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ABSTRACT

The Narmada River valley and its surrounding area are tectonically active. Three large zone of fracture like the
Rakhabdev, Jaisalmer-Barwani, and Dhar lineaments are mainly inclined toward The Narmada Valley. A morphometric
analysis was done of Hatni River Basin drainage characteristics to using digital elevation data (DEM) and other maps.
Hatni River Basin was divided into fifty-eight sub- basins (Sb1-Sb58). Lower-order streams dominate the Hatni River
Basin, with the drainage pattern primarily shaped by relief and structural features. The basin's morphometry highlights
the significant influence of climate on its drainage characteristics. and the significance of morphometric analysis on the
hydrologic characteristic is discussed. Different Lineament (Rakhabdev, Jaisalmer-Barwani NW-SE) significantly
mainly affect the drainage characteristics. The tectonic influence on the evolution of the Hatni River Basin is indicated
by the unusual behaviour of the different parameters.

Keywords: DEM, Rakhabdev Lineament, Jaisalmer Barwani Lineament, Dhar Lineament, GIS, Tectonics,
Morphometry Analysis, Drainage Basin

1. INTRODUCTION

One of the key challenges in hydrology is linking a drainage basin's hydrological characteristics with its morphology,
soils, and vegetation, which is a complex task. Factors like geological structure are difficult to quantify, while soils and
morphology require multiple quantitative factors for analysis. Remote sensing is a practical approach for morphometric
studies, offering a broad view of large areas through satellite imagery, making it highly effective in drainage basin
analysis (Horton, 1932; Lillesand et al., 2015; Zhou et al., 2017). This method is more efficient than traditional data
processing due to advances in spatial information technology and remote sensing, GIS, and GPS offer powerful tools to
address most land and water resource planning and management issues. The present study aims at using open-source
GIS technology and ISRO remote sensing data to compute different parameters of morphometric characteristics of the
Hatni River Basin. The pattern of drainage system is clearly indicated Hatni River Basin area are tectonically structure
controlled.

74°1:;':'0"E 74"3?'0"E 74"4.5'0"E

22"4?’0"N

Hatni River Location Map

A

22°3I2'0"N

70°0°0"E 80°0'0"E 90°0°0"E 100°0'0"E
Location Map of The Study Area
Py N
), A
i 9
N

30°0°0"N

22°1 I6'0“N

20°0'0"N|

=2\ Sub Basin - :
’ 1
sl Drainage \.‘ ] Fi

22“0.'0"N

0 5 10 20 Kilometers T0°0M N
T

0 THW0 OV Kiomelers

T T T 70°0°0"E 80°0°07E 90°0°0"E

Figure 1: Pycnometer Test Procedure.
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2. METHODOLOGY

The methodology for morphometric analysis using remote sensing data and GIS involves several key steps that facilitate
the assessment of landform characteristics. Initially, high-resolution satellite imagery and Digital Elevation Models
(DEMs, 30 m) are acquired from sources such as Landsat or Sentinel satellites, Cartosat providing crucial topographic
information (Lillesand et al., 2015). Topographic information data toposheet no. 46J/2, 46J/3, 46J/4, 46J/6, 46J/7,
46J/8,46J/10, 46J/11 and 46J/12 are obtained from the Survey of India (SOI) government online mapping platform.
After data acquisition, preprocessing steps like geometric corrections are applied to ensure accuracy, followed by
smoothing DEMs to eliminate noise. Subsequently, morphometric parameters such as slope, aspect, and contour lines
are extracted from the DEM, allowing for detailed terrain analysis (Zhou et al., 2017; Vishwanath, 1963-1964; Brierley,
2005; Easterbrook, 1999). GIS software like QGIS, Google Earth Pro, and ArcMap (10.5) is then utilized to integrate
various data layers, performing spatial analyses to compute morphometric indices like the Relief Ratio and Circularity
Ratio. Visualization tools enable the creation of informative maps and 3D models, enhancing data interpretation. Finally,
results are contextualized within geological and environmental frameworks, culminating in a comprehensive report of
methodologies and findings. This integrated approach not only deepens the understanding of landforms but also aids in
applications related to hydrology, tectonic, urban planning, and environmental management.

Study area: Hatni River Basin is situated in Northen part of lower Narmada River. Approx 2008 Squar Km. area are
covered by Hatni River Basin with 58 Sub Basin in different sizes on the location of (22400 N, 74100 E and 22 000
N, 74 45 0 E).

Geology: The study area is important for different branches in geology like Tectonics, Paleobiology, Structure Geology,
Sedimentology, Mining Gelogy etc. Major lineaments are easily identified like Rakhabdev, Jaisalmer-Barwani, and
Dhar lineaments to Hatni River is structure controlled and Narmada Rift Zone are significant to important in active
tectonic study. The region is part of the southeastern extension of the Archaean formations of Rajasthan, which are
unconformably overlain by Cretaceous sedimentary deposits. Most of the area covered by Sheet 46 J/7 consists of
granites, along with rocks like dolomitic marble and granulites. The area included in Sheet 46 J/11 is dominated by
chlorite and other schists, granites, associated gneisses, and sedimentary formations (Bagh beds) and southern part of
basin are covered by daccan trap. Gneisses, dolomitic marbles and chlorite schist-occurring in the area show strike of
N.65° W - S 65°E. The schists show vertical dips and the foliation planes in the gneisses, wherever developed, are
almost vertical. The dolomitic marbles forming parallel bands, show dips varying from 25°-30° towards N.E. and at
places they are vertical. The dolomtic rabbles are folded into minor anticlines with, minor plunges in NNW/SSE.
directions. West of Kusalwai (22°15'30":74°26'00") a vein of pegmatite of 2 - 3 m. wide is seen to be crushed. The vein
trends in NE — SW direction and is vertical. The surface of the outcrop is fractured and rods of quartz are noted along
the fracture planes. The gneisses in the area are foliated and are crushed at the contact of the intrusive granite. At places
they are highly friable and crumple into powder (Vishwanath, 1963-1964; Thornbury, 1969; Strahler, 1952).

Table 1 Succession of Hatni River Basin after [4]

Eon/ Period Formation Rock Type

Cretaceous Bagh Beds Calcareous and gritty sandstones and calcareous
shales (containing fossils at places).

Archaeans Conglomerates

Dolerite

Migmatites

Quartz veins.

Pegmatite.
Ampbhibolite

Garnetiferous granulite

Chlorite schist

Dolomitic marbles

Gneisses with, intrusive
granites.
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Figure 2: Hatni River Basin Area Geology
Topographic maps from the Survey of India (1:50,000 scale) and digital elevation data from Cartosat were utilized for
delineating the drainage pattern of the Hatni River Basin. The analysis followed methodologies by (Horton, 1945;
Strahler, 1964). The morphometric parameters were classified into three categories: relief aspects linear and areal (Table
1).
3. RESULTS AND DISCUSSION

3.1 Sub Drainage Pattern: A drainage pattern refers to the spatial arrangement of rivers, streams, and their tributaries
as they flow across a landscape. These patterns are shaped by topography, geology, and structural features such as faults,
folds, and rock types. Drainage patterns can provide key insights into the underlying geological structures of a region.
For example, dendritic patterns, resembling tree branches, these forms develop in areas characterized by consistent rock
types and gentle slopes, allowing water to flow freely in various directions.In contrast, rectangular patterns are
influenced by faulted or fractured rock, causing streams to follow the fault lines in right-angle turns (Brierley, 2005;
Hack, 2010; Melton, 1957; Montgomery, 1988]. The relationship between drainage patterns and geological structures
is significant. Structural features often direct water flow, creating specific patterns. Radial drainage patterns generally
form around volcanic cones or domes, with streams flowing outward from a central elevated area (Easterbrook, 1999;
Morisawa, 1985; Strahler, 1957; Horton, 1945). Trellis patterns develop in areas of folded terrain with alternating
resistant and non-resistant rock layers, such as in mountainous regions. These streams align along valleys formed by
softer rock and are intercepted by short tributaries draining from the resistant ridges (Thornbury, 1969; Montgomery,
1988; Hack, 1973). The Hatni River Basin shows how many kinds of drainage systems have developed. The following
describes the typical drainage patterns found in the region.

Table 2
Drainage o .
Description Significance Reference
Pattern
sub Tree-like, branching pattern; | The streams that follow have horizontally extending (Strahler
.. formed on homogenous tributaries. the uniformly constituted rocks with '
Dendritic . L 1952)
materials. minimal structural control.
Parallel main streams with i
. . . . Reflects geological structure; useful for (Raghunath
Trellis short tributaries; occurs in . . L
understanding tectonic activity. , 1987)
folded topography.
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Streams radiate outward . . . .
. . Indicates volcanic or dome-like structures; important (Hack,
Radial from a central point, such as
for hazard assessment. 1957)
a volcano.
Rectangula Features rlght-gn_gle bends; Suggests structural control of the landscape; (Melton,
r develops in jointed or significant for understanding geological histo 1957
fractured rock. g g geolog Y-
Circular pattern formed Indicates erosion around a central uplift; useful for | (Montgome
Annular . . . .
around a dome or basin. reconstructing geological history. ry, 1988)
Sub Streams run parallel to each Suggests rapid erosion and active geological (Morisawa,
Parallel other, often on steep slopes. | processes; important for slope stability assessments. 1985)

Sub-dendritic pattern: The initial pattern of the lower-order streams in the Hatni River Basin is sub-dendritic, as
illustrated in (Fig. 3B). But higher-order streams flow in a straight course with compressed meanders. The streams
that follow have horizontally extending tributaries. the uniformly constituted rocks with minimal structural control
(Schumm, 1956; Gregory et al. 1968; Phillips et al., 1987). The sub dendritic pattern is consistent with the
lithological characteristics of the Hatni River Basin Basin and suggests the underlying homogenous resistant rock
with a mild slope. (Fig. 2) and slope map (Fig. 4).

Subparallel pattern: The Hatni River Basin's regional slope runs north-south. Where the slope is gentle, the higher
order streams in Fig. 3A exhibit a subparallel pattern with straight course, contorted, and compressed meander
streams, respectively. When streams run in a parallel fracture zone on a gentle slope, sub-parallel drainage patterns
can occur. Fracture control is further supported by the higher-order streams' straight paths (; Gregory et al. 1968;
Phillips et al., 1987).

Trellis pattern: The trellis pattern in the Hatni River Basin is depicted in Fig. 3F and 3E, where Fig. 3F aligns with
the trends of the Rakhabdev and Jaisalmer-Barwani lineaments. These lineaments act as main channels, with smaller
drainages converging and flowing through the depression they create.

Angulate pattern: The region is defined by multiple fracture sets that influence the drainage patterns. As the
drainage aligns with successive fractures, it ultimately forms an angular pattern (Fig. 3D). Rectangular patterns:
Rectangular drainage patterns are significant and occur in areas where the bedrock is highly jointed or faulted. (3C
and 3D) This pattern is common in areas where there are extensive tectonic activities, and it helps in identifying
regions of structural weakness. These areas can be prone to earthquakes, landslides, and other geological hazards.
The rectangular drainage pattern provides valuable information about the geological structure of an area. It points
to the presence of fractured or faulted rock systems beneath the surface, indicating tectonic activity or the existence
of hard rocks like basalt, granite or gneiss.

Radial pattern: Radial drainage pattern is a significant type of pattern that typically occurs around a central
elevated point, such as a mountain, volcanic cone, or dome (3C and 3E). In this pattern, streams radiate outward
from the centre, resembling the spokes of a wheel. This unique pattern provides insights into the geological structure
and evolution of the landscape. In morphometry, this pattern suggests a young geological feature or a region that
has undergone tectonic uplift. The pattern is often associated with landscapes that are undergoing rapid changes.

Fig 3 3A Sub Parallel, 3B Sub Dendritic, 3C Rectangular, 3D Angular,3E Radial, 3F Trellis
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3.2 Stream order (SU)
In geomorphometric analysis of a drainage basin, the ordering of the drainage system is a fundamental step. The
stream ordering method developed by Strahler (Strahler, 1957; Reddy et al., 2004; Yadav et al., 2014; Gregory et
al., 1973) is commonly applied for this purpose. Stream order defines both the size and position of streams within
the drainage network. The smallest and least branched streams are classified as first-order streams. When two first-
order streams merge, they form a second-order stream; similarly, two second-order streams combine to create a
third-order stream, with this pattern continuing for higher orders. Horton’s first law of stream numbers (Strahler,
1964; Schumm, 1963; Mesa, 2006) states that there is an inverse geometric relationship between stream order. This
means that as the stream order increases, the number of streams decreases. When this relationship is represented on
a semi-logarithmic graph, it typically appears as a straight line. In the Hatni River Basin, the highest stream order
reaches 6, while the maximum stream order for sub-basins ranges from 2 to 5 (Table 3A, 3B, 3C, 3D).

3.3 Bifurcation ratio (RB)

The bifurcation ratio (RB) measures the branching pattern of a river network and is calculated by the ratio of the
number of streams of a specific order (NU) to the number of streams in the subsequent higher order (NU+1). RB
offers valuable insights into the complexity of the terrain. For flat landscapes, RB values are generally < 2, while
rolling plains typically have RB values between 2 and 3. Values ranging from 3 to 4 indicate a transition from
rolling plains to hilly, dissected terrain, and RB values exceeding 4 suggest mountainous or highly dissected regions
(Horton, 1945; Clark et al., 2004; Srinivasa, 2011). Strahler (Strahler, 1957; Singh, 1964-1965] notes that RB is a
"useful, dimensionless, and highly stable measure™ that usually shows a limited range of variation across various
regions or environments, except where geological structures have a strong influence on drainage patterns. The Rb
of Hatni River Basin is 5.07 and that of the sub-basins varies between 2.25 (Sb 11) and 10 (Sb 39) (Table 3A,3C),
Sub basins between stream orders suggest the influence of geology, relief on drainage branching and structural
control. due to highly dissected topography higher values possible.

Table 3 (A)

Pa;‘:;”a Sbl | Sb2 | Sb3 | Sh4 | Sb5 | Sb6 | Sb7 | Sb | Sbo Sgl Si’l Sgl Sgl 321 321
Nu 3 | 3| 2433|333 ]a|3]|2]4]a]s3
o | 16] 158103 | 236156 156 | 170 [ 137 [17.9 [ 299 [ 132 [ 17.1 [ 199 [ 477 | 256

a3 28| 7|71 |75 |3 2|1]4]o9]|a
Lb | 438 | 6.32 | 4.01 | 7.51 | 447 | 5.66 | 6.07 | 5.43 | 6.52 | 9.15 | 5.09 | 6.66 752 11'6 9.89
N1 7 |12 5 | 3] 8 [10] 9|8 |13]4]| 5| 9|28 |28
N2 o [ 3 1o 2322138215/ 1]s
N3 1 [ -2 el ls el - 21471
N4 B T T e e e R
N6 I e e T T T
NT | 20| 16| 6 | 45 | 10 | 15 | 12 | 11 | 17 | 56 | 8 | 10 | 34 | 100 | 35
T1 0.49

Srt':zz:n 0.84 | 0.38 | 0.30 | 0.52 | 0.61 | 0.45 | 3.94 | 0.41 Ot'o 0.54 | 1.44 | 0.50 0.56 | 0.63
length
T2 |o051]079]324] 111173048 307|127 | 196|130 | 047|612 060134 0.69
T3 | 228|471| - [571238|475 | 150|339 380|188 241 - [014]288] 7.9
T4 S T Y- A U N R R (7 VIS IR I (e 117‘5 -
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LT1 590 | 4.62 | 1.52 174 493 | 501|379 | 334 130 241 7.22 | 4.58 1291 48.2 \ 11.7
5 4 5 1 6 1
LT2 102 | 238 | 3.24 12'0 3.47 | 144 | 3.32 | 2.55 | 5.88 1(;'4 0.95 | 6.12 3.04 2:2 4.14
LT3 228 | 4.71 - 113'4 238 | 475510339 |3.80 | 565|241 - 0.28 11'5 7.91
LT4 - - - |052] - - - - - | 731 - .| 402 117'5
LTS - - - - - - - - - - - - - -
LT6 - - - - - - - - - - - - - -
11.7 394 | 10.7 | 11.2 | 12.2 227 | 475 10.6 | 10.7 | 20.2 | 95.6 | 29.7
LT 9.20 1 4,76 1 8 0 1 9.28 5 6 8 0 5 5 7
Rb1-2 | 3.5 4 5 36'36 4 366 4.5 4 433 55 | 25 9 5:2 47 | 4.6
Rb2-3 2 3 - 4.5 2 3 2 2 3 2.66 2 - 25 | 45 6
Rb3-4 - - - 2 - - - - - 3 - - 2 4 5.33
Rb4-5 - - - - - - - - - - - - - - -
Rb5-6 - - - - - - - - - - - - - - -
Rb 2.75 1 3.90 5 3é3 3 3:'))3 3.25 3 3.66 | 3.72 | 2.25 9 Séz 442 | 5.33
RI2-1 0.60 | 2.06 1%'6 210 (281|106 |394| 305|225 |238]|0.33 1i'0 122 2.40 | 1.09
RI3-2 0.47 | 5.92 - 513 | 1.36 | 9.82 | 3.07 | 2.65 | 0.48 | 1.44 | 5.05 - 0.23 2.13 1;'4
RI4-3 - - - 0.09 - - 1.02 | 3.88 - - 222 4.00 -
RI5-4 - - - - - - - - - - - - - - -
RI6-5 - - - - - - - - - - - - - -
RI 2.54 | 3.99 12'6 244 | 2.09 | 544 | 350 | 2.85 | 2.03 | 2.76 | 2.69 121'0 989 2.85 | 6.27
Table 3 (B)

Paramet | Shl Sbl | Sb2 | Sb2 | Sb2 | Sh2 | Sh2 | Sb2 | Sh2 | Sh2 | Sh2 Sh3
ers 6 Sbl7 | Sbi8 9 0 1 2 3 4 5 6 7 8 Sb29 0
Nu 2 5 4 2 3 3 4 3 3 4 3 3 2 5 3

b 7.0 | 942 | 46.0 | 12. | 18. | 15. | 18. | 22. | 93 | 25. | 18. | 22. | 10. | 52.9 | 25.
0 9 5 08 | 29 | 50 | 77 | 60 8 59 | 82 | 83 | 58 1 68
Lb 2.1 | 260 | 143 | 40 | 61 | 53 | 49 | 58 | 32| 85 | 6.1 | 85 | 4.0 | 175 | 91
4 9 3 1 4 4 6 2 6 5 5 5 3 5 6
N1 4 406 95 3 15 12 23 27 7 58 23 20 5 148 20
N2 1 99 14 1 2 3 5 6 2 10 4 4 1 29 4
N3 - 18 2 - 1 1 2 1 1 2 1 1 - 7 1
N4 - 5 1 - - - 1 - - 1 - - - 1 -
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N5 - 1 - - - - - - - - - - - - -
NT 5 529 112 4 18 16 31 34 10 71 28 25 6 185 25
T1 0.5
mean 0.6 15|05 |05(05|06|03]03]| 03] 06 2 0.6
stream 5 0.6 | 0.61 3 9 8 2 3 9 8 8 4 061 9
length
19 21 (2008 |12 |17 |14 )| 13| 28 | 15 | 37 1.8
T2 4 117 | 2.35 8 7 7 9 0 5 1 1 8 2 1.23 8
251313133 |05]04 ]| 31|55 - 7.0
T3 - 3.82 | 3.28 - 7 5 7 3 5 5 9 6 3.38 3
0.6 6.9 - 19.6
T4 - | 135 | 941 | - - - ) - - g - - . -
T5 - | 505 | - - - - - - - - - - - - -
LT1 26 | 230. | 581 | 46 | 88 | 6.9 | 12. | 17. | 2.7 | 22. | 87 | 12. | 26 | 90.7 | 13.
2 94 2 0 9 9 11 01 8 28 8 86 0 2 82
LT2 19| 116. | 330 | 21 | 41 | 26 | 64 | 10. | 28 | 13. | 11. | 6.3 | 3.7 | 358 | 75
4 03 0 8 5 2 6 21 4 16 24 5 2 4 2
68.9 25131163 |33|05]08] 31|55 - 237 | 7.0
LT3 ) o | 8] - 712 | 5|8 | 2]5]09 6 2 3
25.6 0.6 6.9 - 19.6
LT4 - , | 941 | - - - ) - - g - - : -
26.2 -
LT5 - ) - - - - - - - - - - - -
LT6 - - - - - - - - - - - - - - -
LT 45 | 468. | 107. | 6.7 | 15. | 12. | 25. | 30. | 6.1 | 43. | 23. | 24. | 6.3 | 169. | 28.
6 03 19 9 62 74 56 61 6 29 22 78 3 97 38
5.7 5
Rb1-2 4 4.10 | 6.78 3 7.5 4 46 | 45 | 35| 58 s 5 5.1 5
2 -
Rb2-3 - 5.5 7 - 3 2.5 6 2 5 4 4 4.14 4
Rb3-4 - 3.6 2 - - - 2 - - 2 - - - 7.00 -
Rb4-5 | - 5 - - - - - - - - - - - - -
Rb5-6 | - - - - - - - - - - - - - - -
4.2 30 | 5.2 |27 | 42 | 48 5
Rb 4 455 | 5.26 3 5 3.5 3 5 s 6 7 4.5 541 | 45
2.9 14 |1 35 (14 |24 |27 |35(34 |73 |24/ |71 2.7
RI2-1 6 2.06 | 3.85 5 0 9 5 0 6 5 6 6 4 2.01 5
12 135124119 03|03 11| 35 - 3.7
RI3-2 - 3.26 | 1.39 - 4 7 5 9 7 5 3 0 2.74 3
0.1 16. -
RI4-3 - 135 | 2.86 - - - 9 - - 42 - - 5.80 -
RI5-4 - | 505 | - - - - - - - - - - - - -
RI6-5 - - - - - - - - - - - - - - -
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RI 269 293 | 270 124 2%3 2é5 1(.)7 2‘.13 1é9 6; Zél 259 7A.fl 352 3;
Table 3 (C)
Par;?et Sli)3 823 823 823 823 Sb36 | Sb37 | sbas 833 S(k))4 S:l:L)4 824 824 Spaa 824
Nu 3 3 3 3 2 5 3 4 2 3 2 3 3 4 3
p 10. | 21. | 14. | 12. | 10. | 113. 223 572 | 11. | 16. | 9.6 | 11. | 18. | 46.1 | 12.
05 50 75 22 93 64 5 87 22 6 54 83 5 54
Lb 36 | 7.1 | 5.1 | 47 | 43 | 313 )61 165 | 33 | 56 | 3.0 | 40 | 7.1 | 14.1 | 41
5 4 2 6 5 7 9 8 5 1 9 9 0 6
N1 8 13 13 6 6 520 7 122 10 16 6 7 17 99 7
N2 3 2 4 2 1 120 2 26 1 3 1 2 4 22 2
N3 1 1 1- 1 - 27 1 3 - 1 - 1 1 4 1
N4 - - - - - 6 - 1 - - - - - 1 -
N5 - - - - - 1 - - - - - - - - -

NT 12 16 18 9 7 674 10 152 | 11 | 20 7 10 | 22 | 126 | 10

T1

mean 04|07 |07 )04 ]| 06 0.4 0.3 | 0.6 | 00. 0.4
stream 0 8 4 7 6 056 | 0.69 | 0.61 2 068 9 6 45 063 6
length
05|15 | 12| 13| 27 34 106 | 29|16 | 11 1.8
T2 4 ) 4 7 5 135 | 1.66 | 1.72 4 3 3 3 3 1.28 5
23 | 36 | 36 | 29 4.4 06 | 5.3 1.9
T3 9 ) 0 5 - 3.11 | 0.00 | 411 - 5 - ) 3 3.80 5
T4 - - - - - 7.51 - 9.62 - - - - - 1%'3 -
28.1
T5 - - - - - 1 - - - - - - - - -
LT1 32 | 10. | 96 | 28 | 4.0 | 294. 4.85 746 | 42 | 11. | 23 | 46 | 7.6 | 626 | 3.2
2 22 7 2 1 56 8 9 01 8 8 9 0 7
16 | 31 | 49 | 27 | 2.7 | 162. 447 | 34 | 19 | 29 | 3.3 | 45 | 282 | 3.7
LT2 3 0 9 4 5 30 3.32 6 4 1 8 6 4 1 3
LT3 23 | 56 | 36 | 29 ) 84.0 | 0.00 | 12.3 ) 4.4 ) 06 | 53 | 152 | 19
9 2 0 5 6 1 4 5 2 3 3 6
45.0 10.3
LT4 - - - - - 9 - 9.62 - - - - - 0 -
28.1
LT5 - - - - - 1 - - - - - - - - -
LT6 - - - - - - - - - - - - - - -
LT 72 | 18. | 18. | 85 | 6.7 | 614. 8.18 141. | 7.7 | 17. | 53 | 86 | 17. | 116. | 8.9
5 94 | 27 2 7 13 ' 41 3 38 6 8 56 35 7

Rb1-2 | 2.6 | 6.5 | 32 3 6 | 433 | 35 | 469 | 10 | 53 6 |35 |42 | 45 | 35
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6 5 3 5
Rb2-3 3 2 4 2 - 4.44 2 8.66 - 3 - 2 4 55 2
Rb3-4 - - - - - 4.5 - 3 - - - - - 4 25"7
Rb4-5 | - - - - : 6 - - - -] - - - -
Rb5-6 | - : . : : - : : : - -] - : : -
ro [ PP as | 6 fast|as sas | a0 | M e | AT Y Lase | 2
RI2-1 153 1%9 1%6 2i9 4il 238 | 239 | 281 810 Oé9 7i5 2i5 2i5 202 3{.39
RI3-2 453 3é6 258 251 i 530 0(.)(;0 538 i 659 i 0%3 45.36 597 150
RI4&-3 | - - - - - 241 - |233] - - - - - | 270 | -
RI5-4 | - - - - | 374 | - - - - - - - - -
RI6-5 | - - - - - - - - - - - - - - -
RI 2%8 25.97 2é2 2:.35 4il 271 | 119 | 251 BiO 349 7i5 1;14 3(.)6 256 215
Table 3 (D)
Paramet Sha6 Sb4 | Sh4 | Sb4 | Sb5 | Sb5 | Sb5 | Sb5 | Sb5 | Sb5 | Sb5 | Sh5 | Sb5
ers 7 8 9 0 1 2 3 4 5 6 7 8 | Hatni
Basin
Nu 5 3 3 3 3 3 3 3 3 4 2 4 3 6
p 117.6 | 17.6 | 17.6 | 26.4 | 184 | 22.2 | 21.6 | 25.1 | 18.4 | 34.8 | 10.2 | 15.6 | 13.1 | 290.6
5 9 9 4 2 0 0 6 3 1 5 9 9 7
Lb 32.79 | 6.51 | 6.51 | 9.09 | 6.52 | 7.21 | 824 | 893 | 6.34 1(;'9 3.64 | 4.98 35'37 67.75
N1 553 18 18 30 18 39 26 27 22 52 6 18 11 3285
N2 114 3 3 4 3 7 4 8 5 13 1 4 4 687
N3 23 1 1 1 1 1 1 1 1 2 - 2 1 145
N4 7 - - - - - - - - 1 - 1 - 30
N5 1 - - - - - - - - - - - - 4
N6 - - - - - - - - - - - - - 1
NT 698 22 22 35 22 47 31 36 28 68 7 25 16 4152
T1 mean 00,5 0.43
stream 0.60 | 0.53 | 0.53 | 0.53 | 0.57 4 041 | 058 | 0.64 | 0.53 | 1.14 | 0.52 0.52
length
T2 132 101|101 |275| 173|166 071|108 | 134|058 |1.88 | 097 | 114 1.3
T3 325 | 519|519 | 397|359 625 | 704|697 |531 | 3.60 - 1.28 | 2.08 3.3
T4 5.49 - - - - - - - - 8.66 - 2.37 - 6.47
T5 27.09 - - - - - - - - - - - - 32.05
T6 - - - - - - - - - - - - - 65.05
LT1 3326.4 9.65 | 9.65 13.1 1(;.3 217.3 1(;.7 157.7 12‘;.0 222.0 6.89 | 9.44 4.83 1216.
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LT2 1511'4 3.03 | 3.03 12'0 5.19 117'6 2.85 | 8.69 | 6.72 | 7.63 | 1.88 | 3.90 457 89:'6

LT3 7479 |1 519 | 5119 | 397 | 359 | 6.25 | 7.04 | 6.97 | 5.31 | 7.20 - 2.57 2.08 4738
LT4 38.47 - - - - - - - - 8.66 - 2.37 ) 19;'9
LT5 | 27.05| - - - - - - - - - - - ) 12?'2
LT6 - - - - - - - - - - - - - 65.05

LT 628.1 | 178 | 17.8 | 31.1 | 19.1 | 393 | 206 | 314 | 26.1 | 515 8.78 18.3 | 11.5 | 3478.

7 8 8 2 1 0 3 4 3 6 ' 1 0 49
Rb1-2 4.85 6 6 7.5 6 5%5 6.5 3%3 4.4 4 6 4.5 2; 4.78
Rb2-3 4.95 3 3 4 3 7 4 8 5 6.5 - 2 4 4,74
Rb3-4 3.28 - - - - - - - - 2 - - - 4.83
Rb4-5 7 - - - - - - - - - - - - 7.5
Rb5-6 - - - - - - - - - - - - - 4
5.7 6.2 5.6 2.8 | 2.6

Rb 502 | 45 | 45 . 4.5 8 5.25 8 47 | 4.1 6 3 0 5.17
RI2-1 218 (188 | 18 | 511 |3.02|3.04| 173|186 | 209|108 | 164|186 | 182 | 0.52
RI3-2 244 | 513 | 513 | 144 | 2.07 | 3.75 | 9.85 | 6.41 | 3.95 | 6.13 - 131 - 0.54
RI4-3 1.68 - - - - - - - - 2.40 - 1.84 - 0.41
RI5-4 4.92 - - - - - - - - - - - - 0.66
RI6-5 - - - - - - - - - - - - - 0.51

RI 281 | 351|351 |327|254|339|579|413|302|320 | 164|167 |221 | 2.63

3.4 Stream length (Lu)

3.5

3.6

3.7

The total length of streams (Lt) in Hatni River Basin is 3478.3 km and that of the sub-basins varies from 4.56 km
(Sb 16) to 628.17 km (Sb 46) (Table 3A,3D). Generally, the mean length of streams (Lt) in sub-basins increases
with the stream order. Consequently, deviations from this overall trend in some sub-basins indicate the influence of
lithology and relief.

Length of main channel (SL)

SL refers to the distance from the basin mouth to the source of the longest stream at the drainage divide (Hack,
1973). The length of the Hatni River is 116.09 km.

Length of Basin (Lb)

There are varying perspectives on how to measure basin length. According to Schumm (Schumm, 1956), basin
length is defined as "the longest dimension of the basin parallel to the principal drainage line." In contrast, Gregory
and Walling (Gregory et al., 1968) describe basin length as "the longest distance within a basin, with one end being
at the mouth of the main stream." In this study, basin length is measured following Gregory and Walling’s (Gregory
et al., 1968) definition, which emphasizes the longest continuous length from the basin's source to its outlet.
Length of basin (Lb) is a measure of geometrical size and shape of a drainage basin. Hatni River Basin. has a Lb of
66.40 km and that of the sub-basins ranges between 2.14 km (Sb 16) and 32.79 km (Sb 46) (Table 3B,3D) (Fig4.2).
Perimeter (P)

The perimeter (P) is a crucial factor in basin analysis (Phillips et al., 1987) defines the perimeter of a drainage basin
as "the horizontal projection of its water divide, which outlines the basin’s area on a map The water divide is the
line that connects the highest points between two drainage basins, effectively separating their surface runoff. This
boundary outlines the entire catchment area that is drained by the river network, serving as the boundary for
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hydrological and geomorphological studies. The P of Hatni River Basin is 290.66 km and it varies between 7.00
km (Sb 16) and 117.65 km (Sh 46) for the sub-basins (Table 3B,3D) (Fig 4).

?4"1‘5'0'E 74“3:3‘0"E 74”4.5'D‘E

Hatni River Sub Basin Width And Length Map

A

22°32'0"N
i

22°16'0"N
L

Hatni River Basin Width And Length

22°0°0"N
L

0 35 7 14 Kilemeters Hatul River Sub Basin Width And
Tengeh

Fig4 Hatni River Basin and Sub Basin Length and Width
Slope plays a crucial role in understanding flow dynamics within a landscape (Verma et al., 2006; Verma, 1993). The
mean slope provides a qualitative indication of flow velocity, with steeper slopes suggesting faster flow and gentler
slopes indicating slower movement in the area. The rate at which a landscape is shaped or eroded is directly proportional
to the velocity of flow, meaning steeper terrains are likely to experience more rapid erosion and landscape carving.
.Hatni Basin Slope Direction is N-S

Slope Map Hatni River Basin

17 Kilometers

Fig 5 Slope Map Hatni River Basin
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3.8

3.9

3.1

3.1

3.1

3.1

3.1

3.1

Relief ratio (RR)
Analysts utilize a metric called the relief ratio (RR) to assess the relief characteristics of a basin. This ratio is
determined by dividing the total relief of the basin by its length. Mathematically, the relief ratio is expressed as
RR=BL\BL, where RR represents the relief and BL denotes the length of the basin. The relief ratio is a
dimensionless value that reveals a strong positive correlation with stream gradient, the slope angle of the terrain,
and drainage density (Schumm, 1956; Verma, 1993; Rathore et al., 2024).
The relief ratio of the sub basin arevaprox 0.1, characterizing mountainous configuration of the terrain (Schumm
1963). Rr is a dimensionless height-length ratio between R and Lb (Schumm, 1956). The Rr of Hatni River Basin
is 0.009, and it’s sub basin value between 0.006 (Sb 4) and 0.2 (Sb 14). Rr values (Rr > 0.20), indicating steep
terrain configuration (Table 4).
Constant of channel maintenance (CM)
CM is defined as the reciprocal of drainage density and represents the area, in square kilometers, required to sustain
one kilometer of drainage channel. This makes CM an essential metric for evaluating drainage systems. (Phillips et
al., 1987). In the Hatni River Basin, the value of CM is 0.58, while the sub-basins exhibit values ranging from 0.43
(Sb 37) t0 0.72 (Sh 3) (Table 4).

OLength of overland flow (Lg)

The length of overland flow (Lg) is defined as the distance water travels across the ground before it starts to gather
in a defined channel. The length of Lg is closely connected to the length of sheet flow, with both processes supported
by a shallow layer of surface retention (Melton, 1957; Verma et al., 2006; Rathore et al., 2024). The Lg of Hatni
River Basin is 0.29 and that of the sub-basins vary from 0.21 (Sb 37) to 0.36 (Sh3). The low Lg values of the Hatni
River Basin and its sub-basins suggest that they are in a late youth to early mature stage of development (Table 4).

1Drainage density (DD)
Drainage density is a frequently utilized morphometric parameter for analyzing different environmental variables.

It is a measure of the degree of fluvial dissection and depends on a number of factors like topography, lithology,
climate, petroology and vegetation (Nag, 1998). According to (Horton, 1932), it is a measurement of the length of
streams per unit area. Drainage density provides a numerical measurement of landscape dissection and run-off
potential (Reddy et al., 2004; Yadav, 2014). The Dd of Hatni River Basin is 1.73 and that of the sub-basins ranges
between 1.38 (Sb3) and 2.31 (Sb 37) (Table 4).

2Form factor (FF)

Horton [15] proposed this parameter to predict the flow intensity of a basin in a defined area. It shows an inverse
relationship with square of the axial length and a direct relation with peak discharge (Gregoryet al., 1973; Singh,
1964-1965; Rathore et al., 2024). The form factor of Hatni River Basin is 0.46 and the sub basins range between
0.14 (Sb 12) and 0.62 (Sb 16) (Table 4). The sub basin3. They have peak flows for longer duration. Sab basin 12
has the highest form factor and the highest peak discharge in the sub basin.

3Stream frequency (Fs)

The drainage frequency of the basin can be defined as the total number of streams (Nw) per unit area (A). The Hatni
river basin as a whole has a stream frequency of 2.07per km2, which denotes moderate denudational activity and
moderate surface stratum permeability. In the study region its sub basin Fs value between 0.91 /km? (Sb 19) and
2.88/km? (Sb 31). Sh-31 has the highest Fs value (2.88) whereas Sh 19 lowest stream frequency (Table 4).
According to (Yadav et al., 2014) these areas are characterized by steep slopes, less vegetation, and reduced rock
permeability, all of which promote higher runoff, high denudation activities, and high relief conditions. The region
with the lowest Fs score 0.91 Sb 19 has a soft surface with high permeability and features of flat terrain. The stream
frequency parameter is influenced by the basin's lithology and serves as an indicator of the drainage network's
texture (Horton, 1945). The Fs of Hatni River Basin is 2.07 /km?

4Circularity ratio (Rc)
Circulatory ratio is influenced by the lithology of the basin, stream frequency and gradient of various orders
(Strahler, 1964). The Rc is the ratio of A to area of a circle with same P as that of the basin (Miller, 1953). The Rc
of Hatni River Basin is 0.30, while that of the sub-basins ranges between 0.27 (Sh 32) and 0.73 (Sb 16) (Table 4).
The lower Rc values of most of the sub-basins also indicates the elongated shape.

5Elongation ratio (Re)
The Re of Hatni River Basin is 0.76 and it’s sub-basins ranges from 0.43 (Sb 12) to 0.89 (Sb 16) (Table 4).
According to (Strahler, 1964), SB12 belong to oval shaped (0.90 > Re > 0.80); Hatni River Basin to less elongated
(0.80 > Re > 0.70) and the rest are highly elongated (Re < 0.70) basins.
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Table 4

Parameters A Ff Re Rc Fs Dd C Lg
SB1 5.03 0.26 0.58 0.47 1.99 1.83 0.55 0.27
SB2 7.72 0.19 0.5 0.39 2.07 1.52 0.66 0.33
SB3 3.44 0.21 0.52 0.41 1.75 1.39 0.72 0.36
SB4 21.96 0.39 0.7 0.49 2.05 1.8 0.56 0.28
SB5S 6.77 0.34 0.66 0.35 1.62 1.59 0.63 0.31
SB6 6.77 0.21 0.52 0.35 2.21 1.66 0.6 0.3
SB7 6.66 0.18 0.48 0.29 18 1.84 0.54 0.27
SB8 5.47 0.19 0.49 0.36 2.01 1.7 0.59 0.29
SB9 11.98 0.28 0.6 0.47 1.42 1.9 0.53 0.26
SB 10 27.41 0.33 0.65 0.38 2.04 1.74 0.58 0.29
SB 11 6.19 0.24 0.55 0.45 1.29 1.71 0.58 0.29
SB 12 6.59 0.15 0.43 0.28 1.52 1.63 0.62 0.31
SB 13 13.65 0.26 0.57 0.43 2.49 1.48 0.67 0.34
SB 14 53.77 0.25 0.57 0.3 2.03 1.78 0.56 0.28
SB 16 2.88 0.63 0.89 0.74 1.73 1.58 0.63 0.32
SB 17 260.85 0.38 0.7 0.37 2.03 1.79 0.56 0.28
SB 18 61.41 0.3 0.62 0.36 1.82 1.74 0.57 0.29
SB 19 4.37 0.27 0.59 0.38 0.92 1.55 0.64 0.32
SB 20 8.52 0.23 0.54 0.32 211 1.83 0.55 0.27
SB 21 8.15 0.29 0.6 0.43 1.96 1.56 0.64 0.32
SB 22 15.03 0.61 0.88 0.54 2.06 1.7 0.59 0.29
SB 23 16.29 0.48 0.78 0.4 2.09 1.88 0.53 0.27
SB 24 3.7 0.35 0.66 0.53 2.7 1.66 0.6 0.3
SB 25 25.16 0.34 0.66 0.48 2.82 1.72 0.58 0.29
SB 26 1451 0.38 0.7 0.51 1.93 1.6 0.62 0.31
SB 27 14.42 0.2 0.5 0.35 1.73 1.72 0.58 0.29
SB 28 3.47 0.21 0.52 0.39 1.73 1.82 0.55 0.27
SB 29 93.42 0.3 0.62 0.42 1.98 1.82 0.55 0.27
SB 31 4.15 0.31 0.63 0.52 2.89 1.75 0.57 0.29
SB 32 10.17 0.2 0.5 0.28 1.57 1.86 0.54 0.27
SB 33 8.14 0.31 0.63 0.47 2.21 2.25 0.45 0.22
SB 34 3.87 0.17 0.47 0.33 2.33 2.2 0.45 0.23
SB 35 4.8 0.25 0.57 0.5 1.46 1.41 0.71 0.35
SB 36 334.88 0.34 0.66 0.33 2.01 1.83 0.55 0.27
SB 37 3.54 0.52 0.81 0.65 2.83 2.32 0.43 0.22
SB 38 77.48 0.28 0.6 0.3 1.96 1.83 0.55 0.27
SB 39 4.68 0.41 0.72 0.42 2.35 1.65 0.61 0.3
SB 40 9.61 0.3 0.62 0.46 2.08 1.81 0.55 0.28
SB 41 3.34 0.37 0.68 0.45 2.09 1.61 0.62 0.31
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SB 42 4.26 0.25 0.57 0.4 2.35 2.04 0.49 0.25
SB 43 10.36 0.2 0.5 0.37 2.12 1.7 0.59 0.29
SB 44 67.2 0.34 0.66 0.4 1.88 1.73 0.58 0.29
SB 46 356.96 0.33 0.65 0.32 1.96 1.76 0.57 0.28
SB 47 10.36 0.24 0.56 0.42 2.12 1.73 0.58 0.29
SB 48 10.36 0.24 0.56 0.42 2.12 1.73 0.58 0.29
SB 49 18.17 0.22 0.53 0.33 1.93 1.71 0.58 0.29
SB 50 11.48 0.27 0.59 0.43 1.92 1.67 0.6 0.3
SB 51 22.34 0.43 0.74 0.57 2.1 1.76 0.57 0.28
SB 52 12.5 0.18 0.48 0.34 2.48 1.65 0.61 0.3
SB 53 18.98 0.24 0.55 0.38 19 1.66 0.6 0.3
SB 54 131 0.32 0.64 0.48 2.14 2 0.5 0.25
SB 55 29.62 0.25 0.56 0.31 2.3 1.74 0.57 0.29
SB 56 4.46 0.34 0.65 0.53 1.57 1.97 0.51 0.25
SB 57 10.15 0.41 0.72 0.52 2.46 1.8 0.55 0.28
SB 58 6.52 0.45 0.76 0.47 2.45 1.76 0.57 0.28
g::r: 200891 | 0.46 0.76 0.3 2.06 1.73 0.58 0.29

3.16Basin relief (R)
The R of Hatni River Basin is 685 m and it’s sub-basins ranges between 180 m (Sbh 34) and 683 m (Sb 36) (Table
5)

3.17Relief ratio (Rr)
The relief ratio of the sub basin arevaprox 0.1, characterizing mountainous configuration of the terrain (Schumm,
1963). Rr is a dimensionless height-length ratio between R and Lb (Schumm, 1956). The Rr of Hatni River Basin
is 0.009, and it’s sub basin value between 0.006 (Sb 4) and 0.2 (Sb 14). Rr values (Rr > 0.20), indicating steep
terrain configuration (Table 5).

3.18Ruggedness Number (Rn)
The Rn of hatni River Basin is 1.06 and it’s the sub-basins ranges between 0.06 (Sb 3) and 1.12 (Sb 36) (Table 5) .
The high Rn of Hatni River Basin and all most of the sub-basins indicate low soil erosion susceptibility.

Table 5
Parameters R Rr Rn
SB 1 80 0.02 0.15
SB 2 99 0.02 0.15
SB 3 49 0.01 0.07
SB4 100 0.01 0.18
SB5 121 0.03 0.19
SB6 137 0.02 0.23
SB7 97 0.02 0.18
SB 8 98 0.02 0.17
SB9 80 0.01 0.15
SB 10 124 0.01 0.22
SB 11 71 0.01 0.12
SB 12 94 0.01 0.15
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SB 13 77 0.01 0.11

SB 14 196 0.01 0.35

SB 15 85 0.01 0.14

SB 16 231 0.11 0.37

SB 17 275 0.01 0.49

SB 18 127 0.01 0.22

SB 19 54 0.01 0.08

SB 20 66 0.01 0.12

SB 21 49 0.01 0.08

SB 22 105 0.02 0.18

SB 23 133 0.02 0.25

SB 24 107 0.03 0.18

SB 25 205 0.02 0.35

SB 26 169 0.03 0.27

SB 27 193 0.02 0.33

SB 28 198 0.05 0.36

SB 29 311 0.02 0.57

SB 30 203 0.02 0.36

SB 31 102 0.03 0.18

SB 32 180 0.03 0.34

SB 33 190 0.04 0.43

SB 34 110 0.02 0.24

SB 35 327 0.08 0.46

SB 36 613 0.02 1.12

SB 37 184 0.07 0.43

SB 38 234 0.01 0.43

SB 39 117 0.03 0.19

SB 40 208 0.04 0.38

SB 41 150 0.05 0.24

SB 42 149 0.04 0.3

SB 43 180 0.03 0.31

SB 44 230 0.02 0.4

SB 45 157 0.04 0.26

SB 46 232 0.01 0.41

SB 47 74 0.01 0.13

SB 48 74 0.01 0.13

SB 49 88 0.01 0.15

SB 50 70 0.01 0.12

SB 51 73 0.01 0.13

SB 52 80 0.01 0.13

SB 53 136 0.02 0.23
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SB 54 120 0.02 0.24
SB 55 195 0.02 0.34
SB 56 63 0.02 0.12
SB 57 103 0.02 0.19
SB 58 59 0.02 0.1
Hatni Basin 685 0.009 1.06

3.19Discussion

This study explores the use of CARTOSAT Digital Elevation Model (DEM) for morphometric analysis, particularly
in mountainous areas. The analysis focused on the Hatni River Basin and its minimum second-order tributaries to
examine the spatial variability of morphometric parameters and their hydrological implications. The drainage
patterns and the linear arrangement of stream courses within the Hatni River Basin indicate a structural influence
on the drainage network. First-order streams comprise approximately 79% of the total stream count in the basin,
with a higher number of first-order streams observed across all sub-basins. This prevalence suggests the presence
of structural weaknesses in the basin, primarily manifested as lineaments (Mesa, 2006). Overall, this indicates that
the development of the sub-basins primarily adheres to the principles of erosion operating on homogeneous
geological materials with consistent weathering and erosion characteristics. Variations in stream orders across the
sub-basins can be attributed to irregular sub-basin development, local topographic differences, and the influence of
localized geological disturbances. Generally, the bifurcation ratio of lower-order streams is higher, suggesting
significant dissection in these areas. The bifurcation ratio of the sub-basins, exceeding 3, indicates structural
disturbances likely caused by the proximity of a major fault. (Clark et al., 2004). The stream frequency across all
sub-basins is moderate, suggesting a corresponding level of runoff. Figure 4 illustrates the regression trend between
drainage density and stream frequency, which reveals a positive linear correlation (Horton, 1932). The elongation
ratio further indicates significant relief within the Hatni River Basin. The elongation ratio (Rc) for the sub-basins
varies from 0.28 (Sh 32) to 0.74 (Sb 16). Notably, one sub-basin exhibits high values of both elongation ratio (Re
=0.89) and Rc (0.74), potentially indicating differential erosion and displacement within the sub-basin. The form
factor for the elongated basins ranges from 0.15 (Sh 12) to 0.63 (Sb 16) (Strahler, 1964). All sub-basins fit into this
category. Sub-basin 16 has a higher form factor (0.63) compared to other elongated shapes, consistent with their
elongation and circulatory ratios. This increased form factor in sub-basin 16 (Table 4) indicates enhanced drainage
development and structural control within these sub-basins. It has been noted that the relationship follows the order:
elongation ratio > circulatory ratio > form factor (Srinivasa et al., 2011) except for the Hatni River Basin 58, which
underscores the significance of structural control. Figure 6 illustrates the variations in shape parameters. The
bifurcation ratio (Table 3A,3B,3C,3D) ranges from around 2 in flat or gently rolling drainage basins to between 3
and 4 in mountainous or highly dissected basins. As anticipated, the bifurcation ratio tends to be higher in hilly,
well-dissected drainage basins than in rolling ones. Furthermore, it will be demonstrated that the length of overland
flow is one of the most significant independent variables affecting both the hydrologic and physiographic
development of drainage basins.

4. CONCLUSION

Morphometric analysis of the Hatni River Basin highlights the significance of terrain analysis and its impact on
river basin management. Precambrian rocks cover much of the basin, making it difficult to see underlying
geological formations. The Hatni River Basin's morphometric analysis highlights the significance of morphometric
studies in terrain analysis and river basin management. The Archaean meta-sediments include quartzites,
calciphyres, dolomitic marbles, chlorite schists, garnetiferous talc chlorite schists, and graphite schists.
Precambrian rocks cover much of the basin, making it difficult to see underlying geological formations. The
Archaean meta-sediments are represented by Quartzites, calcites, and dolomitic rocks Chlorite schists can be
garnetiferous (e.g., Talc, Graphite) (Singh, 1964-1965). The basin shows two distinct landscapes, its Northern Western
part shows structure control type of drainage and its Northern eastern part shows parallel to subparallel drainage pattern
(Fig. 2). The geometry of the Hatni river basin implies headward extension because terrain and structure influence the
prevailing form of drainage development and stream bifurcation simultaneously. This heavily dissected Hatni river basin
has a higher degree of drainage integration, and so the analytical results hint to a late youth to early mature stage of
geomorphological evolution. The upstream part of Hatni River Basin is well drained and the downstream is very badly
to moderately drained and topography configuration plays a key influence in shaping the spatial variance. The basin's
less elongated shape, combined with highly elongated sub-basins, reduces the risk of flood flows and makes flood
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management easier. The classification of the 4th and 5th order mostly sub basins are highly elongated The Elongation
ratio of Hatni river Sub Basin are Show most of Sub Basin is Highly Elongated (Oval Shaped 3 Sub Basin, Less
Elongated 6 Sub Basin, Highly Elobgated 49 Sub Basin) and Hatni River Basin are structure control basin.
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