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ABSTRACT 
 
Conventional manual on-screen delineation of drainage network has been employed for decades which is 
a tedious, time-consuming, error-prone, and often highly subjective process. Hence the automated 
approach of determining the streams from ASTER-GDEM (Advanced Spaceborne Thermal Emission and 
Reflection Radiometer Global Digital Elevation Model) data using the Hydrology tool, Arcmap software was 
employed. D8 (Deterministic 8-Direction) algorithm is been utilized in developing the hydrology tool. The 
raster model of streams derived from the DEM data was converted into a vector model. The unique streams 
generated from DEM data were compared with streams vectorized from the Survey of India (SOI) 
counterpart. The anomalous streams were validated on the ground and updated. Since some streams have 
been compromised for aesthetic beauty in the SOI toposheet. But that’s not the case with the streams 
generated from DEM data which are in great detail. It is hereby concluded that the contemporary approach 
to the delineation of streams is more advantageous in detail and economy of time as well. 
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1. Introduction 

“Water is essential for life”. We are all aware of its necessity for drinking, providing food, 
washing, etc. Water is also required for providing many industrial products, generating 
power, and moving people and goods – all of which are important for the functioning of 
society. In addition, “Water is essential for the integrity and sustainability of the Earth’s 
system” (UN 2003). Accurate delineation of drainage networks is a prerequisite for many 
natural resource management issues (Paik 2008; Liu and Zhang 2010). According to 
Maune et al. (2007) drainage network is one of the main inputs for estimating rainfall-
runoff, predicting flood levels, and managing water resources. The manual determination 
of drainage network and sub-watershed properties is a tedious, time-consuming, error-
prone, and often highly subjective process (Richards 1981; Miller 2002; Martz and 
Garbrecht 2003). The current scenario of water resources and watershed modeling has 
made enormous strides through the application of GIS and allied technologies (Maidment 
and Djokic 2000). Martz and Garbrecht (2003) quoted that research over the recent 



 
Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition) 

ISSN：1671-5497 

E-Publication：Online Open Access 

Vol: 41 Issue: 07-2022 
DOI 10.17605/OSF.IO/KQW34 
 
 

July 2022 | 84  

 

decades has demonstrated the feasibility of extracting topographic information of 
hydrological interest directly from Digital Elevation Models (DEM). Techniques are 
available for automatically extracting slope properties, catchment areas, drainage divides, 
channel networks, and other data (Jenson and Domingue 1988; Mark 1988; Moore et al. 
1991; Tarboton et al. 1991; Fairfield and Leymarie 1991; Martz and Garbrecht 1992; 
Wolock and McCabe 1995). These techniques are faster and provide more precise and 
reproducible measurements than traditional manual techniques applied to topographic 
maps (Tribe 1991). Jenson and Domingue (1988) added automated extraction of streams 
are relatively computer-intensive but requires little analyst intervention, thus minimizing 
analyst time. In addition, the resultant products have the advantage of precise registration 
with the DEM. While the algorithms are essentially raster-based, the products (watershed 
polygons, drainage line networks, and tabular attribute information defining watershed 
linkages) can readily be converted to vector form. The most authenticated source about 
natural and cultural features of India is the SOI toposheet but on an 1:50000 scale. 
Scheidegger (1966) opined that drainage network definition varies with map scale. 
Henceforth, the present investigation focuses on the automated technique of extraction 
of drainage network from Aster GDEM (30m) using Hydrology tools of Arcmap 10.0 
software for the southern part of South Andaman Island. The thus extracted drainage 
network was validated in detail with the counterpart (SOI toposheet) and anomalous 
streams were checked in the field using handheld Garmin GPS. 

 

2. Background 

Early researches were on automated landscape analysis through the development of 
algorithms based on considerations such as depressions, flat areas, or the connectivity 
of the network (Pueker and Douglas, 1975; Jenson 1985; Band 1986; Klingebiel et al. 
1988). O’Callaghan and Mark (1984) opined that DEM processing models which identify 
upward concave areas often produce discontinuous network segments that must 
subsequently be connected. Douglas (1986) added DEM processing may require 
additional adjustments to produce a reasonable pattern. Jenson and Domingue 1988; 
Martz and de Jong 1988; Morris and Heerdegen 1988 adhered to the model of flow routing 
concepts. According to this approach steepest downslope direction defines the flow 
paths.  

With the fast-growing computer technologies and geographic information systems (GISs), 
several programs, such as the HYDROLOGY module in ArcView, the DWCON and 
TERRAIN ANALYSIS modules in EASI/PACE (Chang 2002), and TOPAZ (TOpographic 
PArameteriZation) (Lacroix et al. 2002), landscape analysis tools were developed to 
extract drainage networks by combining the Jenson and Domingue (1988) and Garbrecht 
and Martz (1997) algorithms with GISs. 

Basinsoft a program developed by USGS in 1988 using ARC/INFO, FORTAN (Formula 
translation), and prime system Command Programming Language (CPL) quantified 16 
selected drainage basin characteristics manually from three different source data layers 
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(Majure and Soenksen 1991). Majure and Eash (1991) reported on the enhancement of 
Basinsoft. The software quantified 27 selected drainage basin characteristics from three 
source data layers automatically generated from DEM. Eash (1993; 1994) pointed out the 
pre-processing bottle-neck of edge-matching using DEM. In 1994, Basinsoft was 
redeveloped entirely using Arc Macro Language (AML), a post-processing language 
written to run in ARC/INFO, to increase portability among systems using ARC/INFO 
version 7.0.2 or later (ESRI 1994) which computed selected morphometric drainage basin 
characteristics (Harvey and Eash 1996). 

Martz and Garbrecht (1992; 2001) investigated the performance of automated watershed 
segmentation, channel network identification, and sub-watershed definition in low relief 
terrain for an 84 km2 watershed. The landscape analysis computer program chosen from 
this study was the Digital Elevation Drainage Network Model (DEDNM). Garbrecht and 
Martz (1999 2000) quoted DEDNM Program as the main component of a larger landscape 
analysis program called TOPAZ following the flow routing concept. The program was 
designed for the resolution of the USGS 7.5′ DEMs (1 meter or 1-foot elevation 
increments for 30 m grid cells) and targets parameters that are of hydrologic interest. 
According to Rabus et al. (2003) SRTM data product is one of the most valuable global 
resources of topographic data to date. Jarvis et al. (2004) opined that the interpolated 90 
m STRM DEM is better for deriving geomorphometric parameters rather than DEM 
generated from topographic maps of contour intervals of 50 m. 

 

3. Objective 

A promising opportunity to automatically extract drainage networks through the 
integration of raster and vector model of GIS and distributive hydrological modeling using 
globally available ASTER-DEM data. It is process-driven feedback between the 
topography and further landscape components as well as runoff dynamics which can be 
quantified using geospatial techniques. 

 

4. Description of the study area 

The area under investigation is falling in latitudes 11°28'30'' and 11°41'03'' N and 
longitudes 92°35' 33'' and 92°45'37'' E covered under restricted SOI toposheets 87A/10, 
11 & 14 (fig 1). A population of was recorded in 2011 population. The region receives an 
average rainfall of 3180mm in 149rain days. Mean relative humidity was measured to be 
81% with the mercury oscillating between 23.90C and 30.20C. The inhabitants speak 
Hindi, Bengali, Tamil, Telugu, and Malayalam languages belonging to the religious sects 
of Hindusim, Christianity and Islamic (Forest statistics, 2007). The first account of the 
geology of the Andaman Islands was given by Helfer in 1840 (Oldham 1885). The rock 
type in the study area can be broadly classified into two (i) sedimentary rocks, consisting 
mainly of the unfossiliferous Andaman flysch sequence (ii) ophiolite magmatic rocks of 
the Saddle Hill Group (Karunakaran et al. 1964 and 1968). 
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5. Methodology 

The methodology has two approaches via., (a) Conventional method: Drainage patterns 
were digitized using manual and semi-automated techniques from 1:50000 SOI 
toposheets (87A/10, 11 & 14) which were firstly georeferenced followed by mosaicking. 
Stream ordering was carried out on the topologically built stream network in Arcmap 10 
software. 

 

Figure 1: Map of the Study Area 

(b) Contemporary method: This part follows a raster analysis of 30m AsterDEM data. The 
flow direction raster was generated from DEM which was firstly filled for depressions 
(Tarboton 1997). The deterministic-eight node (D8) single flow direction algorithm 
(Jenson and Domingue 1988) was used. The D8-algorithm works well to mimic the flow 
of rivers and streams and flow convergence in valleys (Martz and Garbrecht 1998; 1999). 
The algorithm determines into which neighbouring pixel any water in a central pixel will 
flow naturally. Flow direction in a DEM is calculated for every central pixel of input blocks 
of a 3×3 window, all the time comparing the value of the central pixel in the window with 
the value of its eight neighbours. The next step is to find the steepest slope and downhill 
slope of a central pixel to one of eight neighbouring pixels. Flow accumulation, stream 
order, streamline and stream link rasters were generated from depressionless DEM using 
the Hydrology tool of ArcMap software. The second part follows the vector model. Here 
the streams in raster format are converted into a vector model. The streams generated 
from DEMs were saved separately. The duplicate streams were found and deleted from 
the unified streams of ASTER GDEM. 

Visual comparison and an overlay analysis were carried out on the outputs of 
conventional and contemporary methods by Chorowicz et al. (1992) to find the anomalous 
streams. This drainage was validated on the field and updated with the automatically 
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delineated stream network. A flow chart shows the detailed workflow of the methodology 
adhered (fig 2). 

 

6. Results and Discussion 

Contours extracted from SOI toposheet around densely populated areas like Delanipur, 
Premnagar, Dairy farm, Shadipur, Junglighat, Lamba lane, School lane etc., of the study 
area indicate contour crenulations (fig 3c) suggesting the presence of many streams 
(Garbrecht and Martz 2003). Manual delineation of stream network from SOI toposheet 
(fig 3d) indicates that only a few streams are present in these areas. A screenshot of the 
toposheet (fig 3a & 3b) indicates that a lot of emphasis was given to the road networks 
and other cultural features. It is imperative that the streams network has been 
compromised for upholding the aesthetic beauty of the toposheet (Misra and Ramesh 
1989). Thus the regions which were devoid of streams network in the study area were 
demarcated as a thrust area for overlay analysis and field investigation. After a lot of trial 
and error suitable stream threshold (Ts = 50) best fits the study area for the delineation of 
streams using an automated technique (Contemporary method). The stream threshold is 
a very vital factor in the automated extraction of a stream network i.e. the number of cells 
that contribute surface flow to any particular cell (Tribe 1991). The streams network 
generated automatically (fig 4b) with a stream threshold of 50 is at par with the streams 
delineated from the SOI toposheet (fig 4a) except for the missing stream network around 
Chidyatapu, Wandur, and the above-mentioned locations. 

 

 

Figure 2: Flow chart of the Methodology 
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The spurious parallel flow channels (inset of fig 4b) can be observed at water bodies like 
Dhanikharri lake, Chouldari lake, bill lake, etc. Also, similar kinds of parallel flow channels 
were seen around permanently water inundated areas like Sipighat, Phanighat, 
Bambooflat, Mittakhari, Shaithankhari, and Port Mout due to landmass subsidence as a 
consequence of the earthquake and tsunami in 2004 (Dharanirajan et al. 2007).  

 

Figure 3: a) Screenshot of SOI toposheet, b) Zoomed region of Port Blair, c) contours 
extracted from SOI toposheet showing crenulations, d) Drainage network extracted 
from SOI toposheet 

 

Figure 4: a) Drainage map delineated from SOI toposheet, b) Drainage map 
automatically delineated from ASTER-GDEM 

Flow direction in a DEM is calculated for every central pixel of input blocks of a 3×3 
window, all the time comparing the value of the central pixel in the window with the value 
of its eight neighbours. The areal extent of water bodies and permanently water inundated 



 
Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition) 

ISSN：1671-5497 

E-Publication：Online Open Access 

Vol: 41 Issue: 07-2022 
DOI 10.17605/OSF.IO/KQW34 
 
 

July 2022 | 89  

 

areas is greater than the pixel resolution of ASTER-GDEM (30m). The depressions of the 
water body and inundated areas hinder flow routing (Jenson and Domingue 1988). Filling 
these kinds of voids to generate a flow direction raster (Tarboton 1997) results in spurious 
parallel flow channels (Kun Hou 2011). It is also noteworthy to mention that none of the 
water bodies were represented in SOI toposheet except Bill lake. These water bodies can 
be clearly seen in Google Earth images. The final map was corrected considering the 
stream networks of SOI to be true in the regions of spurious parallel flow channels. The 
regions which were devoid of streams network in the study area in the SOI toposheet 
were considered for field investigation. Also, it was observed from the SOI toposheet that 
all the streams ultimately empties themselves into the adjacent ocean. The stream 
network synthesized from the automated extraction technique is matching exactly with 
the field settings and this stream act as a conduit to carry the monsoonal rain-runoff (along 
with sediments) to the nearby sea thus changing the colour of the sea (fig 5). This 
monsoonal rain-runoff indirectly indicates the presence of stream network.  

 

7. Conclusion 

DEM’s are an important tool for spatially modeling hydrology. Software tools that were 
developed to derive automatically morphologic information from DEMs have proven 
useful in hydrologic applications. A suitable stream threshold of 50 is the best fit to extract 
stream networks from ASTER- GDEM for the study area. The threshold factor may vary 
spatially. It is hereby concluded that the contemporary approach (automated) to the 
delineation of streams is more advantageous than manual delineation and economy of 
time as well. 

 

Figure 5: Runoff before and after rainfal 
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