)
/12 and 73 J/1, /5, 1/9)

==
Digitization Data Updated
(ArcGIS 10.2.1 Used) "

Standard Mathematical Formulae
(Detail in Table 1), GIS & Current Computer
Techniques Used

o

Analysis of Linear Aspect, Areal Aspect, Relief Aspect ‘

Fig 1: Flow Chart of Methodology (Modified after Mondal, 2013 [61)
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2.1 Study Area

The study area was a part of Chhotanagpur plateau [l and
situated in the upper catchment of Kumari River basin which
located in part of Baghmundi, Balarampur, Barabazar,
Manbazar 1, Purulia I blocks of Purulia District, West Bengal
and part of Borma and Patmda blocks of Singhbhum District,

Jharkhand. The upper catchment of Kumari river basin
surrounded by 22° 52' 13.7" N to 23° 14' 7.83" N latitude and
86° 9' 42.46" E to 86° 31' 13.68" E longitude (Fig. 2) and it is
covered in the SOI Topographical sheet numbers 73 1/4, 731/8,
73 1/12 and 73 J/1, 73 J/5, 73J/9 on 1:50000 scale. Total area
of the present study is 833sg. km and the perimeter is 157 km.
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Fig 2: Location Map of the Study Area

Table 1: Morphometric Parameters

Morphometric Parameter | Formula / Definition | Reference
LINEAR ASPECT
Stream Order (Su) Hierarchical Rank (8]
Stream Number (Nu) Nu =N1+N2...Nn 1]
Bifurcation Ratio (Rb ) Rb=Nu / Nu+1 Where, Nu denote Number of stream segments present in the given order, I8, 10]

Nu+1 denote Number of segments of the next higher order

Weighted Mean Bifurcation
Ratio (Rbw)

Rbw=Rbl xnl +Rb2xn2+.../nl +n2 + .....

[

Stream Length (Lu)

Length of the all streams

(81

Mean stream length (Lsm)

Lsm=Lu/Nu; Where, Lu denote Mean stream length of a given order (km), Nu denote Number
of stream segment.

(1

Stream lengthRatio (RL)

RL=Lsm/Lsm-1, Lsm denotes mean stream length of one order (u), Lsm-1 denotes the stream
length of its next lower order.

(9]

AREAL ASPECT

Dranage Density (Dd)

Dd= Total length of streams/ Area of basin

(91

Drainage Frequency (Df)

Df= Total number of stream segment / Area of basin

[

Drainage Texture (Dt)

Dt= Number of stream in a given order/perimeter

[

Infiltration Number (Dn)

Dn= Drainage Density x Drainage Frequency

[11]

Drainage Intensity (Di)

Di= Drainage Frequency / Drainage Density

[11]

Length of Overland Flow
(Lof)

Lof=A/2xLu or 1/2Dd where, Dd=Drainage density

(9]

Elongation Ratio (Re)

Re= V(A/m)/Lb, where, A=Basin Area, Lb=Maximum basin length

[10]

295



International Journal of Advanced Research and Development

Circularity Ratio (Rc)

Rc=4nA/ P? where, A = Basin area (Km?) and P= Perimeter of the basin(Km)

[12]

Form Factor (Ry)

Rs= A/Lb2 Where, A = Area of the basin and Lb = Maximum basin length 9]

Shape Index (Sw)

Sw = Lb?/A; where, Lb=Basin length; A=Area of basin ]

RELIEF ASPECT

Relative Relief (H)

Relative Relief=Maximum Altitude — Minimum Altitude

[10]

Relief ratio (Rh)

Rh =H / Lb Where, H=Basin relief, Lb=Max. Basin length

[10]

Ruggedness Number (Rn)

Rn= (Relative Relief x Drainage Density)/K where, K=1000 for km/km?

[10]

Dissection Index (DI)

DI=Relative Relief/Maximum Altitude

[12, 13]

Area

Calculated in GIS 833 km?

Perimeter

Calculated in GIS 157

3. Results & Discussion

3.1 Linear Aspects

3.1.1 Stream Order (Su) and Stream Length (Lu)

In the present study, hierarchical ranking of stream that means
stream order (Su) has been carried out and it was based on the
method proposed by Strahler (1964) 81 and stream length (Lu)
has been calculated on the method proposed by Horton (1945)
and both are delineated with the help of ArcGIS 10.2.1
software. Stream ordering is the first step of the basin
morphometry. The study brought out that upper catchment of
Kumari river has 7" order river (Fig 4). After field verification
and update from LISS IV MX image upper catchment of
Kumari basin has 64th third order river. The stream order of

the upper catchment of Kumari basin have been calculated
according to the stream ordering system by Strahler (1964) (€1,
The number of stream segment of the order presented in the
table 2. And this table show that the all sub basin has
maximum first order stream and it decreases as order
increases. Out of the 64" third order basin 39" third order
basin has largest stream number (55) and maximum stream
length 22.22 km. 18", 49" 62" 64" (Fig. 3) number sub
basin has lowest number of stream. Stream length is a
sequential development of stream segments including tectonic
trouble 2, ®1, In the 8" number of sub basin has lowest length
of stream which was 3.45 km.
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Fig 3: Total stream length and total number of stream of each 3" order sub basin

3.1.2 Mean stream length (Lsm)

The mean stream length of a stream has a dimensional aspect
which reveals the characteristic size of a drainage network and
shape of basin [2 5 & 14 Mean stream length of Kumari river
basin reveals an increasing trend with increasing stream order

(Fig. 5). 39" and 36" third order basin has highest value
respectively 0.15 to 10.87 and 0.13 to 10.9. Lower value of
mean stream length reveals that the higher number of stream
segment in that particular order and vice versa. Drainage
pattern of the basin area is chiefly dendritic to sub-dendritic.
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Fig 5: Mean Stream Length Vs Stream Order

3.1.3 Stream Length Ratio (RL)

Stream length ratio is the ratio of the mean stream length of a
given order to the mean stream length of next lower order.
Stream length ratio has been paramount important relationship
with water discharge erosion stage of basin and surface flow
2. The values of stream length ratio of 64" third order basin
was very chaotically. 20", 30, 39t 52t and 61 number of
third order sub basin was high value respectively 6.57 to 0.46,
4.76t0 0.51, 3.05t0 23.42, 1.48 to 19.63, 0.58 to 11.47.

3.1.4 Bifurcation Ratio (Rb) and Weighted Bifurcation
Ratio (Rbw)

Bifurcation ratio is interrelated to the branching pattern of a
drainage network. It can be defined as the ratio between the

total numbers of stream segment of one order to that of the
next higher order in a drainage basin . Low Rb value points
out that poor structural disturbance and where the drainage
patterns have not been misshapen, where high Rb values point
out that high structural complexity and low permeability of the
topography 3. Here different sub basins have different values
and maximum third order basin has high Rb value, which
indicates that there was potential for flash flood during heavy
rainfall. Among the 64™ third order sub basin 4, 7t 10, 11t",
17, 23, 30™ 39" 53¢ 61 has highest value, and
respectively 6.00 to 2.00, 4.00 to 2.00, 6.00 to 2.00, 3.17 to
6.00, 2.60 to 5.00, 4.00 to 2.00, 4.50 to 2.00, 4.57 to 7.00, 4.40
to 10.00, 3.25 to 4.00, 3.00 to 4.00 (Table 2); these values
indicate that those sub basins have highest potential for flash
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flood during heavy rainfall.

The weighted bifurcation ratio is an index of the more
representative bifurcation ratio for apiece successive pair of
orders which get from multiplying the bifurcation ratio for
apiece successive pair of stream orders by the total number of
streams involved in the ratio and then dividing the sum of
these values by the sum of the total number of stream
segments involved in apiece pair 1. Weighted bifurcation ratio
of sub basin number 4%, 10" 20, 34%, 36M, 37, 38", 39t
value was respectively 5.07, 5.07, 5.53, 4.43, 4.88, 4.14, 5.53,
5.54 (Table 2) these value result indicates mature stage of the
sub basin 161,

3.2 Areal Aspect

3.2.1 Drainage Density (Dd)

Drainage density can be defined as the ratio between the total
lengths of stream in a particular basin to the total area of that
particular basin !4, Drainage density depicts that closeness
of the spacing of stream channel. In the upper catchment area
were generally high drainage density, also third order sub
basin was high drainage density. Among the 64" third order
basin, basin number 1%, 31, 61, 8, 9t 10, 11t 12! has the
very high drainage density, that means north western part of
the upper catchment area were very high drainage density and
rest of the area moderate to low drainage density.

3.2.2 Drainage Frequency (Df) and Drainage Intensity (Di)
According to Horton (1945) drainage frequency is defined as
the ratio of the total number of stream segment to the basin
area. In the upper catchment area of the Kumari river basin
has been laying on hard crystalline rock. In the study area
drainage frequencies were very high. North western and
western part of the upper catchment area of river basin has
highest frequency. Among 64™ third order sub basin 1%, 39,
5th’ Gth, 8th, 9th, 10th, 1lth, 12th’ 13th’ 28th, thh, 315t, 32nd’ 40th
number of sub basin has very high drainage frequency and rest
of third order basin high to moderate drainage frequency.
These higher values of drainage frequency indicate that the
sub basins were laying on hard crystalline rock where
permeability is low, sloppy topography and higher relief.
Owing to impermeable sub surface material the infiltration
capacity was low and simultaneously surface runoff was high,
drainage frequencies were high.

Drainage intensity denotes to the ratio between the drainage
frequency and drainage density . From the table 3, it was
observed that drainage intensity value ranges from 0.69 to
2.61.

3.2.3 Drainage Texture (Dt)

Drainage texture is another paramount important drainage
parameter as well as unique concept of geomorphology which
indicates that the relative spacing of drainage lines [ 4l also
depend on a number of physical factors which are relief, rock
type, soil type, climate, vegetation, infiltration capacity
(1715141 Drainage texture defines as the total number of all
streams in given basins to that particular basin perimeter [,
Drainage texture indicates the underlying rock system and
infiltration capacity of basin for these reason drainage texture
is a paramount important for morphometric analysis. From the
table 3, it was observed that overall drainage texture was high

which indicate low infiltration, high relief with very low
permeability and among the 64™ third order sub basin 39, 6%,
gth, ot 10, 11t 12t 13t 28t 36, 37t 39" 40" number of
third order basin has been higher value respectively 1.61, 1.74,
1.82,2.14,1.61, 2.79, 1.57, 1.69, 1.76, 1.5, 1.90, 1.50.

3.2.4 Infiltration Number (Dn)

Infiltration number can be defined as the outcome of drainage
density and drainage frequency production 4, And we have
been known infiltration characteristics of a basin from the
result of infiltration number. The higher rate of infiltration
number indicates that higher runoff and low infiltration of that
particular basin 1, From the table 3, it was observed that the
overall infiltration number was high and among the 64" third
order sub-basin, 1%, 31 4th 5th gth 7th gth gth 1t 17t 12t
13t 271 28t 29t 30t 31, 32", 40™ number of sub basin
was very high and rest of the sub basin moderate to low. From
the analysis of infiltration number, it indicates that the area
has impermeable of soil and runoff were high.

3.2.5 Length of Overland Flow (Lof)

Horton’s (1945) view on length of overland flow is to the
length of the run of the rainwater on the ground surface before
it is localized into particular channel. Length of overland flow
depends on basin geology, and their climatic condition,
vegetation cover and different physiographic features [,
Sometimes it is just about equal to half the reciprocal of
drainage density 8% and reciprocally to the average slope of
the channel . Length of overland flow is one of the most
paramount important autonomous variables which affects both
hydrologic and physiographic development of drainage basin
(21, Overall third order sub basin it was observed that the slope
was steep to moderate and surface runoff was high. Amon the
64" third order sub basin, 2", 15M, 16, 17, 20, 215, 22",
25th, 34th' 36th, 37th, 38th, 39th' 45th' 47th’48th’ 49th’ 515t, 52nd,
531, 551 56", 57 58" 591 61t 62", 63 number basins
have very high value respectively 0.47, 0.37, 0.39, 0.37, 0.41,
0.46, 0.40, 0.40, 0.41, 0.63, 0.46, 0.51, 1.04, 0.43, 0.41, 0.39,
0.38, 0.40, 0.54, 0.39, 0.41, 0.46, 0.50, 0.46, 0.54, 0.36, 0.51,
0.40. these values indicate that slopes were steep to moderate
and surface runoff was high.

3.2.6 Form Factor (FF)

Form Factor (Ff) refers to the ratio of basin area to the square
of basin length and it was proposed by Horton (1945). Form
factor always points out the flow intensity of a basin of a
defined area ' and for the perfectly circular basin, the value
of form factor is always not more than 0.754 [*l. It was
observed that (from table 3) the basin no. 2", 5%, 7t gt 13t
151h, 17th’ lgth, 20th, 23rd, 25th, 28th’ 29th, 35th, 37th, 39th’ 43rd’
51%, 531, 55t 58t 621d 63 has high value of form factor
respectively 0.69, 0.46, 0.57, 0.69, 0.43, 0.43, 0.50, 0.54, 0.45,
0.42, 0.40, 0.49, 0.40, 0.41, 0.65, 0.68, 0.49, 0.48, 0.51, 0.43,
0.67, 0.60, 0.75, 0.61 which was indicated moderately high
peak discharge for short duration. Remaining sub basin has
moderately less discharge with longer duration.

3.2.7 Elongation Ratio (Re)
The shape or form of the basin area is expressed by elongation
ratio %), Elongation Ratio refers to the ratio between the
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perimeter of a circle with the same area as basin and
maximum basin length %, Elongation ratio can be classified
into some groups that is Circular (>0.9), Oval (0.9-0.8), less
elongated (0.8-0.7), elongated (0.7-0.5), and more elongated
(<0.5). From the table 3, it was observed that all third order
sub basins were more elongated in shape. Among the 64%
third order basin some sub basins were more elongated such
as basin number 1%, 31, 21st, 22 24t 27t 30t 33, 36"
50" and the value of such sub basins were respectively 0.28,
0.27,0.28,0.29, 0.29, 0.28, 0.29, 0.29, 0.29, 0.27, 0.27.

3.2.8 Circularity Ratio (Rc)

The circularity ratio refers to the ratio of the basin area (A)
and the area of a circle with the same perimeter as that of the
basin, which is spoken by Strahler (1964) . Basically
circularity ratio has been used for quantitative analysis and we
have been obtained the concept of basin outline, dendritic
stage of basin [?. From the table 3, it was observed that among
the 64™ third order sub basin Rc value range from 30 to 81
which_indicated that the study area has low permeable hard
rock materials.

3.3 Relief Aspect

3.3.1 Relative relief (H)

Relative relief is a paramount important morphometric
variable which is used for the whole evaluation of
morphological characteristics of terrain 51, Relative relief
refers to the difference in elevation between the highest and
the lowest elevation of basin 1'%, Relative relief controls the
gradient of river basin 2%, therefore influence on flood pattern
and sediments transportation. From the table 4, it was
observed that the maximum sub basin has high relative relief
which value was 200m, 240m, 323m, 193m, 300m, 389m,
200m, 162m, 340m, 220m, 260m, 99m, 100m, 142m, 100m,
257m, 340m, 113m, 133m, 60m, 150m, 140m, 60m, 50m,
130m, 70m, 80m, 55m, 51m, 80m, 193m, 55m, 79m, 68m
which sub basin no. respectively 1%, 31, 4t 5t gt 7t gt gth
loth’ 11th, 121h, 14th’ 18th, 191h’ ZOlh, 2151, 22nd, 261h’ 27th’ 28th,
20t 34t 35t 37t 3871, 39™ 40M, 42th, 43th, 48, 49t 51,
52", 551,

3.3.2 Relief Ratio (Rh)

The relief ratio refers to the ratio between the relative relief of
the basin and the longest basin length which is alongside to
the main river [% We can get the concept of overall steepness
of a drainage basin for relief ratio . From the table 4, it was
observed that most of the sub basin have higher value of relief
ratio. In the study area north and north western side of third
order sub basin has maximum relief ratio respectively sub
basins no. lst, 3rd, 4th’ 51h’ 6th, 7th’ 8th’ gth’ 101h’ 1lth, 121h’ 14th’
26, 28™, 35M and value was respectively 54.05, 62.18, 72.26,
81.09, 123.46, 150.19, 125.00, 115.71, 83.33,81.78,83.87,
94.49, 76.23, 55.19, 44.03. High value of ratio means higher
degree of slope and high runoff consequently high soil
erosion.

3.3.3 Ruggedness Number (Rn)

Ruggedness number can be defined as the product of relative
relief and drainage density and divided by 1000 (where
contour interval in meter) 1'%, Ruggedness number was used to
measure the flash flood potential of a stream @1 and a
measurement of surface unevenness [, Among the 64" third
order basin ruggedness number ranges from 0.02 to 1.06
(Details in table 4) which expresses that surface was uneven.

3.3.4 Dissection Index (DI)

Dissection index is calculated as the ratio between relative
relief and maximum altitude [*>3, Dissection index expresses
the erosional potentiality within a river basin ?4, Dissection
index determine vertical erosion and expounded the stage of
landscape development 231, Among the 64" third order basin
dissection index value ranges from 0.08 to 0.58 which express
the third order sub basin was moderate to high dissected.

4. Conclusion

The quantitative analysis of a drainage basin is to be immense
utility in geo-hydrological studies. Geospatial based approach
facilitates analysis of different morphometric parameters and
also explores relationship among the drainage basin
morphometry and allied aspects. The result revealed that GIS
software’s have the capability in morphometric analysis and
through morphometric analysis it has the capability in geo-
hydrological analysis. The upper catchment of Kumari river
basin has 7™ order stream. This whole basin has passed
through the mature stage of fluvial cycle. The stream of 641"
third order basin has very much affected by south west
monsoonal rainfall. Among the 64" third order basin Dq
values indicates that the nature of sub-surface strata has
impermeable and hard rock material. Here drainage density
ranges from 0.48 (only 36" number basin) to 3.72 and
maximum sub-basin were high value. 64" third order sub
basins Dy, Dn, Di value revealed that high runoff and low
infiltration capacity. Ry values of 64" third order sub basins
indicate that highest potentialities for flash flooding during
heavy rainfall. R, values of 64™ third order sub-basin
expressed that surface was uneven in the study area. Relative
relief and relief ratio values of 64" third order sub basin was
quite high which means higher degree of slope and high
runoff and consequently high soil erosion and sediments
transportation. As per the higher degree of slope, infiltration
opportunity during rainfall was less and consequently
groundwater condition was poor. Hence from the study it has
been proved that geospatial technology has competent tool in
morphometric analysis and this type of study is useful for
management and planning of drainage basin.
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Table 2: Linear aspect of the 3" order basin in upper catchment of Kumari River Basin

3rd . . . Stream
Order Stream Order (Su) Stream Length (Lu) in km Bn‘urcgtmn Welghtt_ad Mean Stream Length Ratio
: Ratio Bifurcation Length (Lsm)
Basin (Rb) Ratio (Rbw) (RL)
No. 1t | 2nd | 39 | Total | 15t | 2md 3¢ | Total 18t 2nd 3rd
1 10 | 3 1 14 421 |195| 284 | 899 | 333 | 3.00 3.02 0.42 | 065 | 284 | 155 4.36
2 8 | 3 1 12 | 562 |322| 316 | 11.99 | 2.67 | 3.00 2.53 0.70 | 1.07 | 3.16 | 153 2.94
3 10 | 3 1 14 | 596|248 | 214 | 10.58 | 3.33 | 3.00 3.02 0.60 | 083 | 214 | 1.39 2.59
4 12| 2 1 15 911|200 | 331 | 1442 | 6.00 | 2.00 5.07 0.76 | 1.00 | 331 | 131 3.32
5 6 | 2 1 9 393 [072]| 089 | 554 | 3.00 | 2.00 2.44 0.65 | 0.36 | 0.89 | 0.55 2.47
6 712 1 10 | 201 |195]| 045 | 441 | 350 | 2.00 2.85 0.29 | 098 | 045 | 3.40 0.46
7 8 | 2 1 11 | 509 |110]| 262 | 882 | 400 | 2.00 3.27 0.64 | 055 | 262 | 0.87 4.74
8 5| 2 1 8 230 | 098 | 0.18 | 345 | 250 | 2.00 2.06 0.46 | 049 | 0.18 | 1.06 0.36
9 9 | 2 1 12 383|183 | 010 | 580 | 450 | 2.00 3.71 043 | 091 | 010 | 212 0.11
10 12| 2 1 15 |589|288 | 151 | 10.28 | 6.00 | 2.00 5.07 049 | 144 | 151 | 2.93 1.05
11 19| 6 1 26 | 540|227 | 229 | 9.96 | 3.17 | 6.00 3.70 0.28 | 0.38 | 2.29 | 1.33 6.05
12 9 | 3 1 13 | 504|233 | 147 | 884 | 3.00 | 3.00 2.77 056 | 0.78 | 1.47 | 1.39 1.89
13 9 | 3 1 13 334|207 | 095 | 6.37 | 3.00 | 3.00 2.77 037 | 069 | 095 | 1.86 1.38
14 6 | 3 1 10 [619|110| 135 | 864 | 200 | 3.00 2.10 1.03 | 0.37 | 1.35 | 0.36 3.67
15 10| 3 1 14 1674|376 | 282 | 13.32 | 3.33 | 3.00 3.02 0.67 | 1.25 | 282 | 1.86 2.25
16 51| 2 1 8 292 | 152 | 1.85 | 6.29 | 250 | 2.00 2.06 058 | 0.76 | 1.85 | 1.30 2.43
17 13| 5 1 19 897|226 | 321 | 1444 | 260 | 5.00 3.09 0.69 | 045 | 3.21 | 0.65 7.12
18 4 1 2 1 7 451|127 ] 093 | 6.71 | 200 | 2.00 1.71 113 | 0.63 | 0.93 | 0.56 1.48
19 6 | 2 1 9 344|281 | 027 | 652 | 3.00 | 2.00 2.44 057 | 141 | 027 | 245 0.19
20 13| 2 1 16 | 703|711 | 162 | 1577 | 6.50 | 2.00 5.53 054 | 355 | 162 | 6.57 0.46
21 9 | 2 1 12 | 4.06 | 510 | 1.37 | 10.54 | 450 | 2.00 3.71 0.45 | 255 | 1.37 | 5.66 0.54
22 12| 4 1 17 | 474|137 | 527 | 11.38 | 3.00 | 4.00 3.06 0.40 | 0.34 | 527 | 0.87 | 15.33
23 8 | 2 1 11 | 546|327 | 116 | 9.89 | 400 | 2.00 3.27 068 | 164 | 116 | 240 0.71
24 5| 2 1 8 270 | 199 | 195 | 6.64 | 250 | 2.00 2.06 054 | 100 | 195 | 184 1.96
25 6 | 2 1 9 316 | 324 | 096 | 7.35 | 3.00 | 2.00 2.44 053 | 162 | 096 | 3.07 0.59
3 Stream Order (Su) Stream Length (Lu) in km Bifurcation Weighted Mean Stream Length Strear_n Length
Order Rati - - (Lsm) Ratio (RL)
Basin atio Blf_urcatlon
No 15t | 2nd | 39 | Total | 1%t | 20 3d | Total (Rb) Ratio (Rbw) 13t 2nd 3
26 9 | 3 1 13 | 432|334 | 407 | 11.73 | 3.00 | 3.00 2.77 048 | 1.11 | 407 | 2.32 3.66
27 8 | 2 1 11 [ 366 |390| 040 | 7.96 | 400 | 2.00 3.27 0.46 | 195 | 040 | 4.26 0.21
28 8 | 3 1 12 | 334|267 | 082 | 6.83 | 2.67 | 3.00 2.53 042 | 0.89 | 0.82 | 2.13 0.93
29 8 | 3 1 12 | 357 |323]| 082 | 762 | 267 | 3.00 2.53 0.45 | 1.08 | 082 | 241 0.77
30 9 | 2 1 12 | 415|439 | 113 | 9.66 | 450 | 2.00 3.71 046 | 219 | 113 | 4.76 0.51
31 6 | 2 1 9 2.64 | 054 | 1.84 | 5.03 | 3.00 | 2.00 2.44 0.44 | 027 | 184 | 0.62 6.79
32 8 | 3 1 12 300 |123] 177 | 6.01 | 267 | 3.00 2.53 0.38 | 041 | 1.77 | 1.10 | 4.30
33 6 | 3 1 10 | 280|219 | 242 | 741 | 200 | 3.00 2.10 0.47 | 0.73 | 242 | 157 3.31
34 19| 4 1 24 | 519|318 | 7.29 | 1567 | 475 | 4.00 4.43 0.27 | 080 | 7.29 | 2.91 9.16
35 12 | 3 1 16 | 591|373 | 1.89 | 1154 | 400 | 3.00 3.56 049 | 124 | 189 | 253 1.52
36 32| 7 1 40 |4.01] 159 | 10.09 | 1569 | 457 | 7.00 4.88 0.13 | 0.23 | 10.09 | 1.81 | 44.44
37 23| 6 1 30 | 707|223 | 506 | 14.35| 3.83 | 6.00 4.14 0.31 | 037 | 506 | 1.21 | 13.62
38 13| 2 1 16 | 576 |495| 124 | 11.95 | 6.50 | 2.00 5.53 0.44 | 247 | 124 | 559 0.50
39 44110 | 1 55 | 6.71 | 4.64 | 10.87 | 22.22 | 4.40 | 10.00 5.34 0.15 | 0.46 | 10.87 | 3.05 | 23.42
40 9 | 2 1 12 | 344|221 | 1.02 | 6.66 | 450 | 2.00 3.71 038 | 1.10 | 1.02 | 2.89 0.92
41 51| 2 1 8 332|166 | 191 | 6.89 | 250 | 2.00 2.06 0.66 | 083 | 191 | 1.25 2.31
42 11| 4 1 16 | 530|142 | 3.66 | 10.38 | 2.75 | 4.00 2.89 0.48 | 0.35 | 3.66 | 0.74 | 10.33
43 12| 3 1 16 | 532|636 | 229 | 13.96 | 4.00 | 3.00 3.56 0.44 | 212 | 229 | 4.78 1.08
44 7|2 1 10 [ 429|098 | 164 | 691 | 350 | 2.00 2.85 0.61 | 049 | 164 | 0.80 3.33
45 712 1 10 [ 335|547 | 032 | 914 | 350 | 2.00 2.85 048 | 273 | 032 | 571 0.12
46 6 | 2 1 9 242|348 | 039 | 6.30 | 3.00 | 2.00 2.44 0.40 | 1.74 | 039 | 431 0.23
47 9| 4 1 14 1695|204 | 4.03 | 13.02 | 2.25 | 4.00 2.59 0.77 | 051 | 4.03 | 0.66 791
48 6 | 2 1 9 361|286 | 205 | 853 | 3.00 | 2.00 2.44 0.60 | 143 | 2.05 | 2.37 1.44
49 4 1 2 1 7 227 |1 077 | 118 | 423 | 2.00 | 2.00 1.71 057 | 039 | 1.18 | 0.68 3.07
50 712 1 10 [360|339]| 073 | 7.72 | 350 | 2.00 2.85 051 | 169 | 073 | 3.29 0.43
51 17| 5 1 23 | 6.67 | 467 | 3.89 | 1523 | 340 | 5.00 3.60 0.39 | 093 | 389 | 2.38 4.17
52 19| 5 1 25 | 524]205| 804 | 1533 | 3.80 | 5.00 3.89 0.28 | 0.41 | 8.04 | 1.48 | 19.63
3rd . Bifurcation Weighted Mean Stream Length | Stream Length
Order Stream Order (Su) Stream Length (Lu) in km Ratio Bifur?:ation (Lsm) ’ Ratio (RL%
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B:]S(:n 1st 2nd Srd Total 1st an 3rd Total (Rb) Ratio (RbW) st 2nd 3rd
53 13| 4 1 18 | 489|378 | 330 | 1197 | 3.25 | 4.00 3.24 038 | 094 | 330 | 251 3.50
54 712 1 10 382|247 | 1.06 | 7.35 | 350 | 2.00 2.85 055 | 124 | 106 | 2.27 0.86
55 6 | 2 1 9 270 | 221 | 045 | 536 | 3.00 | 2.00 2.44 045 | 1.10 | 045 | 245 0.41
56 712 1 10 | 778 510 | 140 | 1429 | 3.50 | 2.00 2.85 111 | 255 | 140 | 2.29 0.55
57 712 1 10 | 7.26 | 3.34 | 3.90 | 14.50 | 3.50 | 2.00 2.85 1.04 | 1.67 | 3.90 | 1.61 2.34
58 6 | 2 1 9 381 [239| 021 | 642 | 3.00 | 2.00 2.44 064 | 1.19 | 021 | 1.88 0.18
59 18| 5 1 24 | 738|431 | 542 | 17.11 | 3.60 | 5.00 3.74 041 | 0.86 | 542 | 210 6.29
60 51| 2 1 8 331|254 | 136 | 722 | 250 | 2.00 2.06 0.66 | 1.27 | 1.36 | 1.92 1.07
61 12| 4 1 17 542 | 1.04 | 298 | 945 | 3.00 | 4.00 3.06 0.45 | 0.26 | 298 | 0.58 | 11.47
62 4 1 2 1 7 264 | 1.07 | 1.20 | 492 | 2.00 | 2.00 1.71 0.66 | 054 | 1.20 | 0.81 2.24
63 7|2 1 10 | 357|198 | 175 | 7.29 | 350 | 2.00 2.85 051|099 | 175 | 194 1.77
64 4 12 1 7 2841070 | 1.10 | 464 | 2.00 | 2.00 1.71 0.71 ] 035 | 1.10 | 049 3.12
Table 3: Areal aspect of 3™ Order Basin in the upper catchment of Kumari River Basin

3rd Area | Perim 'V'ax'”?“m Drain Draina Drain | Infiltra | Draina Length For Elong | Circul Shap

Order | (A) In eter Basin age ge age tion ge of m ation arity €
Basin Sq. P) In length Densit Freque Textur | Numbe | Intensi Overland | Fact Ratio | Ratio Inde

9 ®) (Lb) In ncy . Flow or X
No. KM KM KM y (Dd) (Df) e (Dt) r (Dn) | ty (Di) (Lof) (Ff) (Re) (Re) (sw)
1 3.43 9.86 3.7 2.62 4.08 1.42 10.71 1.56 0.19 0.25 0.28 0.44 3.99
2 11.37 | 13.93 4.06 1.05 1.06 0.86 1.11 1.00 0.47 0.69 0.47 0.74 1.45
3 3.32 8.70 3.86 3.19 4.22 1.61 13.46 1.32 0.16 0.22 0.27 0.55 4.49
4 6.27 13.42 4.47 2.30 2.39 112 5.50 1.04 0.22 0.31 0.32 0.44 3.19
5 2.58 6.73 2.38 2.15 3.49 1.34 7.49 1.62 0.23 0.46 0.38 0.71 2.20
6 1.62 5.75 2.43 2.73 6.19 1.74 16.90 2.27 0.18 0.27 0.30 0.61 3.66
7 3.84 10.76 2.59 2.29 2.86 1.02 6.56 1.25 0.22 0.57 0.43 0.42 1.74
8 1.12 4.40 1.6 3.07 7.12 1.82 21.88 2.32 0.16 0.44 0.37 0.73 2.28
9 1.56 5.60 15 3.72 7.69 2.14 28.63 2.07 0.13 0.69 0.47 0.62 1.44
10 3.30 9.29 4.08 3.12 4.55 1.61 14.18 1.46 0.16 0.20 0.25 0.48 5.05
11 3.98 9.31 2.69 2.50 6.53 2.79 16.34 2.61 0.20 0.55 0.42 0.58 1.82
12 2.92 8.30 3.1 3.03 4.45 1.57 13.49 1.47 0.17 0.30 0.31 0.53 3.29
13 3.11 7.57 2.68 2.04 4.17 1.72 8.54 2.04 0.24 0.43 0.37 0.68 231
14 5.58 10.78 3.81 1.55 1.79 0.93 2.78 1.16 0.32 0.38 0.35 0.60 2.60
15 9.77 13.05 4.75 1.36 1.43 1.07 1.96 1.05 0.37 0.43 0.37 0.72 2.31
16 4.85 10.23 4.05 1.30 1.65 0.78 2.14 1.27 0.39 0.30 0.31 0.58 3.38
17 10.66 | 13.17 4.62 1.35 1.78 1.44 241 1.32 0.37 0.50 0.40 0.77 2.00
18 3.80 8.69 3.28 1.77 1.84 0.81 3.25 1.04 0.28 0.35 0.34 0.63 2.83
19 4.17 8.72 2.78 1.56 2.16 1.03 3.38 1.38 0.32 0.54 0.41 0.69 1.85
20 12.92 | 14.76 5.36 1.22 1.24 1.08 1.51 1.01 0.41 0.45 0.38 0.74 2.22
21 9.68 14.84 6.31 1.09 1.24 0.81 1.35 1.14 0.46 0.24 0.28 0.55 411
22 9.14 14.34 5.93 1.25 1.86 1.19 2.32 1.49 0.40 0.26 0.29 0.56 3.85
23 6.49 11.61 3.95 1.52 1.69 0.95 2.58 1.11 0.33 0.42 0.36 0.61 2.40
24 4.46 10.11 4.15 1.49 1.79 0.79 2.67 1.20 0.34 0.26 0.29 0.55 3.86
3rd Area | Perim | Maximum | Draina | Drainag | Draina | Infiltrat | Draina | Length of Elonga | Circul | Shap

- - Form - .

Order | (A)In eter Basin ge e ge ion ge Overland Facto tion arity e
Basin Sq. (P) In | length (Lb) | Densit | Frequen | Textur | Number | Intensit Flow r (Ff) Ratio Ratio | Index
No. KM KM In KM y(Dd) | cy(Df) | e(Dt) (Dn) y (Di) (Lof) (Re) (Rc) (Sw)
25 5.81 10.45 3.81 1.27 1.55 0.86 1.96 1.22 0.40 0.40 0.36 0.67 2.50
26 6.90 16.94 4.46 1.70 1.88 0.77 3.20 1.11 0.29 0.35 0.33 0.30 2.88
27 412 10.69 4.07 1.93 2.67 1.03 5.16 1.38 0.26 0.25 0.28 0.45 4.02
28 2.87 7.12 241 2.38 4.19 1.69 9.98 1.76 0.21 0.49 0.40 0.71 2.03
29 3.73 8.97 3.07 2.04 3.22 1.34 6.58 1.57 0.24 0.40 0.35 0.58 2.53
30 6.29 11.54 4.86 1.54 1.91 1.04 2.93 1.24 0.33 0.27 0.29 0.59 3.76
31 2.38 6.40 241 211 3.78 141 7.97 1.79 0.24 0.41 0.36 0.73 2.44
32 2.69 6.83 2.49 2.23 4.46 1.76 9.95 2.00 0.22 0.43 0.37 0.72 2.30
33 4.97 11.25 4.28 1.49 2.01 0.89 3.00 1.35 0.34 0.27 0.29 0.49 3.69
34 12.87 | 17.54 5.74 1.22 1.87 1.37 2.27 1.53 0.41 0.39 0.35 0.53 2.56
35 6.56 11.00 3.18 1.76 2.44 1.46 4.30 1.39 0.28 0.65 0.45 0.68 1.54
36 19.83 | 22.79 9.45 0.79 2.02 1.76 1.60 2.55 0.63 0.22 0.27 0.48 4.50
37 13.09 | 19.29 44 1.10 2.29 1.56 2.51 2.09 0.46 0.68 0.46 0.44 1.48
38 12.10 | 17.64 6.19 0.99 1.32 0.91 1.31 1.34 0.51 0.32 0.32 0.49 3.17
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39 46.11 | 29.01 9.72 0.48 1.19 1.90 0.57 2.48 1.04 0.49 0.39 0.69 2.05
40 3.49 8.02 2.99 1.91 3.44 1.50 6.58 1.80 0.26 0.39 0.35 0.68 2.56
41 4.40 10.29 3.63 1.56 1.82 0.78 2.84 1.16 0.32 0.33 0.33 0.52 2.99
42 7.11 13.49 4.92 1.46 2.25 1.19 3.28 1.54 0.34 0.29 0.31 0.49 3.40
43 9.04 14.12 4.35 1.54 1.77 1.13 2.73 1.15 0.32 0.48 0.39 0.57 2.09
44 4.56 9.31 3.61 1.52 2.19 1.07 3.33 1.45 0.33 0.35 0.33 0.66 2.86
45 7.94 12.78 4.81 1.15 1.26 0.78 1.45 1.09 0.43 0.34 0.33 0.61 291
46 4.22 8.41 3.37 1.49 2.13 1.07 3.18 1.43 0.34 0.37 0.34 0.75 2.69
47 10.64 | 14.19 5.84 1.22 1.32 0.99 1.61 1.08 0.41 0.31 0.32 0.66 3.20
48 6.59 11.40 4.84 1.29 1.37 0.79 1.77 1.06 0.39 0.28 0.30 0.64 3.56
49 3.22 7.65 3.12 131 2.17 0.92 2.85 1.66 0.38 0.33 0.32 0.69 3.02
50 4.08 9.97 4.21 1.89 2.45 1.00 4.65 1.29 0.26 0.23 0.27 0.52 4.35
3rd Area | Perim | Maximum | Draina | Drainag | Draina | Infiltrat | Draina | Length of £ Elonga | Circul | Shap
- . orm - .
Order | (A)In eter Basin ge e ge ion ge Overland Facto tion arity e
Basin Sq. (P) In | length (Lb) | Densit | Frequen | Textur | Number | Intensit Flow r (Ff) Ratio Ratio | Index
No. KM KM In KM y (Dd) | cy (Df) | e (Dt) (Dn) y (Di) (Lof) (Re) (Rc) (Sw)
51 12.16 | 16.04 4.88 1.25 1.89 1.43 2.37 1.51 0.40 0.51 0.40 0.59 1.96
52 16.70 | 19.61 7.58 0.92 1.50 1.28 1.37 1.63 0.54 0.29 0.30 0.55 3.44
53 9.35 12.82 4.65 1.28 1.93 1.40 2.47 1.50 0.39 0.43 0.37 0.71 2.31
54 4.88 9.21 3.69 151 2.05 1.09 3.09 1.36 0.33 0.36 0.34 0.72 2.79
55 441 8.82 2.57 1.21 2.04 1.02 2.48 1.68 0.41 0.67 0.46 0.71 1.50
56 13.17 | 14.32 5.39 1.08 0.76 0.70 0.82 0.70 0.46 0.45 0.38 0.81 221
57 1442 | 17.84 6.44 1.01 0.69 0.56 0.70 0.69 0.50 0.35 0.33 0.57 2.88
58 5.93 9.44 3.14 1.08 1.52 0.95 1.64 1.40 0.46 0.60 0.44 0.84 1.66
59 18.39 | 19.83 7.46 0.93 1.30 1.21 1.21 1.40 0.54 0.33 0.32 0.59 3.03
60 4.33 8.95 3.4 1.67 1.85 0.89 3.07 1.11 0.30 0.37 0.35 0.68 2.67
61 6.85 10.75 4.2 1.38 2.48 1.58 3.42 1.80 0.36 0.39 0.35 0.74 2.58
62 5.01 8.93 2.59 0.98 1.40 0.78 1.37 1.42 0.51 0.75 0.49 0.79 1.34
63 5.82 9.65 3.1 1.25 1.72 1.04 2.15 1.37 0.40 0.61 0.44 0.78 1.65
64 3.13 8.44 3 1.48 2.24 0.83 3.32 1.51 0.34 0.35 0.33 0.55 2.88

Table 4: Relief Aspect of 3" Order Basin in upper catchment of Kumari River basin

37 Order Basin No. Relative Relief (H) Relief Ratio (Rh) Ruggedness Number (Rn) Dissection Index (DI)
1 200 54.05 0.52 0.43
2 40 9.85 0.04 0.14
3 240 62.18 0.77 0.48
4 323 72.26 0.74 0.55
5 193 81.09 0.41 0.45
6 300 123.46 0.82 0.52
7 389 150.19 0.89 0.58
8 200 125.00 0.61 0.31
9 162 115.71 0.60 0.27
10 340 83.33 1.06 0.55
11 220 81.78 0.55 0.41
12 260 83.87 0.79 0.48
13 20 7.46 0.04 0.07
14 360 94.49 0.56 0.56
15 26 547 0.04 0.10
16 20 4.94 0.03 0.08
17 36 7.79 0.05 0.12
18 99 30.18 0.17 0.28
19 100 35.97 0.16 0.28
20 142 26.49 0.17 0.37
21 100 15.85 0.11 0.33
22 257 43.34 0.32 0.49
23 46 11.65 0.07 0.15
24 50 12.05 0.07 0.17
25 25 6.56 0.03 0.10
26 340 76.23 0.58 0.56
27 113 27.76 0.22 0.30
28 133 55.19 0.32 0.35
29 60 19.54 0.12 0.19
30 30 6.17 0.05 0.10
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31 30 12.45 0.06 0.11
32 40 16.06 0.09 0.13
33 30 7.01 0.04 0.10
34 150 26.13 0.18 0.37
35 140 44.03 0.25 0.34
36 20 2.12 0.02 0.08
3 Order Basin No. Relative Relief (H) Relief Ratio (Rh) Ruggedness Number (Rn) Dissection Index (DI)
37 60 13.64 0.07 0.21
38 50 8.08 0.05 0.18
39 130 13.37 0.06 0.39
40 70 23.41 0.13 0.26
41 20 5.51 0.03 0.08
42 80 16.26 0.12 0.29
43 55 12.64 0.08 0.22
44 36 9.97 0.05 0.14
45 40 8.32 0.05 0.14
46 20 5.93 0.03 0.08
47 25 4.28 0.03 0.10
48 51 10.54 0.07 0.22
49 80 25.64 0.10 0.29
50 22 5.23 0.04 0.08
51 193 39.55 0.24 0.43
52 55 7.26 0.05 0.19
53 20 4.30 0.03 0.08
54 20 5.42 0.03 0.08
55 79 30.74 0.10 0.23
56 30 5.57 0.03 0.11
57 40 6.21 0.04 0.15
58 20 6.37 0.02 0.08
59 68 9.12 0.06 0.25
60 20 5.88 0.03 0.08
61 40 9.52 0.06 0.17
62 20 7.72 0.02 0.09
63 20 6.45 0.03 0.09
64 20 6.67 0.03 0.09
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