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Abstract
Scientists and researchers in ancient and modern times have profoundly applied morphometric analysis to evaluate quan-
titative description of landforms or drainage basins and large regions.The objective of this study is to enlighten certain 
features like tectonic control over drainage basin, the hydro-geomorphic characteristics of the drainage system and the 
geomorphic maturity of terrain of South Andaman Island. After extensive studies, drainage system in this particular island 
is broadly classified into five major drainage patterns (dendritic, trellis, parallel, radial and centripetal). An attempt has 
been made here to investigate the in-depth morphometric characteristics of dendritic pattern of a fourth-order watershed. In 
earlier attempts, researchers have used morphometric analysis to calculate stream ordering, stream length, length ratio and 
bifurcation ratio as part of linear aspects and drainage density, stream frequency, form factor, circulatory ratio, elongated 
ratio as part of areal aspects. The present case study has been carried out in remote sensing and geographical information 
system (GIS) environment. Shuttle Radar Topographic Mission data has been used to prepare the digital elevation model 
and GIS to evaluate all linear, areal and relief aspects of this small drainage basin in South Andaman Island which was 
never unearthed till date.

Keywords Terrain · Morphometry · SRTM · DEM · GIS

Introduction

The fundamental of this research paper is based on mor-
phometric analysis of a small drainage basin in South 
Andaman Island, India. Morphometry as defined by Agar-
wal (1998) is a useful technique to quantify and analyze 
mathematically the earth’s surface configuration and the 
shapes and dimensions of its landforms. In the recent past, 
emphasis was given to the development of quantitative 
methods to assess the behavior and evolution of the sur-
face drainage networks (Horton 1945; Leopold and Mad-
dock Jr 1953; Abrahams 1984). Studies had already estab-
lished the major factors like climate, relief and geology in 

determining the activities of the running water ecosystem at 
basin scale (Lotspeich and Platts 1982; Frissel et al. 1986). 
Morphometric parameters have been profoundly applied 
to describe basin forms and processes. These parameters 
assist to compare various basin characteristics (Mesa 2006) 
and help to understand the geological and geomorphic 
history of the basin area (Strahler 1964). Horton (1945) 
was one of the greatest researchers to invent quantitative 
analysis of drainage basins which was later modified by 
Strahler in traditional means. The conventional methods 
are now been replaced by GIS and satellite remote sensing 
(Biswas et al. 1999; Nageswara Rao et al. 2010; Krishna-
murthy and Srinivas 1995: Srivastava and Mitra 1995: 
Agarwal 1998) to record the same. Morphometric analysis 
was employed for characterizing watersheds (Nag 1998; 
Vittala et al. 2004), flood potentiality of drainage basins, 
evaluation of prevailing geohydrological characteristics, 
watershed planning and management (Hajam et al. 2013). 
It describes the influence of lithology in the drainage devel-
opment (Pareta and Pareta 2011), drainage morphometry 
on hydrology. This case study is designed to describe the 
nature of spatial variations, physical characteristics and 

 * Swati Ghosh 
 sgswatighosh@gmail.com

1 Department of Geography, University of Calcutta, Kolkata, 
India

2 Department of Geography and Environment Management, 
Vidyasagar University, Midnapore, India

3 Kolkata, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s13201-019-1055-0&domain=pdf


 Applied Water Science (2020) 10:5

1 3

5 Page 2 of 16

the impact of tectonics over the drainage basin. Among the 
widely used techniques as described, GIS methodologies 
have been implemented to accomplish the morphometric 
analysis of the South Andaman drainage basin. This tool 
is devised to provide a powerful and flexible environment 
for the manipulation and analysis of spatial information.

Study area

The investigated area is located in the new Rangachang vil-
lage of Port Blair tehsil of South Andaman Island (Fig. 1). 
The area of the concerned dendritic basin is 18.51 km2 and 
is situated between 11° 32′ N to 11° 35′ N latitude and 92° 
41′ 30″ E to 92° 44′ E longitude (Fig. 1e). The main channel 
originates at an altitude of 160 meters. Initially, it takes a 
southeasterly course, then flows into northeasterly direction 
and ultimately debouches into the Andaman Sea. There are 
numerous small tributaries that pour into the channel. As 
per the analysis, it is found that a fourth-order watershed is 
formed in this region. These channels are said to be rain fed. 
The average annual rainfall of the island varies from 3000 
to 3500 mm.

Tectonic setting and geology of South 
Andaman Islands

The tectonic history and geology of the Andaman Island and 
its surrounding region are very complex due to the presence 
of tectonic features and active faults such as West Andaman 
Fault in Andaman Sea and Diligent Fault. Andaman Nicobar 
Ridge is an accretionary prism of Sunda subduction zone. 
The basic structure of the ridge is an imbricate stack of east-
ward dipping fault slices and folds.

According to Oldham, the stratigraphy of the Andaman 
Island falls into two basic formations, the Port Blair series 
and the Archipelago series. The Port Blair series mainly 
consists of firm gray sandstone and imbedded gray shale 
with minor amounts of coaly matter, conglomerate and 
limestone. The sandstone is the characteristic rock of this 
series. The younger Archipelago series consist typically 
of soft limestone which is formed from coral, shell, sand, 
soft calcareous sandstones and soft white clays. Later on, 
the Port Blair Formation was known as Andaman Flysch. 
The present study area coincides with the Andaman Flysch 
sediment and composed of Eocene sandstones (Fig. 2B). 
Some serpentines are also found in the uppermost part of 
the drainage basin. According to various authors, this Anda-
man Flysch or Port Blair Formation sandstones are turbidi-
ties and they were interpreted as sediments of the Bengal 

Fan (Curray et al. 1979). The underlying rock of the basin 
is acid plutonic.

Materials and methods

The dendritic pattern was first identified and delineated from 
SOI topographic maps of 1979 with no. 87 A/10 on the scale 
1:50,000. The exact basin area was demarcated and extracted 
from the Aster DEM of 30-meter resolution. For an authen-
tic morphometric analysis, sinks were removed from Aster 
data. Finally, the standard flow paths were generated over the 
DEM using watershed analysis. The sub-basins were com-
puted by changing the value of the basin parameter. Along 
with the flow paths and standard basins, all other water-
shed attributes were also generated. The drainage channels 
were characterized according to their corresponding drain-
age order. The entire task was carried out in remote sensing 
and GIS environment by using TNT MIPs software. The 
morphometric parameters were divided into three catego-
ries: linear, areal and relief aspects. The basic parameters 
like basin area, perimeter, length and stream length were 
extracted from the geo-database, and other parameters were 
derived from these basic parameters by means of various 
mathematical equations (Table 1).

Results and discussions

Linear aspects

Perimeter (P)

The perimeter of the studied basin was calculated to be 
18.51 km (Table 2). Basin ID 19 was recorded to have 
the minimum value of 1.3 km, whereas Basin ID 14 has 
the maximum value of 7.6 km among all the sub-basins 
(Table 5).

Basin length  (Lb)

The length of the basin of fourth-order watershed is 5.2 km 
(Table 2). In case of sub-basins (Table 5), it ranges from 
0.28 km (Basin ID 19) to 3.58 km (Basin ID 14). Basin ID 
14 is relatively elongated and it covers the maximum area 
(1.5 km2). Hence, in this case, headward erosion plays the 
key role in making the channels lengthy and forms an elon-
gated basin.

Stream order  (Su)

Strahler method has been followed in this current case study 
to determine the stream ordering (Fig. 3). There are a total 
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Fig. 1  Location map: a India, b Andaman Nicobar Island, c South Andaman Division, d drainage map of South Andaman Island, e fourth-order 
dendritic drainage basin
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of 74 channels linked to form the fourth-order watershed. It 
is found that the maximum frequency is in the case of first-
order streams (77.02%, maximum proportion) and with the 
increasing order, the frequency decreased. Thus, the law, the 
lower the order, the higher the frequency and vice versa, is 
implied throughout the basin.

Total stream length (Lu)

The stream length of various orders has been calculated. 
It is found that the total stream length decreases with the 
increasing order (Table 2). It is observed that first-order 
stream constitutes 58.62% of the total stream length, second-
order stream constitutes 19.04% and third-order stream has 
18.14% and fourth order has 4.19%.

Mean stream length (Lum)

In this study, it is found that the mean length increases 
with increasing order (Table 2), but an exception has been 
observed in the fourth order. Here, the mean stream length 
is lower than that of lower order.

Stream length ratio (Rl)

In Table 2, the Rl is found to vary arbitrarily, that is, 0.32, 
0.95 and 0.23 which indicates the late youth to early matu-
rity stage of geometric development.

Bifurcation ratio (Rb)

Theoretically, when the value ranges from 3 to 5, it seems 
geologic structure does not distort the drainage pattern 
(Strahler 1964). In the concerned study area, the Rb values 
vary from 3 to 4.75 (Table 2) with a mean bifurcation ratio 
of 3.92. The relatively higher value of bifurcation ratio is an 
indication of structural disturbances and high overland flow 
due to the presence of hilly, less permeable underlying rocks.

Areal aspects

Area (a)

The area of the fourth-order watershed is 11.73  km2 
(Table 4). Among all the 19 sub-basins, the area of Basin 
11 is lowest (A = 0.2  km2) and Basin 14 is recorded to be the 
largest (A = 1.5  km2) (Table 5).

Fig. 2  A Map showing major tectonic units of A & N region. B (a) Satellite image (Landsat ETM + 2000) of the watershed, (b) geological map 
of the watershed and surrounding area (source: Geological Survey of India)
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Drainage density (Dd)

Drainage density reflects the spacing of the drainage ways 
and interaction between geology and climate. Drainage den-
sity for the main watershed is calculated as 3.52 km/km2 
(Table 4). The density for the sub-basins indicates the terrain 
is an impervious and highly dissected one (Fig. 4). This low 

value of drainage density is an indication of resistant surface 
material and widely spread streams.

Stream frequency (Fs)

The stream frequency of Burma Nala basin is 9.63 (Table 4). 
In the sub-basin, the frequency varies from 5 to 13.04 
(Table 5). The stream frequency exhibits a positive correla-
tion with drainage density values in the study area (Fig. 5).

Table 1  Morphometric parameters used for the morphometry analysis

Sl. no. mor-
phometric 
parameter

Formula References

1. Perimeter (P) Length of the watershed boundary
2. Basin length  (Lb) Maximum length of the watershed
3. Stream order  (Su) Hierarchical ordering
4. Total stream length (Lu) Length of total streams Strahler (1964)
5. Mean stream length (Lum) Average length of the stream Strahler (1964)
6. Stream number (Nu) Horton (1945)
7. Bifurcation ratio (Rb) Nu/N(u + 1), where Nu is number of streams of 

any given order and N(u + 1) is number in the 
next higher order

Horton (1945)

8. Stream length ratio (Rl) Lu/L(u − 1), Lu is stream length of order u and 
L(u − 1) is stream segment length of the next 
lower order

Horton (1945)

9. Rho coefficient (p) Rl/Rb Horton (1945)
10. Weighted mean bifurcation ratio (Rbwm) Strahler (1953)
11. Area (A) Area of the watershed
12. Drainage density (Dd)  Lu/A, where Lu is total length of all ordered 

stream
Horton (1945)

13. Stream frequency (Fs)  Nu/A, Nu is total number of streams of all order Horton (1945)
14. Drainage texture (T) Nu/P Horton (1945)
15. Length of overland Flow (Lg) 1/2Dd Horton (1945)
16. Constant of channel maintenance (C) 1/Dd Schumm (1956)
17. Form factor (Ff) A/Lb

2 Horton (1945)
18. Circularity ratio (Rc) 4 * 3.14A/P2 Miller (1953)
19. Elongation ratio (Re)  A * 1.128/Lb Schumm (1956)
20. Shape index (Sw) 1/Ff Horton (1932)
21. Basin relief (R) H − h, Max Ele-Min ele Schumm (1956)
22. Relief ratio (Rr) R/Lb Schumm (1956)
23. Ruggedness number (Rn) R * Dd Strahler (1958)
24. Dissection index (Di) (H − h)/H Singh and Dubey (1994)
25. Gradient ratio (Rg) (H − h)/Lb Sreedevi et al. (2004)
26. Melton ruggedness ratio (Mrn) (H − h)/A0.5 Melton (1965)
27. Texture ratio (Rt) N1/P, N1 is number of first-order streams Schumn (1965)
28. Drainage intensity (Di) Fs/Dd Faniran (1968)
29. infiltration number (If) Fs*Dd Faniran (1968)
30. Lemniscate’s (k) Lb2/4A Chorley et al. (1957)
31. Compactness coefficient (Cc) 0.2841P/A0.5 Gravelius (1914)
32. Slope analysis GIS analysis/DEM
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Table 2  Linear aspects of Burma Nala watershed

Parameter Dendritic

Perimeter, P 18.51
Basin length,  Lb 5.2
No. of streams N1 57

N2 12
N3 4
N4 1
Nt 74

Mean stream length, Lum L1 0.42
L2 0.65
L3 1.87
L4 1.73

Total stream length, Lu LT1 24.2
LT2 7.86
LT3 7.49
LT4 1.73
LT 41.28

Bifurcation ratio, Rb Rb 1/2 4.75
Rb 2/3 3
Rb 3/4 4
Rb 3.92

Stream length ratio, Rl Rl 2/1 0.32
Rl 3/2 0.95
Rl 4/3 0.23
Rl 0.5
Rho 0.13

Fig. 3  Stream order of Burma Nala

Fig. 4  Drainage density of Burma Nala watershed

Fig. 5  Stream frequency of Burma Nala watershed
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Drainage texture (t)

The density factor is also related to a parameter known as 
texture. The texture value calculated for the sub-basins var-
ies between 0.45 in Basin ID 11 and 2.43 in Basin ID 16 
(Table 5). In general, a region with a coarse texture has a 
mean value less than 4, medium texture 4–10 and fine tex-
ture greater than 10. Thus, the present study area has very 
coarse to coarse texture (Fig. 6).

From an equation derived by Jacob (1944), transmissi-
bility which is the measure of the permeability of the ter-
rain varies inversely with the square of the drainage density 
(Table 3). “Thus, as transmissibility increases, drainage den-
sity would decrease and vice-versa” (Carlston 1963).

Thus, the law of high infiltration, low density and low 
infiltration high drainage density is implied in the study area.

Length of overland flow (Lg)

Lg value for the entire basin area is 0.14 (Table 4), which 
is quite low. The length of the overland flow varies within 

the sub-basins. It ranges from 0.12 to 0.25 km (Table 5). 
The minimum value of Lg indicates the surface runoff of the 
basin is low but in case of Basin IDs 2, 6, 9, 11, 13, 15, 17, 
it is relatively higher.

Constant of channel maintenance (Cc)

As stated by Schumn, drainage network develops in an 
orderly way since meter-by-meter growth of a drainage sys-
tem is only possible if sufficient area is available to maintain 
the expanding channels. The Cc value for the Burma Nala 
watershed is 0.28 (Table 4). Low value of Cc indicates high 
drainage density, and thus less area is required to sustain 
1 km channel. Here, the Cc value 0.28 indicates 0.28  Km2 
basin area is needed to sustain a channel of 1 km. In the sub-
basins, Cc value varies between 0.23  KM2 (Basin 5) and 0.5 
 Km2 (Basin 19) (Table 5).

Form factor (Ff)

The form factor value for the Burma Nala watershed is 0.43 
(Table 4) which is a less elongated basin. The Ff value for 
the sub-basins varies from 0.03 to 1.01 (Table 5). The low 
Ff value indicates elongated basin which will have a flatter 
peak of flow for long duration.

Elongation ratio (Re)

The Burma Nala watershed is less elongated (0.7–0.8), i.e., 
the Re value is 0.74 (Table 4). And among the sub-water-
sheds (Table 5), Basins 1, 2, 3, 5, 6, 14, 15, 16, 18 are less 
elongated (value ranges between 0.70 and 0.80) and basins 
9, 10, 11, 12, 13, 14 are elongated (value less than 0.5) in 
nature (Fig. 7).

Fig. 6  Drainage texture of Burma Nala watershed

Table 3  Transmissibility was calculated for the study area which shows a sharp negative relation with Dd

Basin ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Dd 3.39 3.19 3.6 3.6 4.31 3.13 3.96 3.27 2.97 3.85 2.05 3.73 3.2 3.65 3.12 3.6 4.14 3.6 2
Transmissibility 0.09 0.1 0.08 0.08 0.05 0.1 0.06 0.09 0.11 0.07 0.24 0.07 0.1 0.07 0.7 0.08 0.06 0.08 0.25

Table 4  Morphometric parameters of Burma Nala watershed

Parameters Value Parameters Value Parameters Value

A 11.73 Rc 0.43 Mrn 0.05
Dd 3.52 Re 0.74 D In 1.79261
Fs 6.31 Sw 2.32 If 22.2112
T 3.99 R 192 K 0.22
Lg 0.14 Rr 0.04 Cc 1.54
C 0.28 Rn 0.67 – –
Ff 0.43 Di 0.99 – –
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Fig. 8  Circularity ratio of Burma Nala watershed

Circularity ratio (Rc)

The Rc value can attain a maximum of 1.0 where the outline 
of the watershed is approaching near-circularity. The Rc of 
the watershed is 0.43 (Table 4) which indicates elongated 
shape (Fig. 8). In the sub-basins, it varies from 0.29 (Basin 
7) to 0.67 (Basin 2) (Table 5).

Shape index (Sw)

The Sw of the watershed is 2.32 (Table 4), and the sub-
basins are mainly within the range of 0.99–4.74 (Table 5). 
Although there are exceptions in Basins 10, 11, 12, 13, 14, 
their corresponding Sw values are 10.88, 25.38, 11.64, 29.18 
and 8.53 (Fig. 9).

Relief aspects

Basin relief (R)

Basin relief (Fig. 10) is a parameter that determines the 
stream gradient and the volume of sediment that can be 
transported (Hadley and Schumm 1961). The relief of the 
Burma Nala watershed is 192 m (Table 4), and in the sub-
basin, it varies largely from 30 to 170 m (Table 5).

Relief ratio (Rr)

The Rr value for the Burma Nala watershed is 0.04 (Table 4). 
In the sub-basins, the Rr was calculated (Table 5) and found 
to be low, ranging from 0.02 to 0.12. This value of Rr is 
mainly due to resistant sandstone underlying the basin and 
low degree of slope.

Ruggedness number (Rn)

The value of Rn for the watershed is 0.67 (Table 4), and 
for the sub-basins 4, 6, 9, 10, 16, 18, Rn is relatively higher 
(Fig. 11) and the corresponding values are 0.43, 0.41, 0.50, 
0.54, 0.50 and 0.43, respectively (Table 5). As per Strahler’s 
(1956) observation, Rn increases directly with the drainage 
density and relative relief of the area fits into this drain-
age basin also. When drainage density increases, the rela-
tive height remains constant. The average horizontal dis-
tance from divide to adjacent channels is reduced with an 
increase in slope steepness. On the other hand, when the 
relative height increases, the drainage density remains con-
stant. The elevation difference between divides and adjacent 
channel will also increase, and thus the slope steepness also 
increases.

Fig. 7  Elongation ratio of Burma Nala watershed



Applied Water Science (2020) 10:5 

1 3

Page 11 of 16 5

Dissection index (Di)

Dissection index for the Burma Nala watershed was calcu-
lated as 0.99 (Table 4). The index of the sub-basins varies 

from 0.55 (Basin 7) to 0.99 (Basin 17, 18). The maximum 
Di value for the basin and sub-basins (6, 9, 10, 11, 12, 14, 
16, 17, 18 and 19) (Table 5) implies that the watershed is a 
highly dissected (Fig. 12) one with vertical escarpment and 
hill slope.

Melton ruggedness number (mrn)

Melton ruggedness number is used to identify the hydro-
geomorphic process which is dominant in a particular 
watershed. Generally, Melton ratio less than 0.30 is the 
characteristic of water flood. Values ranging from 0.30 to 
0.6 are debris flood and greater than 0.6 represent debris 
flow. Though the Melton ratio is higher (0.05) (Table 4) for 
the entire watershed, the ratio for the sub-watersheds varies 
from 0.07 to 0.18 (Table 5) which is waterflood-prone basin.

Texture ratio (Rt)

Texture ratio depends on the underlying lithology, infiltra-
tion capacity and the relief aspect of the terrain. The texture 
ratio for the watershed is 3.08 (Table 5) which is categorized 
as moderate in nature.

Drainage intensity (Di)

The watershed value is 1.79 (Table  4) which indicates 
a lower range. The drainage density value implies that 

Fig. 9  Shape index of Burma Nala watershed

Fig. 10  Basin relief of Burma Nala watershed

Fig. 11  Ruggedness number of Burma Nala watershed
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drainage density and stream frequency have little effect on 
the extent to which the surface has been covered by agents 
of denudation.

Infiltration number (If)

The infiltration of Burma Nala waterfall is 22.2 (Table 4). If 
for the sub-watersheds varies from 10.25 to 51.61 (Table 5). 
The higher value of infiltration number indicates that the 
infiltration capacity is very low due to impermeable surface 
material, resulting into high runoff.

Lemniscate’s (k)

Chorley et al. (1957) expressed another parameter named 
lemniscate’s value to determine the slope of the basin. The 
lemniscate’s value for Burma Nala basin is 0.22 (Table 4).

Compactness coefficient (Cc)

The value varies from 1.23 (Basin 2) to 1.88 (Basin 7) 
(Table 5) (Fig. 13).

The statistical analysis of interrelationships of morpho-
metric parameters (Table 6) helps in understanding the terrain 
characteristics of watershed management and planning. From 
the Pearson’s correlation matrix for Burma Nala watershed 
(Table 6), total length of the stream (Lu) is positively correlated 
with the area (A) (0.98). Mean stream length (Lsm) is positively 
correlated with stream frequency (Fs) (0.11) though the rela-
tionship is insignificant. Drainage density (Dd) is negatively 
correlated with the length of overland flow (Lg) (− 0.969) and 
negatively correlated with constant of channel maintenance (C) 
(− 0.971). The length of overland flow has a significant positive 
correlation with constant of channel maintenance (C) (0.995).

The pairwise relationship of different morphometric 
parameters of Burma Nala watershed (Table 7) reveals that 
there is a significant relationship between total number of 
streams and total stream length with a coefficient determin-
ing the prediction equation being 0.962 which implies that 
96% of the variation in total stream length is explained by 
the linear relationship between total number of streams and 
total stream length (as described by the regression equation). 
The other 4% of the total variation in total stream length 
remains unexplained. Similarly, 93% of the total variation 
in basin area is explained by the total number of streams 
(0.939), whereas 89% of the total variation in perimeter is 
explained by the total number of streams (0.899). Seven per-
cent of variation of drainage density is explained by stream 
frequency (0.071), 94% of variation of drainage density is 
explained by length of overland flow (0.940) and 94% is 
explained by constant of channel maintenance (0.944).

Hypsometric analysis

Hypsometric curve and hypsometric integral properties 
of any hydraulic basin are an important morphometric 

Fig. 12  Dissection index of Burma Nala watershed

Fig. 13  Compactness coefficient of Burma Nala watershed
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parameter in order to investigate erosional stage of basin. 
The hypsometric curve of a basin or watershed represents 
the relative area of the watershed below or above a given 

altitude (Strahler 1952). It describes the distribution of ele-
vation across the area. The curve is derived by plotting the 
proportion of total basin height against the proportion of 

Table 6  Correlation matrix A P Lu Lsm Dd Fs LoF Cc Nu

A 1
P 0.973185 1
Lu 0.988961 0.964409 1
Lsm 0.888853 0.828947 0.912993 1
Dd 0.327995 0.370029 0.418871 0.55327 1
Fs 0.087206 0.137409 0.150315 0.118254 0.266801 1
LoF − 0.40514 − 0.45048 − 0.47538 − 0.62575 − 0.96961 − 0.22264 1
Cc − 0.38175 − 0.43242 − 0.45261 − 0.59134 − 0.97143 − 0.22103 0.995819 1
Nu 0.969513 0.948069 0.980711 0.87754 0.394823 0.277102 − 0.44993 − 0.42725 1

Table 7  Coefficient of linear regression between morphometric parameters

Relationship between Linear regression equation Coefficient of determi-
nants (R2)

Correlation 
coefficient (R)

Total number of streams and total stream length Y = 2.7423x − 0.0134 0.962 0.981
Total number of streams and Basin area Y = 10.107x − 0.3082 0.939 0.969
Total number of streams and Perimeter Y = 2.59993x − 3.9327 0.899 0.948
Stream frequency and drainage density Y = 1.0122x + 6.055 0.071 0.267
Length of overland flow and drainage density Y = − 0.0568x + 0.3465 0.940 0.969
Constant of channel maintenance and drainage density Y = − 0.1174x + 0.7044 0.944 0.971

Fig. 14  a Percentage hypsometric curve, b the basin
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total basin area. The area below the hypsometric curve is 
known as the hypsometric integral (HI) which varies from 
0 to 1. A low hypsometric integral value suggests an old, 
eroded, evenly dissected drainage basin and thus represents 
concave curve, whereas the high values of hypsometric inte-
gral indicate that most of the topography is less eroded and 
highly relative to the mean elevation. This is applicable to 
young uplifted ranges cut by deeply incised streams, hence 
representing convex curve.

In this study, the hypsometric curve (Fig. 14a) and hyp-
sometric integral analysis are applied on the watershed area. 
According to the generated result, the hypsometric integral 
value of the Burma Nala watershed is 0.34. The lower value 
indicates that it is denuded, matured and relatively stable 
basin. The curve area shows that the basin area (or volume of 
rock and soil) resides at relatively low elevation. The materi-
als have been removed from higher areas and transported to 
lower areas.

River’s long profile

The long profile of a river shows how the gradient of the 
river changes from its source to mouth. A stream channel in 
a condition of equilibrium can attain steady-state condition 

Hypsometric Integral = (Mean Elevation −Minimum elevation)∕

(Maximum Elevation −MinimumElevation)

= (65.5998 − 1)∕(193 − 1) = 0.34

and has a distinct longitudinal profile (Mackin 1948). Any 
peculiarities in the longitudinal profile like Knickpoints and 
knick zones indicate a disturbance in the steady-state condi-
tion of the channel (Siedl and Dietrich 1992; Hayakawa and 
Matsukura 2003; Wobus et al. 2006). Longitudinal profile 
of Burma Nala and Pema Nala has been computed (Fig. 15) 
below. Within a reach of 4 km, three major Knickpoints were 
identified from outlets to headwaters along the longitudinal 
profile of each stream. The Knickpoints of Burma Nala are 
at 12 m, 20 m and 48 m elevation and 500 m, 1.3 km and 
2.6 km from the mouth, respectively. And for Pema Nala, 
they are at 10 m, 48 m and 68 m elevation and 500 m, 1.5 km 
and 3 km from the mouth, respectively.

Conclusion

The analysis performed for the Burma Nala river basin of 
South Andaman Island provides information regarding the 
hydrogeologic condition of the basin.

1. A high proportion of the first-order stream (77.02% 
maximum proportion) denotes the presence of structural 
breaks like lineaments, fractures, etc.

2. The drainage density indicates impermeable terrain and 
highly dissected with coarse drainage texture.

3. The relief aspects show that the watershed is structurally 
complex mountainous landscape.

Fig. 15  Longitudinal profile: a Pema Nala, b Burma Nala, c location of Burma Nala and Pema Nala
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4. The channels are short flowing having small hinterland 
and thus do not carry much sediment with them. Within 
a short length of 4 km, three Knickpoints are found. The 
three Knickpoints on each of the two different channels 
located at the same elevation explain clearly the influ-
ence of three phases of tectonic upliftment.

5. Hypsometric integral value of 0.34 indicates moderately 
old, eroded and evenly dissected drainage basin.

Thus, tectonic has a very well pronounced influence over 
the drainage of the island. The morphometric parameters 
evaluated using GIS helped to understand various terrain 
characteristics (like nature of bedrock, runoff, infiltration 
capacity, etc.), hydrological behavior of the island system 
and the tectonic influence over the development and evolu-
tion of the drainage network of a small island.
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