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 I 

Abstract 

 
The research deals with extraction of seismic risk related base data and their different generic aspects. 
It investigates the generic aspects of images rather than generation of base data. The study looks upon 
the requirements of the risk model in terms of currency and details. Once the requirements for the risk 
model is finalized, the next step is to find out what are the possible image data types that could possi-
bly supply those information to run the model successfully. It gives an idea about the data interchange 
ability that is if the information is not available for an area from the specific imagery then what could 
be the other possible source or combination of imagery that could be able to provide those informa-
tion and whether those information would be able to fulfil the requirements of the risk model. So the 
present research investigates the potential of different available satellite imagery in the study area to 
see the variation in the result in terms of accuracy requirement of the risk model. In order to find out 
the solution attempt is made with the help of some of the existing extraction methods based on the 
requirement of the seismic risk model, so as to extract the required base data. Though there is given a 
detailed flow diagram which shows the different source of getting the risk model inputs but more em-
phasis is given to the building footprint map and road network which are the major base data because 
of their spatiotemporal characteristics that should be taken into account while assessing the seismic 
risk of the city and also as this type of information are required by most of the model which are not 
only helpful for seismic risk but also they can be helpful in other town planning activities. The 
method is applied in Dehradun area, the city that is highly risk area from the seismic point of view. 
For this the object based extraction is applied to see the variation in result. This same extraction 
method is applied to all the available images in the study are to see how this method vary as images 
and the type of area varies and what sort of problems are there in extraction of those base data. Finally 
on the basis of the experimental result some conclusions are drawn. This type of experiments can be 
done further for other type of base data so that a base data of desired accuracy can be obtained from 
suitable imagery. 
 
Keywords: Seismic risk, Base data, Multisource remote sensing imagery, Risk model. Data inter-
changebility 
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1. Introduction 

The technological advancement in the field of Geoinformatics and increased availability of the re-
motely sensed satellite imagery has resulted in addressing the problem of disaster management more 
effectively than in the past. Especially, remotely sensed satellite imagery can help in extracting infor-
mation necessary for providing better management and better preparedness for any future disaster that 
might occur. In this regard, it is essential to have an effective mechanism that ensures quality data ac-
quisition and their quick dissemination for the purpose of analysis chiefly after or before occurrences 
of any disaster. The utility of remote sensing imageries to map anthropogenic and natural objects be-
fore and after the disaster has been demonstrated (Mueller and Kaufmann, 2001).  
 
Due to rapid increase in population, more and more people are being settling down in urban area for 
better facilities. So these areas are now becoming more prone to any types of natural or anthropogenic 
disaster. Natural disasters like flood, cyclone, and earthquake are mainly occurred in most areas 
which cause not only damage to property and essential facilities of the areas but it also disrupts the 
economic activities and causes loss of lives. Especially in developing countries where more than half 
of the world population lives in cities, urban seismic risk is one of the most challenging tasks that are 
yet to be reduced in a successful way. Also the impact of disasters on modern day society is rapidly 
increasing. The main causes are increased urbanization, the settlement and industrialization of highly 
exposed regions, the vulnerability of modern technologies and also anthropogenic changes of the en-
vironment (Ingleton, 1999). September 11, 2001 highlighted the large vulnerability of urban areas, 
either to natural, technological or terrorist disasters (Westen and Hofstee, 2001). Therefore, the prepa-
ration of risk maps and assessment of risk of an area for better preparedness and prevention from 
natural hazard for a particular hazardous event such as earthquake is essential.   
 
This risk assessment can only be better done with the help of existing risk models proposed by several 
organizations which requires a large number of inputs which can be provided with the help of geoin-
formation techniques. In this regard remote sensing and GIS tools play an important role. The integra-
tion of remote sensing with geographic information systems, which enable storing, retrieving and ana-
lyzing the various information collected that are extracted by using different image types with regard 
to the investigation of risk related base data in an urban area could be of immense advantage here. 
Collection of spatial and non-spatial data is a pre requisite for urban monitoring. These data can be 
collected from different sources, such as satellite imagery, aerial photographs, GPS, field surveys, 
existing records etc. Earlier methods like field surveys of collecting data take much time and cost 
high. The non-availability of necessary data for seismic risk analysis in urban areas is a common prob-
lem in most of the developing countries. Also the data that are available may not be accurate and con-
sistent enough for a reliable analysis and decision. In this context, remote sensing plays an important 
role in collection of different types of data related to seismic risk of the urban area. Large urban disas-
ter losses are partly explained by the prevalence of cities in hazard-prone areas. Among the different 
nature and types of disasters, one of the most damaging would be an earthquake in any densely popu-
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lated urban areas (Kakhandiki and Shah, 1998). This can have far reaching consequences on the 
economy and the environment. It is here, where the technologies of geographic information sciences 
coupled with the remote sensing images can be of immense utility to address the risk of an earthquake 
faced by an urban area. Furthermore, in case of an earthquake of high magnitude in a densely popu-
lated urban area, in order to prepare the city for a devastating earthquake, systematic town planning is 
necessary. The most damaging elements at risk in case of an occurrence of an earthquake would be 
road networks and buildings (which not only damages but also becomes the reasons for the loss of 
life). Two aspects in this regard may be included, one is the long-term construction of a disaster proof 
building and the second one is short-term renewal of existing building in the city areas, so that mini-
mum damage would occur. For this a detail of the building types and its uses and along with that other 
building related information should be taken in to account. But all these information are not available 
readily and if available there are not updated. So an accurate assessment is not possible with the help 
of that information. But, with the help of geoinformation techniques necessary information can be 
acquired and updated time to time with a minimum cost and that to within minimum time period.  
 
Data required for disaster management have a spatial component and also change overtime. So in this 
regard the role of remote sensing and GIS helps in addressing the spatial data that requires for urban 
disaster management (Westen and Hofstee, 2002).   
 
Dalaibataar, Hofstee and Genderen (2001) discuss the need for making an inventory of elements at 
risk in urban areas. Especially the seismic risk in urban area is associated to the structure, material, 
and dimension of buildings and their spatial distribution which are necessary to estimate the seismic 
vulnerability of an area for any pre and post disaster damage assessment (Yamazaki, 2000). The in-
vestigation of utility of currently available and forthcoming optical and radar sensors as tools in Lahar 
disaster management has been carried out (Kerle and Oppenheimer, 2002) 
 
Though it is very difficult to define the seismic risk as it depends upon several factors and also in-
cludes several disciplines including geology, soil, engineering, geophysics etc, still it can be catego-
rized on the basis of certain parameters like degree of preparedness, and the preventive measures that 
is to be taken to reduce the risk.   In addition, the degree of risk would vary, from person to person; 
the intensity of hazard at different places and at any given time. For example, an earthquake of certain 
magnitude in an urban area can damage a lot as compared to any rural area. Even if in the same local-
ity the risk may vary from one building to other building which is again depends upon the structure, 
the location of that building. In the urban areas there are different elements at risk that has to be con-
sidered as compared to rural areas. Risk can also be assessed using hazard specific models that are 
developed by different researchers. These models require various data, which can be collected from 
different sources. The assessment is mainly based on the availability and quality of the data. Different 
risk models require different types of data. In order to minimize the over all risk one has to consider 
the different risk data or elements that are present in the area. 
 
In this outset, the current research outlines the process for extraction of risk related base data for a 
disaster like an earthquake in an urban area using remote sensing satellite imagery. It is not possible to 
provide all the inputs that are required for the assessment of the risk of an urban area from remote 
sensing imagery because it also requires some spatial data like demographic data etc. which can not 
be provided by the imagery. However, here the attempt is made to provide some of the data that are 
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required by most of the risk models for the risk assessment of the area using multi source remote sens-
ing imagery. The attempt is to find out which types of information that are required by the risk model 
can be extracted from which type of imagery and in case if the specific imagery is not available  to 
provide those data for the area  then what could be the other possible source of getting those data  for 
the assessment. So the main aim of the study is to provide a generic method for the extraction of base 
data from the remote sensing imagery so that this can be used for the assessment of seismic risk of 
any urban area. The study area selected for this research is Dehradun, the capital city of the youngest 
state in India, Uttaranchal. The city is densely populated and is also lying in the foothills of the Hima-
layas, which is highly sensitive from the seismic point of view.  
 

1.1. An Outline of Seismic Risk, Hazard, Vulnerability  

The term risk refers to the expected losses to a given elements at risk over a specified future time pe-
riod. Risk can also be defined as the expected losses of lives, persons injured, and property damaged 
and economic activity disrupted due to a particular hazard for a given area and reference period 
(Melching and Pilon, 1999). In mathematical terms, risk is a product of hazard and vulnerability and 
costs of the elements at risk (WMO, 1999). Risk may also be expressed in terms of average expected 
losses, such as 5000 masonry houses experiencing heavy damage within 10 years (Coburn and 
Spence,2002).  
 
Hazard is the probability of occurrences of an earthquake or earthquake effects of a certain severity 
within a specific period of time at a given location or in a given area (Coburn and Spence, 2002). Haz-
ard is a natural event that has the potential to cause harm or loss (Karunaratne and Geethi, 2001). In 
this case, an earthquake of certain magnitude capable of causing damage is the hazard. Exposure 
indicates the objects or structures made by humans that are exposed to the effects of hazard and in-
cludes buildings, bridges, dams, power plants, pipe lines, oil tanks etc.  
 
Vulnerability is defined as the degree of loss to a given element or a set of elements at risk resulting 
from a given level of hazard. The vulnerability of an element is defined as a ratio of the expected loss 
to the maximum possible loss, on a scale of 0 to 1 (or 0 to100%) (Coburn and-
Spence,2002).Vulnerability specifies the damage potential of the exposures under the action of haz-
ard. For example, weaker constructions are more vulnerable than stronger ones. Location of these 
elements at risk is to point-out how far the exposure is situated from the location of hazard and dura-
tion of hazard event. In this context Geoinformatics can play a vital role in addressing the spatial 
component of this risk. The details about the elements at risk are discussed in the later portion of the 
chapter. 
 

1.2. Risk Models 

To quantify seismic risk, various risk models have been proposed by several institutes such as HA-
ZUS (Hazard US) developed by FEMA (Federal Emergency Management Agency), RADIUS (Risk 
Assessment tools for diagnosis of Urban areas against Seismic disasters) by IDNDR (International 
Decade for Natural Disaster Reduction). These models are integrated with GIS software and used for 
risk assessment, scenario modelling and vulnerability studies.  
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The HAZUS model is based on different models such as ground shaking, liquefaction, etc. The demo-
graphic data are incorporated along with these data to estimate the population at risk. The primary 
goal of the RADIUS initiative is to help people understand their seismic risk and raise public aware-
ness as the first step towards seismic risk reduction This model requires demographic data, soil map, 
building data, infrastructure information along with critical facility locations as base data for the risk 
analysis and loss estimation. Apart from the above mentioned risk models there are also some other 
risk models or loss estimation models like Generic seismic risk model are described in Chapter2. 
 
The assessment of seismic risk of urban areas depends mainly on the quality of the data available and 
the source of these datasets. Since specific data might not be available for all areas, the risk assess-
ment in these areas will be a problem. In order to tackle such situations, data from multi-sources could 
be considered. For this purpose the risk models require a detail description of the data and their source 
of availability, which is presently lacking in most of the models. The different data that should be 
taken into account for a risk model are described in Chapter2. The main aim of this flow diagram 
(Figure 3.5) given in Chapter 3 is to provide a detailed overview of the requirement, availability, and 
source of acquisition and accuracy of these data. In this case, data from different sensors can be 
merged to get the best result. For example multi-spectral optical data with radar imagery or of SPOT 
10m resolutions panchromatic data can be used to sharpen LANDSAT 30m multi-spectral data. How-
ever, there is no concrete approach to utilize and extract base data from different sources for assessing 
the risk in urban environment. In this regard the current research addresses the methods for extracting 
relevant information from the multi-source data and to provide them to utilize for the risk assessment 
of an urban areas. More details about the risk model have been described in Chapter 2. 
 

1.3. Elements at Risk in Urban Areas  

In urban areas there are different elements at risk with respect to a seismic hazard. The key factors 
like population affected and infrastructure (buildings, roads) have to be located in the earthquake 
prone areas. The most important elements at risk that need to be assessed in an earthquake prone area 
are:   

• Human population (number of lives lost, persons injured etc) 
• Buildings and building contents 
• Infrastructure (road networks, communication etc.) 
• Economy   (agriculture loss, loss to business etc.) 

Apart from the above stated factors, there are many other factors that are directly or indirectly associ-
ated with risk. For example, in urban areas in the event of an earthquake, what is the number of 
houses lost and how important are they? In the economical context if houses are lost then how much 
financial loss can they incur? If the earthquake occurs during day then what would be the population 
affected at that time. That means a detailed accurate description of the population distribution at dif-
ferent times of the day at different locality is needed. If the same earthquake occurs at industrial areas 
of the town then what would be the impact on the economy of the town and how it will affect the peo-
ple. Hence, a host of factors are to be taken into account while calculating risk of urban areas. Collect-
ing information and data from different sources is still an important problem.  
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1.4. Base Data  

Base data are the input data or skeleton data from which important information related to the risk can 
be collected. Though there are a number of types of base data that can be extracted from different sat-
ellite imagery, only a few are considered in this study due to their importance as they play major role 
in different risk model in assessing the risk. The main reason for taking those base data to considera-
tion in this study are due to their spatio-temporal characteristics. The inputs required for the risk as-
sessment can be regarded as base data. The base data can be demographic data, topography of the 
area, building data, infrastructure data. In this study, the focus is on collecting base data related to 
vulnerability of elements, like buildings and infrastructures, using GIS and Remote Sensing ap-
proaches. The building characteristics, such as shape, size, and number of stories etc., can be ex-
tracted from the various image types such as optical imagery, LiDAR data etc. Different base data are 
required for risk models like HAZUS and RADIUS. For example the HAZUS model require Potential 
earth science hazard data (PESH), Inventory data (ID), Direct physical damage data (DPD), Direct 
economic/social loss data (DESL), Induced physical damage data (IPD), Indirect economic loss data 
(IEL) etc. similarly the RADIUS model requires hazard data, vulnerability data, damage estimation 
data, elements at risk, and other base data like digital contour lines, digital elevation models etc. Out 
of the above mentioned base data the most important are the building and infrastructure related inven-
tory data which should be given much importance while assessing the risk. Because these data change 
over time and location. So updating of that information is much important as compared to others like 
soil condition, fault location etc. which takes much time for any change. Also other hazard data 
should be taken in to account like topography, landslide potential, liquefaction potential, additional 
collateral hazard potential (Nuclear power plant failure). So the minimum base data to be extracted in 
order to assess the risk of an urban area are: 

• Footprint map of building  
• Infrastructure (major road networks) 
• DEM   
• Essential facilities (police stations, hospitals, schools, fire stations etc.) 
• Lifeline utilities (Water system, Oil system, electric system, communication etc.) 

 
Apart from the above mentioned data there are also some other data which should be taken in to con-
sideration in the risk model like geology maps (fold and fault lines), slope maps, demographic details, 
etc. All the above-mentioned base data have some importance in the assessment of the seismic risk of 
the urban areas.  
 
This study is aimed at the analysis of the remote sensing imagery available and their potential to pro-
vide those inputs required for the assessments of risk in urban areas. These data are directly or indi-
rectly linked to the seismic risk of the urban area, e.g. producing footprint map of the building will 
help in locating the building in the area and also to know the size, shape of the building. Generation of 
DEM and DSM helps in calculating the height of the building and this will help in knowing the num-
ber of floors in the building.  So this type of data can be obtained from remote sensing imagery which 
not only save the time but also reduce the cost as compared to previous method data collection.  
Though some of these base data are already mapped from different imagery but very little has been 
found in this context. So in this regard an attempt has been made to study how Geoinformatics can 
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play a role in providing the required inputs to reduce the seismic risk of an urban area. More details 
about the source of getting that information are given in Chapter2 and Chapter3. 

1.5. Research Objectives 

The main objective of the proposed research is to extract risk related base data from multi-source re-
mote sensing imagery. In this context the research will mainly focus on developing an integrated ex-
traction method using the existing methods to generate the seismic risk related base data in an urban 
area from multi-source remote sensing images.  

1.6. Research Questions 

In order to achieve the research objective, specific research questions are formalized. They are: 
v What are the data requirements of the different risk models, which can be extracted by remote 

sensing data? 
v What are the relevant base data and their spatio-temporal characteristics? 
v What would be the process of extracting the risk related base data?  
v What is the accuracy and reliability of the extraction of using a multi-source data extraction 

of risk related base data? 
v What are the typical problems associated with different sensors for extracting specific base 

data?   
v How do extraction procedures and possibilities vary with type of urban settings (e.g., shanty 

towns)? 

1.7. Thesis structure 

The thesis has been organized as follows: 
Chapter 1 - This gives an overview of the research work, research objective, research question and 
some general discussion about the research topic. 
Chapter 2 - This describes the different risk models and their requirements (both spatial and non 
spatial) and some relevant previous work related to extraction of base data. 
Chapter 3 - This presents the relevant inputs required by the HAZUS model and prioritizing those 
inputs and some schematic diagram are also given which indicates the source of getting those inputs. 
Chapter 4 - This describes about the study area and the data sets used for this area from different 
remote sensing imagery and other sources. 
Chapter 5 - This deals with the data preparation and method applied to extract the relevant base data 
as an experimental basis. 
Chapter 6 - Experimental result and Discussion 
Chapter 7 - Conclusion  
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2. Review of Previous Work  

2.1. Overview 

Natural disasters are unavoidable and it is impossible to recover the damage caused by the disasters. 
Many types of disasters, such as floods, droughts, cyclones, volcanic eruptions, etc. will have certain 
precursors that satellite can detect. The availability of remote sensing data, such as satellite imageries 
and aerial photos, allow mapping the variability of terrain properties, such as vegetation, water, geol-
ogy, both in space and time. The use of remote sensing and GIS has become an integrated, well devel-
oped and successful tool in disaster management. A very powerful tool in combination of these differ-
ent types of data is GIS which allows the combination of different kinds of data using models and dif-
ferent kinds of spatial data, with non-spatial data, attribute data and use them as useful information in 
the various stages of disaster management (Banger, 2002). 
 
Earthquake risk assessment involves identification of seismic zones through collection of geological / 
structural, geophysical (primarily seismological) and geomorphologic data and mapping of known 
seismic phenomena in the region, (mainly epicentres with magnitudes). Such an effort calls for con-
siderable amount of extrapolation and interpolation on the basis of available data. Space techniques 
have overcome the limitations of ground geodetic surveys/measurements and have become an essen-
tial tool to assess the movement/displacements along faults / plate boundaries to even millimetre level 
accuracy (Rao, 2000). 
 
Seismic risk analysis based on historic earthquakes and the presence of active faults is an established 
method for locating and designing dams, power plants and other projects in seismically active areas. 
Landsat-TM and SPOT images and Radar interferograms have been used to detect the active faults 
(Merifield and Lamer 1975; Yeats et al.1996; Massonnet et al. 1993). Areas rocked by Landers earth-
quake (South California) of magnitude 7.3 were studied using ERS-1 SAR interferometry which 
matched extremely well with a model of the earth’s motion as well as the local measurements (Mason 
net and Advagna 1993).  
 
The remote sensing and GIS technology can be applied at different scales like national level, regional 
level, local level etc. Based on the application level different types of information are required at dif-
ferent scales for different purposes. For hazardous information for example the mapping scale for in-
formation required at national level is 1:1,000,000 or smaller where as at regional level it is 1:10,000 
and 1:1,000,000 and at local level or municipal level the scale require is 1:5,000 - 1:25,000 so that a 
detail of the information can be obtained (Banger, 2002). 
 
Risk analysis, assessment and management require a large amount of information which is to be col-
lected, processed, analyzed, and finally communicated to different users under quite different condi-
tions. Modern information technology provides some of the tools to support these activities, leading to 
the development of risk information systems that can be used for both analyzing risk and evaluating 
the consequences of decisions that have to be taken to mitigate or reduce risk at both short term 
(emergency planning) and long term (development planning). The spatial information of hazard and 
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vulnerability is used in a GIS-based model for quantitative risk analysis, including the losses due to 
different hazards with different return periods and magnitudes (Westen, 2004). 
 

2.2. Risk Models 

Seismic risk assessment is of great importance to those concerned with the management of public ad-
ministration in earthquake-prone areas. These assessments are very much required for – 
 
Those responsible for physical planning on an urban or regional scale, particularly where planning 
decisions can have an effect on future losses; 

• Economic planners on a national or international scale; 
• Those who own or manage a number of buildings or other vulnerable facilities; 
• The insurance and reinsurance companies which insure those facilities; 
• Those responsible for civil protection, relief, and emergency services; 
• Those who draft building regulations or codes of practice for construction, whose task is to 

ensure that adequate protection is provided by those codes at an acceptable cost ( Coburn and 
Spence, 2002). 

 
So in order to provide information to the users of the above communities and to assess the urban ex-
posure to a hazard and the potential losses in the event of a disaster, various risk models have been 
proposed by several institutes. To quantify seismic risk, institutes such as FEMA (Federal Emergency 
Management Agency) in cooperation with national Institute Of Building sciences has developed HA-
ZUS (Hazard US) earthquake risk model and RADIUS (Risk Assessment tools for diagnosis of urban 
areas against Seismic disasters)  model by the secretariat of the IDNDR (International Decade for 
Natural Disaster Reduction), United nations also proposed. These models are integrated with GIS 
software and used for risk assessment, scenario modelling, and vulnerability studies, potential loss 
studies probabilistic risk analysis etc. Some of these models are described below. 
 

2.3. HAZUS Model 

This HAZUS model is being used by the FEMA building scientists and seismologists. This technol-
ogy uses an integrated geographic information system (GIS) platform that produces regional profiles 
and estimates of earthquake loss by geographic area, and addresses the built environment and catego-
ries of losses in a comprehensive manner. This methodology is the first of its kind which uses prob-
ability factors rather than depending on the actual historical data alone to estimate losses from earth-
quake. This methodology is a predictive method of loss estimation based on recent performance-based 
procedures for the design of new buildings and for retrofitting existing buildings (FEMA, 2001). This 
is a systematic approach which combines knowledge of earthquake hazards with building and other 
facility inventory data and building vulnerability data to estimate losses for a community (Coburn and 
Spence, 2002). 
 
The HAZUS model is based on different models such as ground shaking, liquefaction, etc. Data re-
quirements for HAZUS vary with the level of accuracy desired and the availability of data about the 
community, and also how much can be invested in a loss estimate. In this model the buildings are 
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classified as per their structural and non-structural characteristics and the areas are also divided de-
pending upon the earthquake parameters such as peak ground acceleration (PGA) or spectral accelera-
tion (SA). The demographic data are incorporated along with these data to estimate the population at 
risk. Due to complexity and large quantity of the input data this model has been proved to be very dif-
ficult to apply in other parts of the world where less accurate data is available (Westen, 2004).  
However there also examples where the HAZUS method is used. Codermatz et al, 2003 used this 
HAZUS model in the NE Italy to evaluate the expected damage and the level of risk by taking into 
account the two different groups of structures. One of those structures is the special industrial plants 
and the other one is the bridges and tunnels as part of the highway network. They have taken the 
structural typologies and ground shaking into consideration for evaluating the expected degree of 
damage for industrial plants and  used the HAZUS method to tunnels and bridges for estimating the 
level of risk. So based on the user requirement and type of the application, different levels of analysis 
can be performed. The details about the relevant inputs those are required for different level of analy-
sis in the model and their source and characteristics are described in chapter 3. The over all inputs 
required for the HAZUS risk model are given in Figure2.1. 
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Hazus model Requirements 

PESH 
Earthquake & 
Attenuation function 
Soil map 
Liquefaction susceptibility Map 
Landslide map  

 ID 
Different building types and 
classification and facilities, 
transportation and utility system, 
hazardous material facility, 
census data etc 

DPD 
General building stock (height, 
building type by land use), essen-
tial facilities (hospitals, schools 
etc.,) High potential loss facilities 
(nuclear power plant, Dam etc.), 
Transportation (highway, road, 
tunnel bridges etc.) and lifeline 
utility system (water system, 
natural gas systemoil pipelines 
etc.). 

IPD 
General building stock inventory, 
average speed of fire engines, and 
speed and direction of wind 

 

DESL 
Causalities, shelter requirements 
Number of households per census 
tract, Population including ethnicity, 
age, income, Population distribution 
at three times of day, Cost per square 
foot to repair damage 

Costs of repair/replacement of 
components 
 

 

IEL 
Unemployment rates, in-
put/output model parameters 

 

2.3.1. Overall Model Requirements 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Hazus Model Requirements 

Source: HAZUS User Manual, FEMA, (2004) 

 Potential earth science hazard (PESH), Inventory data (ID), Direct physical damage (DPD), Direct 
economic/social loss (DESL), Induced physical damage (IPD),Indirect economic loss (IEL)  
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2.4. RADIUS Model 

The RADIUS method is more appropriate to prepare a first earthquake scenario that better fits the 
needs of earthquake threatened cities in developing countries (Villacis et al, 2000). It aims to promote 
worldwide activities for the reduction of urban seismic risk, which is growing rapidly, particularly in 
developing countries. The primary goal of the initiative is to help people understand their seismic risk 
and raise public awareness as the first step towards seismic risk reduction. 
The main objectives of RADIUS were: 
v To develop earthquake damage scenarios and action plans in nine case-study cities selected 

worldwide;  
v To develop practical tools for seismic risk management, which could be applied to any earth-

quake-prone city in the world;  
v To conduct a comparative study to understand urban seismic risk around the world; and  
v To promote information exchange for seismic risk mitigation at city 

level.(http://www.geohaz.org/radius/RADIUSOUTLINE.HTM)   
 
The RADIUS model (Figure 2.2) also requires different types of information to run successfully. In 
order to carry out the risk assessment process, the model involves different activities. The main activi-
ties include preparation and collection of data, hazard assessment, vulnerability assessment, damage 
estimation etc. The basic aim of the preparation and collection of the data is to identify the informa-
tion required for the risk assessment and the possible sources that could supply that information. Once 
the necessary information are identified, then how best those information can be collected and if there 
is any data missing then what would be the alternate source of getting those data (Villacis and 
Cardona, 1999). 
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Radius model Requirements 

Hazard factor 
Earthquakecatalog, DigitalGeological 
map Faults and lineaments, Borehole 
locations, Landslides, Depth to water 
table, Earthquake intensity maps, Digi-
tal map of soil or overburden thickness 

 
 
 

Vulnerability factor 
Localstructures,local infrastruc-
ture,vulnerability functions de-
veloped for other cities, regions, 
or countries 
Data on the human and economic 
impacts of past earthquakes 
 

 

Damage estimation fac-
tor (Theoretical) 

Inventory of buildings (using GIS in 
order to include location of build-
ings), Inventory of infrastructure, 
Population information, Intensity 
distribution (including collateral 
hazard effects) Vulnerability func-
tions for buildings, infrastructure 
 

Elements at Risk 
Ward map: 
Population data: 
Building information: 
Land use map: 
Roads: Road type (segment 
map) 

 
 

Damage estimation data 
 Intensity distribution, City limit or 
boundary Existing soil types, Popu-
lation density map, Lifeline infor-
mation, Existing structures, Build-
ing inventory - e.g., location, type 
and height Critical facilities 
 

Base data 
Digital contour lines 
Digital elevation model 
Digital topographic map 
Airphotos 
Satellite images 

 

2.4.1. Overall Model Requirements 

 
 
 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                              

Figure 2.2 RADIUS Model Requirements 

(Villacis and Cardona, 1999) 
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2.5. Other Seismic Risk Models  

Apart from the above mentioned risk models there are also some other risk models or loss estimation 
models like Generic seismic risk model has been proposed to aid the insurance Industry with risk 
management via the estimation of the probable maximum loss. Probable maximum loss is an insur-
ance term for the estimated likely maximum cost that could be incurred in the event of an earthquake 
of a given magnitude. It includes the following steps. (Law, 1997) 

Step 1: Insurance Inputs 
Step 2: Seismic Hazard Module 
Step 3: Vulnerability Module 
Step 4: Financial Module and Insurance Outputs 

Other models include: Munich Re-Probable Maximum Loss Calculation Model, Risk Management 
Solution's IRAS, EQECAT's EQEHAZARD or EQECanada, and Risk Engineering's EQCanada. 
Though developed for slightly different purposes, all attempt to provide additional information for 
risk management strategies (Law 1997). 
 
In most of the risk model it is found that the result of the risk model is mainly depends on the quality 
and quantity of data provided to the model which again depends upon the source of data acquisition, 
method of collection, accuracy etc.  
 

2.6. Spatial Data Requirement for Different Models 

The table 2.1 shows the different spatial data required by models like HAZUS, RADIUS and others. 
Out of those base data mentioned in the table there are certain minimum requirement of data which 
are necessary to run the model successfully. For example, in HAUZS model where the risk is assessed 
at three different levels, the required input can be different for different level. For level II analysis the 
major data required are building and other infrastructure data along with the hazard data. If more data 
are available then better is the result of assessment. In order to get that information the available high 
and low resolution remote sensing imagery can be taken into accounts as their source. If the lower 
resolution imagery satisfies the requirement of the model to run then there is no need of using high 
resolution imagery. More details about the spatial data of HAZUS model is given in Chapter3 
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Table 2.1 Major Spatial Data of Different Risk Models 

 

Risk model 

 

Major Spatial Input Requirements 

Source of In-
formation 

       Hazus 

Soil map, Landslide map, Different building types and classifica-
tion and facilities, transportation and utility system, shelter re-
quirements, General building stock (height, building type by land 
use, footprint etc), essential facilities (hospitals, schools etc.,) 
High potential loss facilities (nuclear power plant, Dam etc.), 
Transportation (highway, road, tunnel, bridges etc.) and lifeline 
utility system (water system, natural gas system). 
 

      Radius 

Faults and lineaments, Landslides, local infrastructure location of 
buildings), Inventory of infrastructure, Lifeline information, Exist-
ing structures, Building inventory - e.g., location, type and height, 
Critical facilities, Building information, Land use map, Roads: 
Road type (Segment map) Digital Elevation Model (DEM) 
 

Generic seismic 
risk  model 

Building location, building height; building use;  
 

Common inputs 

in all models 

Building inventory ( Location, footprints, types by land use, 
height, etc), road network (Major, secondary),  hazard information 
etc 

Remote sens-
ing  imagery, 

Paper maps, 
government 
and private 
agencies 

 

2.7. Generation of Base Data  

Scientists frequently use remotely sensed digital imagery as a tool to measure and quantify the effects 
of disasters on humans apart from simple extraction of risk elements. Feature extraction task is a cen-
tral problem in geoinformatics. Analysts need new and innovative systems to extract information from 
imagery rapidly and with a high degree of accuracy. The integration of remote sensing imagery with 
conventional data like field work and thematic maps in a GIS environment is an efficient tool for the 
assessment and mapping of natural hazard (Duong, 2003). Loss estimation methodology which is a 
powerful tool for risk assessment and mitigation relies on the collection of two large sets of   input 
data like seismic hazard data and infrastructure inventory data (Sande, et al. 2003). 
 
Most of the cities in developing countries did not yet have a GIS database on the building stock or 
inventory information and other information required for risk assessment. Though in different cities 
different types of information are required at different level, in most cases the information available 
are either outdated or not sufficient for the purpose and are mostly available from government offices 
which takes much time. So in that case updating of information is necessary to have a proper man-
agement of risk in the city. In this regard remote sensing images provide valuable information within a 
short period of time at a minimum cost which can be affordable by local governments and authorities 
 
There are number of techniques proposed by various researchers in order to extract these base data 
from different sources. Some of these base data which are relevant in this study are explained below 
as they are found common in most of the risk model. 
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2.7.1. Building Footprint Map 

Which is one of the most important input for the model, can be obtained by going to the field and tak-
ing measurements of each individual building but it will take a long time. Since the field survey will 
take much time, the boundary of the homogeneous map unit (group of building having same charac-
teristics) that can be delineated from very high resolution satellite imagery can be combined with the 
building footprint map in order to calculate the percentage built-up area and the number of buildings 
per unit. Again another problem is that the maps that are presented are on hard copy and can not be 
updated time to time because the buildings that are built up after the preparation of the map can not be 
represented on the map and to do so there is a need of both time and labour. But In this case if we 
have satellite images, aerial photographs, it would be easy for extracting those maps along with other 
information layers of buildings, roads, and other infrastructures within a short period of time with 
same or less amount of time and money (Westen, 2004). 
 
Brien and Irvine (2004) described the benefits of fusion for information extraction from multi-source 
images over single source image. They have described the application of fusion for feature extraction. 
As stated in the paper, stereo imagery and multi look imagery are used for 3-d buildings and road ex-
traction using semiautomatic systems like USC building extraction system, CMU road mapper etc and 
also commented that multiple panchromatic images provide height information, minimize obscuration, 
shadow effect. They have also mentioned that using multi modality and multispectral images, variety 
of features including land cover, drainage can be extracted with the help of tools like GENIE, Feature 
Analyst, eCognition etc. 
 
Wang and SHI (2004) used the fused IKONOS image (PAN+MSS) to extract the urban building 
boundary. They used the object based classification to classify the image. Hough transforms equation 
(to detect & connect straight line segments) and Lees building squaring approach (for refinement) also 
applied. 
 
Muller and Kaufmann (2001) used the IKONOS MSS and PAN image for detection of house bounda-
ries, they classify the MSS using pixel based techniques which results in misclassification due to 
spectral indistinctness. So they use the other shape and contextual information (shade and Façade po-
sition) to improve the classification method, then in order to improve the spatial resolution they used 
the panchromatic image with the classified image. Then they superimposed the segments that are pro-
duced by the water segmentation technique to detect house segments over the result of spectral analy-
sis to detect the house boundaries. 
 
Gamba and Houshmond, (2002) used the 5m horizontal resolution AIRSAR data jointly considering 
hyperspectarl data provided by the AVIRIS sensor at a 20 m ground resolution to analyze the urban 
areas. As stated in the paper “5m posting and 10 m resolution of the 40 MHz C-band AIRSAR prod-
uct is almost at the resolution required for building detection and surely could be extremely useful for 
block characterization. 2.5 m posting 5m resolution of the intermap X-band airborne radar provides us 
with the required capability for very detailed analysis of the structures and infrastructures and infra-
structures of an urban environment”. 
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Duong, (2003) used the multispectral and SAR remote sensing data for urban study purpose. He used 
the MLC (Maximum Likelihood Classification) to extract the urban area and then combined with 
SAR data to find out different land cover categories including built up and construction areas on the 
basis of texture and surface roughness. 
 

2.7.2. Major Infrastructure Data 

These can be collected from different government and concerned departments and by mapping the 
road network (major road, secondary road, width and length of road, type of road surface and distance 
to buildings etc.) in either using mobile GIS or satellite images. These features are most important as 
they change with respect to time. These have different radiometric (various grey scale), spectral (sig-
natures) and geometric properties (long, continuous and narrow width, with small curvatures). With 
the help of high resolution satellite imagery road features with parallel boundaries and with the help 
of low resolution imagery linear objects can be obtained which would be helpful in identifying road 
and its different properties. But different problems generally occur during extraction of this informa-
tion. For example in case of radiometric information extraction of road, due to covering over roads 
like trees, shadows, buildings, and vehicles, discontinuities in road is generally found and also due to 
similar grey scale properties wrong objects along the side of road comes along with road. Also due to 
spectral and geometric properties like number of lanes (divided, undivided), different horizontal pro-
files due to various widths and types of roads; it is difficult to extract road (Park and Saleh, 2001). 
The author has given methodology where different radiometric, spectral, spatial properties have been 
extracted using different techniques. 
 
Gyfatakis et al (1998) used the object extractor based on fuzzy logic to extract the road features on the 
basis of their geometric and radiometric properties. Shukla et al (2002), proposed a cost minimization 
and path following approach with pre processing by scale space and canny edge detector for road ex-
traction from high resolution satellite imagery. German and Jedynak (1996), proposed a semi auto-
matic method where given a start point and start direction a road is extracted from a panchromatic 
satellite image. 
 
Haithcoat (2002) proposed an integrated approach for automatic road extraction. He used the Land-
sat7 ETM + data and performed the Principal component analysis for enhancement of the image con-
tent. He also used the 1meter USGS DOQ (Digital Orthophoto Quadrangle), IKONOS and scanned 
aerial photographs and resample these images to coarser resolution and applied the road extraction 
algorithm for extraction of road. 
 

2.7.3. Digital Elevation Model 

The topography of an area is one of the major factors in many types of hazard and risk analysis (e.g. 
for flooding, landslides, forest fires, volcanic eruptions etc) (Western, 2004), but now a days the ma-
jor emphasis is on the generation of a digital representation of the surface elevation, called Digital 
Elevation Model (DEM), which can play a major role in creating building inventories for highly ur-
banized area. Using airborne SAR technology with dual sensors, it is possible to create accurate 
DEMs inexpensively and on a regular basis.  Presently, this is the most popular application of air-
borne SAR technology (Eguchi et al 2000).  



EXTRACTION OF SEISMIC RISK RELATED BASE DATA FROM MULTI SOURCE REMOTE SENSING IMAGERY 

 22 

 
Several methods have been proposed for DEM generation. The automatic generation of DEM can be 
possible with the help of image matching techniques. But this automatic creation of DEM also fails in 
densely built up area where buildings and shadows prevent the visibility of the terrain surface. In this 
case it may not be possible to solve the problem by the image matching techniques and interactive 
control and editing. So a multi sensor approach like combination of DEM and LiDAR technology can 
be considered as feasible to solve this problem (Yastikli and Jacobsen, 2003). 
 
DEMs also can be generated by automatic image matching of IKONOS and Quick Bird Images. Ste-
reo pairs taken in the same orbit do not cause any problem with the generation of DEMs; this is dif-
ferent if images taken with a larger time interval from different orbits shall be handled (Jacobsen, 
2003). 
 
Srivastav et al 1998 used the IRS -1C stereo data for generation of DEM with the help of digital pho-
tographic techniques. They found that the elevation information derived from the imagery is sufficient 
for 1:25,000 scales mapping for a moderately undulating terrain. Identification of new features is also 
possible for mapping at 1: 25,000 and 1: 50,000 scale. Jacobsen 2003, described in details the genera-
tion and accuracy of DEM from different satellite images. 

 

2.8. Other Related Works 

There are different methods by which man-made features and other features can be extracted from 
remote sensing imagery. Most of the analysis of the satellite data over urban areas has been devoted to 
detect built-up areas or to separate land use classes (Gamba and Housmand, 1995). But, very little 
attention has been paid to extract the seismic risk related data. Although there are some techniques 
used to extract other risk related base data and each of them uses a single source data, which is a 
drawback of these techniques to fully utilize the available realm of multi-source images.  
Disaster risk analysis is important not only to estimate the losses from the future events but also to 
make recommendations for preventions, preparedness and response. Building inventories are essential 
for all types of disaster risk analysis models (Dutta and Serker, 2004).  The author has presented   a 
methodology (object-oriented technique) for development of an up-to-date building inventory using 
information obtained from remote sensing data analysis and existing databases for urban disaster risk 
analysis. 
 
Seismic risk in an urban area is closely related to the structure, material and dimension of buildings 
and their spatial distribution. The capabilities of optical sensors on satellites, such as LAND-
SAT,IRS,JERS-1,ADEOS and IKONOS, for the purpose of developing  building  inventories used for 
seismic damage assessments has been described (Yamazaki, et al., 2000 ). Brumby, et al (1999) have 
used genetic algorithm which generates image feature extraction algorithm for remote sensing appli-
cations. Shamshad, et al (2004) used different fusion techniques, to extract surface features with the 
help of Quick bird multispectral and panchromatic images. 
 
Feature extraction in residential areas by knowledge modelling is also described (Chao and Trinder, 
2000). Using high-resolution satellite imagery information can be extracted which are helpful in this 
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context. Estimation of height of buildings using conventional stereo processing techniques are de-
scribed (Hui et al 2000). They used contextual and geometrical information in extracting information 
from 1 m resolution IKONOS images. Detection of houses and vulnerability parameters using high-
resolution satellite imagery are described (Muller and Kaufmann, 2001). Airborne laser scanning has 
become an accurate, cost-effective alternative to conventional technologies for the creation of Digital 
Surface Model (DSM) at vertical accuracies of 15 centimetres to 100 centimetres (Hill et al., 2000). 
Changes of the digital elevation model can be determined very precise by differential Interferometric 
synthetic aperture radar (DINSAR). With Interferometric Synthetic Aperture Radar (InSAR) it is also 
possible to get the height information. Digital Terrain Model (DTMs) is frequently used as informa-
tion layers in geographic information systems (GIS) to determine absolute heights, slopes and aspects. 
Research has been successful and currently many commercial systems exist for automatic generation 
of DTMs and digital orthophotographs (Grun, 1996). 
 
Wavelet analysis coupled with canny edge detection which has the double threshold techniques, is 
one of the most popular techniques that can be used to detect man made features (Selvarajan and Tat, 
2001). Extraction of buildings and the building data from images and other sources are important is-
sues. Using colour images of a stereo model and digital image processing (Niederost, 2000), location, 
rotation and scales of the vector data for each single building have been improved. For location of 
buildings the author used approximate building data as well as building detection procedures. To es-
timate the structure height and generate the three-dimensional buildings from monocular views aerial 
images with oblique views were used (Mcglone and Shufelt, 1994). This paper describes the current 
status of the BABE (Built-up Area Building extractor) system and raised several issues of modelling, 
hypothesis generation, hypothesis verification etc. Building detection and delineation based on direct 
matching of cues in multiple images has been described using MULTIVIEW (Multi-Image Building 
Extraction) system (Roux et al. 1995).  
  
Urban structures like individual buildings and roads can be extracted using high resolution satellite 
imageries which are detailed enough with information (Gamba, et al 2003). Tupin and Roux, 2003 
used the airborne SAR and optical data to first extract and then refine building footprints and shapes. 
But when the image is not detailed enough, then a fine spectral characterization using hyper spectral 
data is sufficient to delineate buildings and other urban features with the help of a suitable algorithm.  
 
Building extraction, though it is a problem and it has also solution, but most of the methods are only 
applicable for small image sets or restricted building shapes (Haverkamp 2002). He used automatic 
method to extract building footprints from IKONOS panchromatic data. 
 
Height maps in the form of DEMs (Digital Elevation Models) or DTMs (Digital Terrain Models) have 
proven quite useful for building extraction. Gamba, Dell’Aqua, and Houshmand (2002) use SRTM 
data to identify buildings. A lower-resolution DEM is created to estimate the underlying terrain and 
then subtracted from the SRTM and finally, the areas of sufficient residual height are the buildings.  
 
Huertas, Kim, and Nevatia (2000) supplement elevation data derived from IFSAR with panchromatic 
aerial data to confirm the presence of individual buildings. 
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Using different datasets like 10m SPOT PAN image, aerial photographs and other ancillary dataset 
like topographic maps, the land use map has been prepared for the city of Ulaan Baatar, Mongolia and 
this land use map which contains information like building height, age, structure, and usages, etc is 
combined with a DEM to determine the high risk on steep slope of the area (Dalaibaatar et al, 2001). 
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3. Basedata and their Source  

3.1. Relevant Base Data and their Characterstics 

For any seismic risk assessment study, typically the overall data accuracy of the order of 0.1 kilome-
tres or smaller is considered high resolution (Bouabid, 2004). Especially in the case of an HAZUS 
model, it is a regional loss estimation model which means the more the result are presented in aggre-
gate from, the more accurate they are. In general, any comprehensive risk assessment has four compo-
nents:  (1) Hazard data, (2) Assets at risk (location and replacement cost of inventory & infrastructure 
as well as number and location of people), (3) vulnerability (type of impact expected for a given asset 
to different severity levels of the hazard, and (4) estimates of socio-economic and disruption (loss of 
function) losses.  (1), (2), and (3) are input while (4) is output. In modelling the seismic hazard (1), 
soil type and ground failure potential data could be obtained at a 30 meter resolution or higher, but the 
modelling of the ground shaking itself (predictive attenuation functions) makes the uncertainty on the 
values vary for distances up to 500 meters or even more. However, the modelling of the assets at risk 
(2) could be based on satellite imagery and of 10-meter resolution or better, not necessarily because of 
the earthquake risk assessment needs, but potentially because of future needs to address other hazards 
that may require this type of resolution such as flooding.  Of course, this assumes that other con-
straints such as budget and resources available in the area (Bouabid, 2004). 
 
The HAZUS model contains numbers of interdependent modules in which the outputs of some mod-
ules are inputs to the other. This program is designed in such a way that a user can work on a particu-
lar module of his requirement without changing the other parameters of the module. This HAZUS 
model can be analysed at different levels based on the requirements of the user. Basically three types 
of analysis can be performed like Level 1 (uses default inventory data and models), Level 2 (replace-
ment of inventory data and models with user supplied data like hazard data); Level 3 (incorporates 
data and results from third party studies) (ImageCat, lnc., and ABC consulting, 2004). 
 
As this HAZUS model requires numbers of inputs, and all those inputs can be collected from several 
government and private agencies. Apart from that remote sensing imagery like high resolution satel-
lite imagery, Digital Orthhophoto Quarter Quad (DOQQ) generated by USGS is also used as source of 
inputs. 
 
Based on the exposure and data availability in the study area the different module parameters can be 
prioritised on the basis of certain criteria. These criteria are like whether the component is a key factor 
to the economic losses, default data is of low quality and the level of effort to collect the data is me-
dium or high. Some of those input data which are used mainly in the Level 2 analysis are described 
below which plays major role in the model to run successfully. These inputs can also be used in 
Level1 and Level 3 analysis.  
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3.1.1. General Building Stock 

This input of HAZUS methodology mainly estimated based on the total square footage of the group of 
buildings in each census tract instead of calculating the square footage of each individual building and 
building types by land use like residential, industrial and commercial buildings. It again depends upon 
the type of assessment the user wants to perform, if the user wants to perform assessment on individ-
ual building then different level of data required as compared to assessment on a group of buildings. 
The accuracy of these inventory data depends upon the source and reliability of those data like build-
ing size, height, building count, building occupancy by land use etc. This type of information needs a 
regular updating for a better assessment of the risk in the area as it changes over time and also with 
respect to geographic location. These data are generally collected from Tax Assessor files but some-
times the information is not useful as the files are not update or some are missing. As this inventory 
requires information on group of buildings, it may require inputs from the local engineers and build-
ing officials to check whether the major inputs are being taken into considerations. In some areas ae-
rial photographs are taken for this kind of study. 
 
The other important information is the Land use data which can be combined with a series of infer-
ences to develop a building inventory to provide the information about the location and area of differ-
ent land use categories in a region. Several steps are required to convert the land use areas to building 
inventory: (Land use must be converted to building type and Land use area must be converted to 
square feet of building). This information is generally obtained from the Land Use and Land Cover 
maps and digital data available from the different agencies. But the maps that are obtained at a scale 
of 1: 100,000 or 1: 250,000 are not adequate enough to provide the necessary information. A combi-
nation of high resolution imagery and other digital maps can be considered for this purpose. Aerial 
photographs can be taken in to consideration where the map do not exist for higher accuracy 
 
While the multisource remote sensing can  contribute significantly for the generation of the building 
stock data required for the HAZUS model, the spatio-temporal characteristics of these data can vary. 
For an effective utilisation of the multisource remote sensing, the nature of spatial data concerning the 
building stock has to be ascertained. The spatial characteristics here typically refer to the spatial 
resolution of the remote sensing imageries. Typically in urban planning, the scales of the maps in 
urban areas are in the magnitude of 1:2000 to 1:50000 depending on the spatial extent of the urban 
areas in question. On the temporal scales, the repetivity of updating the base data using a combination 
of multisource remote sensing imagery will be directly related to the nature of growth the city/town 
assessed for seismic risk is experiencing. Accordingly, for the generation of base data like the build-
ing stock, a city/town experiencing high growth rates would be required to update more periodically 
at lesser time intervals than the city/town experiencing low growth rates.  
 
The schematic diagram shows the major inputs that are required by most of the risk model and which 
imagery can provide those inputs to the risk model and in case of non availability of imagery which 
other imagery can provide those inputs in a best possible way. The arrow indicates a reduction the 
quality, availability and suitability of the datasets.  
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Figure 3.1: Building Data and their Source 

For example in the Figure 3.1 the available satellite imagery for extraction of building foot print map 
are shown. This can be extracted with the combination of ALS (airborne laser scanning) data and IK-
ONOS imagery. But if in case this is not available then other sources like Aerial photographs, SAR 
and optical images can be considered for the extraction purpose. Also other high resolution imagery 
like IKONOS Pan, IKONOS MSS or the combination of the both can be taken into account.  
 
Similarly LiDAR data and InSAR images are used for estimating the building heights. But in case of 
unavailability of those data other images like satellite stereo images like IKONOS stereo pairs and 
aerial photographs (stereo pairs) can be considered for the purpose. Even, if the IKONOS PAN is 
available then building height can be estimated with the help shadow in the image provided that the 
sun elevation angle should be given.  
 

3.1.2. Transportation Networks 

These systems mainly include the major and secondary road, railway track; bridges etc. information 
related to this type of systems are generally obtained from the government offices like highway 
administration office and local transport offices. But it is found that location of these systems shows 
different errors and inaccuracies which should be taken in to account and these inaccuracies can be 
improved by the appropriate method of collection of those information. Especially the road centre line 
files stored in GIS databases are available as inputs to transportation inventories in HAZUS model 
which provides information like route number, road class, and many include street width, length and 
average. In some cases if this file is not available CAD files and Street maps are used for the purpose. 
But the major problem is that the street maps have to be digitized which will take a long time to carry 
out the assessment. This type of information are important because damage to road, blockage of road 
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and railways will stop the supply of food, will prevent the police and fire man for any rescue opera-
tions and many other  essential material during the disaster period. Some of the major information 
(Figure 3.2) can be obtained from the remote sensing imagery which will provide the location of street 
maps, the width of road etc. 

  

Figure 3.2: Transportation Related Data and their Source 

In case of extraction of transport facilities in the city like major road and secondary road, railway 
track etc. the medium and low resolution imagery are much helpful as compared to high resolution 
imagery. In low resolution imagery road is extracted as a single linear feature but in case of high reso-
lution imagery though it can be extracted but due to high content of information in the image other 
features along with road are extracted. So for extraction of road it is better to use LISS 3, Landsat Tm 
images and for secondary road high resolution imagery can be taken in to consideration. 
 
On the spatio-temporal characteristics of the transportation facilities as base data, they outline the 
nerve centres of the urban areas, thus implying the importance to assess the possible seismic risk. 
Mostly, the urban sprawl occurs in the region surrounding the transportation networks and so while 
assessing the seismic risks of an urban area, updating the base data concerning the transportation net-
works is important and should be more frequent than the updating of building stock base data. How-
ever, updating the transportation networks in the inner urban areas would be redundant as they remain 
unchanged, while the updating of these in the outer peripheries has to be done regularly to assess the 
nature of growth of the urban areas.  
 

3.1.3. Essential facilities and Lifeline utility system 

The essential facilities (Figure 3.3) mainly includes different facilities like hospital, schools, fire sta-
tions, police stations and the damage and loss functions are estimated based on the individual build-
ings. This type of information can be obtained from the Tax Assessor files as these types of buildings 
are very few in each census tract. Also the life line utility system include several components like wa-
ter system, natural gas system, oil pipeline etc which plays major role during the time of any disaster  
and so a proper damage estimation should be done on an individual basis to evaluate it. This informa-
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tion is obtained from local and government offices who maintain the databases. For example the pipe 
lines like water and oil can digitized and scanned for input to HAZUS model. In this regard the high 
resolution imagery like Quick bird image can provide information to detect the exact location of those 
facilities in a short period of time. These facilities are normally distinguished from other objects in the 
ground by certain criteria.  For example school which is categorized as having a long rectangular 
building with play grounds and water bodies etc. So this type of information can be obtained by visual 
interpretation from the high resolution imagery like Quick bird images. In case this image is not avail-
able then the other high resolution image like IKONOS can be taken into account for identification by 
using some image processing method. The use of airborne LiDAR and imaging technology for pipeline map-

ping and pipeline safety applications is described (Tao and Hu, 2002). 
 

 

Figure 3.3: Major Facilities and their Sources 

3.1.4. Others (Potential Earth Science Hazard Data) 

Apart from the transportation facilities present in the area, the other feature that should be taken into 
consideration is the major geological structures like fault, fold and other lineaments (Figure 3.4). 
These geological structures can be interpreted visually from the satellite imagery but in case of a large 
scale mapping it is better to extract these features using the existing automatic lineament extraction 
techniques. Though lineaments also include the road, railway tracks etc. but these features can be fil-
tered out on the basis of their spectral properties and using some filtering techniques. 
 
The important hazard data mainly include soil maps, liquefaction susceptibility map, landslide map 
etc. To know the effect of local soil conditions for estimating the ground motion and landslide and 
liquefaction potential, the HAZUS model requires a soil map. These maps can be obtained from the 
high resolution (1:24,000 or greater) or lower resolution (1:25,000) geologic maps which are available 
from geologists and geological survey offices, regional and local planning agencies. 
 
Liquefaction and landslide susceptibility map is a potential hazard which can be developed by geolo-
gists or geotechnical engineers which will take time depending upon the size and complexity of the 
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region. But if a soil map is available at a scale of (1:24000 to 1: 150000) it can provide important 
source data for developing liquefaction map. 
 

 

 
      

Figure 3.4: Hazard Data and Source 
  
VLBI: Very long baseline interoferometry, GPS: Global positioning system. SLR: Satellite laser rang-
ing 
 
In this regard the different satellite imagery can provide valuable information regarding soil types, 
fault and lineament in the area and other important information.  
 
Keeping in mind about the updating of the above information, normally less important is given to the 
soil and landslide like hazard data because these data do not changes in short period of time unless 
there is major disaster event occurred in the locality. So these type of information related to hazard 
can be obtained from the information that have been collected earlier by different agencies. But in-
formation related to general building stock and different lifeline utilities should be obtained from time 
to time to assess the risk in a better and more accurate way. 
 

3.2. Sources of Information  

As per the requirements of the risk model it is found that most of the model requires building inven-
tory, essential and critical facilities, infrastructure details, and many others information like  location  
and detection of fault and lineaments , digital elevation model, soil types etc. So based on the litera-
ture study the schematic diagram has been suggested which gives an overview of how such critical 
information can be derived using the available satellite images. The schematic diagram shows the ex-
traction of the information based on the availability of the resolution of the image, cost and accuracy 
of the image, and again if specific imagery of required resolution is not available for particular type of 
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information for a different area, then what is the other alternative source for getting those information 
are shown in the diagram. 
 
The Figure 3.5 shows how the risk model inputs can be derived with the help of existing methods. 
Some of the  methodologies described in the flow chart were discussed in brief in the literature review 
section in chapter 2. So based on the availability of the data source and the requirement of the level of 
assessment of the risk of the area different sets of resolution of images can be taken into account for 
the extraction purposes. That means for example if a particular data is not available for the model for 
a different city then how that information can be obtained from other imagery or combination of im-
agery. In the present study, the extraction of three main type of base data are done in order to find out 
which imagery or combination can provide good result and that will be helpful for any risk model. 
The more emphasis is on the building foot print map of buildings as it plays a major role in calculat-
ing the total square footage of the area and also the total number of buildings and analysis has been 
done to check the variation in the result as the variation in the resolution of the image takes place. 
Also the reasons for taking this three data are their spatio temporal characteristics which changes over 
time. So an updating of information is required from time to time. In case of other data like geological 
structures (fault and fold), soil types etc are not changed so quickly as others. So updating is not so 
important in this case. This information can be taken from concerned department or even by the visual 
interpretation of the satellite imagery, topographic map etc. So based on the availability  of the data 
sets , level of risk assessment , different images  can be taken into consideration which can be ex-
tracted with the help of existing techniques. 
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Figure 3.5 Major inputs of risk model with their source  
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4. Study Area and Data Description  

4.1. Study Area 

The study area (Figure 4.1) is located in the Dehradun, a city situated in the newly formed state of 
Uttaranchal. It lies in the central part of Dehradun city between Longitude: 78 02 20.54 E to 78 03 
04.70 E and Latitude: 30 20 19.81 N to 30 20 46.60 N. It is situated amidst the Siwalik range, the flat 
floored structural valley of Dehradun has long acted as the break-of-bulk town between the Himala-
yan region in the north and Ganga plains of Uttar Pradesh in the south. In general the district has the 
second highest population of 1,279,083 according to 2001 census. Out of this 496,871 persons belong 
to the Dehradun city in 2001this figure represents a near doubling of the population noted in the ear-
lier census (Banerjee, et al 2003).The central part of the city is conventional built up with densely 
populated areas having unplanned land use. Some of the residences are mostly converted into com-
mercial land uses.  
 
The prestigious research and education institutes are situated away from the core or Commercial busi-
ness area. Mainly the city is expanding in a radial pattern. The road pattern of the city is radial with 
few transportation corridors originating from the centre of the city. These radial roads serve for traffic 
purposes. The study area also has some major roads and along with that small secondary roads are 
found which mainly serve for the communication of the residents of that area.  For this study, area 
consisting of a small portion of Dehradun city which includes planned area, unplanned area and 
mixed type of urban area has taken in to consideration. The main reason behind taking three study 
areas is to see how the extraction method gives different types of result when applied to different im-
ages so that the suitable selection of an image for particular type of urban environments can be done 
that would gives us better result.  
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4.1.1. Location of Study Area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

 

 
 
 
 
 
 
 
 
 
 
 
Map Location of Study Area (Dehradun City) (www.mapquest.com, www.mapsofindia.com) 
 

4.2. Remote Sensing Data 

Since the main aim of the study is to extract the risk related base data from multi source remote sens-
ing imagery, different images with different resolution are taken for the study and a comparative 
analysis has been done to know which image would give a better result. In this case IKONOS, LISS4 

Study Area 1 Study Area 2 Study Area 3 

Fig 4.1 
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and ASTER images are used to see the variation in the result in same study areas  and what sort of 
problems normally arise when using this images to those area. 
 

Table 4.1: Image Details 

 

4.2.1. IKONOS 1m Panchromatic 

IKONOS is a commercial satellite operated by Space Imaging Inc. 
This image was already geo-referenced in UTM projection having:  

 Datum/Spheroid: WGS84/ WGS84 
               Zone: 44  
               Spectral range: 0.45 - 0.9 micrometers. 
               Revisit Period: Once in every three day 
               Data: 11 bits per pixel (2048 grey tones)                                                                                       
 
 

4.2.2. IKONOS 4m Multispectral 

The 4 meter multispectral (fig 4.3) sensor provides spectral-
radiometric measurements for the scientific community with promising 
applications in land-use classification, environmental monitoring and 
resource development.  

Band 1: 0.45 - 0.53 (Blue) 
Band 2: 0.52 - 0.61 (Green)  
Band 3: 0.64 - 0.72 (Red)  
Band 4: 0.77 - 0.88 (Near Infrared)  

               
Both IKONOS MSS and PAN image was taken on 2001-04-19 at 5:35 GMT. IKONOS MSS data has 
4 channels at 4-meter resolution. 
 

IMAGES          DATE Resolution (m)  Bands  

IKONOS pan 19th April l01       1m Pan band .45-0.90 

IKONOS mss 19th April 01       4m Blue, Red, Green, 
NIR 
 

LISS4 11th april04 6m NIR, Red, green 

IRS1C/1D 
STEREO PAIRS 

21st Feb97 (Image1) 
18th oct97 (Image2) 

5.8m Pan 

ASTER 21st Dec01  15m VNIR 

Reference Map (To-
posheet) 

Year-1983 1:50000 (Scale)  

Fig 4.2 
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4.2.3. IKONOS 1m PAN Sharpened Image 

Multispectral image and the corresponding panchromatic image were 
merged to get the pan sharpened image (fig4.4). 
 
 
  
 
                                                                                                                 
 

4.2.4. IKONOS 6m Degraded Image 

The IKONOS 1m fused image was degraded to 6m (fig 4.5). This deg-
radation process averages all of the original "small" (1m) pixels that 
make up the new "big" (6m) pixels. The main reason behind degrada-
tion is to compare the result with that of LISS 4 image which is 6 m 
resolution.  
 
 
 

4.2.5. LISS-IV 6m Multispectral       

The LISS-IV data (fig 6.5) with 6 m resolution in multi-spectral mode, 
is helpful in improving the large scale mapping of natural resources 
and urban areas including infrastructure mapping such as road / rail 
network. 
      Data:  8 bits  
 
 
 
 

4.2.6. ASTER 15m Image 

ASTER is one of the five state-of-the-art instrument sensor systems on-board Terra with a unique 
combination of wide spectral coverage and high spatial resolution in 
the visible, near-infrared through shortwave infrared to the thermal 
infrared regions. ASTER (fig 4.7) consists of three different subsys-
tems; the Visible and Near Infrared (VNIR), the Shortwave Infrared 
(SWIR) and the Thermal Infrared (TIR) (http://geoimage.com.au/). 
The VNIR subsystem has been taken in to consideration for this study 
purpose. 

Bands     1: 0.52-0.60 
2: 0.63-0.69     

            3N: 0.78-0.86 
            3B: 0.78-0.86 

Data: 8 bits 

Fig 4.7 
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4.2.7. IRS 1C/1D Stereo Images (6m) 

Indian Remote Sensing Satellites IRS-1C/1D carries on-board push broom Linear CCD PAN camera, 
providing high resolution (5.8 m) stereo 
imagery of the earth’s surface.IRS-1C 
PAN stereo digital data have been used in 
the present study. The first PAN image 
(fig4.8) of the used stereo pair was ac-
quired on 21February 1997 with a view 
angle of + 9.6995°. The second image was 
acquired on 18 October 1996 with a view 
angle of – 18.7282°.  
 

4.2.8. Additional data 

4.2.8.1. Toposheet  

Apart from the above mentioned datasets, the other dataset used in this study is the Toposheet. This 
was given by the department, IIRS. This is used as reference for geo-registration of all images. 
 

4.2.8.2. GCP Collection 

These are the clearly identifiable point in the image for which the three-dimensional ground coordi-
nates are known in a given coordinate system, such as Universal Transverse Mercator (UTM). These 
ground control points (GCPs) are used to calculate the position and orientation the imaging sensor at 
the moment of exposure. 

Fig 4.8 
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5. Data Preparation and Method 
Applied  

5.1. Data Preparation  

The method is mainly divided in to two sections. The first section deals with the image processing and 
the second is the information extraction. The image processing has been carried out with help of ER-
DAS Imagine software 8.6. This mainly involves the Data conversion from its original format to im-
age file, Layer stacking, Image registration, Image fusion, image degradation. The second part i.e. ex-
traction of base data has been carried out using object based classification method with the help of 
eCognition Software 4.0. The editing and vectorization part are done with the help of ARCGIS 8.2 
and also with the help of ERDAS Imagine (Orthobase), DEM has been generated from the IRS 1C/1D 
stereo pairs.  
 

5.1.1. Data Conversion  

The images used in this study were obtained from the IIRS image section. IKONOS, LISS4 -Already 
converted in to image file while obtained from the department. ASTER- This was originally in .hdf 
format and converted to image file using ERDAS imagine software. IRS 1C/1D- converted from su-
perstructure format to .img file using ERDAS imagines software. 
 

5.1.2. Image Layer Stacking 

The IKONOS image is having 4 bands R, G, B, and NIR. The three bands Red, Green, Blue were first 
stacked to get a RGB image. For study purpose both RGB and also NIR band has been taken into con-
sideration. The LISS 4 image is having three bands Red, Green, NIR (Near Infrared).So all these 
bands were stacked to get a similar band combination as IKONOS. The ASTER image is having 9 
bands. So the bands 2, 3, 4 were stacked together. 
 

5.1.3. Image Registration 

All images were geo-referenced to a single projection system so that the same study area can be taken 
from different images. The IKONOS image was already geo-referenced while obtained from the De-
partment. 
Projection System: UTM Zone 44 
Spheroid: WGS 84 
Datum: WGS 84 
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5.1.4. Image Fusion 

Multispectral images and the corresponding panchromatic were fused with the help of principal 
component analysis and nearest neighbourhood method. Though the other fusion method like Brovey 
method and IHS (Intensity Hue Saturation) and Multiplicative has been tested but it is found that the 
PCA method is best for the study purpose. The good result of PCA method may be due to fact that as 
it maintain the original scene radiometry of the input IKONOS multispectral image and the other rea-
son may be the fact that this method scales the high resolution dataset to the same dataset as principal 
component 1, before the inverse principal component calculation is applied. The Brovey and multipli-
cative method is generally used for urban application but after segmentation this methods do not give 
the good result as compared to PCA method.  
 

5.1.5. Image Degradation 

The IKONOS 1m resolution has been degraded to 6m, so that a comparative analysis can be done 
with LISS 4 image. 
 

5.1.6. GCP Collection 

For generation of DEM the  ground control points (GCPs) are obtained from the pre-collected GCP 
that has been taken by one of the PG diploma student of IIRS with the help of a hand held GPS in 
DGPS (Differential ground positional system) mode.   
 

5.1.7. Flow Diagram 

The whole approach for the image processing section is shown in the flow diagram: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All the images were geo-referenced in UTM projection system. The IKONOS MSS and IKONOS 
PAN images were fused. Once the images are geo-referenced, all the images were classified individu-
ally.  

Figure 5.1 Image processing 
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5.2. Method Applied  

The overall approach for this study purpose is mainly based on object oriented classification. The 
main advantage of using this object oriented image analysis technique is to find out the object of in-
terest step by step. Another reason for using this object based method is that it not only incorporates 
the spectral properties but also the spatial variations into the classification. The benefit of using this 
approach is that keeping the resolution of the image constant, the scale of an object in the image can 
be changed as per the requirement for extraction of complete object to meet the purpose. This study 
deals with the extraction of two types of objects from the imagery which are mainly required as inputs 
by most of the risk models. The first is the building footprint extraction and the second one is the 
road. Another base data i.e. DEM has also been extracted from the IRS 1C/1D stereo pair using the 
photogrametric technique. The other requirements of the risk model can also be extracted using dif-
ferent spatial and spectral parameters. The emphasis is on the building and road extraction which has 
been extracted from different images like IKONOS 1m PAN, IKONOS 4m MSS, LISS 4m, ASTER 
images. And finally the result has been compared to know which image gives better result in terms of 
different urban settings and accuracy which would be helpful in assessing risk at different levels in 
the risk model. 
 
Some of steps which are followed in object based classifications for the extraction of Building foot 
print map and road extraction are discussed below. 
 

5.2.1. Multiresolution Image Segmentation 

The basic element of an object oriented approach is the image object. This image objects are seg-
mented into separated homogeneous region based on certain threshold value that is a fusion of both 
spectral and shape heterogeneity.  
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        (Benz et al., 2004). 
This is the first step to towards further analysis of objects. Another reason for doing segmentation is 
to extract the object of interest for the study purpose. The second step is to give the scale parameters 
which are basically a measure for maximum change in heterogeneity that may occur when merging 
two image objects. This scale parameter value is squared and served as threshold, which terminates 
the segmentation algorithm. The table in the next page indicates the different scale parameters includ-
ing the colour and shape criteria used for the study purpose.  

5.2.1.1. Colour Heterogeneity 

It is the sum of the standard deviation of spectral values in each level weighted with the weights for 
each layer WC are used 

 ∑=
c

cccolor wh σ.  
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5.2.1.2. Shape Heterogeneity 

It can be defined by two parameters: Smoothness and Compactness 
Smoothness: It is described by the ratio of border length l and the square root of number of pixels (n) 
forming the image objects. This is used to optimize the image object with regard to smooth borders. 

 nlhsmoothness /=  

Compactness: This can be described as the ratio of border length l and the shortest possible border 
length b given by the bounding box of an image object parallel to the raster. This is used to optimize 
the image objects with regard to compactness. 

 blh scompactnes /=  

 
Two different levels were used to extract the building and road from the imagery. Different scale pa-
rameters taken for different images. In case of IKONOS fused image all the four bands are used to for 
the segmentation. Also the band combination of red, green, NIR excluding the blue band has been 
performed.  

Table 5.1 Segmentation Parameters used for Segmentation 

Bands used Homogeneity Criterion 

Shape  
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5.2.2. Knowledgebase Generation  

The knowledge base summarizes all algorithms, parameters that are necessary for the image process-
ing for a specific purpose. The class hierarchy is known as the knowledge base in image object classi-
fication. This class hierarchy contains the number of classes that are meant for classification with spe-
cific class description. In this study only two classes are taken in to consideration i.e. building and 
road.  These two classes are described on the basis of their specific characteristics like mean values, 
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their relation to neighbours, density, their ratio to scene, length and length /width ratio, texture, shape 
and grey level co-occurrence matrix (GLCM) etc. 
 
The membership function shows the relationship between feature values and the degree of member-
ship to a class. This membership function is defined by giving the left and right border values in com-
bination with the function slope. This function slope defines the membership value for a specific ex-
pression which is calculated for a certain feature value of an image object. Three types of function 
slope have been chosen for this purpose. These are larger than, about range, approximate Gaussian 
 

Table 5.2 Criteria for Building and Road 

Objects Membership Function Object Feature  
 

 
Building 

 

 
Larger than 
About range  
Approximate Gaussian  
Larger than 

Mean diff to neighbours (band4) 
Mean image band(3) 
Ratio to scene band(3) 
Rectangular fit 
Density 
GLCM Mean, 90 degree(band3) 

 
Road 

 

 
Approximate Gaussian 
 

Length 
Length/width 
Shape index 
Asymmetry 

 
Mean: This is calculated from the layer values of all pixels forming the object 
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Mean difference to neighbours: This is computed and weighted with respect to the length of the bor-
der between the objects or the area covered by the neighbour objects around the image objects. 
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Ratio to scene: This is the layer mean value of an image object divided by the layer mean value of the 
whole image scene. 

scenec
objectc

r
L

L
L =  

Grey level co-occurrence matrix (GLCM) Mean:  This grey value is weighted by the frequency of 
its occurrence in combination with a certain neighbour pixel value. 
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Density:  The area covered by the image object divided by its radius. 
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Length: It is computed using the length to width ratio derived from a bounding box approximation 

γ*Al =  

Length/width:  This is also approximated using the length to width ratio. 
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Shape Index: It is the border length of the image object divided by the four times of the square roots 
of its area. It is used to describe the smoothness of the image object borders. 

A
e

s
4

=  

Asymmetry: It is approximated by the ratio of lengths of minor and major axis of the ellipse. 

m
n

k −= 1  

(*All the above equations are adapted from the eCognition 4.0 Manual.) 
 

5.2.3. Fuzzy Classification 

Due to this classification, the feature values of arbitrary range are translated into fuzzy values be-
tween 0 and 1 which indicates the degree of membership to a specific class. By translating the feature 
value in to fuzzy values the classification process standardizes the features and allows the combina-
tion of different kinds of features within one class description with the help of logical operations.  
 
Here the knowledge base generated for the classification purposes are applied to each of the images 
used in the study by changing the feature values and appropriate parameters for different images 
 

5.2.4. DEM Generation 

In order to generate the DEM the block files are created in ERDAS imagine 8.6. these block files is a 
binary file which contains all the information associated with block including imagery location, cam-
era information, fiducial mark measurements, GCP measurements etc. the sensor model and the pro-
jection system is also defined while crating the block file. The inner orientation was performed and 
then computed the pyramid layers for the images in the block file which are used to optimize the im-
age display and automatic tie point collection. Using point measurement option exterior orientation 
and triangulation was done. Then the epipolar images were created and after that DEM is generated 
from the stereo pairs. 
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High and medium resolution im-
agery 

Object based classification of image 
for Building and Road  

Multiresolution image segmen-
tation 

Knowledge base generation 

Assigning Membership value 

Fuzzy classification 

Object extraction (Building 
Road) 

Vectorization 

Building footprint map 

Elevation information 

Accuracy Assessment  
 

Stereo Images 

DEM generation 

Stereo Matching & Interpolation 

Orientation & Triangulation 
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Points 

 Risk model require-
ments: 
 
Footprint map of build-
ings 
  
Road network 
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5.2.5. Flow Chart  

The details of the work flow have been shown in the Flow chart:  
 
 
 
  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 
 
 
 
 
 

Figure 5.2 Method Used in the Study 
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6. Results and Discussion 

6.1. Extracted Base Data and their Associated Accuracy 

The research attempted to extract the base data like building footprint map, road network and DEM, 
which can be used as base dataset for seismic risk assessment in HAZUS model. The extraction 
method has been applied to three different types of urban settings like planned, unplanned and mixed 
(both planned and unplanned) areas. Multi-source remote sensing satellite imageries with different 
resolutions, namely the IKONOS PAN (1m), IKONOS MSS (4m), IKONOS FUSED (Pan sharpened), 
IKONOS DEGRADED (6m), LISS IV (6m), and ASTER (15m) were used to assess which type of 
imagery can give accuracy at what extent in different type of urban settings. In order to carry out ac-
curacy assessment, visual interpretation (manual digitization at a fixed scale of 1:2000) was initially 
carried out on IKONOS 1m panchromatic imagery, which was considered as a reference map. The 
evaluation of the extracted base data maps was carried out by comparing the automatically extracted 
maps with manually prepared reference maps. The evaluation of the extracted base data was carried 
out by both the quantitative and quality assessment techniques. The qualitative assessment technique 
involved the computation of two parameters, such as the completeness and correctness, which were 
used to assess the quality measurement. These parameters were calculated based on the following for-
mula: 

e) (referencExtractionNumber of 
ferenceMatched Number of 

 ssCompletene
Re

=  

 ExtractionNumber of 
tractionMatched ExNumber of 

sCorrectnes  =  

scorrectnesscorrectnessscompletenesscompletene
scorrectnessscompletene

Quality
+∗−

∗
=  

 
The above-mentioned formulae were used to calculate the quality of the extracted base data maps. 
The completeness indicates the total number of extracted base data that are having their centre on the 
reference map while the correctness indicates the percentage of correctly extracted base data.  
 

6.1.1. Accuracy of Extracted Building Footprint Map  

The extraction of the building footprint maps were carried out by the methods described in the previ-
ous chapter. The accuracy of the extracted building footprint map obtained from different satellite 
images are compared with the accuracy requirement of the HAZUS model. It was noted that the HA-
ZUS model requires information in an aggregate form, which implies that more is the information in 
an aggregate form better is the accuracy achieved. In the situations where the total square footage that 
are obtained from the building footprint map in aggregate forms for the assessment, the accuracy will 
be adequate enough to support the HAZUS model requirements.  
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The comparative analysis is carried out to establish which type of imagery can be suitable as input 
base data for the HAZUS model in the events where the high resolution satellite imagery are not 
available for a particular region. This study mainly focused on the building footprint map which has 
been extracted from different imagery and it is noted that there are significant differences in the re-
sults obtained which is discussed in forthcoming sections.  
 
The extracted building footprint map from the IKONOS PAN (Table 6.1) indicates that in case of 
study area 1 (mixed area) and study area 3 (unplanned area), the total built up area (Figure 6.1) ex-
tracted is more than 90% with respect to the reference image. In cases of study area 2(planned area), it 
is 74%. 

Table 6.1: IKONOS PAN 
 
 
 
 
 
 
 
Similarly in the case of IKONOS MSS (Table 6.2) the result is not as satisfactory as the IKONOS 
PAN image. It gives more than 20% and 30 % extra area than the actual area. Hence, if this informa-
tion is considered as an input, then the uncertainty in the risk assessment will be more while as it will 
be comparatively lesser using the IKONOS PAN image. 
     

Table 6.2: IKONOS MSS 
 
 
 
 
 
 
 
When both the PAN and MSS images are merged together the result is quite satisfactory as compared 
to both PAN and MSS separately. It gives the accuracy in terms of total area which is 104 % implying 
only 4 % area is extracted more as compared to that of reference image (Table 6.3). 
      

Table 6.3: IKONOS Fused 
 
 
 
 
 
 
 
In the instances where both the imagery, the IKONOS PAN and IKONOS MSS are available for the 
region under investigation to be assessed for the risk then, the above results indicate that it is better to 

Image IKONOS  PAN  

Study Area Complete-
ness 

Correct-
ness 

Quality Built-up 

Mixed area 0.78 0.72 0.8 99 

Planned 0.88 0.85 0.56 74 

Unplanned 0.59 0.56 0.7 90 

Image IKONOS  MSS 
Study Area Completeness  Correctness Quality  Built-up 
Mixed area 0.21 0.62 1.1 127 
Planned 0.01 0.04 0.09 223 
Unplanned 0.18 0.26 0.48 123 

Image IKONOS Fused 
Study Area  Complete-

ness 
Correct-
ness 

Quality Built-up 

Mixed area 0.86 0.44 0.5 115 
Planned 0.69 0.76 1 104 
Unplanned 0.64 0.78 1 92 
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use the merged image instead of individual images. However in the instances where there is non-
availability of high resolution imagery, then a significant concern is which other medium or low reso-
lution imagery is suitable and if so, will they fulfil the desired accuracy requirements for the inputs of 
the HAZUS model. In order to ascertain this, the extraction has been performed on the LISS IV image 
and ASTER image. It is found that in both mixed and planned areas, the total built-up area extracted 
is more than 80% (Table 6.4). This indicated that this imagery can be considered as inputs for the 
seismic risk model when the high resolution IKONOS imagery is not available for the region under 
investigation. 

Table 6.4: LISS-IV 
 
 
 
 
                              
 
 
 
Another set of IKONOS images was degraded to 6m to compare the result of LISS 4 image. The re-
sult indicates that the total built-up area extracted is more than 17% (Table6.5) in all the areas. Thus, 
it is advisable not to consider the degraded IKONOS imagery to extract the building footprint maps.  

Table 6.5: IKONOS Degraded 
 
 
 
 
 
 
 
The quantitative accuracy has been carried out on IKONOS fused image to see the variation in the 
result. In order to carry out the accuracy assessment, 25 random points are taken in mixed area type 
and planned area type and 50 points in the unplanned area type. It is found that the 64.7% of the built-
up area were extracted accurately in mixed area type, 83% in planned area and 71% of the built up 
area in unplanned areas. 

Image LISS-IV 
Study Area Complete-

ness 
Correct-
ness 

Quality Built-up 

Mixed area 0.34 0.38. 0.62 80 
Planned 0.15 0.15 0.2 93 

Unplanned 0.05 0.13 0.2 36 

Image IKONOS Degraded 

Study Area Completeness Correctness Quality Built-up 

Mixed area 0.39 0.3 0.4 92 

Planned 0.36 0.59 0.97 136 

Unplanned 0.28 0.31 0.51 117 

Percentage of Built up Area

0

100

200

300

IKONOS PAN 99.36 74.21 90.44

IKONOS MSS 127.49 223.4 123.1

IKONOS FUSED 115.8 104 92.4

IKO_DEGR 6M 136.1 117.5 144

LISS4 52.5 80.05 93.1

STUDY AREA1 STUDY AREA2 STUDY AREA3

Fig 6.1 
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When all the images are compared with respect to the total number of buildings extracted and total 
number of buildings originally in the scene, considerable variation in the extraction is evident. 

 

6.1.1.1. Problems Encountered with Different Sensors while Extracting the Building 
Footprint Map 

In cases of planned area (Figure 6.2), when IKONOS PAN image is used, 0.88 of completeness, 0.85 
of correctness and 0.87 of quality has been obtained. In the same area when IKONOS 4m MSS image 
is used, 0.01 of correctness, 0.047 of completeness and 0.09 of quality is obtained. However, when the 
pan sharpened image is used 0.6 of correctness, 0.7 of completeness and 1.0 of quality is obtained. 
Thus, a conspicuous difference is observed between the extraction results obtained by using a single 
sensor and combination of imageries among two sensors. This difference may be due to the difference 
in spatial resolution and spectral properties of the images features which are misinterpreted during the 
time of extraction.  
 

Problems 

A   Buildings in visual layer but not extracted 

 

B   Building not in visual layer but extracted 

 

 

 
 

Study Area2. Overlays of buildings ex-
tracted and reference map 

 
The low quality in case of IKONOS MSS is not the fact that no information is available but it is also 
due to the non-matching of the centre of building extracted (Figure 6.3) and the reference building 
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foot prints. And so, this type of information is generally used if the user and their application require 
an assessment on individual buildings. So it is better to use IKONOS PAN as compared to MSS. 
 
If in the same areas, there is availability of both the IKONOS PAN and IKONOS MSS imagery, then 
the combination of both the imagery can be taken into consideration. The result (Figure 6.4) indicates 
that if the user needs more detailed information, then it is better to use this fused image for counting 
the buildings. 
 
 
 

 

 

 

 

 

 

 
 
 
When the degraded IKONOS imagery and that of LISS 4 m images are compared, it is seen that the 
degraded IKONOS gives better result as compared to LISS 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Buildings com-
ing together 

Study Area 1 overlay of extracted building and reference map 

0

0.2

0.4

0.6

0.8

1

Starea

I_FUSED

Completeness 0.86 0.69 0.64

Correctness 0.44 0.76 0.78

Quality 0.5 1 1

stydy area1 stydy area2 stydy area3

Fig 6.4 

0 40 8020 Meters

0

0.2

0.4

0.6

0.8

Starea

LISS4

Completeness 0.34 0.15 0.05

Correctness 0.38 0.15 0.13

Quality 0.62 0.2 0.2

stydy area1 stydy area2 stydy area3
0

0.2

0.4

0.6

0.8

1

STAREA

IKO_GEDR6m

Completeness 0.39 0.36 0.28

Correctness 0.3 0.59 0.31

Quality 0.48 0.97 0.53

stydy area1 stydy area2 stydy area3

Fig 6.5 LISS IV 

0 140 28070 Meters

Fig 6.6 IKO_Degr_6m 

0 190 38095 Meters



EXTRACTION OF SEISMIC RISK RELATED BASE DATA FROM MULTI SOURCE REMOTE SENSING IMAGERY 

50 

But the total built up area obtained is 117% and 80% of the reference area in study area two. When it 
is compared in other two area i.e. study area1 and study area3, it is found that LISS4 image gives 
good result as compared to IKONOS  degraded (6M) image in terms of total percentage of built up 
area. 
 
The variation in the result may be due to several reasons which plays important role in accuracy as-
sessment. For example the footprint maps that are extracted from the 1m IKONOS imagery, each in-
dividual building comes separately. But when low resolution imagery are used , some times , a num-
ber of buildings comes together, which looks as blocks, so in that case it is difficult to extract individ-
ual building footprint map .Also during extraction procedures, sometimes some features which are not 
building  are extracted  because of same spectral properties which plays important role in accuracy 
assessment. If the total number of the building that extracted from the individual sensors and combi-
nation of sensors is compared with that of reference number of buildings, it is seen that there is little 
variation in case of high resolution imagery as compared to low resolution imagery. The two factors 
that is important for the accuracy assessment i.e. completeness and correctness which mainly depends 
upon the number of building extracted and number of buildings from the reference should be checked 
correctly. In this case these factors are calculated by the condition that extracted buildings having 
their centre in the reference buildings are to be taken in to account. So in this case though the building 
are extracted properly but may be not due to exact centre matching, buildings are counted for the as-
sessment. So there is much variation between the results obtained using different images from differ-
ent source. The other factors like as this extraction has been carried out using object based classifica-
tion, so the objects were extracted using different scale factors keeping the resolution of the imagery 
constant. During segmentation, based on the both spectral and spatial   properties, the objects were 
segmented. So in that case it might be possible that the objects which are not building but due to the 
similar properties other objects coming together to give a proper segments so that the object of inter-
est would able to be extracted.  The reason for getting a good result in case of IKONOS pan and 
FUSED image may be due to high radiometric resolution of IKONOS imagery which is rich in infor-
mation content. But it is also seen that due to this some other features which are not of interest are 
extracted.  The other reasons may be due to the confusion between buildings and other similar fea-
tures having same constructed materials, also may be the time  and date of acquisition of different im-
ages , which of course gives a variation of the features present on the ground  in the images . 
 
So in this case where the total number of buildings extracted are taken into consideration, based on 
the requirements of the user and the level of assessment that the user wants to perform for the inven-
tory development, it is better to take the fused image if both the PAN and MSS imagery are available 
but in case of unavailability of those images the user can use the single PAN image or MSS image, 
otherwise the LISS4 image can be taken into account. 
 

6.1.1.2. Implications of Extraction Methods over Different Urban Settings 

The use of this imagery to different urban settings having planned and unplanned region indicates that 
the IKONOS MSS image gives a good quality as compared to IKONOS PAN and IKONOS Fused 
having quality of 0.8 and 0.5 respectively. Though the completeness and correctness in case of both 
the imagery is considerable as compared to that of IKONOS MSS images, a significant reason for this 
could be the different spectral characteristics of the features prevalent in the image.  
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When the above mentioned imagery were used in an unplanned area, the pan sharpened image gave a 
better result in terms of completeness and correctness of  0.6 and 0.7  respectively in comparison to 
the IKONOS 1m PAN and IKONOS 4m MSS imagery. However, when the quality is considered the 
fused image gives a good quality of 1.06 as compared to that of PAN and MSS with 0.7 and 0.4 re-
spectively.  
 
 
 
 
 
 
 
 
 
 
 
 
      
 

Study Area 3 
 
Though the footprint map of each individual building were not able to be extracted from the low reso-
lution images, but the total percentage of  built up area  is nearly equal to those that extracted from 
high resolution imagery and that of reference map as compared to low  and medium resolution im-
agery  in different study area. The result obtained from the ASTER image gives very poor result 
i.e.36.76%. 
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Image  I_Pan I_MSS 
 

I_Fused I_De6m Liss4 Aster 

Study area 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 FULL-
SCENE 

Complete-
ness 

.78 .88 .59 .21 .01 .18 .86 .69 .64 .39 .36 .28 .34 .15 .05 .02 

Correctness .72 .85 .56 .62 .04 .26 .44 .76 .78 .3 .59 .31 .38 .15 .13 .06 

Quality .8 .9 .7 1.1 .09 .48 .5 1 1 .48 .97 .53 .62 .2 .2 .13 

%Built up 
Area  

99.36 74.21 90.44 127.4
9 

223.4 123.1 115.8 104 92.4 136.1 117.5 144 52.5 80.05 93.1 36.7 

No of 
buil(Ref) 

23 52 167 23 52 167 23 52 167 23 52 167 23 52 167 242 

No. of buil 
extracted 
 

25 54 177 8 21 116 45 47 136 30 32 154 21 52 68 101 

No of 
matching 
buildings 

18 46 100 5 1 31 20 36 107 9 19 48 8 8 9 7 

Building in 
visual layer 
but not ex-
tracted 

9 5 39 11 14 37 3 1 21 4 4 6 5 27 102 135 

Buildings 
not in visual 
layer but 
extracted 

4 5 35 1 1 7 14 3 11 7 4 17 6 25 30 56 

Table 6.6 Accuracy Assessment Value 
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6.1.2. Accuracy of Extracted DEM  

The accuracy of the DEM generated from the IRS 1C/1D stereo pairs was estimated by using the ele-
vation values obtained from the Differential GPS. 19 ground control points were collected and used to 
compute the accuracy of the DEM generated from the remote sensing imagery. Accordingly it was 
found that the root mean square error was 29.37 m. Thus indicating that the DEM generated from the 
remote sensing imagery can be used as inputs in risk models assessing the seismic risk in urban areas. 
The details of the GCP’s are given in Annexure.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The generated DEM with 29.37m root mean square error may not be useful to create building heights 
of highly urbanized areas however by using the airborne SAR technology with dual sensors; it can be 
possible to create better accurate DEMs inexpensively and on a regular basis. 
 
The value of RMSE depends upon the number of factors like base to height ratio (B/H >= 0.6) stereo 
pair, acquisition of either one or both scenes during high-sun angle conditions, acquisition interval 
between the stereo pair scenes should be <=30 days to assure radiometric stability but in this case the 
interval is more than eight months and in fact, the same-date along-track stereo-data acquisition gives 
a strong advantage versus the multi-date across-track stereo-data acquisition. It reduces the radiomet-
ric image variations (refractive effects, sun illumination, and temporal changes) and thus increases the 
correlation success rate in any image matching. Clear atmospheric conditions during image acquisi-
tions also plays important role. 
 

6.1.3. Accuracy of the Extracted Roads 

The extraction of road has been done using IKONOS pan image. It is  found that though the  major 
roads along with smaller roads are coming but a lot of other object which are of not of  interest roads 
are also coming  which leads to misinterpreting the road. Especially the shadows, the tree crown 
comes with road which is difficult to remove. Also it is seen that due to this tree crown roads which 
are below the crown are not able to be extracted which leads to lots of gaps between the roads. So 
there is lack of connectivity found in the extracted object. This can be jointed using some GIS opera-
tions. The extracted result from the IKONOS pan image is shown below. 

Figure 6.8 DEM Generated from IRS 1C/1D Stereo pairs 

0 6,500 13,0003,250 Meters
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The roads were extracted from IKONONS Pan using object based fuzzy classification. In order to as-
sess the accuracy of the road three quality parameters are taken into consideration i.e. completeness, 
correctness and quality parameters. Theses values are calculated as follows: 

ferenceLength of 
tractionMatched ExLength of 

 ssCompletene
Re

=  

 ExtractionLength of 
tractionMatched ExLength of 

sCorrectnes  =  

scorrectnesscorrectnessscompletenesscompletene
scorrectnessscompletene

Quality
+∗−

∗
=  

 
The HAZUS model mainly requires information about the length road so that this can be added as 
input to the model. The total extracted road from the imagery is found to be 13532 (Table 6.8) where 
as the original length in the reference image is 9669. 
 

Table 6.8 Accuracy Assessment for Extracted Road 

 
So some other feature along with road is extracted. So in order to know how much of the extracted 
road is originally matching with the original road and how much original road are not extracted, the 
three above parameters (completeness, correctness and quality) are calculated. The result indicates 
that the completeness value is relatively high i.e. 1.05, and the correctness value is 0.68 and the qual-
ity value is 0.7. So the over all accuracy for the road is quite good enough to be used as input for the 
risk model. 

Extracted  
Length 

Reference 
Length 

Length of 
matched 
reference  

Length of 
matched ex-
traction 

completeness  correctness quality 

13532 9669 10159.3 9217 1.05 0.68 0.70 

Fig 6.9 

0 390 780195 Meters

Extracted Road IKONOS PAN 
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7. Conclusion and Future work 

7.1. Conclusion 

Assessment of the seismic risk in the urban areas is an important concern for formulating the emer-
gency and disaster management plans. Among the various seismic risk assessment models, HAZUS 
and RADIUS are the prominent ones more frequently used in the seismic risk assessment. It is found 
that most of the seismic risk assessment models like HAZUS and RADIUS require a detail inventory 
of the building and major infrastructure present in the region. Besides these, the models also require 
number of essential facilities and lifeline utility systems along with other information like geology 
(fault and lineament) and soil type of the area, which are discussed in Chapter 2 and Chapter 3. In or-
der to provide the necessary inputs, the geospatial technologies by the combination of satellite remote 
sensing data and GIS tools helps in assessing such risks and formulation of the emergency and man-
agement plans. With the availability of high resolution satellite imagery like Quick bird, IKONOS, 
LiDAR data and InSAR and hyper spectral imagery other optical imagery provides a good amount of 
information in comparison to the traditional approach of data collection. 
 
Significant inputs required for the HAZUS model as described in Chapter 2 and Chapter 3 can be ex-
tracted from the remote sensing imagery like the building footprint map, infrastructure, and DEM. 
Though there are many problems in the extraction method which decrease the accuracy requirement 
of the inputs for the model, this can still be further improved by using new and existing extraction 
methods. The information which is not able to be extracted from the imagery, can be considered from 
the other sources. However, all this depends upon the user’s application point of view. If the user 
needs the data related to specific objects which can be extracted from the imagery to run the model for 
risk assessment then there is no need of gathering other information. In general it can be said that de-
pending upon the user’s requirement and the level of risk assessment and module requirements of the 
HAZUS model, some of the information can be collected with the help of available satellite imagery.  
 
Similarly for RADIUS model, the major information required as inputs to the model to run success-
fully are vulnerability related data, hazard data, damage data, elements at risk and some other base 
data as described in Chapter 2. This information can also be extracted from satellite imagery like 
Quick bird, IKONOS, LISS IV etc. while some data can not be still obtained from the imagery. Most 
of the information are collected from different government and private agencies which is not reliable 
in certain cases. 
 
In brief it can be concluded that the remote sensing imagery can provide most of the information re-
quired for the risk model to run successfully. It is better to use HAZUS method as it consists of differ-
ent independent and interdependent modules and also this model performs risk assessment at different 
levels. For example the level 2 analysis can be performed with user supplied data.  So based on the 
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availability of the imagery, the level of assessment and the requirements of the model the user has to 
select   model and extract the information from the remote sensing imagery.  
 
The most relevant base data that most of the risk model requires are the building and road which plays 
major role in any type of natural disaster. So building information like, type of buildings by land use, 
height of building, number of storey in buildings, building location etc are to be mapped  from time to 
time for updating of old information because these information generally change over time to time. 
For example building foot prints which gives the total square footage of that building can be changed 
as new buildings are built in and around that building. The other important information required is 
about the roads which has different geometric properties which can change over time (For example 
length of road, width of road, divided/undivided, no of lanes, new road in the area). Hence, timely 
updating of information is required which can only be possible with the help of remote sensing im-
agery within minimum time duration. Besides these two important base data, there are several other 
inputs required for the model like soil type, fault and other lineaments which are normally do not 
change within short period of time. This type of information can be collected from different govern-
ment and private agencies, based on the requirement of the users in consideration.  
 
There are number of techniques mentioned in Chapter 2 and Chapter 3 which tells how such informa-
tion can be extracted from different images using the techniques. In the present study, the object based 
classification techniques has been used to extract the building and road. Though the present study 
deals only with the building footprint map, road extraction and DEM generation, much other informa-
tion can also be extracted by using the available high resolution imagery. Building foot print has been 
extracted from the IKONOS and LISS 4 imagery while road has been extracted from the IKONOS 
PAN imagery. Photogrammetric technique has been used to generate the digital elevation model of the 
study area. The Figure 3.5 gives the details of the information that can be extracted using different 
methods from satellite imagery. The Figure 3.5 also indicates the data interchangebility that is if one 
imagery is not available for one type of data then how that can be obtained using the other available 
imagery or with combination of one or more imagery. 
 
Building foot print maps have been extracted from IKONOS MSS, IKONOS PAN, IKONOS FUSED, 
LISS 4, IKONOS DEGRADED 6m, and ASTER images. The accuracy assessment for the extracted 
building footprint map has been carried out to see the variation in the result. Both the qualitative and 
quantitative assessment is performed to see how the result varies in different images in different areas. 
It is found that in most cases IKONOS PAN and IKONOS FUSED image gives better result as com-
pared to others. For example in study area 2, the IKONOS fused image gives 30% more area as com-
pared to IKONOS PAN  which is 4% more than that of original built up area. It is not like that if this 
high resolution image is not available then the desired accuracy of the input can not be obtained but if 
there is availability of medium resolution imagery like LISS4, then also the information can be ob-
tained. For example in the same study area  The LISS IV image in study area2 gives 6% more built up 
area as compared to IKONOS PAN image which is 20% less than that of original built up area. The 
quantitative assessment of the accuracy of the three study areas the indicates that IKONOS fused im-
age  in  study area1 gives 64.7% of the built up area, study area 2 gives 83% of the built up area and 
study area 3 gives 71% of the total built up area. Where in this particular case of building footprints, 
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as the HAZUS model require information in an aggregate form that means more the information in 
aggregate form more is the accuracy of the risk assessment. So it does not bother whether high resolu-
tion imagery is available or not, the other alternative imagery can be taken in to account as per the 
accuracy requirement of the model. Normally when information is required at each building level that 
means if the user required a detailed building inventory then the use of high resolution satellite im-
agery will be helpful. Again if the information is required at a block level mean for a large area for 
particular information, it is better to use medium resolution images. So it can be suggested that de-
pending upon the level of assessment different image of different resolutions can be useful.  
 
While extracting the building foot print map from the imagery it is found that due to same construc-
tion material buildings along with other play grounds like Tennis court and road features comes which  
results in misclassification between the two objects. Some times features which are not of the interest 
are extracted. During extraction from high resolution images individual buildings can be detected 
which can provide valuable information about each building but as the resolution decreases it is diffi-
cult to extract the individual building. Instead of that low resolution imagery gives the total built up 
area which will help in assessing the risk at regional level as the HAZUS model supports. The maxi-
mum and detailed information obtained from the IKONOS may be because of its high radiometry. In 
case of IKONOS MSS the result is not good the main reason may be due to it spectral properties. But 
when this IKONOS MSS is fused with IKONOS PAN due to some of this misclassification problem 
has solved.  When the IKONOS image is degraded to 6m to compare with the result of LISS 4 image 
it is found that LISS 4 image is unable to provide better accuracy as compared to IKONOS DE-
GRADE 6m image. The reason may be that LISS 4 image is of 8 bit data as compared to 11 bit IKO-
NOS data.  
 
The same extraction method has been tested in three different study areas to see how the result varies 
when the method is applied in planned area and an unplanned area i.e. shanty towns or informal set-
tlements. The three study are consists of planned, unplanned and mix type of urban settings. The 
quantitative assessment indicates that in planned and unplanned area, IKONOS fused image gives bet-
ter result as compared to IKONOS PAN and IKONOS MSS image. Even the degraded IKONOS 6m 
gives good result as compared to IKONOS MSS and LISS 4 image. The LISS 4 images in both 
planned and unplanned area gives much better accuracy as compared to IKONOS PAN and IKONOS 
MSS images. In case of mixed area the result is totally reverse as compared to the other two study 
area. The IKONOS PAN image gives a better result as compared to MSS and fused image. So in brief 
it can be suggested that depending upon the requirement of the user, the type of area and level of as-
sessment the user wants to perform, different satellite imagery can be taken into consideration. 
 
The accuracy of the DEM extracted from the stereo pair images of IIRS 1C/1D PAN was found by 
computing the root mean square error, which was about 29.37 m. Thus indicating that the DEM gen-
erated from the remote sensing imagery can be used as inputs in risk models assessing the seismic risk 
in urban areas. The generated DEM with 29.37m root mean square error may not be useful to create 
building heights of highly urbanized areas however by using the airborne SAR technology with dual 
sensors; it can be possible to create better accurate DEMs inexpensively and on a regular basis. 
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Road has been extracted from the IKONOS PAN imagery and the accuracy assessment is carried out 
to know whether this information will be able to satisfy the desired accuracy of the HAZUS risk 
model. It is found that the completeness value is high having high value as compared to the correct-
ness value. This indicates that the most of the original (digitized) road are coming within the extracted 
road. Also the correctness and completeness value are 0.6 and 0.7 respectively which shows that the 
overall accuracy of the extracted road can be useful for the risk assessment using the HAZUS model. 
The other dataset can be used to see the 
 
This study gives an idea of what are the different risk model and their requirement and how those in-
formation can be obtained with the help of remote sensing imagery. The study also shows data inter-
changebility that is if there is no availability of imagery for a particular base data then what are the 
other source of extracting that information and how that result varies as the image and study area 
change. 
 

7.2. Scope for Further Research 

 
An attempt was made to see how the required inputs of risk model can be obtained with the help of 
satellite imagery and whether those extracted inputs will satisfy the desired accuracy of the model. 
But the main problems are the accuracy requirements of the different inputs of the model. Though 
these models are used in many parts of the world but there is little study available related to the role 
of remote sensing imagery which hardly gives any information regarding the accuracy of the extracted 
data which would satisfy the accuracy required for the model?  
 
More emphasis should be given on the accuracy aspect of the other base data extracted from the re-
mote sensing imagery so that the extracted base data can be able to satisfy the accuracy requirements 
of the risk model. The sensitivity analysis should be carried out to know how the result in the risk 
model would vary when there is any error in the extracted base data.  
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Building extracted from different imagery 

Study Area1 Study Area2 Study Area3 

Study Area1 Study Area2 Study Area3 

IKONOS PAN 

IKONOS MSS 
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LISS IV 

ASTER 
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Reference Map (Digitized from Im IKONOS Pan Image) 
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Triangulation Report with OrthoBASE 
 
 
Triangulation Report with OrthoBASE 
                     Output image units: pixels 
                     Output ground units: meters 
                     Output angular units: radians 
 
The ground point values and precision parameters  
Out of 9 control points, 3 were treated as check points and the maximum residual is -8 in Z axis. 
The RMSE of GCP in image 1 is 0.2748 in X axis, 0.3115 in Y axis and accuracy of check points 
0.1020 and 0.4326 
The RMSE of GCP in image 2 is 0.3310 in X axis, 0.3672 in Y axis and accuracy for check points 
0.1150, and 0.4076. 
The over all accuracy obtained from the control point and check points are as follows: 
 
Summary RMSE for GCPs and CHKs (number of observations in parenthesis): 
     Table  

 Control Check 
    Ground X: 0.0596  (6) 1.3468 (3) 
    Ground Y: 0.3080 (6) 5.2885 (3) 
    Ground Z: 0.2645  (6) 6.4595 (3) 
    Image  X: 0.3042  (12) 0.1089 (6) 
    Image  Y: 0.3405  (12) 0.4203 (6) 

 
Triangulation was performed using GCPs only, GCPs and automatic tie points and then using GCPs 
along with automatic tie points and manual tie points it was observed that RMS error in triangulation 
decreased as more automatic tie points and manual tie points are added. 

Study Area1 Study Area2 Study Area2 
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Table: GCP’s Obtained for Accuracy Assessment of DEM Generation 
 

Points Z Value DEM Z Value GCP 

1 788.75 736.74 
2 667.08 626.21 
3 543.80 536.58 
4 557.91 544.79 
5 670.35 681.45 
6 571.52 572.14 
7 661.00 615.21 
8 867.00 816.25 
9 938.81 924.65 
10 817.00 787.61 
11 861.00 844.25 
12 780.78 791.14 
13 719.56 729.10 
14 629.66 610.64 
15 609.65 594.74 
16 558.95 568.84 
17 653.98 612.86 
18 612.86 557.83 
19 822.02 829.00 

 


