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There is opening the innovative and powerful research gateway in the spatial planning on 
29 June 2009, due to the Global Digital Elevation Model (GDEM) was released to the 
public. ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) is 
an imaging instrument flying on Terra, a satellite launched in December 1999 as part of 
NASA's Earth Observing System. It was a joint operation between NASA and Japan's 
Ministry of Economy, Trade and Industry (METI), and Japan's Earth Remote Sensing 
Data Analysis Center (ERSDAC). This is being used to obtain detailed maps of land 
surface, for various spatial planning applications. Now a day, ASTER’s data released to 
public, which is giving the constructive contribution in various engineering, educational, 
research, physiographic, irrigational, industrial, and administrative planning fields. It also 
helps for detailed maps of topography, surface temperature of land, emissivity, 
reflectance, and elevation as well as for geological mapping and mineral identification. 
The mapping of hilly and plain region along with carbonate, basalt and silicate rocks 
types become essay owing to ASTER’s data. 
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1. Introduction: 

Now a day, 3D (Three Dimension) mapping of earth surface become easier due to 
the growing trends in technical and scientific knowledge. The ASTER DEM data 
released for the public use which is in the 3D (XYZ, X-Latitude, Y-Longitude and Z-
Elevation) nature of surface. It is the Global DEM and most complete mapping of the 
earth ever made, covering 99% of its surface. The previous most comprehensive map, 
NASA's Shuttle Radar Topography Mission (SRTM), covered approximately 80% of the 
Earth's surface, with a global resolution of 90 m. and a resolution of 30 m. over the USA. 
The GDEM covers the planet from 83° N to 83° S (surpassing SRTM's coverage of 56° S 
to 60° N), becoming the initial earth mapping system that provides wide-ranging 
coverage of the polar regions as well as easy-to-use as an details topographic information 
of the global terrain with at 30 meter (98 ft) resolution. The available advanced Remote 
Sensing data has been largely used for exterior change detection, geographical feature 
mapping as far as spatial modeling, visualization, surface flight (eye bird) monitoring. 
Our earth is undulating where most of regions are inaccessible. These regions detailed 
investigation become easier due to availability of ASTER DEM data source. ASTER 
provides high-resolution images of the planet Earth in 15 different bands of the 
electromagnetic spectrum, ranging from visible to thermal infrared light. The resolution 
of images ranges between 15 to 90 meters. ASTER data are used to make detailed maps 
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of surface temperature of land, emissivity, reflectance, and elevation identifications from 
ASL (Actual Sea Level). The technique discussed in this paper is related with Remote 
Sensing where the main aim is to inform the ASTER DEM data's detailed information's 
with its variety of applications in spatial fields.  Here, the applications fields are 
considered with topographical surface, its monitoring and analysis where similar spatial 
planning questions need to be resolved. 

  

Figure.1: These two shaded relief images show exactly the same area, (S.O.I. Toposheet 
47/I/6, Quadrant-A2) Sangamner Tahsil’s part in Ahemadnagar district (M.S.). The 
image on the left was created using Toposheet in the Surfer-8 software. In contrast, the 
much more detailed image on the right was generated with ASTER data. 

2. What is ASTER DEM? 

ASTER is an earth observing satellite sensor which is an outcome from an 
international joint project between the Ministry of Economy, Trade and Industry of Japan 
(METI) and the National Aeronautics and Space Administration (NASA). The earth 
observing sensor developed in Japan to be on board the satellite "Terra". It is a stable 
operation for more than 13 years since its launch in December 1999. ASTER data 
providing us the topographic surface situation because of its complete sensor 
comprehensively captures spectral ranging from visible to thermal-infrared (invisible), 
and offers wide-ranging information of earth surface like as geological features, 
topography etc. It is also useful for surface temperature distribution study like as detailed 
studies of urban heat island effect. ASTER DEM is generated from a stereo-pair of 
images acquired with nadir and backward angles over the same area, (figure 2).  

3. Sensor Characteristics of Aster Satellite System:   

ASTER satellite system launch in 18 December 1999 at Vandenberg Air Force 
Base, California, USA. The orbit types of ASTER satellite is sun synchronous with the 
705 km altitude, which taking the 98.88 minutes for complete orbit. Similarly, the 
grounding track repeat cycle is 16 days of this particular satellite. The resolution of 
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ASTER is differing according to elevation and places from 15 to 90 m. ASTER have 14 
bands of information and instrument consists of three separate instrument subsystems, 
first is VNIR (Visible near Infrared), which band no. between 1-3 and spatial resolution is 
15m, a backward looking telescope which is only used to acquire a stereo pair image. 
Second is SWIR (Short Wave Infrared) which has band no between 4-9 and spatial 
resolution is 30m, it is a single fixed aspheric refracting telescoping and last one is 
TIR (Thermal Infrared) which has the band no. between 9-14 and spatial resolution is 
90m.  ASTER is high-resolution sensor able of producing stereoscopic (3D) images and 
complete terrain height models, (figure. 2).  

  

Figure 2: ASTER satellite system synchronous orbit (left photo plate) and its sensor 
(right photo plate). 

4. General Applications of Aster Data: 

Applications are mainly in the topographic fields, because of its VNIR (Visible 
near Infrared), band (1-3) which has the backward looking telescope which is only used 
to acquire a stereo pair images (3D). ASTER also provides the multispectral thermal 
infrared data of surface with the high spatial resolution. It has highest spatial resolution 
surface spectral reflectance, temperature, and emissivity data within the Terra instrument 
suit.  ASTER monitors glaciers, land temperature, land use, natural disasters site, sea ice, 
snow cover and vegetation patterns at a spatial resolution of 90 to 15 meters. The 
multispectral images obtained from this sensor have 14 different colors, which allow 
scientists to interpret wavelengths that cannot be seen by the human eye, such as near 
infrared, short wave infrared and thermal infrared. It is the only high spatial resolution 
instrument on Terra that is important for change detection, calibration and or validation, 
and land surface studies. ASTER data is expected to contribute to a wide array of global 
change-related application areas, including vegetation and ecosystem dynamics, hazard 
monitoring, geology and soils, land surface, climatology, hydrology, land cover change, 
and digital elevation of various regions. Similarly, it is useful for 3D terrain 
visualization and modeling for development planning. It is also used for spectral analysis 
for land cover/use classifications and its environmental sustainable planning. 
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4.1 Geomorphic Description and Analysis:   

The ASTER data have turn out to be an extensively source to characterize unique 
landforms in various regions, especially remote regions which previously lacked 
adequately reliable topographic information, such has mountains, glacier, arid regions, 
coastal region as far as useful for landform description in densely vegetated areas. In 
many dense forest regions in exacting, details of the terrain are mostly blurred (less 
detail) in conventional remote sensing images, and topographic data are often lacking. 
While the digital topographic data from ASTER closely corresponds to the mean height 
of the vegetation in densely forested areas, at a regional scale the DEM follows the 
terrain features below the vegetation, (figure 3). 

   

Figure 3: In present right side image not observed the terrain details due to dense 
vegetation cover as compared to left side ASTER image of same area of Pravara River 
origin place near Ratangarh.  

  ASTER data have proven reliable for wide-ranging morphological 
characterization of various regions of worldwide, (figure 7). One of the most important 
applications of DEMs is the modeling of runoff processes of river and spatial surfaces. 
The availability of ASTER has made it possible to achieve this at an extraordinary scale, 
but the model results require support with higher-resolution data. The steeper topography 
observed is smoothed in the ASTER data, while in flatter down slope areas larger slope 
values are found. The DEMs results suggest careful calibration at each spatial resolution 
is needed to obtain reliable results regarding topography. ASTER has provided 
extraordinary opportunities to characterize unique landforms on a global scale. 
Geomorphologic landforms analysis traditionally been limited to selected regions but 
now a day it is possible for any region with more accurately and minimizing time for 
analysis. 
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4.2 Relief Analysis:  

The slope or gradient of a line describes its steepness, incline, or grade. A higher 
slope value indicates a steeper incline. (Slope, as a practical term, is not defined for 
theoretically perfectly horizontal or vertical lines). Here, from the slope map of the south 
India it can be concluded that the middle part of south India is highest slope angles, 
(figure 4).  The slope angles in this region are nearby above 350 deg. In both the coastal 
sides observed the plain topography trough ASTER data operation in GIS software. 

On the other hand, Aspect can be also observed which the direction of the slope. 
An aspect-slope map simultaneously shows the aspect (direction) and degree (steepness) 
of slope for a terrain (or other continuous surface). From the aspect map of the south 
India it has been obviously seen that aspect or the general direction of the slopes in the 
map is towards the western part and eastern direction from the central hilly region 
(Nilgiri Range), (figure 4).  This fact serves as an evidence for the general direction of the 
streams network in these local regions. 

 

Figure 4: Slope map (in degree) of South India. 

4.3 Topographic Mapping:  

Conventional topographic mapping has produced maps of uneven quality. Many 
countries have created national cartographic databases, but topographic maps are at a 
variety of scales and resolutions, use country-specific datum, and are inconsistent across 
jurisdictional boundaries. Global coverage has also been uneven, particularly in cloudy 
parts in equatorial regions, and many countries lack high-quality digital topographic data. 
Conventional topographic information has proven difficult and expensive to produce a 
global topographic dataset of consistent scale and resolution. The image shown is the part 
of southern Aravalli hills in Rajasthan state of India, which is more detailed image of the 
hilly region, (figure 5). ASTER data provided a consistency in the quality of the elevation 
model not previously available for a study area covering multiple jurisdictions.  
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Figure 5: Topography of southern Aravalli range in Rajasthan state of India.  

 ASTER data are of advantage for broad-scale qualitative assessments of large 
catchments, hydrological modeling with the quantitative assessment of catchment 
hydrology and geomorphology, (figure 7). Researchers have also developed ways to 
combine ASTER DEM and other surface (2D) data in meaningful ways. ASTER datasets 
have found their way into many areas of research that require topographic data, such has 
military, irrigation, administration and educations sectors. The new ASTER DEMs have 
probably the largest impact on studies of regions for which reliable, high-resolution 
digital topography, (figure 6).  

 

Figure 6: Ahemadnagar districts (M.S.) tahsil administrative boundary superimposed 
over ASTER DEM for topographic observations.  
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Figure 7: In the Present image, A-ASTER DEM data of Akole Tahsil and surrounding 
area of Ahemadnagar district (M.S.), A1-Kalsubai Pick (1646 meter height), A2-
Geomorphological landform, A3-Plateue region, A4-Small Catchment unit, A5-Pravara 
River and Plain region. 

4.4 Contour Generation: 

These types of applications are performing after the ASTER DEM data 
processing in GIS software. Here a variety of operations are implies for the necessary 
output results from the ASTER DEM. Contour can be also generate throughout the data 
according to our needed interval. In the present image contour line are generated of upper 
part of Pravara river catchment at 50 meter interval, (figure 8).     

  

Figure 8: Contour Generated using Upper catchment of Pravara River in Akole tahsil 

4.5 Relief Identification and Profiles Creations: 

Shaded relief maps can be also creating from ASTER data which shows the 
features over the surface, such as mountains, valleys, plateaus, and canyons. Areas that 
are flat or have few features are smooth on the map, whereas areas with steep slopes and 
mountains appear rougher. The maps here are generated using GIS’s software and a 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN2249-9598, Volume-II, Issue-VI, Nov-Dec 2012 

 

 w w w . o i i r j . o r g                      I S S N 2 2 4 9- 9 5 9 8 
 

Page 86 

database of elevations for the ASTER (figure 9). The software determines an average 
elevation for each of a number of small rectangular areas, and uses this grid of elevations 
to construct a virtual 3-dimensional landscape. The computer then simulates what the 
landscape would look like if the sun position will change.  This type of relief can be also 
demonstrated by using colors to show variations in elevation from the height above sea 
level.   

 

Figure 9: Profile created from ASTER DEM of Sangamner tahsil of Ahemadnagar 
District (MS) 

A profile map is a map that shows the cross section of a land surface. The surface 
rise and fall level can be performing by graphical representation using ASTER data. 
Profile of surface helps for the surface fluctuation identification. Here, the two profiles 
has demarcated from the north to south direction and east to west direction, which show 
the vertical height in meter and horizontal distance in k.m.  From the demarcated profiles 
the slope gradient is observed in visual form. In profile A the middle part is show the 
depression of Pravara river, while in profile B there is fluctuation in topography in the 
form of rise and falls. The Slope is decreasing from western to eastern side, which is also 
identified in previous map of Pravara river flow, (figure 9).   

4.6 Geological Mapping and Mineral Identification: 

Enlarged spatial and spectral resolution of satellite sensors have made it 
achievable to map in greater detail the mineralogy and lithology than in the past. ASTER 
data used for the mapping of quartzes carbonate, and silicate rocks using thermal infrared 
(TIR) data. Thus, the ASTER data is mostly helpful for the geological mapping. After, 
the geological analysis we can predict the mineral deposing area's and its locality in 
various region. Oil source rock and reservoir formations are extracted from ASTER data. 
Strike and dip of those formations are measured from DEM, and a simulation of the 
underground geological structure will reveal their prospective anticline structure. In this 
way, oil and natural gas potentials can be evaluated without conducting a field 
investigation, even in an area of conflict.    
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4.7 Volcanology:  

Determining lava flows from volcanoes is necessary to estimate eruption volumes 
and to model volcano eruption behavior. The elevation data is needed to characterize lava 
flows, and ASTER data have been useful in this regard. Thickness and extent of lava 
flows can be determined by comparing historic DEMs. It is helps in the assessment of 
volcano morphology and general morphological shape of volcanic eruptions. Thus, the 
ASTER data are very appropriate for volcanic hazard assessment which can be 
successfully applied to the modeling of volcano eruptions and related landforms.   

4.8 Glaciology: 

The ASTER has become extensively used in glaciology to calculate 
approximately glacier mass balance. The accuracy of ASTER is deemed sufficient to 
provide contemporary observations of larger glaciers with satisfactory accuracy and 
coverage. Because mass balance estimates of glaciers are most meaningful when a 
reliable time-series is available, ASTER data are often combined with topographic data 
from other sources.  ASTER data helps to estimate glacier flow velocities in the hilly 
regions, such as Himalayan, Alps, Appalachian, Andes, Rocky glaciers and its 
monitoring. It has also revealing a large difference in velocities between northern and 
southern glacier tongues. After this collection, these studies suggest that ASTER has 
become widely used in understanding glacier dynamics, including glacier response to 
landforms formations and climate change. 

4.9 Hydrology: 

Global DEM of ASTER data helps for delineations of river networks, watershed 
boundaries (figure 4), drainage directions, flow accumulations, to determine hydrological 
properties of a landscape, together with the extraction of drainage networks and upstream 
catchment areas. It has joint with slope information, additional parameters such as 
wetness index and stream power can also be derived. The availability of ASTER DEMs 
useful for catchment areas, channel slopes, estimates of discharge, spatial variations in 
stream power, and erosion rates. It is also widely used to model rainfall-runoff processes 
in various undulating topography.  The prediction of hydrological parameters, such as the 
topographic wetness index, was found to be least reliable in areas of high relief. 
Calculating water catchment area using DEM, a potential water supply can be estimated 
even for unmapped areas. The obtained result can be utilized for water resource 
management in the drought prone regions. The flow of rivers, its valley, meander, 
deposing zones, sub tributaries can be also observed over ASTER data, (figure 10).  
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Figure. 10: Narmada, Tapti Mahi Rivers and Satpura, Vindhyan Hilly area identified 
trough ASTER data of north-west Maharashtra, western Madhya Pradesh & south-west 

Gujarat. 

4.10 Flooding Estimations: 

Normally, the flood activity occurs according to slope, relief and based on 
regional topography. The possibility of global sea-level rise due to climate change has 
encouraged great interest in modeling of coastal and Mega Rivers flooding. In this sense, 
the ASTER data are the most accurate elevation data for flooding prediction of many 
regions of rivers and coastal in the world. It is increasingly being used for coastal and 
rivers flood risk assessment. In a comparison of DEMs of varying quality and resolution 
found that ASTER data is quite reliable as a source of elevation data for flood inundation 
modeling of coastal and rivers, (figure 11). It has also possible that flood inundation 
analysis using ASTER higher-resolution DEMs which is the valuable source for flood 
information, in exacting regions, in relatively large and homogenous flood plains regions 
of rivers. Flood mapping by simulating a process of rainfall, catchment, runoff and 
inundation using DEM as a platform for the visualization of flood risk areas estimation. 
This mapping can provide advanced "flood hazard maps" to the residents at the time of 
occurrences of flood (figure 11). 
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Figure 11: flood inundation modeling 

4.11 Forest Ecology: 

Determining forest density and structure using spaceborne satellite image become 
a well-established technique. Similarly, the availability of ASTER data has provided an 
opportunity to apply similar principles to much larger areas. In general, it has been found 
that the ASTER elevation values in forested areas fall somewhere between the ground 
and the top of the canopy. Exactly, how far the signal penetrated into the canopy at a 
particular location is dependent on the interaction of the radar signal with the branches 
and leafs. The result is that when a bare-earth DEM is subtracted from an ASTER DEM, 
the difference produces an underestimate of forest height. ASTER data is determining the 
forest height. This approach has been applied to several different forest types.  The 
ASTER elevation values are clearly much higher and reflect the mangrove cover. The 
new sites for plantations can be detected from ASTER DEM because of slope data 
availability. Thus, it is also useful for forestry department.   

4.12 Automated Calculation: 

ASTER data is constructive for the verity of automated calculations because of its 
auto rectification and the attachment of geographical coordinate. So it providing the 
needed regions slope direction and angle (figure 4), catchment area (figure 7), faults, 
height from MSL (Mean Sea Level), area length, hilly area, plateau area, plain area, flood 
risk area mapping (figure 11).  

4.13 Site Sutability: 

In the last few decades, the topographical 2D (two dimensional) data was the best 
sources for the site searching, analyzing, and maximum suitability consideration over 
undulating land surface. Toposheeet is the best description of regional topography, where 
conventional sign and symbol are used for the topography representation. But, now a day 
its applications is minimizing because of growing Remote Sensing techniques and its 
incoming advancement. The produced Remote sensing data’s (Aerial Photographs, 
Satellite image, SRTM DEM, ASTER DEM), accuracy, resolutions is grater as compare 
to topographical database. So the RS data especially ASTER is largely useful for the site 
suitability and inaccessible area’s spatial planning. 

Today’s, ASTER data are mostly used for the site detections, especially dam site, 
wind mill site, canal site, tourist spot site, road construction site, tunnel site suitability 
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etc. In any types of dam construction techniques ASTER data are used for contour 
generation, suitable site searching, its contour plan, EIA (environmental impact 
assessment), water storage capacity and back water area analysis, its simulations as far as 
visualization (figure 12). 

 

Figure 12: Dam and Canal site selection over Mula River in southern part of Sangamner 
tahsil (M.S.). 

4.14 Digital Mapping, Visualization and Spatial Modeling: 

Digital mapping is done with computer, software and ASTER surface database 
with high superiority, which we can manipulate easily. Here at sample level work we had 
chosen for the digital mapping. ASTER DEMs and Google maps are superimposed and 
modeled in Global mapper GIS software. Visualization is the information graphics which 
give visual representation of information, data or knowledge about selected entity. Here 
the Google map of northeast part of Sangamner Tahsil is superimposed over the ASTER 
DEM (figure 12).  By this visualization we can observed the hilly, plateau and plain 
region easily. Here the overlay operation is useful for the spatial modeling of 
homogeneous region (figure 13).  

 

Figure 13: Visualization of Sangamner Tahsils eastern part by Superimposing Google 
map over ASTER DEM. 
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4.15 Stereoscopic Visualization: 

Three dimensional visualization or bird's-eye views and flight simulations can be 
generated by the combined use of DEM data and satellite or other two-dimensional 
images. In this process Topomaps, satellite image, aerial photographs, another regional 
image are superimposed over the ASTER DEM. This visualization can be perform 
throughout the GIS software and visualize like has real world (figure 14). In the 
administrative, military, irrigation, transpiration, education field's visualization is the 
essential part for the supportive planning.  

 

Figure 14: Minor Dam site suitability, other data superimposing and visualization (real 
world). 

4.16 Other Applications: 

Numerous other applications of ASTER data have emerged in recent years 
regarding spatial regions. In these including the analysis of ground moving objects, the 
development of groundwater flow models, identification of possible archaeological sites 
and ocean and river current measurements. Many of these applications have recently 
ongoing and some most are incoming according to trial base successions. Due to the 
remoteness of the any regions and the inhospitable terrain many areas have not received 
detailed investigation. As a result, the ASTER data is largely useful for these types of 
regions investigation.  

5. Summary Of Strengths and Weaknesses:  

The ASTER data have turn out to be a valuable source of topographic information 
for researchers, administrator, and educator in many fields. Data quality characteristics 
have been well standard, including its vertical accuracy, the presence of data voids, the 
effect of speckle noise, and the influence of vegetative cover etc are few challenges in 
front of ASTER applications. Several solutions to address the limitations of ASTER data 
have also been developed. The quality of the ASTER data has gradually improved as a 
result of substantial editing, the development of void filling procedures, and the 
refinement of techniques to extract the most amount of useful information. There are 
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limitations for smaller study areas and limits the ability to detect relatively small 
topographic features. Although, it has few limitations and presence of speckle noise in 
data, but it has immense arriving future for its applications in multiple types of emerging 
fields for results to be reliable.  
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