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Hydrological parameter retrieval and validation from Cartosat-I stereo data

Ritesh Agrawal, Anjum Mahtab, P. Jayaprasad, Nadeem Ahmad, S.K. Pathan, Ajai, #D.K. Singh and #A.K Singh
Forestry, Landuse Planning and Photogrammetry Group

Space Applications Centre, Indian Space Research Organisation, Ahmedabad-380 015
#Water Technology Centre,

Indian Agricultural Research Institute, New Delhi 110 012.
ritesh_agrawal@sac.isro.gov.in

(Received 7 December 2006; in final form 28 January 2007)

Abstract: Hydrological parameters have vital role in civil engineering, infrastructure planning and natural resource manage-
ment. During last one and half-decade vast experience has been gained in techniques of processing stereo data acquired
from space and their applications in areas such as cartographic and topographic mapping. This paper deals with the
extraction and validation of hydrological parameters such as DEM, drainage, slope and aspect from CARTOSAT-1 stereo
data. In this paper two sub-watersheds, one in Chamoli district, Uttarakhand and other in Shimla district, Himachal Pradesh
were selected. A detailed morphometric analysis of the derived drainage network from various sources and using various
algorithms has been carried out. The parameters like stream order, stream length, bifurcation ratio, length ratio etc., have
been used for comparison purpose.
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1. Introduction

CARTOSAT-1 satellite, launched by Indian Space Research
Organisation on 5 May 2005, is an operational stereo mis-
sion with spatial resolution of 2.5 m dedicated to cartographic
and topographic mapping. In this mission, near-real time
stereo coverage from two fixed cameras tilted in the along-
track direction (+26 deg fore and -5 deg aft) giving stereo
from the same orbit has been used. Digital elevation models
(DEM’s) are the fundamental contents of any hydrological
modeling system. DEM’s can be generated by digitizing the
contours of topographic maps, and also from aerial photo-
graphs. Radar interferometry, radargrammetry and satellite
photogrammetric techniques are also used for its genera-
tion. Availability of high resolution stereo data from space
platforms, during the last one and half decades, has opened
up many new areas of applications, such as, cartographic
and topographic mapping, 3D terrain modeling and visual-
ization, hydrological modeling etc (Ajai, 2004; Jayaprasad
et al.; 2002 and Anjum et al., 2003). The hydrological param-
eters such as slope, aspect, drainage network can be ex-
tracted automatically from the DEM. Before using the DEM
for the extraction of hydrological parameters its accuracy
assessment has to be carried out. DEM from various sources
is routinely exploited for the generation of various hydro-
logical and terrain parameters. In doing this one has to care-
fully consider the accuracy of data and how that affects the
reliability of the extracted hydrological features (Lee et al.,
1992).

Different flow path routing algorithms are used to extract
drainage network from the DEM. Consequently, flow path
routing and drainage network algorithms used in hydro-

logical modeling can be applied for the purpose of morpho-
logical network analysis. Morphometric studies involve
evaluation of streams through the measurement of various
stream properties. Evaluation of morphometric parameters
necessitates the analysis of various drainage parameters
(viz. ordering of the various streams and measurement of
area of basin, perimeter of basin, length of drainage chan-
nels, drainage density (Dd), drainage frequency, bifurca-
tion ratio (Rb), and drainage texture (T) (Obi Reddy, et al.,
2004). Quantitative description of the basin morphometry
also requires the characterization of linear and areal fea-
tures of the drainage basin (Jordan et al., 2005).

The present paper deals with the extraction and validation
of hydrological parameters from Cartosat-1 stereo data. Two
sub watersheds namely, Palaitha, Chamoli district
(Uttarakhand) and Moolbury, Shimla district (Himachal
Pradesh) from the hilly terrains of Himalayan region were
selected in the present study. The DEM and orthoimage
have been generated using CARTOSAT-1 stereo data in
conjunction with Differential Global Positioning System
(DGPS) measurements. The accuracy assessment of the DEM
was carried out using the checkpoints generated through
the GPS survey. DEM accuracy results for the Shimla site
have been presented and discussed. The drainage network
has been extracted using SOI topographic maps, orthoimage
and flow routing algorithms applied on the DEM. Detail
morphometric analysis has been carried out for comparing
the results generated from different sources.

2. Study Area

The present study has been carried out in two sub-water-
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