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ABSTRACT 

The study area lies in the most severe flood zone and is referred to as the Very High Damage 
Risk Zone (UNDP and BMTPC 2002). Flood is frequently and almost yearly occurring 
penomenon in the area. The socio economic condition of the people is very terrible in the study 
area:   With nearly 90% of the popula tion living in disaster prone areas and about 66% below the 
poverty line. The houses are mainly made by mud, straw of paddy and bamboo. These are more 
vulnerable to flood water. The damage assessment till now is done by taking sample points but 
this does not tell us the actual damage due to certain event, so an intensive micro scale (local 
level) field work and data integration is required to obtain a highly accurate damage estimation.  

The main objective of the research is the estimation of the damage to various elements at risk due 
to flood and the delineation of safe Routes and Shelters for Evacuation at time of flood in part of 
Birupa river basin by using a micro level approach. To achieve the objectives of the research 
primary as well as secondary data was collected. 177 households, 33 farmers, 22 respondents for 
roads details were interviewed and analyzed for the vulnerability assessment. For the DEM 
Generation from a Cartosat-I stereo pair , 9 DGPS points were collected during the field work.  

The 2006 flood event was found to be of moderate nature flood with an inundation area of 24390 
sq km. The flood image of 04 September, 2006 marked the largest flood extent and depth. The 
Google image found to be very useful for making the footprint map for all the elements at risk. It 
has been concluded that micro level damage assessment can be done by doing a detailed 
questioner. In the study area elements at risk were classified into five main structural types for 
residential houses, two road types and two basic crops. The flood depth inside the houses, 
varied from 30 to 122 cm, was the main cause of the damage. The important factors that 
influence structural vulnerability were floor and wall material. It has been observed that paddy is 
more vulnerable to flood depth and duration as compared to jute. The paddy crop starts getting 
damaged when the duration of stagnant water increases more then 5 days with a minimum water 
depth of 1 to 2 meters. For 2006 the  total flood damage  for roads was estimated to be Rs 
2274075 and Rs 13500 for Pakka and Kachha roads respectively. The construction material for 
roads found to be the basis for identification of the road type. 

The shelter locations were identified based on house to house survey and identifying the areas 
which were not flooded in both 2006 and 2003 flood. The location of the shelter was marked by 
GPS in the field then compared with the Radarsat images of 2003 and 2006 flood event. The 
shelter locations usually used at time of flood were found to be mainly schools, colleges, temples. 
Some shelter locations were marked in open spaces with a perception that these areas can be used 
for temporary shelter at time of flood. For delineation of evacuation route four parameters were 
taken into consideration: shelter location, flood depth, land use and slope. The method used to 
forecast evacuation time such as full scale trials; the calculations is based on the flow of persons 
(hydraulic models) or evacuation simulation. 

Such study can help government to have probable locations for population shelters for serving 
them shelter and food at time of flood. This research methodology can help the government to 
estimate the approximate damage caused by flood. 

Keywords: Structural, agricultural and road vulnerability, damage quantification, DEM, elements at risk, 
community, questionnaire, shelter locations, safe routes, Cartosat-I, Google image. 
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1  INTRODUCTION 

1.1 Introduction to Floods: 
The word flood comes from the Old English flod, a word common to Teutonic languages, 
compare German Flut, Dutch vloed from the same root as is seen in flow, float. When rivers 
overflow their banks they cause damage to property and crops. Floods are common and costly 
natural disasters (http://en.wikipedia.org/wiki/Flood 2007).  
Floods are among the most destructive natural hazards causing extensive damage to the built up 
and natural environment, and devastating to human settlements. Economic losses due to the 
effects of damaging floods have increased significantly around the world. The Asian region 
experiences frequent flood disasters of high magnitude, and although the number of deaths caused 
by flooding has decreased, the number of affected populations and economic losses have 
increased significantly. A flood occurs when an area of land, usually low-lying, is covered with 
water. These trends trigger a need to pay greater attention to the impact of flood hazards on 
human development (ADPC 2005).    
Very large floods happen very seldom: the size, or magnitude, of a flood is described by a term 
called recurrence interval. By studying a long period of flow records for a stream, it is possible to 
estimate the size of a flood that would, for example, have a 5-year recurrence interval (called a 5-
year flood). A 5-year flood is one that would occur, on the average, once every 5 years. Although 
a 100-year flood is expected to happen only once in a century, there is a 1 percent chance that a 
flood of that size could happen during any year. Flooding can be Defined as the overflowing of 
water from sources such as rivers, reservoir, estuaries and  ponds caused by prolonged seasonal 
rains, typhoon rains, intrusion of seawater on the land or during tidal surges (Regant.P.M 2005). 
A flood occurs when an area of land, usually low-lying, is covered with water. The worst floods 
usually occur when a river overflows its banks followed by breaching. Floods happen when soil 
and vegetation cannot absorb all the water. The water then runs off the land in quantities that 
cannot be carried in stream channels or kept in natural ponds or man-made reservoirs 
(http://en.wikipedia.org/wiki/Flood 2007).  
 
RIVER FLOOD 
Flooding along rivers is a natural and inevitable part of life. Some floods occur seasonally when 
winter or spring rains, coupled with melting snows, fill river basins with too much water, too 
quickly. Torrential rains from decaying hurricanes or tropical systems can also produce river 
flooding. 
COASTAL FLOOD 
Winds generated from tropical storms and hurricanes or intense offshore low pressure systems 
can drive ocean water inland and cause significant flooding. Escape routes can be cut off and 
blocked by high water. Coastal flooding can also be produced by sea waves called tsunamis (tsoo-
n -m z), sometimes referred to as tidal waves. These waves are produced by earthquakes or 
volcanic activity in the ocean. 
URBAN FLOOD 
As land is converted from fields or woodlands to roads and parking lots, it loses its ability to 
absorb rainfall. Urbanization increases runoff 2 to 6 times over what would occur on natural 
terrain. During periods of urban flooding, streets can become swift moving rivers, while 
basements can become death traps as they fill with water. 
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FLASH FLOOD 
A flood that rises and falls rapidly with little or no advance warning is called a fla sh flood. Flash 
floods usually result from intense rainfall over a relatively small period and area. 
ICE JAM 
Floating ice can accumulate at a natural or man-made obstruction and stop the flow of water. 

EFFECTS OF FLOODS 

Domestic Effects:  

• Casualties- People and livestock die due to drowning. It can also lead to epidemics and 
diseases. 

• Physical damage- Structures such as buildings, swearage lines, transportation & 
communication network get damaged due to flood water.  

• City drainage systems fail to serve the purpose. 
• Drains carrying the polluted waste water overflow which becomes source cause for many 

water related diseases.  
• Crops and food supplies- Shortage of food crops can be caused due to loss of entire 

harvest. 

National Effects: 

• Soil erosion is one of the main effects of heavy floods. 
• Sedimentation problem e.g. flood in Cuttack district lead to 6 meters sediment deposit in 

2001  
• The affected places remain cut off with the rest of the country. All the rivers rise rapidly.   
• Insufficient stock of food and medicine to cope with the situation is another effect.  
• The flood waters also damages several hutments, granaries, fisheries, standing crops. 
• Several roads and relief camps may also be submerged by flood water.  
• Landslides followed by incessant rains during floods are very common phenomena. 

Flood-producing rains can trigger catastrophic debris slides.  
• Floods can roll boulders, tear out trees, destroy buildings and bridges, and scour out new 

channels. Flood waters can reach heights of 10 to 20 feet and often carry a deadly cargo 
of debris. 

What factors cause Floods? 
      1. Flood occurs in known floodplains when prolonged rainfall over several days, intense 
rainfall over a short period of time, or an ice or debris jam causes a river or stream to overflow 
and flood the surrounding area. Melting snow can combine with rain during early spring; severe 
thunderstorms can bring heavy rain in the spring and summer; or tropical cyclones can bring 
intense rainfall to the coastal and inland states in the summer and fall.  
    2. Floods occur after a dam or levee failure, or following a sudden release of water held by a 
reservoir and can catch people unprepared. We always do not have a warning that these deadly, 
sudden floods are coming. As land is converted from fields or woodlands to roads and parking 
lots, it loses its ability to absorb rainfall. Urbanization increases runoff two to six times over what 
would occur on natural terrain. During periods of urban flooding, streets can become swift 
moving rivers, while basements and viaducts can become death traps as they fill with water. 
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    3. Estuarine floods : estuaries are the only portion of coastline where the normal tidal currents 
meet a concentrated seaward flow of fresh water in a river. The interaction between the seaward 
flows of fresh water in a river and landward flows of saline water from sea, during high tides may 
result in opposing land water flow and cause formation of a “wall” of water (Kale.V.S 1998). 
   
Several other factors contribute to flooding. Two key elements are:    

                         1. Rainfall intensity (the rate of rainfall) 

                         2. Duration (how long the rain lasts) 

        Topography, soil conditions, and ground cover also play important roles. Most flooding is 
caused by slow-moving thunderstorms, thunderstorms repeatedly moving over the same area, or 
heavy rains from hurricanes and tropical storms. Floods, on the other hand, can be slow- or fast-
rising, but generally develop over a period of hours or days.  

1.2 Flood hazard 
“Major flood that have happened before say, every 100 years on average, may now start to 
happen every 10 or 20 years. The flood season may become longer and there will be flooding in 
places where there has never been any before”. So, risk of flooding looks greater then ever all 
over the world (BBC 18 oct, 2007). 
Floods account for forty percent of the natural hazards affecting the Asia  and Pacific regions. In 
Asia alone in the last decade more than 83% of the total reported disasters were due to floods 
(World Disaster Reports 2000). Unlike cyclones, floods are common to all countries causing 
heavy economic and human losses. Floods include seasonal flooding, flash flooding, urban 
flooding, and tidal flooding induced by typhoons in the coastal areas. In Bangladesh as many as 
80 million people are vulnerable to flooding, In India, 40 million hectares of agricultural land are 
at risk from flooding and the annual average damage has been estimated at US$ 240 million. 
According to CRED data for the last ten years, 377 floods were reported in this region killing 
more than 55,946 people and incurring economic losses of over US$ 113,371 million. In 1998, 
China experienced its worst flooding in 50 years when the Yangtze river swelled and killed 4,150 
people in one instance, dislocated 223 million predominantly rural population and inundated 25 
million hectares of cropland (ADPC 2001). The figure 1.1 shows the aerial distribution of flood 
hazard world wide, which shows that India’s most of the area lies under flood hazard zone.  

 
Figure 1-1: Spatial spread of Flood Disaster in 2006 (Dartmouth 2006) 
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Fig1.2 shows that the Flood Events occurrence is largest in number and the trend is on increase 
from 2000 to 2006 .Fig 1.3 shows that in Asia share of  population killed due to flood has 
decreased  from 83.70% in 2000-2005 to 74.20% in 2006 ,while Europe and Africa have 
increased there share to 15.31% and 7.57% respectively. Fig 1.4 and 1.5 denotes the increasing 
trend from 1900 to 2006 in hydro-metrological disasters especially floods. 
 

 
Figure 1-2:Natural Disaster occurrence by disaster type (EM-DAT 2006)  

Asia accounts in world over all disasters i.e. 83.70 % in 2000 -2005 but this share is on 
decreasing trend due to increase in disaster rate in European continent which has increased from 
10.55 % to 15.31 % from 2000 to 2006 (see fig 1.3).Table 1.1 shows the top hazards hit countries 
in year 2006. 
 
 

 
          Figure 1 -3:Percentage of people killed by natural Disaster by continent (EM-DAT 2006) 
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         Figure 1-4:Number of natural disasters registered in EMDAT 1900-2005(EM-DAT 2006) 

 
                            Figure 1 -5:Number of natural disasters by type 1991-2005(EM-DAT 2006) 

China, P Rep 35 

United States  26 

Indonesia, Philippines  20 

India 17 

Afghanistan 13 

Vietnam 10 

Australia, Burundi, Pakistan 8 

Ethiopia, Mexico, Romania 7 

Germany  6 

Bangladesh, Canada, Japan, Kenya, Russia, Malaysia, Papua New Guinea, Somalia 5 

                                            Table 1-1: Countries most hit by natural disasters - 2006 
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1.3 Hazard and disasters in context to India: 
India is the worst flood-affected country in the world after Bangladesh and accounts for one-fifth 
of the global death count due to floods. About 40 million hectares or nearly 1/8th of India's 
geographical area is flood-prone. An estimated 8 million hectares of land are affected annually. 
The cropped area affected annually ranges from 3.5 million ha during normal floods to 10 million 
ha during worst flood. Flood control measures consist mainly of construction of new 
embankments, drainage channels and afforestation to save 546 towns and 4700 villages. Optical 
and microwave data from IRS, Landsat ERS and Radarsat series of satellites have been used to 
map and monitor flood events in near real-time and operational mode. Information on inundation 
and damage due to floods is furnished to concerned departments so as to enable them organizing 
necessary relief measures and to make a reliable assessment of flood damage. Owing to large 
swath and high repetivity, WiFS data from IRS-1C and -1D hold great promise in regional scale 
floods monitoring. 
Based on satellite data acquired during pre-flood, flood and post-flood along with ground 
information, flood damage assessment is being carried out by integrating the topographical, 
hydrological and flood plain land use/land cover information in a GIS environment. In addition, 
space borne multispectral data have been used for studying the post-flood river configuration, and 
existing flood control structures , and identification of bank erosion-prone areas and drainage 
congestion, and identification of flood risk zones (Rao.D.P 2000). 

1.4 Problem statement:  
Such disasters have resulted in a type of poverty known as ‘conjectural poverty’. Vaidyananth 
Mishra, an Orissa-based economist, says: “Disasters have made Orissa the poorest state. What is 
more disheartening is that nobody cares to study this.” Scientist and professor A P Mitra of the 
National Physical Laboratory says: “It might be difficult to prove a direct link with global climate 
change, but Orissa stands out as a phenomenon that needs to be studied.”  
Study area lies in most severe flood zone and is referred to as the Very High Damage Risk Zone 
(UNDP and BMTPC 2002). Flood is frequently and almost yearly occurring Phenomenon in the 
area. The socio economic condition of the people is very terrible in the study area:   With nearly 
90% of the population living in disaster prone areas and about 66% below the poverty line. 
Houses were mainly made of  mud, straw of paddy and bamboo. These are more vulnerable to 
flood water. 
The damage assessment till now is done by taking sample points but this do not tell us the actual 
damage due to certain event, so a intensive micro scale (local level) field work and data 
integration is required to have highly accurate damage estimation. 
Why safe zones and safe routes for evacuation 
Till now most of the work has been done on evacuation for tsunami, cyclones etc but not for 
floods. Such study can help govt. to have probable locations for population shelters for serving 
them food at time of flood. Usually during the flood the villages become Marooned and food is 
mainly served through air ways. At times of flood this type of study can help govt. to advice the 
population to choose the prescribed safest route.  

1.5 Susceptibility to flood ( Orissa): 
The table 1.2 below shows flood hazard and its effects on population, livestock, buildings and 
agriculture in Orissa state. The statistics show that the aerial extent under flood disaster is on 
increase every year which has became a matter of concern for Orissa state government. The loss 
in economic terms was highest in 1999. The 1999 year hazard was most devastating as the hazard 
was a combination of cyclone and flood. 
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S.No 

Content 1999 2001 2003 2006 
1 Total no. of Districts affected 14 24 16 27 

2 Total no. of villages affected 14,643 18,608 4,006 18,912 
3 Villages Marooned NA NA 963 NA 
4 Population affected 18,971,072 9,672,000 2,284,918 67,39,000 
5 Casualties: Human lives lost 8,913 100 19 105 
6 Casualties: Livestock lost 444,500 17,528 1,258 NA 

     8 No. of houses affected 2000000 250,615 28,276 NA 
9 Crop Area affected 1,843,047 3,67000 Ha 887,000 Ha 4,90000 Ha 

Table 1-2:(Source of Information: State Relief Commissioner's Office Orissa) 

1.6 Research objectives 

1.6.1 Main Research objective  
Estimation of the damage to various element at risk due to flood and Delineation 

of safe Routes and Shelter for Evacuation at time of flood in part of Birupa river basin by 
using micro level approach. 

1.6.2 Specific Research Objective 

• Determination of flood event characteristics: spatial extent, flood depth and 
temporal changes using satellite data (Radarsat) and field interview. 

• Identification of types of elements at risk  

• Assessment of vulnerability of elements at risk to river flooding. 

• Damage assessment of elements at risk using micro level approach. 

• Derivation of DEM from Cartosat-1 Stereo Pair 

• Identification of suitable shelter zones or location for evacuation. 

• Identification of safe and shortest route for evacuation. 

1.7 Research Questions 

1.7.1 Main Research Question 
• What are the methods to estimate damage due to flood to various elements at risk? And 

how to demarcate the safe shelter locations and safe routes for evacuation at time of 
flood? 

1.7.2 Specific Research Questions 
l What are the extent, depth and temporal evolution of the 2006 flood how could we 

assess? 
l What parameters should be taken into account for classification of different elements at 

risk? 
l What is the relationship between flood-depth, flood duration and vulnerability for each 

element at risk? 
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l What “parameters” must be taken into account to find safe zone, safe and shortest routes 
for evacuation? 

 
l Which parameters influence safe zones and routes the most? Do they have an interaction? 

If so, which? 
 
l Is the evacuation tool satisfactory for this district? 

1.8 Research hypothesis: 
As the respondents are the affected communities and communication with these respondents can 
depict the real damage. So, the results of this research would be dependent upon the community 
response.  
The research is based on the assumption that flood occurrence in the study area is a slow rise due 
to non availability of the flood frequency and velocity data. 

1.9 Research structure: 
This study can be structured in  four main parts as shown in the (figure 1.6).The first part is 
concerned with the over view and introduction to research methodology. In second step DEM 
Generation from Cartosat I Stereo Pair and flood depth is analyzed for different flood durations of 
2006.The third step includes the analysis of different elements at risk i.e. buildings, agriculture, 
road, livestock, population and then each element’s vulnerability is assessed and 2006 flood 
damage is estimated. The fourth step includes the evacuation locations demarcation based on field 
work which was further used as an input for delineation of evacuation route. The last fifth part 
concludes the research and gives recommendation about its future use. 

 
Figure 1-6 Research Structure 
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1.10 Expected Results 
• Elements at risk assessment and there quantification. 
• Vulnerability curves generation. 
• Damage assessment on micro level. 
• High Resolution DEM from Cartosat-1 stereo pair. 
• Delineation of shelter zone, safe and shortest route for evacuation. 

1.11 Research benefits: 
This study would likely benefit the society and Indian govt. as given below. 

• It analysis the damage and vulnerability of different elements at risk at a micro scale and 
with door to door interaction with the real sufferers (common population) which helps in 
calculation the damage more realistically. 

• The safe route and safe zones for flood evacuation would help the govt. bodies like 
District emergency office, Orissa state Disaster management Authority (OSDMA) 
Cuttack, in order to evacuate population or to provide the food at times of flood. 

• This methodology can be used in other areas to calculate damage and to find the safe 
zones and evacuation routes. 

1.12 Research Schedule 
TIME SCHEDULE 

2007 2008 
June  July Aug. Sep. Oct. Nov. Dec. Jan. Activities 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 
Literature & data collection                                                             

Proposal                                                             
Image interpretation                                                             

Pre-field data preparation                                                             
Field work & data Collection                                                             

Post field work & data 
analysis  

                                                            

Report writing & review                                                             
Mid-term presentation                                                             

Thesis submission                                                             
Defense / Exam Preparation                                                             

                                                                        Table 1-3: Research Schedule 
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2 Literature review 

2.1 Definition of hazard, disaster and vulnerability 

2.1.1 Hazard: 
“Hazard” is the probability that in a given period in a given area, an extreme potentially 
damaging natural phenomenon occurs that induce air, earth movements, which affect a given 
zone. The magnitude of the phenomenon, the probability of its occurrence and the extent of its 
impact can vary and, in some cases, be determined (Ologunorisa and Abawua 2005). 
“Hazard” can be defined as potentially damaging physical event ,phenomenon and /or human 
activity, which may cause loss of life or injury, property damage, social and economic disruption 
or environmental degradation (Twigg 2004). 
“Hazard” is a broader concept that incorporates the probability of an event happening, but also 
includes the impact of the magnitude of the event on the society and environment.(Cutter 1993; 
Regant.P.M 2005). 
“Hazard” refers to extreme natural events which may effect different places singly or in 
combination at different times over a varying return period (Blaikie.P, Cannon.T et al. 1994). 
“Flood Hazard” is defined as the occurrence of a flood event with a defined exceedence 
probability (Buchele.B, Kreibich.H et al. 2006). 

2.1.2 Disaster 
“Disaster” defines as what occurs when the impact of a hazard on a section of society (causing 
death, injury, loss of property or economic losses) overwhelms that society’s ability to cope 
(Twigg 2004). 
“Disaster” refers to situation when significant number of people had been affected by the hazard, 
be it to their livelihood, lives and properties, that made them incapable of regaining or coping 
with losses”(Blaikie.P, Cannon.T et al. 1994). 
Smith.A. 1996, best characterizes disaster victims in his observation that “disasters signal the 
failure of a society to adapt successfully to certain features of its natural and socially constructed 
environment.” 
Disasters are often concentrated with the natural or human made events. However flood itself is 
just a hazard. Flood become a disaster when it hits the vulnerable community, it causes disaster 
(Regant.P.M 2005). 
An extreme natural event only becomes a disaster when it has an impact on human settlement and 
activities (Andjelkovie 2001). 
The actual amount of flood damage generated by a specific flood event in time and again a 
driving force that stimulated politicians to strengthen flood policy measures –usually soon after 
flood events. Flood damage refers to all varieties of harm caused by flooding. It encompasses a 
wide range of harmful effects on humans, their health and their belongings, on public 
infrastructure, cultural heritage, ecological system, industrial production and the comparative 
strength. 
The cost of disaster can be calculated according to the type of disaster and those involved in it. It 
can be broadly divided into (Mahdy 2001) : 

• Cost of interruption and /or Cessation of services 
• Damage and destruction of material goods 
• Injury and /or fatalities to personnel 
• Effects on the natural and social environment. 

The (table 2-1) explains the type of disaster with there characteristics like causes ,effects, 
symptoms and what measures can be take at the time of particular hazard. 
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Disaster 
type  

causes Can it be 
predicted? 

symptoms Effects on 
the system 

Effects on 
the 

buildings  

Effects 
on the 
earth 

surface  

Primary 
immediate 

action 

Secondary 
action 

Flood Severe rain  
Generally 

yes 
River 

flooding 

Partial or 
total 

interruption 
of service 

utility lines 
are broken 

Undercuts 
foundations 
buildings are 
covered by 

silt  

Erodes 
top soil, 
deposits 
silt and 
changes 

the course 
of stream 

Activate 
alternative 

service 
search, 
rescue, 
medical 

assistance 
initial 

disaster 
assessment 

Restore main 
service do 

final disaster 
assessment 
repair and 
reconstruct 
buildings 

earthquake 
Underground 

activity Mostly no 
Ground 

shakes ,frails 
or ruptures 

Partial or 
total 

interruption 
of service 

utility lines 
are broken 

Damage or 
collapse of 
buildings 

Damage 
or 

collapse 
of  dams, 
roads and 
bridges 

Activate 
alternative 

service 
search, 
rescue, 
medical 

assistance 
initial 

disaster 
assessment 

Restore main 
service do 

final disaster 
assessment 
repair and 
reconstruct 
buildings 

Technical Technical 
malfunction Mostly yes 

Improper 
operating 

parameters 

Partial or 
total 

interruption 
of service 

Generally 
none 

Generally 
none 

Activate 
alternative 

service 
begins 

disaster 
confrontation 

Restore main 
service begin 

disaster 
assessment 

Volcano Underground 
activity Mostly yes 

Ground 
shakes blast 

and lava 
flows 

Partial or 
total 

interruption 
of service 

destruction 
of everything 

it hits 

Buildings 
may be 

damaged, 
destroyed or 
set on fire 

Inundates 
all in its 

path 
causes fire 
damages 

machinery 

Evacuation 

Activate 
alternative 

service 
search, 
rescue, 
medical 

assistance 
initial 

disaster 
assessment 

Restore main 
service do 

final disaster 
assessment 
repair and 
reconstruct 
buildings 

Fire 

Improper 
human 
activity 

chemical 
reaction 

Generally 
yes 

Fire erupts 
smoke 

develops fire 
spreads 

Partial or 
total 

interruption 
of service 

destruction 
of everything 

it hits 

Buildings 
and 

equipment 
may be 

damaged or 
destroyed 

localized 

Activate 
alternative 

service begin 
firefighting 

search, 
rescue, 
medical 

assistance 

Restore main 
begin 

disaster 
assessment 
repair and 
reconstruct 
buildings 

                                      Table 2-1: Disaster Analysis: cause, symptoms, action(Mahdy 2001) 

 

2.2 Flood vulnerability assessment 
“Vulnerability” refers to a characteristic of society which indicates the potential for damage to 
occur as a result of hazards (Capobianico.M, DeVriend.H.J et al. 1999). 
“Vulnerability” has been defined as a combination of characteristics of a person or a group, 
expressed in relation to hazard exposure which derives from the social and economic condition of 
the individual or community concerned (Blaikie.P, Cannon.T et al. 1994) 
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“Vulnerability” can be defined by the characteristics of a system that describe its potential to be 
harmed. It can be expressed in terms of functional relationships between expected damages 
regarding all elements at risk and the susceptibility and exposure characteristics of the affected 
system, referring to the whole range of possible flood hazards (Messner.F and Meyer.V 2005). 
Vulnerability (KLein  and Nicholls.R.J 1999) is a function of: 
• resistance, the ability to withstand change due to a hazard;  
• resilience, the ability to return to the original state following a hazard event; and 

susceptibility, the current physical state, without taking into account temporal changes 
Vulnerability – of any physical, structural or socio-economic element to a natural hazard is its 
probability of being damaged, destroyed or lost. Vulnerability is not static but must be considered 
as a dynamic process, integrating changes and developments that alter and affect the probability 
of loss and damage of all exposed elements. 
The techniques and methods nevertheless could be used for similar analysis for other locations, 
other residence types, and other disasters. This study provides new knowledge and methods 
which contribute to understanding, describing, and managing society’s risk to natural disasters 
(Kelman.I 2002).  
The observation of Grigg.N.C and Helweg.O.J 1975 “that houses of one type had similar depth-
damage curves regardless of actual value”. Such depth-damage functions, also well-known as 
stage-damage-functions, are seen as the essential building blocks upon which flood damage 
assessments are based and they are internationally accepted as the standard approach to assess 
urban flood damage (Smith.D.I 1994). 
A community is said to be “Vulnerable” or “at risk” when they are exposed to crises and are 
likely to be affected by the impact of the flood hazard. The capacity is positive conditions and 
practices that increase the ability of the community to respond to the needs effectively of which 
reduces risk of the disaster(Regant.P.M 2005).Mahdy 2001 in fig 2-1 classified the disaster in to 
stages of its effect on the elements at risk. Fig 2.2 denotes the residential damage curves.  
 

                      
                                                   Figure 2-1:Stages of Disaster(Mahdy 2001) 
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Figure 2-2:Examples of Flood Depth vs U.K. Residence Damage Curves(Kelman.I 2002) 

2.2.1 Methods to determine flood vulnerability 
Generally speaking, an element at risk of being harmed is the more vulnerable, the more it is 
exposed to a hazard and the more it is susceptible to its forces and impacts.

 
Therefore, any flood 

vulnerability analysis requires information regarding these factors, which can be specified in 
terms of element-at-risk indicators, exposure indicators and susceptibility indicators. In this 
regard, natural and social science indicators are highly significant (Messner.F and Meyer.V 
2005). 

 
           Figure 2-3: Pressure Distribution o residential component in each situation(Kelman.I 2002) 

Depending on the specific flood situation and residence component being considered, this 
basic equation has four variations (Kelman.I 2002) (see fig  2-3): 
(a) Water covers the entire residence component on one side yielding a linear pressure over the 
entire residence component. 
(b) Water rises partway up the residence component on one side. 
(c) Water rises partway up the residence component on both sides, but to different y values on 
each side. 
(d) Water entirely covers the residence component on one side and rises partway up the other 
side. 
Physical vulnerability cannot be seen as one unit as many factors are involved and shaping the 
vulnerability, for  instance one cannot asses the vulnerability of a building but neglecting the 
other. (ISDR 2004) proposed fig 2-4 which shows the relationship of physical, economic, social 
and ecological factors shaping the vulnerability. Therefore, this research focuses on the physical 
aspects; it also briefly considers other factors like economic and social aspects to be involved in 
the discussion part. As, a result people’s adaptation or people’s coping mechanism should be 
taken into account (ISDR 2004). 
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                             Figure 2-4: Interaction of Vulnerability factors (ISDR 2004)  

2.2.2 Methods to determine flood physical vulnerability 
There are three main methods existing for computing the direct economic losses from flood 
(Penning-Rowsell.E and Chatterton 1977; Smith and Ward 1998; Aglan, Wend et al. 2004).The 
first method (see fig 2-5) is done by conducting an experiment to measure the flood damage when 
building and its contents are exposed to flood water. (Aglan, Wend et al. 2004) conducted an 
experiment by inundating some buildings to assess the damages that would happen to building 
structure and its contents for before and after flood. The effect of floodwater to wall, floor , doors 
and windows for different flood durations were assessed and vulnerability curves of the 
relationships between duration and damage were created. This type of research is expensive and 
time consuming to provide same environment and do not incorporates the building age and is not 
applicable for finding population and livestock vulnerability. 

                  
Figure 2-5:Experiment of Flood Damage ,before and after flooding  (Aglan, Wend et al. 2004) 

Second method is based on assessing the potential losses as the expected results from the flood 
events on a specific severity based on generalized relationship between certain flood 
characteristics and physical damage (Smith.K and Ward.R 1998). The disadvantage is , however 
,that results tend to be synthetic rather than actual. It is important to relies that unmodified 
synthetic losses can be higher that actual recorded losses simply because the assessments ignore 
the damage reducing actions that the floodplain residents take in a flood event. 
The third method is based on the collection of actual flood damage information which is reported 
after the event (Penning-Rowsell.E and Chatterton 1977; Smith.K and Ward.R 1998). The 
advantage of this method is that it deals with real event. It is based on field interviews and 
questionnaires on damages to properties and level of injury to people due to flood. The results 
very much depend on the responses of the respondents. However, it has disadvantages, as there 
might be exaggerated data from the respondents. 
The later method is been used in the study as it is applicable in short period and fits the study area 
conditions and the element at risk and related indicators are been defined in fig 2-6. 
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Figure 2-6: Indicators to be used in flood vulnerability analysis (Messner.F and Meyer.V 2005) 

2.2.2.1 Element at risk indicator: 
Requirement for handling the disaster the element at risk analysis requires (Messner.F and 
Meyer.V 2005) : 
• Identify and determine the vulnerabilities and potential risks facing the organization 
• Determine or estimate the priorities of the identified vulnerabilities and potential risks. 
• Determine the expected cost of the disaster on the organization. 
• Conduct an inventory of available resources. 
• Determine the expected investment needed to remedy the effect of the disaster. 
 
Element-at-risk indicators specify the amount of social, economic or ecological units or systems 
which are at risk of being affected regarding all kinds of hazards in a specific area, e.g. persons, 
households, firms, economic production, private and public buildings, public infrastructure, 
cultural assets, ecological species and landscapes located in a hazardous area or connected to it. 
Based on information regarding which and how many elements are at risk of being affected by 
flood events, the magnitude of damage can be estimated in monetary and non-monetary units, 
which reflects in total the maximum possible flood damage. This is also called damage potential 
(Messner.F and Meyer.V 2005). 
 
Types and methods of determining the cost of element at risk: 

• Business –related costs: 
Business-related costs could be thought of as the drop in revenue due to the interruption of 
service, yet far more important are their effects on the public image of the organization. If the 
service is interrupted for reasons not readily perceived by the customs, long- term effects might 
be devastating and far more costly than any new and updated disaster management plan. The 
effect of repeated disasters reflects negatively on the cash flow of the organization, since it will 
be forced to pay extra funds to clear the repeated disasters that it did not cater for. The 
organization’s share value might drop and a financial disaster might ensure. 
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• Service recovery costs: 
Service recovery costs include the actual repair, costs of equipment or building, spare parts 
consumed or purchased due to the disaster, purchase of new equipment or renting of facilities to 
replace the damaged items, costs due to personnel casualties, and all other related costs. 

• Legal costs: 
The responsibility of the disaster management team is to insure the disaster management plan 
projects the employee, the organization’s resources and any vital documents. Unsatisfied 
customers may file lawsuits demanding compensation, and the management will become 
responsible when it is discovered that the plan doesn’t adequately meet these requirements. 
The managers who have not taken proper action to minimize the effects of a possible disaster are 
exposing themselves to legal action, if and when a disaster happens and causes casualties and 
losses that could reasonably have been prevented. 

2.2.2.2 Exposure indicators 
Exposure defines the number of people and the number, types, qualit ies and monetary values of 
property subject to the natural hazard event at a location (Meyer 2004). 
Exposure indicators supply information about the location of the various elements at risk, their 
elevation, their proximity to the river, their closeness to inundation areas, about return periods of 
different types of floods in the floodplain etc. Taken together, these indicators inform us of the 
frequency of floods n floodplains and of the threat to the various elements at risk of being 
inundated. The indicators of the second category focus on general flood characteristics like 
duration, velocity, sedimentation load and inundation depth. Considered in concert they indicate 
the severity of inundation as well as its distribution in space and time. Summing up, exposure 
indicators confer specific information about hazardous threats to the various elements at risk 
(Messner.F and Meyer.V 2005). 

2.2.2.3 Susceptibility indicators 
Regarding social and economic systems, an important group of indicators refer to susceptibility in 
a narrow sense, measuring the absolute or relative impact of floods on individual elements at risk. 
For example, the impact of inundation depth and flood duration on buildings is frequently a major 
issue of damage analysis and research, attempting to identify building categories that feature 
similar susceptibilities. And this makes sense, because wooden houses are much more susceptible 
to floods than stone houses and buildings with only one storey usually experience greater 
(relative) damage than houses with several storey. Susceptibility indicators in a broader meaning 
relate to system characteristics and include the social context of flood damage formation, 
especially the awareness and preparedness of affected people regarding the risk they live with 
(before the flood), their capability to cope with the hazard (during a flood), and to withstand its 
consequences and to recuperate (after the flood event). Accordingly, the three relevant sets of 
indicators mentioned in fig 2-6 refer to preparedness, coping and recovery capabilities and 
strategies of individuals and social systems (Messner.F and Meyer.V 2005). 
Firstly, Awareness and preparedness indicators for individuals and communities reflect the 
awareness and preparedness of threatened people and communities for dealing with hazardous 
events, including, for example, the number of households protected against physical flood 
impacts by means of technical measures, the number of people with insurance against flood 
damages, the number of persons ready for action in disaster management, as well as the quality of 
flood protection measures and disaster management organizations (Messner.F and Meyer.V 
2005). 
Secondly, since the ability of individuals and social systems to cope with the impact of floods is 
often correlated to general socio-economic indicators, coping indicators embrace general 
information on age, structure, poverty, gender, race, education, social relations, institutional 
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development, proportion of population with special needs (children, elderly) and the like 
(Messner.F and Meyer.V 2005) 
Technical susceptibility indicators specify flood-specific weaknesses and the ability of socio-
technical systems like drinking water supply, waste water treatment, communication systems and 
energy supply to withstand the consequences of flood events (Gasser and Snitofsky 1990, Platt 
1990). Thirdly, social susceptibility in a broader sense also relates to the capability of the actors 
to overcome the consequences of the hazard and to re-establish previous conditions. Recovery 
indicators are meant to measure this aspect. Among others, indicators refer to the financial 
reserves of affected households and communities, the substitutability of lost items, the cohesion 
of social systems, and the external support provided by friends, the government and private 
donors. Furthermore, the long term flood impacts on the standard of living and the general health 
conditions can either be measured in physical units or in time units, reflecting the time required to 

achieve conditions which are comparable to the time before the hazardous event.
2
 

Although less research has been carried out on economic systems and their susceptibility to 
floods in a broader sense, several susceptibility indicators do exist regarding the impact of floods 
on economic units and systems like firms, sectors and economic production areas. Just as in the 
case of social systems, the relevant indicators refer to preparedness, coping and recovery abilitie s 
and strategies. Economic preparedness indicators report on the technical and social preparedness 
of economic actors and systems, among others, on flood insurance and on the ability to transfer 
production to other locations. Coping indicators deal with the strength of actors to cope with 
flood events (Parker et al. 1987, Green et al. 1994). Eventually, recovery indicators give 
information on long term impacts like productivity, competitiveness and bankruptcy and report 
on the time required to re-establish previous conditions (Messner.F and Meyer.V 2005). 

2.2.3 Selected physical vulnerability methods for the research: 
Based on the above discussions, the most appropriate method suitable for the research objectives 
and study area is been analyzed as one proposed by (Penning-Rowsell.E and Chatterton 1977).As 
it is being assumed that the flood occurrence in the study area is a slow rise flood, the depth 
damage method proposed by (Penning-Rowsell.E and Chatterton 1977) are appropriate. Methods 
for data collection of depth –damage follows the method i.e. a questionnaire was prepared and is 
been used to collect information of the element at risk. The questionnaire consists of the questions 
on flood occurrence characteristics, evacuation characteristics, structural and road characteristics, 
cropping pattern, population and livestock characteristics and damage characteristics of the entire 
element at risk (details discussed in chapter 6). 
Indian government formulated the flood vulnerability chart for the Orissa state which shows the 
vulnerability of all structural type vulnerability in whole of the state studying which the study 
area related structure’s vulnerability curves are been modified. 
 
Catagory Type of Wall and Roof Flood   

  Prone Protected1 Outside 2 
A1 Mud wall (All Roof) VH M L 
A2a Unburnt Brick Wall (Slooping roof) VH M L 
A2b Unburnt Brick Wall Flat Roof VH M L 
A3a Stone wall (sloping roof) VH M L 
A3b Stone wall (flat roof) VH M L 
Ba Burnt Brick wall (sloping Roof) H L VL 
                                                 
1  With probability of more severe damage under failure of protection works. 
 
2  The local damage may be more severe under heavy rains. 
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Bb Burnt Brick wall (flat Roof) H L VL 
C1a  Concrete wall(Sloping Roof) L VL VL 
C1b Concrete wall(Flat Roof) L VL VL 
C2 Wood Wall(All Roof) H M L 
C3 Ekra Wall(All Roof) H M VL 
X1 GI and other Metal Sheet(All Roof) H M VL 
X2  Bamboo Thatch,Grass Leaves(All Roof) VH M L 

Table 2-2: Damage Risk to housing under various hazard intensities Govt. India Standards  

 
The methodology adopted for research considered the exposure indicators ,susceptibility 
indicators, severity indicators proposed by (Messner.F and Meyer.V 2005) in fig 2-6. 

2.3 Estimation of damage due to flood 
In considering residences, “damage” effectively describes the reduction in value sustained by an 
item or property whereas “loss” effectively describes the cost incurred to return to the original 
state, whether through repair or replacement. For example, insurance policies which replace 
damaged items with new purchases tend to produce a loss value which exceeds the damage value. 
Loss is a more realistic indication of the ultimate, direct economic impact of a disaster (Kelman.I 
2002). 
The comprehensive determination of flood damage involves both, direct and indirect damage. 
Direct damage is a damage which occurs due to the physical contact of flood water with human 
beings, properties or any objects. Indirect damage is a damage which is induced by the direct 
impact, but occurs – in space or time – outside the flood event. Examples are disruption of traffic, 
trade and public services. Usually, both types are further classified into tangible and intangible 
damage, depending on whether or not these losses can be assessed in monetary values (Smith.K 
and Ward.R 1998). 
Flood damage refers to all varieties of harm caused by flooding. Damage” is detrimental change. 
Damage includes the subset of “failure” which is catastrophic change; i.e., when restoring the 
original state is infeasible or undesirable, perhaps due to the amount of resources which would be 
required. Although all damage is implied to be detrimental, any damage scenario yields 
opportunities, such as for the providers of goods and services to repair the damage. Therefore, the 
judgment that damage is detrimental is subjective and this interpretation may vary amongst 
stakeholders or with the spatial and temporal scales considered.  
                                                                    

Damage Scale (DS) Level                               Water Interaction with Structure  
DS0 No water contact with structure. 
DS1 Water contacts outside of structure but does not enter. 
DS2 Water infiltrates (i.e. seeps or leaks in through small apertures). 

OR External features are damaged or removed by water or 
debris                                  

DS3 Water or debris penetrates through a closed or covered opening 
(probably by breaking the opening); for example, a window or a 
door. 

DS4 Water or debris penetrates through a route not including an 
opening (structural integrity is attacked); for example, a wall or 
roof. 

DS5 Structure is damaged beyond repair; for example, walls 
collapse, the structure moves, or the foundation is undermined. 

                                             Table 2-3:Damage Scale for Floods (Kelman.I 2002) 



Flood Damage Assessment and identification of safe routes for evacuation using a Micro-level approach in part of 
Birupa river basin, Orissa, India 

 

 - 33 - 

 
The advantage of the categories in Table 2-3 is that they are relatively distinct and identifiable, 
but ambiguities may arise. For example, a flood with high velocity flowing smoothly could lift a 
caravan off its foundations and deposit it safely in another location without further damage. The 
structure has been damaged, with respect to broken securing devices and a change of position, but 
classification of failure or non-failure is less lucid. The caravan may be intact and usable yet 
returning it to its original state may be costly and difficult. Another example occurs if the 
cleaning and repair of a flooded but intact and usable house would cost more than replacement. 
Damage has occurred but the occurrence of failure is unclear. Likewise, at DS0, humid ity from 
nearby, long-standing flood water could affect residence contents, especially electrical devices 
(after Crichton, 2002). Despite these rare examples of ambiguities, fig 2-7 provides a clear 
framework for assessing flood damage to residences. Kelman.I and Spence 2003 proposed a flow 
chart showing the flood failure which describes the factors of flood that add to the damage. 

         
                 Figure 2-7Flood Failure Flowchart (Kelman.I and Spence 2003) 

2.3.1 Factors influencing the flood damage  
Flood damage influencing factors can be divided into impact factors like water depth, 
contamination, flood duration, flow velocity and resistance factors like type of building, 
preventive measures, preparedness and warning (Theiken.A.H., Muller.M et al. 2005). 
Flow velocity, however, influenced the damage to a small fraction. Also during a survey about 
the impact of six flood characteristics on flood damage, building surveyors in the United 
Kingdom assessed flow velocity to be the least important factor. Since it is known that flow 
velocity plays a crucial role in mountainous regions, it should be further investigated whether it 
will be identified as a main influencing factor, if the damage cases are divided in accordance to 
the dominating flood type (i.e. flash flood and slowly rising river flood). Recent flood events have 
shown that during slowly rising river floods the maximum water level during the flood event is 
responsible for the resulting damage. In these cases, the gradient of the flood wave is small and 
for this reason there are no damaging effects due to flow velocity impacts. Major damages are 
caused by wetting of contents and building structure in the cellar and the ground floor. This does 
not apply for flash floods e.g. in mountainous areas where, due to high flow velocity, buildings 
may collapse partly or totally. 
Therefore, it is obvious that flood damage depends, in addition to building type and water depth, 
on many factors which are not considered using stage-damage functions.  
(Buchele.B, Kreibich.H et al. 2006) 
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One factor is the flow velocity, but there are also others like the duration of inundation, sediment 
concentration, availability and information content of flood warning, and the quality of external 
response in a flood situation (Smith.D.I 1994). 
Absolute depth damage functions which relate the total damage to the water depth are not very 
helpful in explaining the variability of the damage data, because damage is determined by various 
parameters besides the water depth. Because of this limitation it has to be expected that flood 
damage assessments are associated with large uncertainties (Merz.B, Kreibich.H et al. 2004). 
Since flood damage is also influenced by other factors besides the water depth, more knowledge 
about the connections between actual flood losses and damage-determining factors is needed for 
the improvement of damage estimation (Buchele.B, Kreibich.H et al. 2006). 

2.3.2 Quantification of uncertainty of damage estimates  
(Grigg.N.C and Helweg.O.J 1975; Merz.B, Kreibich.H et al. 2004) 
For a given flood scenario all inundated buildings within the flooded area, their building use and 
their water depth are determined. Then the total flood damaged is estimated as: 
      14 
d = ?  nj dj  
      j=1          
Where nj is the number of buildings of the subset j in the flooded area, and dj is the mean damage 
of the subset j. 
Given the large variability of the damage data the uncertainty of building-specific damage 
estimates may be very large. Fortunately, in most cases it is not necessary to estimate the damage 
for single buildings, but estimates is needed for larger areas, e.g. river reaches or towns, 
containing many buildings. 
It includes estimates of losses to structures, losses to contents, losses to structure use and function 
and loss to life. Traditional consequence estimates of structures are produced by crude estimates 
where(Meyer 2004): 
             Loss to Structure= (Structure Replacement Value) x (Percent Damage) 
The influence of the distribution of the building use within a flooded area on the uncertainty of 
the damage estimate is demonstrated using inundation scenarios for different return periods and 
three synthetic building composition scenarios (see fig 2-8). 

 
 Figure 2 -8:Histograms of Damage values for total damage (a) Damage to building structure (b)Fixed 
inventory (c) and moveable inventory(d)for all records of HOWAS database.(Merz.B, Kreibich.H et 
al. 2004) 
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2.4 Micro level approach 
The GIS-based tool for damage estimation on local scale uses the following procedure 
(Buchele.B, Kreibich.H et al. 2006). 
– Selection of the project area (spatial, postcodes or areas of communities). 
– Identification and categorization of each build ing in the project area (based on ALK-Data) 
– Estimation of the flood-sill for each structure (lowest damaging water level). 
– Estimation of the ground-floor elevation (floor above the cellar). 
– Estimation of the values for building-structure and contents (fixed/mobile inventory). 
– Estimation of the stage-damage-functions, differentiated for different types of buildings, 
cellar/floor, building structure/contents. 
– Calculation of the water-level for each object in the area. 
– Estimation of the damages to buildings and contents for different water-levels based upon the 
type and use of each building. 
According to their scale and goal, these methods can be roughly divided into three categories: 
Macro-, meso- and micro-scale analyses (Gewalt et al. 1996). Macro-scale analyses consider 
areas of national or international scale and should provide decision support for national flood 
mitigation policies. Meso-scale analyses deal with research areas of regional scale, i.e. river 
basins or coastal areas. Here, the planning level refers to different large-scale flood mitigation 
strategies. The aim of micro-scale analyses is the assessment of single flood protection measures 
on a local level. The main differences between the three mentioned micro, meso and macro 
approaches relate to the spatial accuracy of damage potential analysis, to the differentiation of 
land use categories and to the damage functions used (Messner.F and Meyer.V 2005). 
Within micro-scale analyses damage potentials and expected damages are evaluated on an object 
level, i.e. single valuables of one category, such as specific types of residential or non-residential 
properties, are differentiated (see table 2-4). Two different micro-scale approaches of damage 
calculation can be distinguished. This means that, e.g. the total value of every single building in 
the research area is determined, using “normal construction costs” according to the official 
guideline for the assessment of property values. This approach requires a detailed site survey, 
whereby building characteristics such as age, construction design and type of usage are mapped. 
Just as in meso-scale analyses, the damaged portion of the valuable objects at risk is calculated 
according to relative depth-damage functions (Messner.F and Meyer.V 2005). 

 
Table 2-4:Characteristics of macro, meso and micro approaches of flood damage analysis(Messner.F 
and Meyer.V 2005)  
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2.4.1 The flood-damage estimation can be undertaken on 
different levels of spatial differentiation:(Buchele.B, Kreibich.H et 
al. 2006) 

– On local scale, the damages can be estimated based on spatial data and stage-damage-functions 
for individual buildings or land parcels. In Germany, commonly the Automated Real Estate Map 
(ALK) is used for these assessments. The ALK data show the base-area of the single buildings 
and give their specific use (e.g. residential building, commercial building, stable, garage). 
– On a more aggregated level, the approach can be based on statistical information about 
population, added values, business statistics or capital assets for land-use units. These values are 
published yearly by responsible state authorities (statistical offices). Commonly data from the 
Authoritative Topographic -Cartographic Information System (ATKIS) is used for this approach 
in Germany. The ATKIS data differentiate more than 100 types of land-use (e.g. residential area, 
power plant, sports facilities). 
– Large-scale analyses may be carried out for larger land use units, like communities or ZIP-code 
areas, considering that they may be only partially flooded. These analyses are often based on the 
CORINE land cover data (Coordinated Information on the European Environment). The CORINE 
data differentiates 45 different types of land-use (e.g. continuous urban fabric, industrial or 
commercial units, agro-forestry areas). 

2.5 DEM Generation 
A number of investigations (Uhrich.S, Krause.J et al. 2002)showed that the quality of flood maps 
strongly depends on the quality of the DTM used. Uncertainties in DTMs are more and more 
overcome by an increasing availability of high-resolution digital terrain models from airborne 
surveys (e.g. Laser scanner or aerial photographs). 
For the damage estimation, the water depth close to or inside the object is the determining factor. 
With the HN-modeling (hierarchical nonstationarity modeling) in connection with the digital 
terrain model (DTM) the water depths above the terrain is calculated. The assumption that the 
damaging water depth inside the object is the same as the depth over terrain is correct if the 
ground floor elevation has the same elevation as the surrounding territory and if there are no 
protection measures. In this case, the relevant elevation of the object basis can be calculated on 
the base of the DTM as the mean value of the terrain altitude on the buildings base. A second 
option in the tool is to enter the ground floor elevation and the height of the flood-sill for each 
single object. Thus, local object features and protection measures can be considered (Buchele.B, 
Kreibich.H et al. 2006). 
Flood depths may be determined by “defining a surface area using the flood elevation and then 
subtracting the ground elevation as depicted in the DEM elevation. Because of this, DEMs with 
high resolutions should be used to decrease error, which can arise from misrepresented elevation 
values. If the DEM resolution is poor, a methodology called Triangular Approximation is used 
(TIN). This methodology defines cross section geometry by assuming it is triangular with a depth 
of zero at the flood plain boundaries and the maximum depth at the stream centerline (Meyer 
2004). 
In the analysis of DEM, there will be two main sources of error in the final results- errors in the 
DEM itself, and errors caused by the algorithms used in the analysis. It sometimes may be 
difficult to separate these two, because particular algorithms may be more sensitive to errors in 
the DEM than others. Even if the elevations in a DEM were completely error free, however, the 
fact that the DEM is a sample from a continuous surface means that measures such as slope and 
aspect will only ever be estimates of the true value, and as such will contain an element of error 
(Wise 2000). 
The normal method of assessing DEM quality is to check a sample of heights from the DEM 
against known heights, usually derived from a more accurate source of data. The degree of 
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agreement between the DEM heights and the ‘true’ heights is then reported as the root mean 
square error "(RMSE) of elevation, calculated as follows (Wise 2000). 

 
Where d is the height difference between the DEM and test point, and n is the number of test 
points. 
The simplest approaches compare the elevation at a point with elevations in  neighboring pixels - 
large differences may indicate a problem with the value in the central pixe l (Hannah 1981). More 
sophisticated methods have used techniques such as the analysis of elevation histograms (Carrara, 
Bitelli et al. 1997) spectral analysis (Tempfli 1980) the construction of semi-variograms (Polidori, 
Chorowicz.J et al. 1991) (Brown and Bara 1994) and principal components analysis (Lopez 1997)  
to identify unexpected variations in the spatial structure of the elevation values, which may be 
indicative of systematic or isolated errors. 
A more important limitation of elevation-based methods, however, is that relatively small errors 
in elevation values can lead to large errors in the estimation of derived values, such as slope and 
aspect (Wise 2000). This means that surface derivatives, such as slope and curvature, may be 
more useful tests of the quality of a DEM, because they will be sensitive to artifacts (Ley 1986). 

2.6 Evacuation 
The government and the people had their respective hazard mitigation and response programs at 
different flood stages–before, during and after flooding. This includes preparedness, response and 
recovery. Preparedness involves the inclusion of educating the public and the managers in 
conceptualizing and providing emergency training courses. Response consists of the use of 
human, financial and physical resources, search and rescues, temporary shelters to the affected 
public and relief food items. While the recovery involves the repair and reconstruction, 
rehabilitation planning and implementation of disaster management program (Regant.P.M 2005). 
(Blaikie.P, Cannon.T et al. 1994) states that “local-level indigenous knowledge includes people 
strategies for dealing with flood risks” and “the people response have been developed by people 
in many places ,often a hundred years, specially where people have had to colonize and cultivate 
new lands in the floodpla in” 
Response: It is an immediate action soon after disaster has occurred or expected to occur. In 
response phase the administrative and rescue personnel plays an important role in enacting upon 
the emergency plan that have been prepared, coordination between resources centre, incident area 
in evacuation people and other possible things (Vaghani.V.A 2004). 
Evacuation can be considered a step in mitigation. By removing people from an area, disaster 
managers are eliminating the possibility of physical damage (Levinson.J and Hayim.G 2002). 
The duration of an evacuation is called the "evacuation time". There are several methods to 
forecast evacuation times such as full scale trials, calculations based on the flow of persons 
(hydraulic models) or evacuation simulations. Evacuation simulation is a method to determine 
evacuation times for areas, buildings or vessels. It is based on the simulation of crowd dynamics 
and pedestrian motion (http://en.wikipedia.org/wiki/Evacuation_simulation). Simulations are not 
primarily methods for optimization. To optimize the geometry of a building or the procedure with 
respect to evacuation time, a target function has to be specified and minimized. Accordingly, one 
or several variables must be identified which are subject to variation. 



Flood Damage Assessment and identification of safe routes for evacuation using a Micro-level approach in part of 
Birupa river basin, Orissa, India 

 

 - 38 - 

 
                 Figure 2-9:Risk management and evacuation planning (Borah.R 2007) 

2.6.1 Methods for delineation of shelter locations and safe route 
for evacuation: 

Evacuation types 
• Horizontal evacuation: Moving people to more distant location or higher ground. 

o Advantages: Almost safe from the disaster, No cost of building flood resistant 
structures. 

o Requirement: Good condition roads and bridges and designated route, Building 
should be located within walking or running distance.  

 
• Vertical Evacuation: Moving people to higher floors or building. 

o Advantages: Applicable to places where there is no high ground, Applicable  in 
limitation of time, infrastructure and mode of Transport.  

o Requirement: Adequate buildings in terms of strength, capacity, utility and 
accessibility Stair with must accommodate 2 persons, Stair steepness –dimension 
of horizontal and vertical step/path, railing should meet architectural standard. 

Evacuation route  
The Evacuation Problem can be structured as a shortest path problem. The objective is to route 
the traffic from origins to destinations as quickly as possible (least cost solution, minimization). 
(Borah.R 2007) modeled the evacuation route, depending on the amount of travel cost 
information that is: road width, speed limit, road class, delay at traffic lights, delays in taking 
turns at crossroads, wave height. Which for flood can not be used as it is, so for slow flood the 
water depth plays more important role  then the time and land use. The path delineation concept is 
shown in fig 2-10. 

                
Figure 2-10 Path delineation (http://people.hofstra.edu/geotrans/eng/ch2en/meth2en/ch2m4en.html) 

Scope Identification 
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 Consequence Analysis 
 Frequency Analysis  Danger Identification 
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According to Borah.R 2007 there are three methods of finding the suitable path. First, if we are 
given a weighted graph and two vertices u and v, we want to find a path of minimum total weight 
of a path between u and v. Length (or weight) of a path is the sum of the weights of its edges. 
Distance of u from v is the length of a shortest path from u to v.(see fig 2-11) 

 
                                                    Figure 2-11: Simple shortest route model 

Second, is Vector model in which transportation network can be represented by weighted line 
graphs. Where each edge represents distances, costs etc. These vector networks due to arc-node 
have topological structure. Directions are an explicit part of the vector network topology and least 
cost route can be found out using these weights.(see fig 2-12) 

 
                                  Figure 2-12: Vector  Model for finding the least cost route 

Third is, the Raster Model Unlike vector model, the raster model is a continuous surface 
represented by pixels. In order to find a least-cost path one must first derive and accumulated cost 
surface, associated with the cost or impedance of crossing the surface from cell to cell. To derive 
the cost surface one would have to interlace and combine the various grids describing various 
attributes. Modeling directions in a raster network is possible, though not as easy as in vector. A 
slope value can be seen as a value of direction. As long as neighboring cells have the same slope, 
movement is allowed, on encountering a cell with opposite slope, entry in that direction is 
restricted or prohibited. Raster network modeling takes a completely different approach to the 
topological linked vector model. Firstly, the grid cells only approximate the exact shapes of the 
lines in the network. Secondly, direction is not explicitly given as in the vector model. Thirdly, 
the line and node attributes must be stored as a separate layer for each attribute. As a result, a 
network using a raster model normally consists of a vast number of layers. 
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Figure 2-13: Computation of CWD between two adjacent cells (ADPC) 

The method shown in fig 2-13 is been used for this research in which we define the cost of every 
cell creating a Cost Surface; this could be done by using Land Use information (and all the 
elements that can be useful to define the cost) and slope data of territory. Using as cost the 
inverse of velocity of moving, the CWD between two point will be the time needed to go from 
one point to the other. Once the cost of all cells is defined it is easy to calculate the CWD 
between two given point within the domain (ADPC). 

2.7 Use of remote sensing and GIS in Micro level Damage 
assessment and Evacuation planning: 

Over the past two decades, advances in remote sensing and GIS techniques have provided 
valuable new data for flood monitoring, flow forecasting, dam control and river system 
management. Current remote sensing tools include weather radar, aircraft measurement, the 
detection of atmospheric electrical disturbances and rain gauge. There are two major uses of 
remote sensing for flood research: as a tool for the delineation of flooded areas (detecting flood 
boundary river inundation, stage and discharge); and as a technique for flood hazard and risk 
mapping.  
WiFS sensor data from IRS-IC, IRS-ID and IRS-P3 satellites is playing an important role in 
monitoring and management of flood in view of large swath, high repetitively and coverage of 
flood scenes during critical period of flood. The data are utilized for generating annual flood 
inventory maps of major river basins. The WiFS sensor has wide swath of 800 km, and with three 
IRS satellites covering the same area with 2 to 3 days repetitively in combination, it proves to be 
very effective in monitoring flood in large river basins like Brahmaputra valley and Ganga Basin. 
The 5-days repetitively of WiFS data results in about 30 coverage’s over any specific area during 
the flood season. Monitoring of different waves of flood, extent of inundation during the flood 
wave, duration of flood, the information/ maps of which will form critical inputs for basin-wise 
planning for flood management, can be achieved through WiFS sensor data (Roy.PS, 
Westren.C.J.V et al. 2000).  
The development of microwave remote sensing, particularly radar images, permits the monitoring 
of flood progress during bad weather conditions because the radar pulse can penetrate cloud 
cover. An additional advantage of synthetic aperture radar(SAR) imagery is the ability to clearly 
distinguish between inundated and dry surfaces (Levy.JK, Gopalkrishna.C et al. 2005). 
A combination of optical and microwave remote sensing (SAR) has yielded superior results for 
dealing with challenging flood management problem such as flood mapping in mountainous 
areas: in mountains, most areas appear dark or shaded which makes it difficult to identify flooded 
areas (Tholey.N, Chlandillon.S et al. 1997). In context of a monsoon flood, wet season imagery is 
necessary :using imagery captured in the dry season would underestimate the natural drainage, 
therefore overestimating flooded area (Islam.M.M and Sadu.K 2002). 
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The increasing availability of appropriate spatial data and improved performances of computer 
technology have led to a growth in the use and application of GIS technology for analyzing and 
visualizing spatial flood information for empowering stake holders and for facilitating flood 
simulation ,evacuation ,and damage estimation (Levy.JK, Gopalkrishna.C et al. 2005). 
IRS LISS I, LISS II, and LISS III are multi-spectral sensors covering visible and near-IR part of 
the electromagnetic spectrum with a ground resolution of 72 m, 36.5 m and 23.8 m respectively. 
This sensor has found to be very effective in land use land cover discrimination and agriculture 
crop classification and is thus very useful as satellite derived inputs for flood damage assessment 
(Roy.PS, Westren.C.J.V et al. 2000). 
For the assessment of different types of natural hazards different resolutions of data are required. 
For example, showed that hailstorm risk assessments are more sensitive to the resolution of 
exposure data than earthquake risk assessments (Thieken.A.H, Muller.M et al. 2006). 
Recently Cartosat 1 (panchromatic band) has quite popular in India as 2.5 meter high resolution 
satellite imagery. Digital Elevation Model (DEM) can be generated from Remote Sensing 
imagery which is overlaid with peak time flood extent map to estimate flood depth map and 
produce flood hazard map (Shamaoma.H 2005). 
For example, in this approach, the main datasets are obtained from interviews through 
questionnaire survey. Building inventory as well as interviews of household can be collected 
digitally with Mobile GIS. This device consists of GPS (Global Positioning System) and PDA 
(personal Digital Assistance). Arc Pad software is used in a PDA to display, store and retrieve the 
Remote Sensing data. Using Mobile GIS, detailed information of the building, agriculture land 
etc. and their accurate positional reference can identify. In this case application of GIS is very 
useful because during the building inventory with Mobile GIS, each building has to be digitized 
as a point. The data of building inventory are stored in points with attributes (Sreyasi 2007). 
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Table 2-5: Examples of Studies of Residence Flood Damage and Losses Outside the U.K. 
(Kelman.I 2002) 

 

2.8 Conclusion 
This Chapter describes the definitions of hazard, disaster, vulnerability, damage, micro level 
approach, element at risk indicator, vulnerability indicators. It explains various methods of 
determining vulnerability and damage quantification and puts light on factors influencing flood 
damage, use of DEM in flood hazard mapping, methods of evacuation route and location 
delineation, use of remote sensing and GIS in flood micro level damage assessment. 
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3 Study area and Methodology: 

3.1 Study area: 

3.1.1 Geographical location and extent: 
The study area (fig 3-1) is a part of two districts Cuttack and Jajpur of Orissa (India).The study 
area lies under two administrator blocks i.e. part of Mahanga block of Cuttack district and 
Barchana block of Jajpur district. The study area is located between the parallels of 20º30'N and 
20º45'N and meridians of 86º0'E and 86º15'E. The aerial extent of area is approx 12.43 sq Km.  

 
 

                                            Figure 3-1: Geographical location description 

The Area is freely connected by Road and Rail (Jajpur Road) from the state capital, Bhubaneswar 
and it is about 120 kms. away from state capital(Bhubaneswar). It lies near to the ancient trade 
route linking Northern India and South India through Bengal. The District of Jajpur is located in 
the deltaic region in the close proximity of Bay of Bengal but surprisingly it has been isolated as a 
land locked area. On to the north the area is bounded by the National highway 5 which connects 

NH5 Highway 

Ganguti River 

Birupa River 
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Paradeep port to the interior, on its east side it is bounded by river Birupa, and on west lies the 
Ganguti river, in south lies the diversion point of Birupa in two parts which rejoins after approx 
15 km, due to which the area is locally known as island.   

3.1.2  Physical Landscape: Terrain  
The fertile plain tract is a part of the rice bowl of the state. These fertile fluvial plains of the 
district had originated due to the flood plain sedimentation of the Brahmini, the Vaitarani Rivers 
and their deltaic distributaries. The riverine plains also receive water and sediments from the 
Mahanadi system through the river Birupa and its branches, which ultimately drain into the river 
Brahmani. (Fig 3-2) describes the aerial distribution of the geomorphological features which 
shows that more than 90% of the area is literate plain and some areas near the river bed are young 
alluvial plains and natural levee etc. 

 
 
 

                                                                          
                                                                                       

3.1.3 Soil 
The region consists of two types of soil: 
Laterite Soil: (Haplustalfs, Plinthustalfs, Ochraqualfs) 
According to (Sahu.G.C Nov,2005) the area is rich in Lateritic soils which are characterized by 
compact vesicular structure and rich in hydrated oxides of iron and aluminum with small amounts 
of manganese, titanium and quartz. These soils are loamy sand to sandy loam in the surface 
having hard clay pan in the subsoil, crusting is its problem in upland literite. Presence of higher 
amount of exchangeable aluminum and manganese results in slightly acidic to strongly acidic soil 
with pH ranging between 4.5 to 5.8. These soils are poorly fertile with low organic matter. 
Medium and low land soils adjacent to uplands suffer from iron toxicity due to literal movement 
of soluble iron from upper ridges. Crops can be raised better in these soils through proper soil 
management such as, liming, application of organic manure, growing green. Potato and other 
vegetables can grow well without liming. Fruit trees like mango, jack fruit, banana, guava, and 
sapota grow well in this soil. 
Deltaic alluvial Soils: (Haplaquepts, Fluvaquents, Ustochrepts) 
Textural class of the soil varies from coarse sand to clay and is mostly dependent on 
geomorphology of the flood plain and the type of alluvial material carried by river water. Alluvial 
soils of clayey texture crack upon drying and become sticky when wet. The plough-share is 

Younger Plain Deep 
Letertic Plain 

Back Swamp 
Channel Bar 
Pediment 
Y Alluvial P 
Natural Levee 
Pediplain Udr Cnl 

Residual Hills 
Palaeo Channel 

Figure 3-2: Geomorphological Features of the study area(Nanda.P.P 2006) 
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loaded with heavy clay and becomes difficult to work. Water holding capacity of this type of soil 
is high. Once water-logged, the clay soil takes more time to become plough able . Drainage is 
difficult due to slow permeability. Deltaic alluvial soils are generally fertile but fertility decreases 
if the soil is not recharged regularly by flood. Ph value of soil is acidic to neutral. The coarse 
textured soils are deficient with N, P, K and S. Deltaic alluvial soils are suitable  for rice in kharif 
and for groundnut, mustard, sesamum, potato and vegetables in Rabi. With residual soil moisture, 
groundnut, green gram and black gram are grown very successfully (Sahu.G.C Nov,2005). 

3.1.4 Drainage 
The area is bounded by two rivers Ganguti on its west and river Birupa on its east, on to its south 
is the diversion point of Birupa river it these two rivers. There are many seasonal rivers which 
flow in the monsoon seasons, which usually cause flooding in there catchments areas. Floods 
have become yearly phenomenon from few years. The drainage system of the study area is shown 
in fig 3-2. 

 
Figure 3-2: Drainage system of the study area 

3.1.5 Climatic Condition 
The climate of Jajpur district is having monsoonal warm climate. An average height from the sea 
level is 16 mts. and average rain fall is 1014.5mm. 
The average maximum and minimum temperatures are 38°C and 12°C respectively. It bears all 
the features of climate, saline weather, influence of coastal wind and cyclone proneness like other 
coastal districts but never touches the boundary of the sea directly. 
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3.1.5.1 Rainfall 
Year 2001, 2003, 2006 have received the largest amount of rainfall and are the years of heavy 
floods. The rainfall trend shows that there was a peak amount of rainfall on 30th July,2005 but 
there was long dry period with little amount of rainfall (see fig3-3). 
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Figure 3-3: Annual trend of rainfall in monsoon season in study area (Flood.emergency.office 2006) 

3.1.6 Demography 
The total population of the study area is 13708 (Block.Development.Office 2001) .The Arakhpur  
(2040 persons), Kundal (1792 persons), Koliatha (1353 persons) have highest Hargobindpur(51 
persons), Bidiyadharpur (115 persons), Daulatpur (152 persons) have lowest number of 
population (see Fig 3-4). The ratio of general population is 79% corresponding to SC (21%) & 
ST (.01%) and the male percent is more then that of female i.e. 26% and 14 % respectively, and 
the children population among the total population is around 60% which shows that growth rate 
of population is very high and the dependents pressure in the population is very high which is 
clearly depicting the cause of poverty in the area (see fig 3-5).  
 

 
Figure 3-4: Study area social status and Adults and children ratio (Block.Development.Office 2001) 
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Area wise Population data 
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                             Figure 3-5: Village-wise population data (Block.Development.Office 2001) 

3.1.7 Area characteristics 
Figure 3-6 shows the study area’s prominent features through photographs.  Some photographs 
depict the flooded areas in 2007 (photographs taken during field work).A unique feature is found 
in the area, namely a Banayan tree with a diameter of approx 35m, covering area of approx 3850 
sq. km. 

 
     Figure 3-6: Study Area characteristics shown through pictures on Liss III image of 26 Jan, 2006 
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3.1.8 Causes of 2006 flood in Orissa: 
• The Low pressure system in the Bay of Bengal intensified into a deep depression, causing 

torrential rains in the states of Andhra Pradesh, Orissa and Madhya Pradesh (Nduna.J 11aug 
2006). 

• The Low lying Area, due to the river at its older stage deposits the sediments at its banks and 
heavy deposition in the delta regions near to sea coast leads formation of  low lying areas 
along its sides which act as bowls if river overflows its banks, causing long duration flood. 

 
 
 
 
 
 
• Rivers commonly overflow their embankments some times due to heavy rainfall or 

intentional heavy river discharge from the Mahanadi barrage to prevent dam break. 
Stream flow exceeds its normal channel capacity some times due to increased precipitation 
frequency over a period of time. 

• Breach closing section not tested by flood.(see fig 3-7). 
• In 2006 there was levee Breach from two locations. 

 
Figure 3-7: Figure shows the breach points and water outlet marked on Radarsat image of 04 sep,  
2006. 

3.1.9 Global warming responsible for Orissa’s disasters: 

For over a decade, Orissa has been teetering from one extreme weather condition to another: from 
heat waves to cyclones, drought to floods. The state has been declared disaster-affected for 95 of 
the last 105 years. Why is this happening? Is it the result of global warming and climate change? 
For old-timers, the state’s new profile of seasons is confusing. Most farmers have always used the 
traditional panjika to forecast weather. The system bases its forecast on the assumption that 120 
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days of rain are normal, spread over six seasons. “However that is not the case now. The number 
of rainy days has come down to around 90 days,” says Artabandhu Mishra, a life scientist who 
has studied the indigenous method of weather forecasting. 

• Local Measures: 
• Farmers in rural areas adopt with floods two sets of saplings, resistant and short 

growing paddy. 
• The houses are made on raised platform. 
• Some new  concrete house constructions under process for the houses fully collapsed 

in 2006 flood 
Every community has its inherent coping capacity and techniques that varies according to hazard 
type, area and loss intensity. So the community response is related to the past experience and 
resource availability 

3.2 Methodology 

 

 
                                                                Figure 3-8: Research methodology  

3.3 Data requirement and availability: 
Remote sensing data has been made available from NRSA (National Remote Sensing Agency). 
The research is mostly based on field data so maximum information has been gathered from field 
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work as described in table3-1.There was difficulty in preparation of the element at risk foot print 
map as the Cartosat image resolution was not too high to map the buildings etc. as most of the 
settlement is surrounded by tree canopies from all sides, so to overcome this difficulty Google 
image (Google  Earth) was mosaic and used for mapping elements at risk. There was lack of flood 
recession imagery i.e. period after 04 september2006, which poses a limitation in assessing the 
recession of flood (required for flood duration measurements) ,but this requirement was partially 
fulfilled by the Water Resource department Cuttack who provided high flood level data for year 
2006. 
Data Analysis Data Requirement Availability 
• Study area demarcation  

 

• Identified the element at 
risk 

• Created the landuse map 
(mapping all the element 
at risk) 

• Radarsat (during flood 2006) 
satellite imagery. 

 

• Cartosat-1 imagery (pre-flood 
/post flood) 

• Higher resolution image i.e. 
spatial resolution more then 2 m. 

• Satellite Imageries 
(Radarsat Satellite data of 
04 aug2006, 19 Aug2006, 
26 Aug2006, 04Sep2006) 

• Cartosat imagery of 
march2006. 

• Google image from Google 
earth 

• Analysis of element at risk 
• Flood structural(physical), 

agricultural(economic), 
Road( physical), 
Population(Physical), 
Livestock (physical) 
vulnerability assessment 

 

 

• DEM Generation 
• Shelter zone 

• Interviewed households & its 
construction material 

• Surveyed agricultural cropping 
damage. 

• Surveyed road percent damage 
• Interviewed population affected 
• Livestock damage details received 

from Veterinary office 
• Flood depth properties 
• Damage details of  elements at risk 
• Duration 
• Actual value of reconstruction, 

harvested crop, road repair, 
medical facility. 

• DGPS survey & cartosat -stereo 
pair 

• Demarcation  

Field work  

• Flood depth analysis 
• Expert classification 
• Flood plain delineation 

• Peak flood level 
• Cartosat DEM & Radarsat images 

of flood period 

• High flood level for River 
Ganguti 2001, 2003, 2006: 
WRO office Cuttack 

• Spatial Analysis • Digital boundary map of villages 
of study area. 

• Block agricultural office 

Table 3-1: Data requirement and data availability 

3.4 Data processing and data collection: 
As stated earlier that this research is based on household interview, so to achieve this objective 
the information about flood depth and duration, damage of element at risk (houses, agriculture, 
road,  population) and evacuation locations are required. Field work played a very important role 
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in the research. So the description of this is done in two parts pre field work and field work. The 
field work was carried out from 21st Aug, 2006 to 5th Sep, 2006. 

3.4.1 Pre-Field work: 
The pre-fieldwork activities are indicated in the flow chart below (figure 3.9). 

 
Figure 3-9: Pre field work methodology 

3.4.2 Delineation of 2006 flood extent: 
The LISS III image of 26jan, 2006 (georeferenced by NRSA in projection UTM, zone 45, 
spheroid, and datum WGS 84) was used as base data for the georeferencing of the Radarsat 
imagery (during flood 04Aug, 2006 to 04sep, 2006), and the Cartosat I pan (pre-flood: march 
2006) and the Google image in same projection type. The Radarsat image of 04 September, 2006 
has got the highest flood peak (peak flood imagery) and the Radarsat image of 19Aug2006 shows 
(lean flood imagery) a dip in the flood level which then increased in 26th Aug2006 imagery. Final 
flood depth analysis was done after collecting WRO (water resource department) HFL (highest 
flood level) data.(see fig 3-10) 
Flood extent is demarcated using expert classifier technique in ERDAS 9.0. The Cartosat-I DEM 
is used for classification of flood into high, medium, low. The tentative points for conducting 
DGPS survey were marked viewing the location visibility on both Cartosat I fore and aft images. 

Agricultural 
boundary 

Building 
footprint 
map 
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images 
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images 

Radarsat images: 
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Demarcation 
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non flooded 

Visual 
interpretations 

Safe routes 

Road 
map 

Preparation of 
input files 

•Land use map 
•Barren land  
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•Buildings 

•Road 

•Natural 
vegetation 

•Water body 
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Test run of  
evacuation route 

 tool using 
SRTM DEM 

 

Supervised 
classification
s to validate 
land use 

Preparation of Field 
Questionnaire 

Overlaid village 
names on Building 
footprint map 
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Delineation 
of actual 
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Delineation 
of river 
from LISS 
III Image 
26 Jan, 
2006 
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Figure 3-10: Flood extent mapping by method of expert classifier 
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3.4.3 Base map Generation: 
The land cover map was formed from Google image by visual interpretation in ArcGIS 9.0 with 
the help of image interpretation which includes the building footprint, agricultural boundary, 
roads, natural vegetation, river, Barren land, ponds. This map was then used as the base map for 
subsequent field work. 

 
Figure 3-11: Land cover map with element at risk footprint 

Each house, road and agricultural boundary etc. was given unique identification number. This 
was done in order to be used as reference to identify the indiv idual house, road and agricultural 
area in the field.(see fig 3-11) 

3.4.4 Field Questionnaire:  
The questionnaire plays an important role to fulfill the objective of micro level vulnerability and 
damage assessment. So, for flood damage analysis questionnaire was required to collect the 
detailed information about flood depth, flood duration, causes of flood, building characteristics, 
damage information for agricultural, buildings, road, population and livestock. In general 
questionnaire was formed to get information about general information about population 
characteristics i.e. name, age, education, member number, occupation etc; evacuation locations; 
damage and vulnerability information; flood characteristics etc. (see appendix 1). 
The flood depths analysis in field was done on human scales e.g. knee, half leg, full leg, and chest 
….etc . There are many codes used in the field work as shown table 3-2  
Questionnaire was used to collect information like characteristics of flood hazard such as flood 
depth, duration, causes. The information about evacuation characteristics such as evacuation 
location, route adopted, warning methods, rescue measures adopted by government were also 
gathered by questionnaire. Questionnaire was also used to collect information about 
characteristics of structure of houses (elements at risk) such as: function, number of floor, type of 
roof, wall and floor material, road material, agricultural crop. The population characteristics such 
as: age, education, occupation, number of member; damage of building material and repair cost, 
damage of agricultural crop, road damage was collected with field questionnaire. Details about 
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road damage in physical terms and value details was collected form OSDMA (Orissa State 
Disaster Management Authority) office; population damage in terms of deaths and disease 
according to age with respective cure cost. All these above information were collected using the 
questionnaire. DGPS survey was carried out using Leica GPS 500, System. 

code Full Form 
PH Pakka  house 
KH Kachha house 
HP Half pakka 
C Cholera 
ML Malaria 
D Dysentery 
M Male 
F Female 
NH Nothing Happened 
HC Half Collapse 
FC Full Collapse 
RCC Reinforced Cement Concrete 

                                      Table 3-2: Some codes used in Questionnaire 

3.4.5 Field work  
Field work consisted of: first is primary data collection and second is secondary data collection. A 
major portion was collected through primary survey, but details to verify the survey are collected 
through secondary sources explained in fig 3-12. 

 
Figure 3-12: Data used and collected through field work 
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3.4.5.1 Primary data collection: 
The primary data was collected at micro level (local level) i.e. interviews were held at household 
level. Primary data was collected by using field questionnaire that gives first hand information 
required for research. Other essential information was collected about building characteristics, 
road characteristics, agricultural crops without interviews, only observed from outside. Interpreter 
was used to understand the local language (Oriya), which was graduate and able to speak and 
understand Hindi and English, had work experience medical representative for few years. 

3.4.5.2 DGPS Survey: 
The Global Positioning System survey was conducted in differential mode using a single 
frequency GPS instrument (Leica GPS 500, System). It consists of one pair of instruments, which 
has one base station (which is usually fixed at one location) and other is Rover station. First the 
Base station is set-up followed by Rover with unique point id. The rover is usually placed at one 
location for more then approximately 1 hour at every proposed location. Care was taken while 
demarcating the point that point selected can be clearly demarcated on both the Cartosat-I fore 
and aft image. The maximum distance from the base and rover was taken to be nearly 30 km; to 
fulfill this base was placed almost at the image centre. The system was set-up to read the signal 
for every 10 seconds. There were 9 locations where Rover was stationed. In field some proposed 
GCP locations were found to be unsuitable to station the instrument, so alternate points were 
identified, surveyed and plotted on the Cartosat-I image. Following map shows the DGPS survey 
locations (see fig 3-13). 
 

 
Figure 3-13: DGPS Survey locations marked on Cartosat-I image with respective base and rover 
photos 

3.4.5.3 Hand Held GPS: 
In this research the GRAMIN GPS 12 was used for the collecting the elevation and location 
information especially for evacuation location identification and DGPS point location validation. 
This GPS includes 12 parallel channels receiver with secured electronic for better reception. The 
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coordinates of this system are in Lat/long and UTM. The positional accuracy of this instrument is 
15 meters, RMS (GRAMIN, 2006). Locations like open spaces and roads are used as positions to 
collect location information from GPS as most of the houses etc are shaded under trees. GPS was 
used to collect location information of each DGPS point, evacuation location, breach points, 
agricultural field interviewed, some buildings interviewed. Even this instrument was used to trace 
the accurate location during field on the topographical map and base map. In addition Digital 
camera was used to photograph each type of house inter viewed, agricultural fields, population, 
road surveyed. 

3.4.5.4  Preparation inventory map for element at risk: 
In total 3571 buildings, 126 roads and 33 agricultural fields boundaries were digitized in the land 
use map for purpose of vulnerability and damage assessment of element at risk. In addition to this 
all the agricultural boundary area, natural vegetation area, rivers, seasonal rivers, ponds and 
barren land were digitized for the purpose of evacuation route delineation shown in fig 3-11. 
Among these digitized elements 177 houses, 33 agricultural fields, 22 roads were interviewed and 
analyzed for the vulnerability assessment. Many elements at risk were identified and 
characteristics about the material of construction were marked i.e. 872 buildings and 104 roads 
were sensed without interview. The purpose of this inventory was to verify the respondent’s 
answer and observing the highest frequency of damage (See fig 3-14). 
 

 
Figure 3-14: Household survey with help of questionnaire and secondary data collection 
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In field some buildings, agricultural fields and roads inventory was done based on details of 
damage collected from tehsil office, agricultural block office for each block and collector’s office 
Cuttack respectively. Other interviews were based on the random sampling method. Simple 
random sampling method was adopted at the time of field work i.e. choosing one house, road or 
agriculture among three of four similar types of units. In case of agricultural fields, the fields near 
to the settlements or roads are interviewed, so that the location can be easily demarcated on the 
Google image. Most of the agricultural fields interviewed were not included in the footprint map 
so were demarcated on the field itself by identification of location. Spatial distribution of 
surveyed, identified and interpolated (after field) units can be seen in fig 3-15. 
 

 

                                                 Figure 3-15: Map shows the survey details 

 
The author was accompanied by a local interpreter to translate the local language (Oriya) at time 
of interview. One important and supportive thing during field work was that most of the 
respondent were cooperative and had remembered the water heights (fig 3-16). They were also 
able to show some damage signs i.e. cracks, full collapse, marks, paint damage. 
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Figure 3-16: Respondents showing the flood depth at different locations in the study area 

3.4.5.5 Secondary data collection: 
Secondary data in hard copy was collected from many offices from both Barchana block and 
Mehanga block and Cuttack offices. Information about flood water level were collected from the 
Water resource department, Barchana block; population census information collected from block 
development office of Mehanga block and Panchayat samiti, Barchana block; House damage 
information (to interview actually damage houses) collected from Mehanga and Barchana tehsil; 
Road damage details (to get the value of damage) was collected from Collectors office, Cuttack; 
Agricultural damage and village map was collected from Block Agricultural office of Mehanga 
and Barchana block; Livestock details were collected from Veterinary head office, Cuttack; 
livestock damage and relief details was collected from block veterinary office, Barchana and 
SVDO office Mehanga block; Rainfall information was collected from Collectors office, Cuttack 
(explained in fig 3-12). 
The data collected through secondary source is mostly been used from making field work easy 
and for results validation. Some details like population distribution and characteristics, rainfall 
details, village maps, road damage value; flood water depth information was used in direct form 
in the research. 

3.5 Methods of data base preparation and data analysis: 
For the field work the footprint map was divided into several small parts (25 small parts) and 
separate prints were taken to the field, which were assigned different identification numbers and 
according to these numbers field interviews were done. After field work these identification 
numbers were matched with the base map and corresponding attributes collected in field on paper 
format were put into attribute table using Arc GIS 9.0 (see figure 3-17). A database for 
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agriculture was formed by digitizing the fields interviewed and giving the corresponding 
attribute. 
The attributes added to the base map include id, village name, land use type, structure type, built 
type, height from ground, floor material, wall material, roof material, flood water depth, time 
duration of flood, time duration of peak flood, cause of flood, evacuation occurrence, evacuation 
location, respondent name, sex, age, profession, education, number of family members (between 
age 0-15, 15-30, 30-50, above 50), cost of cure, floor damage, wall damage, roof damage, door 
damage, window damage, repair cost, percent damage in total to building, number of floors, flood 
relief (food and construction help), dominos effect, disease adults, disease children, crop type, 
value of crop in rupees, damage of crop in (10, 17, 27 days), water depth in(10, 17, 27 days), road 
type etc. 
In this research, Arc GIS 9.0 is used to conduct spatial analysis and ERDAS imagine 9.1 was 
used to do image processing and DEM generation part. Figure 3-15 illustrates the steps in data 
preparation and data analysis.  
   

 
Figure 3-17: Summary of Data analysis procedure and software’s used 

3.6 Conclusion: 
This chapter has discussed the data and methods used in the fieldwork data collection, data 
preparation and the process of data analysis. The data requirement and availability, primary and 
secondary field data collection using questionnaire, handheld GPS, DGPS survey, digital camera.  
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4 DEM Generation and flood depth analysis 
The accuracy of research output is depending on accurate input of various parameters/ variables. 
DEM is one of the main input parameter for vulnerability analysis as well as evacuation route 
delineation. So, to fulfill this objective detailed DEM was generated from Cartosat-I stereo pair 
with DGPS survey. 

4.1 DGPS Survey: 
A minimum of three GCPs each having an associated X,Y and Z coordinates, are required for the 
purpose of orthorectification of an image and the GCPs should be evenly distributed to ensure 
precision (LPS manual). DGPS survey was carried out to generate a library of ground control 
points and this data base was used to improve the quality of DSM generated from Cartosat-I data. 
Pre field task was the identification of points which are clearly visible in both the Cartosat-I fore 
and aft image. These points were placed in such a way that they would cover almost whole of the 
area especially the image corners (See fig 3-13). 
The DGPS survey was conducted using single frequency GPS instrument (Leica GPS 50, 
System). This instrument consists of one pair of instruments i.e. base station and other Rover. 
This instrument consists of both hardware and software components. The hardware consists of the 
GS50/GS50+sensors, TR500 terminal and antenna. This is used in field to collect and record 
spatial (position) and non-spatial attributes. The software is user defined which allows us to 
customize the field data collection process to suit our needs. The GS50 is a 12 channel L1 code 
and phase receiver. 
First, base station was set up at a location almost in the center of the image and such that nothing 
would disturb it’s leveling. So it was decided to set the reference station on roof top of college at 
Chandikole which lies roughly in the image center. Rover is then moved to different points and 
stationed at each location for at least 1 hour. Care is taken, that distance between base and rover 
must fall within 25 km, but if the distance is more the receiving time period is been increased. All 
of these stationed locations were not exactly the proposed ones, during survey identifiable and 
accessible points were selected for locating the rover. The data update rate was kept as 10 sec and 
the observations were made in static mode. The GDOP was set as 10 and position and height 
quality was set to 1 meter. 

4.2 Post processing of field data: 
The post processing was done in SKI Pro software package (Leica-Geosystems 2006).In project 
management a new project was formed and all the data was arranged. The time zone was defined 
as GMT then the projection parameters were set. The raw data was imported to native form in 
which the base points were defined as control point and Rover as navigational point. For base-I 
the time duration was considered to be factor in choos ing between two different dates base 
readings. So base-I setup on 25 August 2007 was of longer duration and finally used as control 
point in other point’s processing (see table4-1). 
 

Base 
code time mode code phase Latitude Longitude Height 

Positional 
quality 

Height 
quality 

Position 
+  height 
quality 

rimc0001
_1815113 

8/24/2007 
11:01 Static 

Code 
(Nav) L1   20° 42' 02.67132" N   86° 08' 10.48148" E -34.5462 0.0461 0.0731 0.0864 

rimc0002
_1753421 

8/25/2007 
9:35 

Static Code 
(Nav) 

L1   20° 42' 02.67306" N   86° 08' 10.49695" E -34.0074 0.0613 0.0969 0.1146 

Table 4-1: The base station readings for two different dates. 
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Defining the vertical offset of the base station (each day) and rover station (each point/ location). 
Single point processing (SPP) was first done for base points and then rover points were processed 
with respect to the base. The configuration GPS-processing Parameters are as following: 

• Cut-off angle – 15 degrees 
• Active Satellites- All except SV-08 
• Minimum time for common data- 200 seconds 
• Maximum Baseline length-28 km. 
 

How ever among nine collected DGPS points only five were been successfully dissolved and 
there precision was determined. (See table 4-2) 
 

Point code Epoch mode code Northing Easting Height X residual Y residual Z Residual 

p1  0001_1240134 
8/24/2007 
11:37 Static L1   20° 40' 33.16993" N   86° 10' 01.05598" E -47.2456 0.0007 0.0014 0.0016 

p4  0004_1758583 
8/24/2007 
17:07 Static L1   20° 37' 55.94053" N   86° 05' 18.13802" E -45.5921 0.0013 0.0021 0.0024 

p5  0005_1059420 
8/25/2007 
9:59 Static L1   20° 45' 42.67595" N   86° 09' 15.12369" E -44.1263 0.0015 0.0025 0.0029 

p6  0006_1409308 
8/25/2007 
13:10 Static L1   20° 43' 05.51299" N   86° 20' 00.46177" E -50.9602 0.0015 0.0028 0.0031 

p7  0007_1713218 
8/25/2007 
16:10 Static L1   20° 33' 24.11936" N   86° 19' 07.46144" E -53.2851 0.0027 0.007 0.0075 

Table 4-2: The dissolved DGPS point report after processing 

 

4.3 DEM Generation 
The fore and aft scene of Catrosat-I data was used to generate the Digital Elevation Model in 
Lieca Photogrammertry Suite. The block file is created in LPS and both the fore and aft Cartosat-
I scenes were added. The scene was provided with rational function (RF) coefficients and the 
geometric model was set to Cartosat RPC. In the block property the horizontal units were set as 
Degrees and vertical datum and units as WGS-84 and meters respectively. The pyramid layers 
were computed selecting all images without pyramids to preserve the image contents and save the 
computation time.  
The RPC coefficient files were assigned to both the fore and aft images with minimum and 
maximum elevation values which define the internal characteristics (i.e. original position and 
orientation of the camera or sensor while capturing the imagery) and external parameters (i.e. 
original position and orientation of camera or sensor). Internal orientation is done to define the 
pixel coordinate positions of the calibrated fiducial marks within each image of the block. 
External orientation is done to define the position and orientation of the perspective centre 
(Kuthari.S 2007). If very precise values (i.e. less than a meters) of exterior orientation are 
imported, the aerial triangulation process can even be skipped (Kuthari.S 2007). Classic 
measurement tool was selected for type of point measurement (See fig 4-1).  
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Figure 4-1: Generation of DEM and Orthoimage in Lieca LPS 

The GCP points were then marked on both of the images manually  and the GCP coordinate 
information derived from DGPS post processing (see table 4-2) was imported. The bundle block 
adjustment technique was applied for aerial triangulation, to establish the geometrical relationship 
between the two scenes, sensor model, and the ground. The rational function refinement was done 
with polynomial order two, as the number of DGPS points is less. The Refinement summary was 
then checked which came out as RMSE (root mean square error) are 0.957502 pixels and vertical 
accuracy of 0.017 pixels was reached by the above methods (see fig  4-3). The detailed 
triangulation report is given in Appendix 1. 
 

 RMSE (pixels) 
Ground X 0.0053622 

Ground Y 0.0049620 

Ground Z 0.0175803 

Image X 0.8598025 

Image Y 1.2295343 

Total 0.9657502 

Table 4-3: Summary of the triangulation report 

The raster DEM were then extracted with cell size of 25 meters. It is suggested that the RMSE 
value should be less than twice the original pixel size of image (LPS manual 2003) i.e. less than 
5m for Cartosat-I. The 3-D view of DEM is generated in Virtual GIS (see fig 4-4).  
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Figure 4-2:The DEM generated from Cartosat-I images in LPS 

 

 
Figure 4-3: The DEM with study area Google image overlay 
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Figure 4-4: 3-D view of DEM generated from Cartosat-I Stereo pair  

4.3.1 Datum conversion: 
WGS-84 coordinate System is being adopted universally as the standard Geographical Coordinate 
Representation System. This system has come into existence only towards the end of 20th century, 
and prior to the local coordinate system (Everest or Indian System) had been in use in India for 
more than 150 years. Thus, most of the maps, records and data are available in the form of 
Everest system only (Srivastava.B.K and Ramaligam.K 2006). Till such time all the records are 
transformed to WGS-84 and new maps are printed, the local system is also likely to continue 
along with WGS-84. 
For X and Y coordinate system as we have reference i.e. Equator and prime meridian line passing 
through Greenwich respectively. Similarly the elevation is normally measured from the mean sea 
level and is generally referred as “Above Mean Sea Level” or AMSL. The spatial database 
generated should have a common datum to use for flood depth analysis.  
The DSM model generated was having negative height information because of the fact that 
WGS84 datum is approx 60 meters high above the mean sea level (exact value varies from place 
to place). For coastal region such problem occurs normally, so to over come this , datum was 
converted using the EGM 96 Geoids model .  
If there are GPS reading and obtained vertical height at that point can be used as an offset to 
transfer the datum to MSL. But, there was no survey of India - benchmarks in the study area. So, 
this option of datum transfer in above said mode is not possible. 
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Figure 4-5:Datum transfer for the study area  

4.3.1.1  Datum transfer using EGM 96 Geoids model: 
To convert the DEM height to Mean Sea Level height, a program is used that is designed for the 
calculation of a Geoids undulation whose latitude and longitude were specified. The program was 
designed to use the potential coefficient model EGM96 and a set of spherical harmonic 
coefficients of a correction term. 
Geoids height can be used to covert between ortho-metric heights (approximately mean sea level) 
and ellipsoid heights according to the formula: 

h=H + N 
Where, 

h =WGS 84 Ellipsoid height 
H= Orthometric height 

N=EGM96 Geoids height 
 

 
Figure 4-6: EGM 96 Geoids  calculator for datum transfer  



Flood Damage Assessment and identification of safe routes for evacuation using a Micro-level approach in part of 
Birupa river basin, Orissa, India 

 

 - 66 - 

This EGM96 applies only to the WGS 84 reference ellipsoid. The correction term is composed of 
several different components, the primary one being the conversion of height anomaly to a geoids 
undulation. The above formula was used to find the offset value that should be subtracted from 
DEM.  

 
Figure 4-7:Datum transfer for the study area (Lesslie.A 2007) 

 
Offset method, by averaging the EGM 96 height and GPS heights of the study area and used as 
offset. The value found to be 64 meters which was added to the DEM to get the transferred DEM 
to Mean Sea Level (see fig 4-7).  
The accuracy of the DEM generated from Cartosat-I can be improved significantly with using 
well-distributed GCPs. However the time duration of field work was a constraint for collecting 
more points. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
     

                       
Figure 4-8: The Study area DEM with datum transferred to Mean Sea Level 
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4.4 Analysis of flood Depth information: 
The data about flood height was collected from Water Resource Office Padamilapur village 
Gauge station lying in north east corner in the study area. The information was provided for 
whole of the monsoon season for Flood depth level. The danger level was 10.2 meters above 
mean sea level. The data about the flood depth was collected not only for 2006 but also for 2003 
and 2001. There were three different peaks and flood duration. 
Flood peaks were on 15th of August, 25th August and 2nd September where as the Radarsat data 
was available for 4th August, 19th August, 26th August and 4th September. So to have actual flood 
extend and flood depth was not possible  (See table  4-4). 
 
 Content Dates  Flood level in meters Duration of flood  
Radarsat imagery of 04 
August 

04/ 08/ 2006 10   

First flood peak 15/ 08/ 2006 10.8 4 days  
Radarsat imagery of 19 
August 

19/ 08/ 2006 9.6  

Second flood peak 25/ 08/ 2006 11.5 7 days  
Radarsat imagery of 26 
August 

26/ 08/ 2006 11.2  

Third flood peak 02/ 09/ 2007 12.1 13 days  
Radarsat imagery of 04 
September 

04/ 09/ 2007 11.6  

Table 4-4: Peak flood level with Radarsat data availability 

The different flood level for whole of the monsoon season was plotted with danger level and data 
availability (see fig 4-9). The procedure was followed for 2003 and 2001 year flood also to find 
out the severity of 2006 flood. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
For 2003 flood year also the Radarsat data available was on the dates when there was low flood 
or no flood. So, to study the flood extent for 2003 was of little use for 2006 for evacuation 
location demarcation.(see fig 4-10)  
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Figure 4-9: Flood hydrograph for year 2006 
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For 2001 Flood year there was no Radarsat data available but was studied to know the extreme 
flood level and to compare the different flood event characteristics. The flood event of 2006 had 
three different peaks and flood level gradually increases and decreased below danger level. For 
2003 flood there was only one flood peak and flood duration with extreme flood level was long 
i.e. flood stayed from 29th August, 2003 to 13th August, 2003 (extreme flood stayed for 17 days). 
This caused more devastating affects then that of 2006. (See fig 4-10)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The 2001 flood had two different flood peaks but the total duration of flood was from 8th July, 
2001 to 29th July 2001 i.e. 21 days of flood. The peak flood level for 2001 was very high i.e. 13.2 
meters on 20th July, 2001 (see fig 4-11). 2001 flood was an extreme flood event and in the area 
red alert was declared. 90% of the population evacuated from there houses, so it is necessary to 

Figure 4-10: Flood hydrograph for 2003 flood with Radarsat data availability 
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Figure 4-11: Flood hydrograph for 2001 flood 
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find out safe evacuation route (See Chapter 8). The different flood events were then plotted in 
one chart for comparing the duration and peak flood levels for different years (see fig 4-12).   

 
 

 
 
 
 
 
 
 
 
 
 

 

4.5 Demarcation of Flood extent: 
The flood extent was demarcated with expert classifier technique. The flood extend backscatter 
value was first identified i.e. example -12.5 value identified for 04Sep, 2006. Two hypothesis 
were made one is flooded area and other is non-flooded. The rule was then defined for the 
backscatter value (demarcated in fig 4-12 as gray value). The variable for flooded area is set as 
<=-12.5 and for non-flooded area as >=-12.5.   

 
Figure 4-13: The expert classifier method for flood extent demarcation 

Flood image date  Total area demarcated as 
flooded (sq km) 

04/ 08/ 2006 11005.282 
19/ 08/ 2006 18363.094 
26/ 08/ 2006 12028.808 
04/ 09/ 2006 24389.570 

Table 4-5: Total flood extent area demarcated on different flood Radarsat images. 

This technique was applied on all the Radarsat images of 2006 (see fig 3-10).  The aerial extent 
for different dates differed and flood extent was identified highest for 04/ 09/ 2006 Radarsat 
image i.e. 24389.5 sq km (see table 4-5). 
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Figure 4-12: Comparison of 2001, 2003, 2006 flood hydrographs 
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4.6 Classification of flood extent with respect to flood 
depth: 

Further the flood extent is been classified into three classes by identifying the flood depth from 
DEM generated from Cartosat-I. In model maker a model was made which included the flood 
extent map (expert classifier output) and DEM (see fig 4-14).   
 

 
Figure 4-14: Model used for classification of flooded area 

Either conditional function was applied on the flooded region shown as following: 
 
Equation used: 
EITHER CONDITIONAL { ($n6_subset_64<=5) 3 , ($n6_subset_64>=5  AND 
$n6_subset_64<=10) 4, ($n6_subset_64>=10  AND $n6_subset_64<=13) 5 } IF 
($n1_fld_nonfld1 == 1) OR $n1_fld_nonfld1 OTHERWISE  
 
First the flooded and non flooded extent was demarcated using the expert classifier (See fig  3-10). 
Then DEM ($n6_subset_64) was used to classify the depth in three types: High, moderate, low. 
The equation means that if the area is flooded then if the terrain height is less then 5 then it is 
highly flooded as the flood depth would range between 10 to 5 meters (high flood). Then if the 
terrain height is between 5 to 10 meters then flood depth would lie between 5 to 2 meters 
(moderate flood). And if the terrain height is between 13 to 10 then flood depth would be less 
then 2 meters (low flood). The upper limit i.e. 13 meters is been decided from the high flood level 
information collected from Water Resource Office Padamilapur village. 
 
The classified image is having three flooded area classes i.e. high flood (water depth 10 to 5 
meters), moderate flood (water depth 5 to 2 meters), low flood (water depth <2 meters). The high 
flooded region is mostly the north western part where as the southern region of the study area is 
affected very less.( see fig 4-15 and 4-16) 

Expert 
classifier 
output 

DEM 

Classified 
flood depth 
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Figure 4-15: Flooded area classified according to water depth (Aug 04, 2006 & Aug 19, 2006) 

 
Figure 4-16: Flooded area classified according to water depth (Aug 26, 2006 & Sep 04, 2006) 



Flood Damage Assessment and identification of safe routes for evacuation using a Micro-level approach in part of 
Birupa river basin, Orissa, India 

 

 - 72 - 

5 Analysis of element at risk 

5.1 Element at risk to be analyzed: 
The elements at risk analyzed in this research are structures (buildings), agricultural crops, roads, 
population, livestock etc. Among all these population was most difficult to be categorized in 
homogeneous types, as each person has its individual capacity to cope with hazard. In this 
research it is been assumed that at the time of flood starting the flood level was 0 meters, which 
means that at the time of no flood there was 0 meters water depth which increased to a certain 
height due to rainfall and river overflow. After which the water depth increased and stayed for 
certain time duration. The flood in 2006 had three peaks which had different flood level and time 
durations. Flood started on 14 August and increased to a peak level of 10.7 meters which then 
descended in a short period up to 19 August, and then other flood came on 22 august and lasted 
up to 27 of August. This flood was having peak flood level of 11.5 meters above mean sea level. 
Then again the flood level increased form 30th August and reached up to 12.5 meters and slowly 
descended up to 9th of September. The flood from 30th to 9th September was having the longer 
duration and higher flood level. So, on whole there were three floods with duration of 8 days, 5 
days and 10 days.    

5.1.1 Structural types: 
The structural type are been identified by analyzing building homogeneity. So, buildings were 
divided into four structural type on the basis of material used in there construction. Database of 
structural type was prepared on the basis of field interviews and buildings identified. As the study 
is concerned with damage assessment of 2006 flood, so the depth duration of flood can be easily 
known from local population. The information required was fresh in respondents mind and also 
there were flood level marks on most of the buildings which were flooded. Respondents were not 
able to recall the date of flooding but they can describe the duration of flood (in respect of total 
flood duration and average height and maximum flood duration and height). 
It is been assumed that before the flood started in 2006 there was 0 meters water depth in the 
study area and rainfall and river over flow(flood) then lead to regular increase in water depth in 2 
3 days, water remained stagnant in the study area for several days. Due to the terrain height 
difference and house basement level difference from ground, due to which the water level inside 
the house differed. During the survey the height of house above the ground i.e. basement and 
plinth height were noticed which varied form house to house. The area lies in rural environment 
which depicts that the vulnerability of the area to flood is very high. The constructural material 
used for houses is of poor quality which is highly vulnerable to flood.  The vulnerability depends 
upon many factors but for instance in this research the factor influencing the vulnerability are 
taken as material used in the construction with respect to water depth, water duration, height of 
house above the ground etc. 

Buildings height above the road: 
During the survey it was found that the houses made of concrete material are mostly located 
along the road where as the house made of mud and straw (structural type IV) (See fig5-1) were 
mostly located away from Pakka road. There are two types of platforms on which houses were 
made. One is the made of cement or brick and second is made of mud which is highly vulnerable 
to flood. The houses made on mud platforms are affected from flood if duration is high that is 
more then 15 days, even if the water do not enters the house. It happens as a result of soil erosion 
and soil solution in the water, so houses made on such platforms are highly vulnerable to flood if 
the wall of house is just the edge of the platform (see fig 5-1). 
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Figure 5-1: Some photos depicting the plinth and basement height change height to cm 

The houses were assessed for vulnerability with regards to the water inside the house. Some 
houses are having basement with plinth height and some were only having plinth height. Most of 
the settlement (a village) is on a common raised platform (i.e. described in fig 5-2 as height above 
road), above which there is certain plinth height for some group of houses and then some 
individual houses are further made on raised basement. 2006 flood has mostly affected the houses 
without or less basement height.   
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Figure 5-2: Height of house above the road level (Interviewed and Identified house) 
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Figure 5-3: House design in the study area with platform description 

The socio economic condition of the population is the main constraint for people for adopting the 
proper mitigation measures as some houses damage annually but reconstructed on same level due 
to lack of awareness and money. For structural type classification different features of structures 
are studied according to construction material used. Those are as following: 

5.1.1.1 Wall material: 
The wall material plays a very important role in vulnerability assessment as the damage increases 
high if wall collapse. As roof mostly collapse after the wall damage and for mud house the floor 
is less important as it is not much economically valuable . In the study area four types of materials 
are commonly used for wall construction.  
The interpolation of the houses was done on the bases of the visual interpretation of Google 
image, as the signatures of interviewed and identified houses were matched with the other houses. 
The wall material cannot be identified from Google image but roof material can be identified 
through visual interpretation, so the houses with roofs of straw were given the wall material as 
mud (it may not be exact but it matches most of the places). 

Wall 
material 

Total number of 
houses 

Percentage Interviewed 
houses 

Identified 
houses 

Interpolated 
houses 

Brick 972 27.24 77 234 664 
Cement 206 5.73 31 173 2 
Wood 108 3.02 8 97 3 
Mud 2282 63.95 61 368 1853 

Table 5-1: Wall material based on field work and visual interpretation 

Road level (above the mean sea level) 

Platform 
made of 
concrete 

H3 

H1 

H2 

Plat form 
made of 
mud 

H2 

House with 
out platform Water 

depth 
from 
terrain 

Houses 
most 
vulnerable 

Most houses are 
mud houses 

Terrain (Agricultural fields) 

F1 

F2 

F4 

F3 

House design in the study area 

H1  : Height of village from road                           Road 
H2  : Height of Plinth to basement                        Agricultural land 
H3  : Height of basement from plinth                    Water level (calculated from different levels) 
F1  : Water depth inside the house                       House height 
F2  : Water depth at plinth                                     2006 flood level in general 
F3  : Water depth at road 
F4  : Water depth in the agricultural fields 
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According to field work the people who have poor socio-economic condition have mud wall 
houses. Table 5-1 denotes that 63% of the houses are made of mud wall which depicts that the 
socio-economic condition of the population is very poor and houses vulnerability to flood is high 
in same regard. 
The positive point is that most of these houses were made on raised platform which decreases 
there vulnerability to flood as the water do not enters in most of the houses due to it. 

5.1.1.2 Roof material: 
Roof material is not directly affected by flood but is damaged after the wall damage or becomes 
weak. Seven different materials were mainly used in construction of roof, among which 70% of 
houses have straw as the roof material and 22% percent houses have cement as the roof 
material.(see table 5-2) The interpolation of the roof material is done only for two common types 
i.e. cement and straw with visual interpretation. The straw roofs were made of date palm leaves, 
jute straw, bamboo etc. 
 
Roof 
material 

Total number of 
houses 

Percentage Interviewed 
houses 

Identified 
houses 

Interpolated 
houses 

Asbestos 106 2.96 11 95 - 
Brick 3 0.08 - 3 - 
RCC 165 4.62 7 158 - 
Cement 770 21.56 61 53 656 
Straw 2522 70.62 94 564 1864 
Metal 4 0.111 4 - - 
mud 1 0.02 1 - - 

Table 5-2: Roof material based on field work and visual interpertation 

5.1.1.3 Floor material: 
Four different types of floor materials are used in house construction. Commonly used material is 
soil i.e. 63%. The damage to soil in monetary terms is not costing much where as the wood highly 
vulnerable to flood water and causes high damage in economic terms. 
Table 5-3 describes the percent of different floor material used in the area, which shows that use 
of soil as floor material is highest in compared to others. These houses with soil as floor material 
even if are having the raised basement are vulnerable to flood water as the flood with longer 
duration leads to solution and erosion of the soil which can harm the wall standing on it. 
  

Floor 
material 

Total number 
of houses 

Percentage Interviewed 
houses 

Identified 
houses 

Interpolated 
houses 

Brick 6 .16 6 - - 
Cement 1061 29.71 87 316 658 

Wood 108 3.02 8 97 3 

Soil 2396 67.09 76 459 1861 

Table 5-3: Floor material based on field and visual interpretation. 
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5.1.1.4 Number of floors: 
Study area is mostly characterized by houses having only ground floor. Only structural type I and 
some structural type IIA houses were having double stories. 97 % of houses were having single 
story. As percentage of type I houses is very less and among these houses also houses with roof 
material of cement and RCC is less which in itself is a reason for less double and triple storied 
buildings.(see fig 5-4) 

 
Figure 5-4: Spatial distribution of houses with respect to number of floors 

5.1.1.5 Existence of pillars: 
Pillars were common construction style for building the shops but among the other structures 
pillars are not used for base upliftment. Pillars are mostly of bamboo or wood slabs. These pillars 
protect the shop from inundation as the material is resistant to flood water for duration approx 2 
weeks but after that if water is stagnant for longer stretch then the pillars can break due to 
absorption of water by wood logs which make it week. The shops constructed on these pillars 
were 95% made wood walls and straw roofs, which is highly vulnerable to riverine flood.     

5.1.1.6 Categorization of structural types according to construction 
material used: 

So all these above features i.e. wall, roof, floor material were generalized on the basis of 
vulnerability of material. The structures are then classified into five structural types which 
represent the different wall, roof, floor material combinations (see fig  5-4 and5-5). 
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1. Structural type I: The structural type 1 is least vulnerable as the material used in its 
construction can withstand the flood for longer duration compared to other structural 
types. In whole of the study area the structural type I houses are 29% (see table 5-4). 
These houses are mainly owned by village heads or upper community of the village. 
Some structures of this type were government offices (like water-resource office 
padmalapur, irrigation office), schools, stores, temples, colleges, etc. The schools and 
colleges roof material was mostly made of asbestos sheet. These locations were also used 
as shelter locations at the time of flood. Every village is having its temple which was 
made of concrete material, this shows there religious beliefs i.e. even the higher percent 
of population is having type IV houses but all the temples were of type I. 

                   

 
Figure 5-5: Structural types in the study area 

 
2. Structural type IIA: 

These houses come at the second rank in compared to vulnerability of all the structures. 
The wall and roof material of these houses are less vulnerable to flood but the floor 
material is mostly of soil which increases the house vulnerability. The percentage of these 
houses was very less 1.45%, because who so ever make the walls and roof with cement, 
brick etc. do not leave the floor to be of soil that is why these houses ratio was very less 
(see table 5-4). 

3. Structural type IIB: 
This structural type is also less vulnerable due to walls made up of brick and cement, 
where as not highly resistant to flood due to floor made of soil and roof of straw. These 
houses were mainly owned by agricultural farmers with low economic level. About 3% 
of the structures fall in this type. 
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Structural Type  wall roof floor Number of houses 
Type I Cement RCC Cement 109 
Type I Brick RCC Cement 56 
Type I Brick Cement Cement 750 
Type I Brick Brick Cement 3 
Type I Brick Cement Brick 1 
Type I Cement Cement Cement 14 
Type I Brick Asbestos Brick 1 
Type I Brick Asbestos Cement 18 
Type I Cement Asbestos Cement 74 
Type I Cement metal Cement 4 
Type IIA Cement Straw Cement 6 
Type IIA Cement Mud Cement 1 
Type IIA Brick Asbestos Soil 13 
Type IIA Brick cement soil 4 
Type IIA Brick Straw cement 26 
Type IIA Brick Straw Brick 2 
Type IIB Mud Straw Cement 3 
Type IIB Brick Straw soil 101 
Type III Wood Straw Wood 108 
Type IV Mud Straw soil 2277 

Table 5-4: Different combinations of materials used in construction of houses 

 
4. Structural type III:  

These structures are made of wood and are commonly having pillars as there base. These 
structures were used as shops and are important form commercial point of view. There is 
a market place in Nuhat village which has largest amount of these structures and is 
located in central part and is accessible to all the surrounding villages. Some these 
structures were found at the diversion point of Birupa and Ganguti River along the road 
junction. 3.07% of houses in the study area are of this structural type. These structures are 
vulnerable to flood if water with stands for longer duration. 
 

5. Structural type IV: 
These structures are commonly found in the study area i.e. 65%of the structures are of 
this type. These structures are most vulnerable to flood as they are made of mud and 
straw. The straw used is mostly made from date palm leaves, dried jute, bamboo etc. 
Some houses of these types were made on raised platforms above the flood level which 
lessen down there vulnerability. These houses were commonly owned by labour class or 
poor population.(see fig 5-6)  
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Figure 5-6: Spatial distribution of structural types 

5.1.2 Road types: 
Roads are the routes for transportation so are very important to be studied from economic and 
social point of view as they are mainly used for source of evacuation at the time of emergency. 
The roads in the area are mostly made of concrete. The roads in area are commonly categorized 
into two parts taking into consideration the construction material used. The area is characterized 
by 81% of pakka road, which shows that the government body is working properly in is 
aspect.(see table 5-5) 
 

Road type Road length in meters  
Pakka roads  139886 

Kachha Roads  32789 

Table 5-5: Total road length in respect to road type 

5.1.2.1 Kachha roads: 
These roads are made of soil. Kachha roads were mainly along the Structural type IV houses. 
These roads get damaged even if heavy rain comes, but there maintenance cost is not high. These 
roads are mostly maintained by the local community people or the village panchayat. These roads 
were not longer in length compared to the Pakka roads. These are mainly for pedestrian use. If 
flood comes the vehicles can not cross then due the danger of being stuck in mud.(See fig 5-7& 5-
8)   
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Figure 5-7: Spatial distribution of different types of roads in the study area 

 
  

 
Figure 5-8 : Photos describing the pakka and Kachha roads  

Bituminous and tar 
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5.1.2.2 Pakka Roads: 
Pakka roads are the roads made of Bitumen or tar (see fig 5-7). The roads of such type are 
maintained by the state government. The area’s northern extent is been marked by a national 
highway number 5. This highway joins the central Orissa with the Paradeep port area, so from 
commercial point of view it is of high value for the state. Inside the study area most of the roads 
were pakka roads. These roads are vulnerable to flood water either if the velocity of water is high 
or the duration period of standing water on road is high i.e. approx 10 days.  

5.1.3 Agricultural crop type: 
The agricultural crop vulnerability was calculated based on the field interviews. The information 
was collected from the households having the crop lands. There are two major crops grown in the 
study area i.e. Rice and Jute. Rice is grown in abundance and is the staple food of the population. 
Rice and jute both are Kharif crops.  
Jute is used as a construction material in house type IIB, III and IV. It is also used for making 
rags etc. The irrigation facilities in the study area are very less. Mainly canal irrigation is 
practiced. Most of the crops are rain fed. According to respondents small floods are useful i.e. 
floods with less water depth and duration, because they serve as natural irrigation source. 
  

 
Figure 5-9: Field photographs showing the crops grown and there characteristics 



Flood Damage Assessment and identification of safe routes for evacuation using a Micro-level approach in part of 
Birupa river basin, Orissa, India 

 

 - 82 - 

 
Figure 5-10: Total Agricultural area with village boundary and interviewed fields. 

5.1.3.1 Crop conditions: 
Rice is a crop of hot and humid climate areas. According to the respondents rice needs (.5 to 0.6 
meters) of water at the initial stage of cultivation. Rice requires 21 to 37 degrees of temperature 
during its growth period. Rice can with stand water if the water height is not greater then the plant 
height up to approx 10 days, but longer duration then this is harmful for the plant roots.  
Jute is a fiber crop. Jute requires 24 to 37 degrees of temperature. Constant water logging more 
then 2 weeks is harm full for the crop, if the stagnant water height is more then the plant height 
then even a period of one week stagnant water can totally harm the crop. Jute crop requires total 
495 ml of water, among which 256ml is derived from precipitation. 

5.1.3.2 Crop Period: 
Rice is grown in all the seasons in the study area. The crop period is divided into three parts. 
First, Kharif season in which sowing is done in starting of June and harvesting in September to 
November. Second, sowing starts in April and harvested in August or September. Third, is the 
Rabi rice crop sown in November December and harvested in March April.  
Normally the jute crop sowing can be done from March to May and harvesting extends from 
August to Sep. But in the study area according to respondent’s jute is sown during middle of 
March to end of April and harvested in middle of august. At the period of field work the Jute was 
in the process of harvest at some places in the study area.  
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5.1.4 Population type:  
Population is analyzed for the households which were interviewed. Acc, to the interviews the age 
group of 15 to 30 has 2 member in largest number of households. Eight members in a family of 
one age group are least but can be seen in the area.(see fig 5-11)  
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Figure 5-11:Number of population in different age groups  

In the field interviews the population was also analyzed form profession point of view but no 
relation can be established with flood vulnerability. Most of the population was either working in 
there own farms or working as labours.(see table 5-6)  

profession number of house holds 
Agriculture 90 
Business 4 
Housewife 21 
Labour 39 
Priest 1 
Service 13 
Shopkeeper 10 
Student 6 

Table 5-6: number of population in different professions according to field interview 

The population was also interviewed for diseases due to flood or at the period of flood which 
concluded that the flood causes the diseases to grow up due to pollution and water contamination. 
But there no relation as such can be established with flood depth and diseases. As diseases can 
spread from outside areas also, so to have a direct relation of diseases and flood depth is very 
critical. We can establish relation of flood depth with drowning, but as the flood of 2006 was not 
swear flood so drowning function can not be applied. The table 5-7 denotes that age group 
between 0-15 is more prone to diseases then the adults. 
 

Age group Diseased member number 
due to flood 

Approximate cost of cure per person in Rupees 

0-15 111 200 
30-50 5 150 
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Table 5-7: Population harmed due to flood 

Population is the most difficult of all to be analyzed for vulnerability analysis. The reasons for 
this are as under. 

• Drowning function for population depth can not be used for study, as the flood velocity 
information is missing so this cannot be applied and moreover, the area receives gradual 
flood not flash flood, so drowning as such due flood velocity is not there. 

• 2006 flood height was also not too high that can cause drowning as compared to the 2001 
and 2003 flood.  

• Population vulnerability in regards to the drowning can be studied but in 2006 no death 
due to flood was there. 

• Population vulnerability in respect to diseases is not directly related to water height. 
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6 Vulnerability assessment: 
Vulnerability is thought of as a susceptibility to harm, a potential for a change or transformation 
of the system when confronted with a perturbation, rather than as the outcome of this 
confrontation (Gilberto.C 2006). 
Large scale human activities have significantly changed the hydrological cycle in natural 
condition and, to some extent; have made a great change in the stability of this process. There are 
two parameters that determine the vulnerability of a building to flooding: its resistance to the 
force of water (load) and its material characteristics when immersed in water. 

6.1 Parameters used for the vulnerability assessment: 
The other central concept related to vulnerability is exposure, meaning in general the degree, 
duration, or extent in which the system is in contact with, or subject to, the perturbation 
(Adger.W.N 2006). Exposure in most of the vulnerability assessment functions is seen as one of 
the elements consisting vulnerability. However,(Bohle.H.G 2001) , building on proposals by 
Robert Chambers, recognizes a qualitative difference between exposure (defined as the external 
side of vulnerability) and coping (the internal side). So, for exposure indicators the flood duration 
was taken into consideration in analyzing the vulnerability. The coping capacity is analyzed in 
terms of building material, Road material, Agricultural crops type. 
The vulnerability of a community therefore depends on exposure, sensitivity, response capacity. 
Oftentimes, the poorest homes are located in the places most susceptible to flooding (exposure). 
The most precarious homes are hit harder by a flood than the solid once (sensitivity). The families 
with the greatest resources have a greater availability of means to repair water damages (response 
capacity). The magnitude of the final impact will also depend on the intensity, magnitude, and 
permanence of the flood (attributes of the perturbation).  

6.2 Vulnerability of Structural types to Flooding: 
Vulnerability means the degree of loss of a given element at risk or a set of such elements 
resulting from the occurrence of a natural phenomenon of a given magnitude and expressed on a 
scale from 0 (no damage) to 1 (total damage) (UNDRO 1991).  
In this research, data about the flood-depths were obtained by process of field interviews of 177 
households. These household data was used to make interpolation of the flood-depths. The flood 
depths during the interviews were measured inside the house with reference to the first floor. In 
assessing the vulnerability of structures and buildings subject to water pressure the following 
parameters are usually considered i.e. building load, building material construction and 
maintenance, foundation, etc (UNDRO 1990-1999)  
During the 2006 flood not whole of the study area was been flooded. Based on the interviews, the 
flood water stayed inside the houses for maximum of seven days. Flood impacts were not severe 
as most of the villages are settled on uplifted platforms. 
In this research, flood vulnerability assessment has done mainly by considering inundation depth 
and duration. Vulnerability to structural type of buildings only considers the damage to wall, 
floor, roof, structural columns and pillars as those are used as elements at risk (see chapter 5). 
The vulnerability of structural type of building is determined from the percentage of damage for 
the wall and floor materials from the occurrence of the flood. Initially, as discussed in literature 
review (Dutta and Tingsanchali, 2003; Penning-Rowsell and Chatterton, 1998, Smith and Ward, 
1998), all damage was expected to be in financial value (local currency) or the cost that needs to 
be spent to repair the damage. 
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Vulnerability Description 
0 (no damage) • If the material does not get damaged due to 

level of flood depth 
• If the material do not needs any replacement 

or repair and can still function for several 
years 

0.2 (>no damage and <half  wall and floor 
damage) 

• If any one material among (wall, roof, and 
floor) get half damaged and the other two 
did not get damaged (nothing happened) due 
to certain level of flood depth. 

• If the damaged material needs only some 
amount of repair but do not need any 
replacement. 

0.4 (nearly Half collapse )  • If among (wall, roof and floor) two elements 
are half collapsed and other one do not get 
damaged due to certain flood height. 

• If the two damaged elements do not ned 
direct replacement but need repair cost due 
to half collapse. 

0.6 (>Half collapse and <collapse or total 
damage of roof , wall and floor) 

• If two materials among the wall, roof and 
floor get half damaged and the third one gets 
fully collapsed due to certain level of flood. 

• If two half damaged materials do not need 
any replacement but repairing cost but third 
collapsed material needs full replacement. 

0.8 (>collapse or total damage and < Half 
collapse of wall, floor and roof) 

• If any two elements among(wall, floor and 
roof)get full collapsed and one element gets 
half collapsed due to certain water depth. 

• If the collapsed materials need replacement 
and the other one needs repairing cost only 

1 (full collapse of the structure) • If all the three elements (wall, roof and 
floor) gets fully collapsed due to certain 
water depth. 

• If those materials needed replacement and 
repairing cost and need to make a new 
structure. 

Table 6-1: Scale for vulnerability of structural type of Buildings for areas. 

Based on responses from the interviews, the author concludes that wall, floor, roof and column 
are parts of structural type of building that can be damaged. However, as wall-floor combination 
have been selected to be the way in defining the elements at risk, in this research. 
The relation of levels of damage and flood depths was plotted into graphics for each of the five 
structural types of buildings. Based on the propensity of the plots for each structural type of 
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building, average vulnerability curve for each structural type of building was created. It should be 
noted that the flood depth used to construct the relationships between flood depths and damages 
are measures of depths inside the house and are based on interviewed data. 
The flood depth inside the house that caused damage varied from 30 cm to 122 cm (calculated in 
feet during the fie ld interviews i.e. 1ft to 4 ft) here the duration  was the main factor to cause the 
damage. Though there is no as such relationship between duration and vulnerability depicted by 
the vulnerability curves (see fig6-1) but as once the flood water came into the house the damage 
is most affected by its height. Duration is important for less vulnerable structures like type I and 
Type IIA. As if once water flows into the type IIB, type III and type IV it causes severe damages 
even if water stays for shorter time. The peak flood stayed for 7 to 15 days.   
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Vulnerability Curve for Structural Type II-B
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Vulnerability curve for Structural Type IV
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Figure 6-1: Vulnerability Function for each Structural Type 

6.2.1 Structural Type I: 
The houses of structural type one is made of combination of Brick and cement. These houses are 
less vulnerable to flood water. Having a strong concrete wall, floor and roof material, this 
structural type is not so vulnerable to flood water. The vulnerability for these houses increases 
with water depth and flood duration also. But as the flood depth was not very high, damage 
impact as such do not increase much with food duration for this structural type. 72 structures with 
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varying flood depths were studied for formation of type I vulnerability curve. Subsequently as the 
flood depth increased to 122 cm the vulnerability goes up to 0.5. The flood water generally 
destroys the wall paints, causes the wall dampness, floor damage. 

Flood depth  Vulnerability 

20 to 30 cm 0.01 to 0.2 

30 to 60 cm 0.05 to 0.25 

60 to 91 cm 0.2 to 0.3 

91 to 122 cm  0.2 to 0.55 

Table 6-2: Vulnerability variations for different flood depths for structural type I 

6.2.2 Structural Type II A:  
Structural type IIA is approx 70 percent made of concrete material i.e. brick, cement. This 
structural type has wall and roof made of brick and cement but floor made up of soil, so among 
all the materials soil is more susceptible to flood. Generally floor get damaged more and become 
a cause for wall damage like cracks etc if water stays for longer durations. 19 households were 
interviewed and analyzed for assessing structural type IIA vulnerability. As the walls are made up 
of brick so the vulnerability do not increases much rapidly with water depth increase.   

Flood depth Vulnerability 
20 to 30 cm 0.05 to 0.15 
30 to 60 cm 0.1 to 0.3 
60 to 91 cm 0.3 to 0.55 

Table 6-3: Vulnerability variations for different flood depths for structural type IIA 

6.2.3 Structural Type IIB: 
Structural type IIB is made of brick walls but roof with straw and floor with soil which makes it 
vulnerable to floods. Total 26 households were been interviewed for the flood depth and 
vulnerability relationship formation. These houses are having wall material made of brick but 
usually the bricks were not cemented and are of poor quality which made it vulnerable to flood 
water. The vulnerability is increases rapidly for flood depth higher then 60cm. The damage is 
mainly wall cracks, one wall collapse, floor damages up to 60 cm of flood water depth (see table 
6-4 and fig  6-1).  

Flood depth  Vulnerability 

20 to 30 cm 0.05 to 0.25 

30 to 60 cm 0.2 to 0.6 

60 to 91 cm 0.5 to 1 

91 to 122 cm  0.7 to 1 

Table 6-4: Vulnerability variations for different flood depths for structural type IIB 

6.2.4 Structural Type III: 
Wooden buildings will maintain their strength for sometime. But when exposed to water for a 
long time, they will ultimately rot. If wooden frames are filled in with brick or adobe, then 
damage will be caused by loss of strength of these, materials and the inability to resist horizontal 
forces. These Buildings very prone to water because once wood floor is exposed to water, it 
absorbs the water easily and the wood gets rotting up. For vulnerability curve generation 14 
households were been interviewed.  
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Flood depth  Vulnerability 

20 to 30 cm 0.01 to 0.25 

30 to 60 cm 0.2 to 0.3 

60 to 91 cm 0.5 to 0.7 

91 to 122 cm  0.7 to 1 

Table 6-5: Vulnerability variations for different flood depths for structural type III  

6.2.5 Structural Type IV: 
Most type of clay and mud used as construction material loose its strength when immersed in 
water. For vulnerability assessment 53 households have been interviewed and analyzed. This 
particular house type is commonly found in the study area and is most vulnerable to flood water 
as the walls are made up of mud so, even if water stays for short duration its damage affects are 
large. After the flood height of 90cm the damage increases rapidly and mostly results in total 
building collapse. The vulnerability after 90 cm though is almost full collapse but ranges between 
0.75 to 1 because the roof material in some cases were used as such in reconstruction of houses. 
So, total replacement of housing material does not occur. 

Flood depth  Vulnerability 

20 to 30 cm 0.1 to 0.4 

30 to 60 cm 0.4 to 0.7 

60 to 91 cm 0.6 to 1 

91 to 122 cm  0.75 to 1 

Table 6-6: Vulnerability variations for different flood depths for structural type IV 

6.2.6 Comparison of vulnerability curves for Different structural 
types: 

On the bases of the above discussions the vulnerability is been divided into five sub classes: 
Vulnerability class 

Very high 1 

High 0.8 

Moderately high 0.6 

Moderately low 0.4 

Low 0.2 

No damage 0 

Comparison of all the structural vulnerability is described in fig 6-2. Highly vulnerable structural 
type is type IV and least vulnerable structural type is the structural type I. The structural type IIB 
and III are having nearly the same vulnerability. The map of structural vulnerability is then made 
by spatially liking these vulnerability attributes with the footprint map. 
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Combination of Vulnerability curves for different 
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Figure 6-2: Vulnerability curves for each structural type 

6.3 Vulnerability of Road types to Flooding: 
In a flood, damage to road system will primarily be caused by water force: stationary water will 
block road section, but will in general not cause severe damage. The elements of the system 
which are highly vulnerable to river floods are: Road sections which are almost parallel to the 
river and those which are low lying. First one is affected by water flow forces and second one is 
affected by stagnant water. There are two main types of roads found in the study area i.e. Kachha 
road and Pakka road. The vulnerability is been assessed on the scale of 0 to 1 as shown in table  6-
7. 
 

Vulnerability Description 
0 • No Damage 

0.2 • Very less amount of damage i.e. the pits and holes formed on the roads are smaller 
in size. 

• The repairing cost is less. 

0.5 • Partly damaged i.e. is partly washed out due to certain level of flood and the pits 
size is larger in size. 

• The road do not needs replacement but high repairing cost. 

1 • The road gets totally damaged due to certain level of flood water depth. 
• The road needs full replacement cost. 

Table 6-7: Scale for calculating the Road vulnerability 

6.3.1 Kachha Road: 
Kachha roads are the roads which are made of soil and are generally maintained by the local 
community itself. These roads when flooded get totally blocked and are extremely vulnerable to 
floods. The damage is mostly the humps and pits formation on the road which needs repairing. 
Once the water flows over these roads the soil gets washed out which leads to humps and pits 



Flood Damage Assessment and identification of safe routes for evacuation using a Micro-level approach in part of 
Birupa river basin, Orissa, India 

 

 - 91 - 

formation on the roads. Up to 0.2 vulnerability these pits require very little amount of repair i.e. 
the size of pits is not large so smaller amount of soil can make the road okay. Kachha roads 
vulnerability is been analyzed by four sample points taken from field interviews. As the road 
depth increases the road gets damaged wholly and also blockages most of the time.  

Vulnerability curve for Kachha road
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Figure 6-3: Vulnerability curve for Kachha roads. 

6.3.2 Pakka Road: 
The Pakka roads are the roads made of tar and bituminous material so the vulnerability is less 
compared to the Kachha roads. The Pakka roads vulnerability is been estimated from 17 field 
interviews. The vulnerability of Pakka road increases gradually as the water depth increases. 0.2 
vulnerability means that the affect of water on road has caused small pits and holes on the road 
which needs less amount of repairing. Where as 0.5 means the road is partly washed away and 
larger amount of pits are formed. Vulnerability one is after the flood level 4 meters which totally 
washout the road and needs total road material replacement. 

Vulnerability curve for Pakka road 
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Figure 6-4: Vulnerability curves for Pakka roads. 
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6.3.3 Comparison of Both types of roads: 
Comparing both Pakka and Kachha road concludes that the Kachha road is less vulnerably to 
river flooding and even if the road is flooded with less water depth the vulnerability is too high. 
See both type of roads vulnerability curves comparison in fig 6-5. 
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Figure 6-5: Comparison of each type of road’s vulnerability curves 

 

6.4 Vulnerability of Agricultural crops to Flooding: 
Agricultural vulnerability includes the crop loss in economic terms. In this part both depth and 
duration were taken in the identification of crop vulnerability. There are two crops grown in the 
study area at the time of flood that is rice and jute. rice is been grown in higher areas where as 
jute due to its comparatively less vulnerability to flood is grown in low lying areas more. 
In the case of the study area the flood continued for longer durations in the agricultural areas. So 
to analyze the agricultural vulnerability flood duration is been divided into three main parts i.e 
10days flood, 17 days flood and 27 days flood. In all the fields the duration as such was not same 
and flood level also varied with duration in same field itself. Based on the field interviews the 
vulnerability of crops were been calculated for different durations of flood. 
The crop damage due to flood goes up significantly with duration and depth. Farmers provide the 
loss of total cultivation in terms of rupees and some times as percentage of crop damage. In this 
research agricultural crop price includes the crop price when harvested. On the basics of the 
cropping areas got total loss. 
The vulnerability 1 means total crop loss which indicates that there is no profit nor the investment 
on crop cultivation was met at the time of harvesting. It was found that in the study area two 
crops were grown at the time of flood i.e. Paddy and Jute. The relationship of level of damage, 
duration and flood depth was plotted for each of the two agricultural crops.  

6.4.1 Rice vulnerability:   
It has been observed that paddy is more vulnerability to flood depth and duration as compared to 
jute. The crop starts getting damaged when duration of stagnant water increases more then 5 days 
with minimum water depth of 1 to 2 meters.  
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 Duration of flood 

 10 days  17 days 27 days 
1 20 to 30 % crop loss 30 to 40 %crop loss 40 to 60 % crop loss 
2 30 % crop loss 50 % crop loss 60 to 70 percent crop 

loss 
3 40 percent crop loss 70 percent crop loss 70 to 80 percent crop 

loss 
4 50 percent crop loss 70 to 80 percent crop 

loss 
Total crop loss 

5 60 to 70 percent crop 
loss 

80 to 90 percent crop 
loss 

Total crop loss 
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6 Total crop loss Total crop loss Total crop loss 
  
 The crop loss is been calculated in terms of the total crop production loss from assumed crop 
production at time of harvesting. The scale for calculating the rice crop vulnerability is as shown 
above in table .  The relationship between flood depth and rice crop vulnerability is graphically 
represented for different flood durations in fig6-6. 
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Figure 6-6: Vulnerability curves for jute crop for different durations of flood 

 



Flood Damage Assessment and identification of safe routes for evacuation using a Micro-level approach in part of 
Birupa river basin, Orissa, India 

 

 - 94 - 

 
Comparison of different durations of flood for rice crop vulnerability: 
The comparison of all durations shows that even if the depth is less i.e. 2 to 3 meters about 80 
percent of total crop yield is been lost with 27 days of flood (See fig  6-7). If flood stays in the 
field for around 10 days with water depth of less then 5 meters the crop loss goes up to 50 percent 
that is half of the crop yield is lost. 
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Figure 6-7: Comparison of different duration of flood vulnerability curves for Rice crop 

6.4.2 Vulnerability for Jute crop: 
Jute crop is not much vulnerable compared to Paddy crop. It can resist standing water up to a 
water depth of 1 to 2 meters with less then 10 days of flood duration but with further increase in 
duration the crop loss increases significantly. So the vulnerability functions are graphically 
represented for jute crop for different durations flood in fig. 
  

 Duration of flood 
 10 days  17 days 27 days 
2 20 to 25% crop loss 30 to 40 %crop loss 50 to 60 % crop loss 

4 30 to 40%  crop loss 50 to 60% crop loss 80 to 90 %crop loss 

6 40 to 50 % crop loss 70 % crop loss Total crop loss 
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8 50% crop loss 70 to 80 % crop loss Total crop loss 

Table 6-8: Vulnerability scale for Jute crop vulnerability 
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The vulnerability curves for jute crop for different durations are compared with each other and 
found that after longer duration of flood i.e. more then 17 days the crop loss to almost more the 
50 percent to 100 %. 
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Figure 6-8: Vulnerability curves for each duration flood for Jute crop 

Figure 6-9: Comparison of different flood duration jute vulnerability curves 
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6.4.3 Comparison of vulnerability curves of both the crops: 
All the vulnerability curves for jute and rice for different durations are compared with each other. 
This shows that rice is more vulnerable to flood depth and duration both than Jute crop is.(see fig 
6-10) 

        
Figure 6-10: comparison of Jute and rice vulnerability curves for different duration flood 
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7 Damage assessment: 
Damage estimation is only possible if we have knowledge about the existing hazard, 
characteristics of elements at risk, there number and value, and the vulnerability of each elements 
at risk. It is very difficult to quantify damage on micro level, as the repairing cost for each 
element at risk is difficult to quantify, but a attempt has been made on the basics of field work. 
The goal of the study is to explore the potential of remote sensing and house to house survey for 
the assessment of 2006 flood damage in terms of agriculture, households, and roads. The damage 
value for each element at risk was assigned based on field interviews. 
 

 
Figure 7-1: Some Pictures showing the damage due to 2006 flood. 
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Flood Damage assessment method developed by white (1967) and (Penning-Rowsell.E and 
Chatterton 1977) consists of the following procedures: 

• Determine by leveling the elevation of the first floor for each type of building or 
establishment. 

• Select from stream profile of flood histories for floods of three critical stages (flood 
depth) the elevation each flood would reach in the building. 

• Identify the stage at which damage would begin. Below this level, zero damage is 
assumed. 

• Estimate the amount of damage (in financial term) that would result from flooding at 
each of the selected stages and graph smooth curves. 

• Secondary flood characteristics: Duration, velocity are used to modify the curves, for 
instance: stage damage curves could have short, medium and long duration variant. 

• In addition, Particular Penning-Rowsell and Chatterton proposed to test the synthetic 
damage estimates so derived by comparing them with actual damage assessments as these 
become available. 

This method was used in the study with some modifications, as velocity data was not available. 
The respondent’s damage estimation was generalized in the field itself, because in some cases 
respondents found it difficult to describe the value of damage. Most difficult was road damage so 
the actual repairing cost information was collected from collector’s office, Cuttack. 
 
There were several reasons why the respondents found it difficult to describe the value of damage 
of the building are as follow: 

• Some respondents do not repair the damage. Other repaired the damage after the building 
structures (wall, floor) are completely broken. 

• They replaced the damaged structure with other scarp material or the lower quality 
material, for instance; some have demolished the mud house and made concrete ones. 

Farmers in some cases had zero output from the crop grown and for some cases there was loss in 
terms of percentage. The percentage and total loss in terms of rupees was estimated based on the 
price of total output (if there were no flood) divided by the percentage of loss. It does not mean 
that if there were no flood in year 2006 then farmers would get same amount per standard 
package. 

7.1 Structural damage calculation: 
Using GIS tools, a damage point map was formed for the houses which were damaged. Damage 
calculation= vulnerability * costs of each element at risk. Damage calculation was done for each 
structural type separately. Figure 7-2 and 7-3 shows the average damage value of each structural 
type with different vulnerability and water depth. 
The Approach taken for the damage calculation was not limited to the interviewed houses only. 
As the height of the house floor above the road was known for some of the identified houses, for 
which the vulnerability values were extrapolated. The actual building cost was derived for the 
community response. The highest vulnerability value i.e. 1 means total collapse. This means the 
house is to be totally reconstructed. The house cost taken in research includes the construction 
cost (excluding the plot value).  
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Figure 7-2: Damage values of structure type I, IIA, IIB and III 
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Figure 7-3: Damage value of structure type III and IV 

 
On the basis of above mentioned damage classes, point maps were created for all the five 
structural types to display the level of damage of each household. The Damage values in rupees 
were generalized in common range to define the damage spatially.(see fig 7-4,7-5,7-6 &7-7) 
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Figure 7-4: Spatial distribution of 2006 flood damage for structure type I 

 
Figure 7-5: Spatial distribution of 2006 flood damage for structure type II-A and II-B 
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Figure 7-6: Spatial distribution of 2006 flood damage for structure type III 

 

Figure 7-7: Spatial distribution of 2006 flood damage for structure type IV 
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7.2 Road damage calculation: 
The damage calculation for road loss was done for two types of roads: Kachha roads and Pakka 
roads. For Kachha roads defining the repairing cost was little difficult as these roads are not 
commonly repaired by the government. But, for Pakka roads information about repairing cost per 
km was collected from the District Emergency Office, Cuttack. There were different repairing 
cost for same vulnerability; central value was taken into consideration for damage assessment. 
(See fig 7-8 and 7-9) 
 

 
Figure 7-8: Spatial distribution of 2006 flood damage for Kachha Roads  

 
Figure 7-9: Spatial distribution of 2006 flood damage for Pakka Roads  
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Overall damage for both Kachha and Pakka roads was then estimated as: 
Road damage= Vulnerability * cost of repair per km * Total road length damaged by certain 
vulnerability 
The estimated damage is shown in the tables 7-1 and 7-2 below. 
 

Type flood 
damaged length 
in km Vulnerability approx cost/km  damage in rupees 

Pakka road high flood 4.435 1 150000 887000 

Pakka road 
Medium 
flood 8.662 0.5 100000 866200 

Pakka road Low flood 6.945 0.2 75000 520875 

        
Total damage in 
rupees 2274075 

Table 7-1: Pakka Road damage estimated for 2006 flood in terms of Rupees 

Type Flood Vulnerability 
Damage 
length in km Approx cost/km damage in rupees 

Kachha road high 1 0.07 15000 1050 
Kachha road Medium 0.5 1.159 8000 9272 
Kachha road low 0.2 0.908 5000 3178 

        
Total Damage in 
rupees 13500 

Table 7-2: Kachha  Road damage estimated for 2006 flood in terms of Rupees 

7.3 Agricultural damage calculation: 
Agricultural crop damage has also been calculated on the basis of different degrees of 
vulnerability. Standard package of practice means profit from agriculture according to size of 
agriculture land. This standard package value is been taken for the calculation of the damage per 
hectare.(see appendix) 
Crop damage = Vulnerability * amount of element at risk. 
This damage was calculated with respect to vulnerability. The damage values were divided into 
following types. 
 
Damage 
categorization 

Damage value in Rupees for Rice per 
hectare 

Damage value in Rupees for Jute 

Very high: 20000-18000 12000-11000 
High: 18000-15000 11000-10000 
Moderately high: 15000-10000 10000-8000 
Moderate: 10000-9000 8000-7000 
Moderately Low: 9000-6000 7000-5000 
Low: 6000-4000 5000-3000 

Table 7-3: Agricultural damage estimated for 2006 flood in terms of Rupees  

The damage is been spatially depicted in fig for both Rice and Jute crop with the damage 
categorizations. 
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Figure 7-10: Spatial distribution of Damage to Rice and Jute crop by 2006 Flood 
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8 Evacuation location and evacuation route delineation 
Protecting citizens, property, and the environment are among the most important responsibilities 
of government agencies. This part of research project deals with demarcation of shelter locations, 
determination of the input parameters for evacuation route delineation. In total this chapter deals 
with creating and analyzing community evacuation routes and shelters. Evacuation plans are 
widely considered as a fundamental instrument for risk mitigation at the local scale; however 
those are commonly created by choosing main road as suggested evacuations routes. 

8.1 To evacuate or not? 
When the decision is made to issue a disaster warning, the public goes through four stages of 
reaction (Williams 1964) : 

1. Collection: collect or receive the disaster warning message 
2. Evaluation: message evaluation in terms of perceived personal relevance. This evaluation 

involves government warning, emotion–charged atmosphere, past experience or 
methodologically collected information 

3. Decision: if anything should be done. Evacuation, therefore, is a person’s calculated 
decision, even if emotional and psychological considerations outweigh objective thought. 

4. Implementation: In case of flood the evacuation rarely cause any panic at the time of 
evacuation. As floods is not so instantly occurring phenomenon as fire or earthquake. 

8.2 Parameters taken for the evacuation: 
For evacuation route delineation “Evacuation route tool” made by (ADPC) was used. A series of 
ArcGIS® tools have been built to define the evacuation routes using G.I.S. spatial analysis 
techniques; the tools are assembled into the EVACUATION ROUTES TOOLS ArcGIS® toolbox 
that will allow users to apply the method to their own case study. The methodology considered is 
only for pedestrian population, as the study area is having very less amount of vehicle in number. 
 This tool was basically made for tsunami evacuation route delineation but can be used for other 
hazards in modified form. For hazards like flood the flood depth plays a very important role, so 
flood depth delineation part was included in to the tool. Every geographic area has its unique 
characteristics so we cannot apply any other area’s tool as it is e.g. a tool of USA can not be used 
in India as the infrastructures, population characteristics, geography etc all are different. So, the 
evacuation route tool was first modified to be able to fit the Indian circumstances. The 
modifications were done in deciding the weights for different criteria’s.  
The tool has three main inputs i.e. land use, shelter locations, DEM. But, flood depth was 
incorporated into the tool in order to make it fit to the flood hazard. The methodology adopted is 
combination of evacuation route tool and flood depth analysis. The inputs used are described in 
detail as following. (See fig 8-1) 
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Figure 8-1: Methodology adopted for evacuation routes delineation 

To define the best evacuation route from a given point we have to find the fastest path from that 
point to the assembly point. In fact this shortest path line may intersect natural barriers, buildings, 
rivers, lakes, sandy areas, or have a very high slope. All these things can dramatically reduce the 
walking velocity and capacity or can even block it completely. 
As described in literature review to compute a distance between two points we must not consider 
only the geometric distance but also the cost (in terms of time, energy utilization etc.) to move 
along a particular path. So we replace the concept of distance with a concept of cost weighted 
distance (CWD) (ADPC). 
                   CWD= Cost * cell resolution 
But this method has great limitation as it needs to compute one surface for each starting point we 
want to consider; to avoid this it is better to define distance between each cell and the evacuation 
points (safe areas that can be more than one). So value of each cell is the CWD between cell and 
closest evacuation point (see fig 2-13). 

8.2.1 DEM: 
Dem is an essential component for finding the slope of the area and was also been used for flood 
depth analysis. As steep slopes hinder the walking speed and ability to walk longer distance. So, 
locations with gradual slope were given more weights compared to steep slope areas. First the 
raster DEM was converted to polygon which then was converted to tin (see fig8-2). The tin 
describes that areas near to Ganguti River are higher compared to areas near to the Birupa River. 
As the area is coastal so is more or less flat with little undulations, which is why most of the areas 
slope value is low. The higher slope is mostly near to river banks and roads. Along the rivers 
there are embankments with leads to steep slope and roads e.g. NH 5 is made on uplifted platform 
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(16 to 20 m from mean sea level). So the routes must be delineated through the locations of gentle 
slope even if the shelter is located along the river or road. 

 
Figure 8-2: tin and slope map created from DEM. 

 
Figure 8-3: Reclassified slope map according to walking capacity 
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The slope map was then reclassified by giving weights with in the range of 100 to 0 for 
normalizing the slope units. The weights were given by taking into consideration the walking 
capacity.  
 

Slope map values  weights 
0 100 
0-25 90 
25-75 85 
70-126 75 
126-196 55 
196-267 35 
267-343 15 
343-433 10 
433-1294 5 

Table 8-1: Reclassification values for slope map 

8.2.2 Land use map: 
With this toolset the Land use shape-file can be transformed into a Raster Dataset which can be 
used in the next steps of the procedure. The cell size taken for its computation was 5 meters. The 
land use map is then reclassified describing the mobility capability to modify the speed of 
walking person. So the new value will represent how much the average speed will be conserved 
on different land use types. 
On a road (supposed on a flat land), for example, the average speed will not be reduced so roads 
will have a new value of 100 representing a speed conservation of 100 %. In case of natural 
vegetation is given a value of 40 as in the study area the density of natural vegetation was high. 
The higher density of vegetation would certainly reduce the walking capacity by 60%. But for 
barren land the value is high i.e. 80 as it is almost flat land and is commonly used by pedestrians 
in routine life to visit there farm lands. 
The features like ponds and river were given the least values i.e. 5 and 3. As these features are 
posing great hindrance in walking speed and capacity. The reclassified values are illustrated 
below. 
 

Land use Type Reclassified value  
Road 100 
Barren land 80 
Agriculture 55 
Natural vegetation 40 
Settlement 30 
Pond 5 
River 3 

Table 8-2: Reclassification values for land use type 

The land use map is reclassified is according to the table 8-2 values. In fig 8-4 the spatial 
distribution of the reclassified values is been shown. This file was used further as input for the 
evacuation rote delineation. 
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Figure 8-4: Rasterized land use with reclassified land use on the basis of walking capacity 

8.2.3 Generation of evacuation capacity map: 
The flood hazard mapping is very important for route delineation for flood hazard. The flood 
depth map generated (see chapter 4) is been used. This map was changed from raster to vector 
(i.e. polygon) to reclassify it with respect to the water depth and flooded area extent (the size of 
flooded polygon was taken into consideration).The concept behind this was the flood height 
influences the walking speed at the same time the aerial distance also plays a great role in 
estimating the walking capacity. The flooded area more then 70 sq km even if having low and 
high flooding was classified with value as 3. The areas having no flood were given 100 values 
that are the flood has no impact in the walk ing in such areas (see table 8-3). 
 
 

Flood depth Flood area extend Reclassified value  
High Not necessary 3 
Moderate and low >100 sq km 3 
Moderate and low  >70 & < 100 sq km 5 
Moderate and low >50 & < 70 Sq km 30 
Moderate <50 sq km 30 
Low <50 sq km 75 
Non flooded -- 100 

Table 8-3: Reclassification scale for flooded area 

   

    Weights 
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Figure 8-5: Reclassified flooded area and evacuation capacity map (incorporating reclassified 
landuse and flooded map) 

 
The evacuation capacity map was formed by overlaying reclassified land use map and reclassified 
flood extent map. The overlay operation is done by giving 70 % weight age to reclassified flood 
map and 30% to land use reclassified map. The weight age for reclassified flooded map was 
marked high as flood depth and flood aerial extent plays important role in identification of 
walking capacity during flood hazard. 

8.2.4 Shelter location delineation: 
GIS is been used to develop a community’s emergency response by identifying the location of 
schools, medical centers, staging areas etc. All such places where the community generally take 
the shelter were been marked during the field work and then transferred to GIS environment for 
further analysis. The evacuation choke points such as ponds and other water bodies were been 
identified during the field work. 
The shelter locations were marked based on the field interviews. The major shelter locations were 
schools, temples, colleges, highway, double storied buildings etc. 
There were total 56 shelter locations marked in the study area. Among which most of them were 
schools. The schools were made of cement and brick which are mostly located in each village. 
The governments has not marked or build any shelter locations but has constructed the schools to 
serve both educational and emergency mitigation purpose. The shelter locations were marked in 
field using GPS. (See fig 8-5) 
Some shelter points were marked in open areas where there is no shelter place as such, but these 
locations were marked in order to cover the image corners. These points are essential because the 
cost distance algorithm performs its analysis only in the area included by the source points. With 
this trick the analysis is performed for whole of the area. Also it is assumed that temporary shelter 
in these open spaces may be provided by govt. during emergency. 

    Weights 

 

Weights 
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Figure 8-6: Spatial distribution of shelter zones in the study area 

8.2.5 “Evacuation Route Tool” generated results: 
We can also look at the CWD Surface as a topographic surface. If we assume that valley and 
evacuation location are same (because valley is having lowest elevation and shelter location is 
having lowest cost of evacuation) then we can use the Hydrological tool to visualize the 
evacuation route. Following this concept similarly we are able to use geospatial hydrology tools, 
widely used in G.I.S., to manage our Surface. 
For example the fastest path from a point to the closest assembly point is coincident with the 
course of a rain drop falling on the same point and there are many G.I.S. tools to identify it. 
Moreover it is possible to define the area influenced by each evacuation point, that is, in our 
similarity, the subdiv ision of domain in watershed (in Fig.8-8 is reported an example). The 
subdivision into areas of influence can be very useful: identification of how many people  stay 
inside each basin, understanding if the safe area is big enough, and to calculate the maximum 
evacuation time of each area and compare it with maximum acceptable time. 
Using the “evacuation route tool” and the previously formed inputs i.e. Evacuation capacity maps 
(combination of land use and flood area) & reclassified slope map, the route delineation model 
was run. According to the input maps each cell represents the cost needed to go to the nearest 
source point, following the costless path. 
The cost computed is combination of the average speed of evacuation with the reclassified 
evacuation capacity map and reclassified slope map. Each cell of the output map fig  8-7 contains 
the value of the inverse of the crossing speed or, multiplying the value by the cell dimension, the 
time necessary to walk through the cell. The average walking speed of a person for computing the 
algorithm is considered as 1 m/sec to walk on each cell, according to the land use type, flood 
depth, flood extent and slope in the cell.  
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Figure 8-7: Inverse speed map and time map for evacuation (shows short time for river which is 
excluded by mask operation) 

 
Figure 8-8: Mask generated to exclude the places like river and ponds; and maximum area map 
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The first output map is evacuation time map (time is expressed in terms of seconds per meter). 
Looking at fig you can relate values with each other to notice which parts of the area need more 
time to evacuate. 
Second map generated is the basin grid map. This is application of hydrological criteria to the 
virtual surface created; this allows dividing the whole space into basins, which are very similar to 
drainage basins. But in this case these basins represent the portions of the area referring to each of 
the shelter points.(see fig 8-10) 
Further, a mask is been created to mask out the areas like rivers and ponds to start the evacuation. 
This mask is necessary as without it you will find highest evacuation time values inside the cells 
belonging, e.g. rivers and ponds land use type. To have realistic idea of the highest evacuation 
time for the study area these cells were filtered out. The cells we do not want to consider as 
starting point such as river and ponds were assigned no data and constant value 1 to all the rest 
part. The other outputs generated were flow direction and flow accumulation map, this data base 
is useful for evacuation route visualization at the end process in Hydrological interactive tool. 
The basin grid output map shows the values, for each point of your area, of the time needed to go 
to assembly at the point. And the area is been divided according to the shelter points. 
Basin statistics were then computed to find maximum value and area of evacuation time for each 
basin. The raster database i.e. basin grid map created made it possible to extract important 
information such as area and maximum value of evacuation time for each basin. The output map 
is a polygon shape-file of basins with the attribute table containing area and maximum evacuation 
time value for each basin. 
 

 
Figure 8-9: Flow accumulation and flow direction Map 
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8.2.6 Hydrological tool results:  
Following the similarity between CWD surface and topography surface we can use Hydrologic 
tool. The tool used is “esrihydrology_v2.dll” which added to the Arc map tools. In the interactive 
properties flow direction and flow accumulation file (see fig  8-10) were assigned. The “raindrop” 
tool is then used to visualize evacuation route by clicking wherever you want inside the study 
area. The polyline graphic elements obtained shows the costless (also the fastest) path to reach the 
best shelter starting from that point. 
 

 
Figure 8-10: Basin grid map and evacuation routes map showing some  examples of the routes 
delineated by the interactive tool 
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9 Results and discussions: 

9.1 Results on DEM Generation from Catrosat stereo pair: 
The Cartosat-1 images (resolution 2.5m) were used to derive a high resolution DEM. The GCPs 
were collected in the field using Differential GPS technique, processed in Leica’s SKIPRO 
software and later used to generate the DEM using Leica’s Photogrammetry Suite. A total RMSE 
(root mean square error) of 0.965 pixels and vertical RMSE of 0.071 pixcels was achieved by the 
block triangulation technique. The raster DEMs were generated through automated DTM 
extraction in resolution 25m. However, the prime objective of generating high resolution DEM, in 
flood depth analysis , which is not wholly dependent on the elevation but on water terrain 
continuity and flood source. So, the DEM generated from Cartosat-I images can be used for flood 
depth analysis. The DEM had more error in X and Y direction then in  Z. This error can be 
stopped from being accumulating in flood depth analysis by properly demarcating the flood 
extent backscatter value.(see chapter 4 section 4.1, 4.2, 4.3) 
 Accuracy can be improved 

• The accuracy of the DEM generated from Cartosat-1 can be improved significantly with 
using well-distributed GCPs. However, the inaccessibility of the terrain poses a serious 
challenge towards achieving the desired results. 

• The ambiguity of some points could not be resolved, even in the post processing stage as 
the GDOP values were very high. These points had to be dropped, which if dissolved can 
improve the DEM quality. 

• The accuracy of the Digital Elevation Model relies upon the precision of the Ground 
control points and how well they are matched on the two scenes of a stereo-pair. When 
collecting the GCPs, effort must be made to minimize the GDOP values. On many 
occasions high GDOP values were obtained due to improper satellite geometry. This was 
resolved by increasing the observation time at some locations. At many places it was 
observed that the satellite signal was weak, due to bad weather conditions, among which 
the points were not able to be dissolved. 

• The accuracy of Digital Elevation Model generated from Cartosat-1 Stereo data can be 
improved using more accurate and well-distributed GCPs for refining the rational 
function coefficients. 

• The accuracy of the DEM also depends on how well the GCPs are matched on the two 
stereo pair. This has to be done with pixel level accuracy. 

9.2 Results on Flood Extent and Depth Analysis: 
The flood depth analysis was done on the basis of DEM and flood extent demarcated from 
Radarsat images of different flood time period. The data about flood height was collected from 
Water Resource Office Padamilapur village Gauge station lying in north east corner in the study 
area. The information was provided for whole of the monsoon season for flood depth level.  The 
highest flood peak was 12.1m above mean sea level. The flood extent was demarcated on 
different dates of Radarsat images  
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Figure 9-1: 2006 Flooded and non flooded area demarcated from Radarsat images of different dates  
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Figure 9-2: Area corresponding to different flood depths on different dates (Radarsat images and 
DEM) in the flood period. 

9.3 Results on Elements at risk: 
The elements at risk were analyzed on the basis of interviewed and identified houses, agricultural 
fields and roads. The discussion about the elements at risk is been done in chapter 5. Wall, roof 
and floor materials were studied in order to find the vulnerability. The plinth height information 
was combined with the identified houses which were inundated to extrapolate the vulnerability on 
whole study area. Five types of structural types were identified by studying different construction 
materials combinations. All the houses in whole of the area were individually identified and 
digitized on Google image to generate the building footprint map, among which all the houses 
were classified into five structural types based on field work and visual interpretation.  
The roads in the study area were digitized and classified into two types based on field work and 
visual interpretation. The Road types i.e. Kachha road and Pakka roads were classified based on 
the field knowledge.  
The agricultural crops grown in monsoonal season were studied for vulnerability assessment i.e. 
rice and jute.   
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9.4 Results on Vulnerability and Damage Assessment with 
results validations: 

The third stage in the method is to assess the vulnerability of the study area to flood hazards. The 
vulnerability estimation was done based on the database of interviewed houses. This was done by 
visual interception both directly in the field, with Google image and other records.  

9.4.1 Structural Vulnerability and damage assessment: 
The vulnerability of buildings to flood is dependent on many factors but the factors undertaken in 
the research are: wall material, roof material, floor material, plinth height. The vulnerability of 
structures was calculated for five structural types with respect to the water depth inside the house. 
The vulnerability scale was generalized into four parts: high (1- 0.8), moderately high (0.7-0.6), 
moderate (0.5-0.4), and low (< 0.3) (See fig 9-7 and chapter 7). It was found that, maximum 
houses of structural type IV were generally collapsed in 4 days duration with water height inside 
house more then 61 cm.  
To estimate the cost of the damage caused by a particular hazardous event, the replacement ratio 
is multiplied by a value measuring the fraction of the building cost that is lost. The full scale of 
possible values, from 0 to 1, corresponds to the complete compass of degrees of damage that 
might be observed, from no damage to total collapse. By reviewing field work data base damage 
caused to structures were classified in general five damage classes: light, moderate, heavy, severe 
and collapse. For flood hazard of 2006 the qualitative as well as quantitative description of the 
nature of damage was been identified (see chapter7). As shown in the charts (see fig 7-1) each is 
given its own range of damage values from which, for estimation of purpose, the central value 
range was been taken. This method of damage central value range was adopted in order to view 
the general trend of damage spatially. 

 
Figure 9-3: Spatial distribution Vulnerability to 2006 flood for all five structural types. 
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9.4.2 Results on Road damage and vulnerability assessment:  
From the road vulnerability analysis it was found that Kachha roads were more vulnerable to 
flood water but the damage in terms economic losses are more for the Pakka roads. Road damage 
was estimated in terms of amount required for repair and replacement. The total amount required 
for reconstruction and repair for Pakka and Kachha roads came out as Rs2274075 and Rs13500 
respectively. The road damage was then generalized into three classes as low, moderate, high. 
It was been analyzed that if flood occur then Kachha roads would get more damaged but usually 
in the study area these roads were not repaired.  

9.4.3 Validation of road Damage estimation with secondary data: 
The vulnerability estimation was based on the community response and the flood depth analysis 
both. The roads vulnerability was found based on the interviews which were then intercepted with 
the flooded roads to find out the total damage occurred. The cost of repair and reconstruction 
information was collected from the District Emergency Office, Cuttack with the details of 
damage to roads due to flood in 2006. This secondary information for some of the prominent 
roads was then compared with the estimated damage values.(see table 9-1) 
There was slight shift in the values estimated the reasons for that are: 

• The methods of calculating the road damage length by the government are not very 
precise and the value estimates for same road length are varying lot. The value of per km 
road reconstruction and repair was taken on an average. 

• The peak flood image was missing which poses a limitation in estimation of the highest 
flood level and extent on the road. That may be the reason for getting less road length that 
is being washed out. 

• The road condition before the time of flood may not be exactly known to the population 
which had lead to accumulation error in damage estimation. 

• The cost of repairing depends on road length and width both. For the study only road 
length was taken into consideration which if identified would decrease the error in 
damage estimation.  

•  
Road name Damaged length in 

km acc to 
secondary source 

Repairing cost 
in Rupees by 
government 

Damaged length in 
km acc to research 
(with flood height) 

Repairing cost  in 
Rupees estimated 
acc to research 

Madhupur 1.5  200000 High=1.185 237000 
Sipura to Gunupur 2 200000 High=1.550 310000 
Dharamdaspur 1 100000 High=0.887 88700 
Ghusian to Benipur 1.5 200000 Low=0.982 

Medium=0.678 
Low=73650 
Medium=67800 
Total=141450 

Kuhunda 0.5 100000 High=0.345 69000 
Dhaulia 0.5 100000 Medium=0.392 39200 
Baratha 1 150000 Medium=1.142 

Low=0.298 
Medium=114200 
Low=22350 
Total= 136550 

Kaliatha to Basudeipur 0.5 100000 Medium=.960 96000 
Dobandia 1 150000 Medium=0.755 75500 
TOTAL  1300000  1057400 

Table 9-1: Comparison of estimated road damage with information of damage collected from 
secondary source 
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Figure 9-4: Spatial distribution of road type, flood height on the road and Vulnerability 

9.4.4 Results on agricultural damage and vulnerability assessment: 
The vulnerability maps were formed for different durations of flood in the agricultural fields. The 
durations vary from 27 days, 17 days, and 10 days. The 27 days flood duration map was formed 
by intersecting all the four dates’ flood depth classified images. The output formed was having 
the flood depth information for all the different dates which was the generalized to have a 
common depth value (see fig 7-4). Similarly, for 17 days the images of dates 19 Aug, 26 Aug, 4 
Sep 2006 were intersected. The image of date 04 Aug was excluded as on that date the flood 
depth and extent was minimum. Then for 10 days flood the areas images 04 Aug and 19 Aug 
were intersected separately and then union with the intersection of 26 Aug and 04 Sep images. 
Fig shows that the 27 days flood affects the crops more and rice is more vulnerable to longer 
duration and water depth. 
The agricultural damage was calculated in terms of economic losses by 2006 flood. The 
vulnerability for agriculture was calculated for 3 durations, for which further damage estimation 
was calculated.  
Agricultural Damage= vulnerability * value of damaged crop (per m sq) * total area affected by 
certain vulnerability. 
Accordingly the damage values were categorized into six classes: very high, high, moderately 
high, moderate, moderately low, low (see fig 9-5).  
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Figure 9-5: Spatial distribution of 2006 agricultural crop vulnerability for different durations 
of flood.  
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9.4.5 Validation of agricultural damage results: 
The table  9-2 below compares the agricultural damage collected from secondary source (Block 
Agricultural Office, Barchana block and District Emergency Office, Cuttack) with the estimated 
agricultural damage. The comparison shows that the estimation is more or less same with little 
amount of variations. If the rice and jute cultivated area extent would be properly known then the 
estimation can be improved. The village boundary map used to demarcate the village boundary 
was provided by Block Agricultural Office, Barchana block was not scaled which increases the 
error in overall estimation of village area. 
 

  

Paddy area damaged 
in Hectares  (Acc to 
research estimated)  

Non-paddy area 
damaged in Hectares 
(Acc to research 
estimated) 

Paddy area damaged 
in Hectares (Acc to 
government) 

Non-paddy area 
damaged in 
Hectares (Acc to 
government) 

Arakhpur 26 8.3 28 5 
Bhakur 39 3.9 37 4 
Padmalabhapur 41 1.3 43 1 
Surkhadeipur 10 0.1 9 1 
Daulatpur 28 3.1 37 1 

Table 9-2: Comparison of estimated agricultural area flooded with the secondary source agricultural 
flooded details.   

9.5 Results on Safe route for Evacuation delineation: 
During the cyclone Orissa in 1999 in India, the people developed coping mechanisms like people 
had to bring their basic need like food, clothing and important documents; animals are freed to 
and placed at safer areas .There are the common mechanisms they employed to be able to save 
their properties and lives (Waugh 2000). 
Timely evacuation is the key of rescue of human being during disaster and evacuation route map 
was prepared based on the decision rules applicable for fulfilling the criteria for evacuation. 
Results indicate the evacuation route (see chapter 8).In this method the evacuation route map can 
be used in an interactive manner. The process completed in two steps only one identifying the 
location from where evacuation route is to be identified them clicking on the location. The 
evacuation route for that location is delineated to the nearest shelter location. 

9.6 Validation of Evacuation routes on different places: 
Evacuation routes were validated on the basis that no route must pass through the land use like 
river and most of the portion of the route must lie on the nearby road. So, the validation proves 
that almost 80 percent of the route either lie on the road or goes through barren land. At some 
places the evacuation route intersect the seasonal river, it is due the fact that other options like 
road or barren land lies far which increases the travel distance. So in order to avoid the distance 
cost the route the software delineates the route through the seasonal river. As the evacuation route 
tool is interactive in nature, to avoid the errors in route delineation, more then one clicks in the 
location proximity can help to delineate more then one route among which the best can be 
considered (see fig 9-6).  
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Figure 9-6: Validation of evacuation routes delineation 

9.7 Discussions and validations: 
The validation of results has revealed that the micro level approach is valuable and satisfactory 
for this research. Therefore, it can be said from validation of damage results that micro level field 
information received from respondents regarding depth and duration of flood is consistent. The 
results of damage assessment can be improved by improving the quality of information from 
secondary sources like Village boundary map, crop area information, road with information etc. 
In addition, this research has not validated the flood extent and depth due to constraint of 
unavailability of information about flood depth and extent from any official source. But 
validation of damage itself validates flood extent and flood depth outputs. Evacuation route 
validation concludes that not all the routes can be used foe evacuation but 90 % of the routes 
delineated by the evacuation tool can be used. 
 
 
 
 
 
 
 

Interactive 
evacuation route  

Source location 
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10 Conclusion and recommendations: 

10.1 Conclusion: 
The main objective of the research is the estimation of the damage to various elements at risk due 
to flood and delineation of safe Routes and Shelters for Evacuation at time of flood in part of 
Birupa river basin by using micro level approach. Regarding which the main research question 
was, what are the methods to estimate damage due to flood to various elements at risk? And how 
to demarcate the safe shelter locations and safe routes for evacuation at time of flood? The 
following research discussions respond to the research questions introduced in the chapter one of 
the thesis. 
 
The first specific objective of the research is: determination of flood extent characteristics: 
spatial extent, flood depth and temporal changes using satellite data (Radarsat) and field 
interviews. Regarding which the research question is: What are the extent, depth and temporal 
evolution of the 2006 flood how could we assess? To obtain this specific objective, flood extent 
was delineated from Radarsat images by the use of expert classifier. Further, flood depth analysis 
was been done using the food extent and DEM generated from Cartosat-I images. The Radarsat 
data found to be very useful for flood monitoring. The multi-temporal Radarsat data can be 
utilized to dynamically monitor the flood movement and evaluate the damage quickly and 
accurately. The 2006 flood event was found to be of moderate nature flood with spread area of 
24390 sq km. The flood image of 04 September, 2006 marked the highest flood extent and depth. 
 
The second research objective is: identification of types of elements at risk. Regarding which the 
research question is: What parameters should be taken into account for classification of different 
elements at risk? Remote sensing, satellite imageries i.e. Cartosat –I and Goggle imageries were 
used to make foot print map. The Google image found to be very useful for making the footprints 
map for all the elements at risk. It has been concluded that micro level damage assessment can be 
done by having detailed questionnaire. In the study area elements at risk were classified into five 
main structural types, two road types and two basic crops.  The important factors that influence 
structural vulnerability were roof, wall and floor material. The construction material for road 
found to be the basis for identification of road type. In the study area there were two crops grown 
in the monsoon period i.e. Rice and jute. 
 
The third and fourth research objective is: Assessment of vulnerability of elements at risk to river 
flooding an. Damage assessment of elements at risk using micro level approach. Regarding 
which the research question is: What is the relationship between flood-depth, flood duration and 
vulnerability for each element at risk? To respond to fourth sub objective, interview was done at 
micro scale  which proved to be very useful. Villages were given three types of water level such as 
low, moderate and high with duration of flood in the respective element at risk. It was found from 
this assessment that, the damage and vulnerability of structural types is mainly determined by the 
type material used in the construction and water depth and duration. The flood depth inside the 
house that caused damage varied from 30 cm to 122 cm, here the duration was the main factor to 
cause the damage. For agriculture crops i.e. Rice and Jute the water depth, and duration have 
different percent of affect on both the crops. Jute crop is more resistant to flood water. Among the 
road types Kachha road is more vulnerable to flood even if water stays on the road for short 
duration. It has been observed that paddy is more vulnerability to flood depth and duration as 
compared to jute. The paddy crop starts getting damaged when duration of stagnant water 
increases more then 5 days with minimum water depth of 1 to 2 meters.  
 
 



Flood Damage Assessment and identification of safe routes for evacuation using a Micro-level approach in part of 
Birupa river basin, Orissa, India 

 

 - 125 - 

The fifth research objective is: Derivation of DEM from Cartosat-I Stereo Pair. DEM form 
Cartosat-I stereo pair was generated using DGPS points collected form the field. DEM generated 
is at RMSE error of 0.96 metes with height and X & Y of 0.8 and 1.2 meters respectively.  This 
DEM was used in flood depth analysis and slope map generation for evacuation route delineation. 
The DEM proved to be a useful input in the flood depth analysis as well as for safe route 
delineation.    
 
The fifth research objective is: Identification of suitable shelter zones or location for evacuation. 
Regarding which the research question is: What “parameters” must be taken into account to find 
safe zone, safe and shortest routes for evacuation? The shelter locations were identified based on 
house to house survey and identifying the areas which were not flooded in both 2006 and 2003 
flood. The location of the shelter was marked by GPS in the field then compared with the 
Radarsat images of 2003 and 2006 flood event. The shelter locations usually used at time of flood 
were found to be mainly schools, colleges, temples. Some shelter locations were marked in open 
spaces with a perception that these areas can be used for temporary shelter at time of flood. 
 
The sixth research objective is: Identification of safe and shortest route for evacuation. Regarding 
which the research question is: Which parameters influence safe zones and routes the most? Do 
they have an interaction? If so, which? And is the evacuation tool satisfactory for this district? 
For delineation of  evacuation route four parameters were taken into consideration: shelter 
location, flood depth, landuse and slope. The method used to forecast evacuation times such as 
full scale trials, calculations is based on the flow of persons (hydraulic models) or evacuation 
simulation. The prominent input for route deliniation for flood found to be the flood depth 

10.2 People Perception about Flood: 
• In the years of floods the winter crop gives a better yield. 
• Bearing loss is the most common community response. 
• Family tie, affinity to ancestral property, inherited ownership with anticipated benefit 

from medium and low floods prevent them to permanently shift to safer grounds. 
• The community attitude towards hazards is affecting the standard of living more then 

the hazard itself. As the community attitude has became more negative i.e. they have 
stopped working hard, as flood has became yearly phenomenon. As flood destroy all 
there assets so they no more want to fight against it but have accepted to live with it. 

• The government help provided was very less amount to the households which are 
fully collapsed in 2006 i.e. for type IV relief provided is only Rs800 for full collapse 
houses. Whereas reconstruction cost for type IV house is around Rs10000 (acc to 
field interview). 

 

10.3 Contribution of this research: 
The research provides contribution as under: 

• The results of this research especially the methodology of estimating the damage can be 
used to estimate overall damage caused by flood in coming years. 

• Vulnerability assessment of structural type of buildings; agriculture crops i.e. rice and 
jute; and road types can be used for estimation of damage and risk calculation in future in 
similar type of study area. 

• The evacuation route tool can help to find and demarcate the evacuation routes in the 
study area and can also be used for other areas if essential inputs are available.   



Flood Damage Assessment and identification of safe routes for evacuation using a Micro-level approach in part of 
Birupa river basin, Orissa, India 

 

 - 126 - 

10.4 Research Limitation: 
This study has encountered following limitations: 

1. Due to absence of Radarsat images of dates of peak flood the actual flooded area 
delineation was difficult.  

2. The Highest flood level is only available at only one Gauge station which posses 
difficulty in estimating actual the flood depth. 

3. In some cases there was biasness in the response of people which poses limitation.  
 

10.5 Recommendations for Orissa State Disaster management: 
There are many recommendations which if followed can decrease the vulnerability of the area: 

• The houses which get collapsed during the flood must be given full reconstruction cost. 
As, the relief amount is not equal to the reconstruction cost. Maximum Rs1000 are 
provided to the collapsed houses where as the reconstruction cost comes at least Rs8000. 

• The landfill or land elevation is considered one of the cheapest ways to mitigate the flood 
problem. This measure can also be used to decrease the vulnerability of structural type 
IV, III, IIB.  

• There are roads and houses constructed on the dikes which are not stable (made of mud, 
stone etc). So, while starting the construction these places must be prohibited. 

• Jute crop cultivation must be increased as it is less vulnerable to flood. 
• The new structures can be built according to the vulnerability, and local population can 

understand there house vulnerability and can think of decreasing it. 

10.6 Future scope of Research: 
Recommendations for further research are as follows: 

• For further study this research can be done risk assessment. But for risk assessment the 
quantification of the damage must be done for at least three flood durations, so that 
damage–probability curves for at least three events with different return period (e.g. 5, 10 
, 100 etc.) should be considered. 

• For further vulnerability assessment and risk assessment, age of buildings and flood 
velocity should be considered. Moreover, using flow velocity, depth-duration and 
damage, flood loss estimation model can be done, such as ‘HEC-FDA’ (An integrated 
software for flood damage analysis).  

• Using the results of evacuation route research can be done on coping mechanism, and 
finding the routes for whole flood prone area. 
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Appendix: 
Appendix 1: The Detailed Accuracy report for DEM generated from Cartosat-I 
Adjustment Report With OrthoBASE 
                     Output image units: pixels  
                     Output ground units: degrees 
                     Output z units: meters 
Calculated ground x, y and z coordinates: degrees meters 
 type     pid       ground_x         ground_y         ground_z 
 gcp        1      86.16035452      20.66741826     -50.84774926 
 gcp        2      86.08992261      20.63124152     -45.60968034 
 gcp        3      86.14698810      20.75272707     -41.93419642 
 gcp        4      86.32621844      20.70895098     -58.57949093 
 gcp        5      86.32032292      20.55572628     -76.26079088 
 tie        8      86.35489703      20.74733719     -63.63237288 
 tie       12      86.29893017      20.71829476     -61.48680279 
 tie       13      86.15146583      20.73285132     -42.66118484 
 tie       14      86.15580374      20.74254205     -41.04155700 
 tie       15      86.18658884      20.73123086     -51.03648892 
 tie       16      86.20404900      20.73315119     -43.13999545 
 tie       17      86.19826877      20.72423825     -52.00769057 
 tie       18      86.29580066      20.70525431     -57.71264376 
 tie       19      86.24543039      20.71189319     -50.24956499 
 tie       20      86.34733234      20.69089705     -60.94322199 
 tie       21      86.34925440      20.69013613     -63.40500888 
 tie       22      86.13038457      20.68961104     -41.37553741 
 tie       23      86.28762933      20.66083419     -62.58328514 
 tie       24      86.13214436      20.68491618     -45.19873771 
 tie       25      86.13298794      20.68028260     -42.12867957 
 tie       26      86.13362930      20.67925376     -45.99623862 
 tie       27      86.14573643      20.67745828     -49.05573432 
 tie       28      86.18376887      20.67164819     -57.76871992 
 tie       29      86.19277906      20.67447590     -51.44410866 
 tie       30      86.27914714      20.65393320     -66.20570285 
 tie       31      86.29315346      20.65194855     -64.16485452 
 tie       32      86.33975229      20.64326258     -68.91182562 
 tie       33      86.13263301      20.67420997     -46.09015317 
 tie       34      86.17301015      20.62295506     -59.11187058 
 tie       35      86.18136417      20.62361074     -57.05562714 
 tie       36      86.18138208      20.62212809     -57.54689224 
 tie       37      86.23881281      20.61408158     -62.11853621 
 tie       38      86.28601327      20.60523359     -67.70292390 
 tie       39      86.11427370      20.62864417     -50.51236520 
 tie       40      86.11507228      20.62723430     -49.80965137 
 tie       41      86.17140301      20.61803326     -57.70857766 
 tie       42      86.18135203      20.61548811     -57.56963603 
 tie       43      86.22521340      20.60926120     -63.58665965 
 tie       44      86.23044175      20.60889202     -63.57634828 
 tie       45      86.27978395      20.60021735     -65.99076995 
 tie       47      86.11908644      20.58262091     -54.00533106 
 tie       48      86.11144017      20.57934467     -50.73301041 
 tie       49      86.17789440      20.56453251     -65.65634861 
 tie       50      86.26057663      20.55202660     -69.77829365 
 tie       51      86.27042733      20.55387547     -69.15264022 
 tie       52      86.27922133      20.55351443     -72.88885184 
 tie       54      86.10729874      20.52846455     -59.51282022 
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 tie       56      86.26456886      20.50875257     -77.31388243 
 tie       57      86.10129407      20.52822506     -59.22501477 
 tie       58      86.10074352      20.52732948     -59.29062500 
 tie       59      86.10890092      20.52580625     -60.25612580 
 tie       60      86.26096151      20.50354235     -79.41750380 
 tie       61      86.27019800      20.50278871     -77.18259443 
 
Control and check point residuals:degrees meters 
 type     pid      residual_x       residual_y       residual_z 
 gcp        1      -0.00816943      -0.00750150 
 gcp        2      -0.00000008       0.00000006      -0.01758034 
 gcp        3      -0.00877609      -0.00817490 
 gcp        4      -0.00008502      -0.00008010 
 gcp        5       0.00000004      -0.00000002 
 
 
               Image point residuals: 
   imgid     pid      residual_x       residual_y 
       1       1          0.0000           0.0000 
       1       2          0.8838          -1.2351 
       1       3          0.0000           0.0000 
       1       4          0.0000           0.0000 
       1       5          0.0000           0.0000 
       1       8         -0.7027           1.1553 
       1      12          0.6664          -0.9714 
       1      13         -0.6403           0.7790 
       1      14         -0.4874           0.8085 
       1      15          0.2126          -0.3500 
       1      16          0.6994          -0.8114 
       1      17          0.4258          -0.6320 
       1      18          0.5662          -0.8486 
       1      19          0.7842          -1.1780 
       1      20         -0.4571           0.6959 
       1      21         -0.6524           0.7669 
       1      22         -0.3712           0.4290 
       1      23          0.2762          -0.4952 
       1      24         -0.3073           0.3351 
       1      25         -0.0932           0.2685 
       1      26         -0.1261           0.2499 
       1      27         -0.2459           0.1682 
       1      28          0.1851          -0.0810 
       1      29          0.2356          -0.1833 
       1      30          0.2560          -0.4463 
       1      31          0.2490          -0.4400 
       1      32          0.1258          -0.2343 
       1      33         -0.2004           0.1832 
       1      34         -0.4625           0.4272 
       1      35         -0.2087           0.4648 
       1      36         -0.3624           0.4790 
       1      37         -0.2415           0.2945 
       1      38          0.3042          -0.3633 
       1      39          0.1952          -0.4836 
       1      40          0.4536          -0.4552 
       1      41         -0.2405           0.5010 
       1      42         -0.4358           0.5845 
       1      43         -0.3243           0.5122 
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       1      44         -0.3590           0.4602 
       1      45          0.1813          -0.2538 
       1      47          0.1166          -0.2111 
       1      48          0.5731          -0.5032 
       1      49         -1.1772           1.5009 
       1      50         -0.2025           0.3010 
       1      51          0.1381          -0.0790 
       1      52          0.5841          -0.4401 
       1      54         -0.0909           0.0824 
       1      56         -0.1197          -0.0375 
       1      57          0.1913          -0.3155 
       1      58          0.2132          -0.3331 
       1      59         -0.2210           0.2489 
       1      60         -0.2747           0.1634 
       1      61          0.4323          -0.4530 
      Ax=-0.0010  Ay=0.0005  Mx=0.4158  My=0.5567 
       2       1          0.0000           0.0000 
       2       2          0.8351          -1.2239 
       2       3          0.0000           0.0000 
       2       4          0.0000           0.0000 
       2       5          0.0000           0.0000 
       2       8         -0.8786           1.1360 
       2      12          0.6816          -0.9728 
       2      13         -0.4551           0.7833 
       2      14         -0.6254           0.8044 
       2      15          0.2670          -0.3467 
       2      16          0.4428          -0.8151 
       2      17          0.4478          -0.6297 
       2      18          0.6087          -0.8480 
       2      19          0.8438          -1.1734 
       2      20         -0.5012           0.6881 
       2      21         -0.4257           0.7675 
       2      22         -0.2315           0.4292 
       2      23          0.3994          -0.4874 
       2      24         -0.1654           0.3359 
       2      25         -0.2596           0.2545 
       2      26         -0.2083           0.2401 
       2      27         -0.0010           0.1721 
       2      28         -0.0486          -0.0960 
       2      29          0.0386          -0.1950 
       2      30          0.3538          -0.4394 
       2      31          0.3509          -0.4318 
       2      32          0.1885          -0.2239 
       2      33         -0.0615           0.1846 
       2      34         -0.1592           0.4417 
       2      35         -0.4065           0.4433 
       2      36         -0.2977           0.4728 
       2      37         -0.1731           0.2972 
       2      38          0.2037          -0.3617 
       2      39          0.4502          -0.4668 
       2      40          0.2026          -0.4702 
       2      41         -0.4330           0.4839 
       2      42         -0.3616           0.5723 
       2      43         -0.3788           0.5051 
       2      44         -0.2850           0.4616 
       2      45          0.1668          -0.2482 
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       2      47          0.1688          -0.2062 
       2      48          0.1650          -0.5300 
       2      49         -0.9252           1.5054 
       2      50         -0.2165           0.2973 
       2      51         -0.0184          -0.0883 
       2      52          0.0710          -0.4714 
       2      54         -0.0357           0.0868 
       2      56          0.1373          -0.0051 
       2      57          0.2285          -0.3067 
       2      58          0.2323          -0.3256 
       2      59         -0.2180           0.2659 
       2      60          0.0176           0.1866 
       2      61          0.2195          -0.4670 
      Ax=-0.0009  Ay=-0.0003  Mx=0.3764  My=0.5552 
      Total unit weight RMSE = 0.9658 
 
Image accuracy for control and check points for each scene: 
 image id 1: 
     pid  type    image_x       image_y       residual_x    residual_y 
       2  gcp      789.4233     7362.3076        0.8838       -1.2351 
    RMS Errors for     1 GCPs:    x:       0.8838 
                                  y:       1.2351 
                              total:       1.5188 
 image id 2: 
     pid  type    image_x       image_y       residual_x    residual_y 
       2  gcp     1226.3405     7343.4232        0.8351       -1.2239 
    RMS Errors for     1 GCPs:    x:       0.8351 
                                  y:       1.2239 
                              total:       1.4817 
 
Summary RMSE for GCPs and CHKs (number of observations in parenthesis): 
                  Control                  Check 
    Ground X:     0.0053622  (5)              0.0000000 (0) 
    Ground Y:     0.0049620  (5)              0.0000000 (0) 
    Ground Z:     0.0175803  (1)              0.0000000 (0) 
    Image  X:     0.8598025  (2)              0.0000000 (0) 
    Image  Y:     1.2295343  (2)              0.0000000 (0) 
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Appendix 2: Questionnaire  for flood vulnerability assessment and shelter location. 
  General information Family members 

  Personal profile of the respondent 
Number & 

occupation(agri,service,buss,edu) 

  
Name of 
village              

Name of 
the 
respondent Sex           Age         Education Profession caste 0-15 15-30 30-50 

50 & 
above 

plot1                       

plot2                       

plot3                       

 
 
Flood occurrence characteristics 
 

Height of water level 
What was the cause of max 
flood 

ankle knee full 
leg 

chest neck head … 
(m) 

Time 
duration for 
max flood to 
occur 

How 
long the 
flood 
stayed 

rain river breach 

                        
                        
                        
                        

 
  Evacuation characteristics 

  
Evacuation 
occurred 

Routes of 
evacuation  

marked safe 
zones 
(name) Warning methods  Government help 

  

yes no 
  

T
V 

radio sms  army  P
A 

Other
…… 

food reconstructi
on 

Evacuation 
camps 

Medical 
facility 

plot1                             

plot2                             

plot3                             

 
Damage to population:*Cholera=C,  Dysentery=D, Malaria=M 

Death due to flood Disease due to flood 

Age sex Age sex 

 

Number 
of 

members 
affected 

0-
15 

15-
50 

50-
above M F 

0-
15 

15-
50 

50-
above M F 

Cost 
of 

cure 
Domino 
effect* 

plot1              

plot2              
plot3              

 
plot1 Damage to  buildings 
plot2 Damage and cost of repair of building  in terms of percentage & rupees: 

plot3 Items 

plot4 Floor Wall Door Window Other items Water Depth 
Percentage 

damage Cost of repair 

plot5         

plot6         
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  Type 

  Residential shop 
  

industry School recreation workshop Other 

plot1        

plot2        
plot3        

 
 Roof material 

 clay cement straw slates asbestos plastic metal wood Glass rock mud Other… 

Height 
from 
street(m) 

plot1                           
plot2                           
Plot3                           

 
 
 
 floor material Wall material 

 cement 
tile or 
marble wood soil Other 

ply 
wood wood bamboo Brick RCC 

Press 
Cement mix Other… 

1              
2              
3              
4              

 
 
 
 Number of floor 

 
Ground 
floor 1 floor 

2 
floor 

3 
floor ….other 

Number 
of 
opening 

Height 
of 1st 
floor(M) 

Height 
from 
surface(m) 

1         
2         
3         
4         
5         
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Appendix 3: Some examples of the Data Base for foot print map 
 
 

Id village_na vulnerbili height_cm floor roof wall MAX_FLOOD 
Time 
duration 

CAUSE 
FLOOD 

Evacuation 
occur 

1730 Dharamdaspur 100 122 Brick Asbestos Brick 3 6 river yes 
2298 Gunupur 30 122 Cement Asbestos Cement 0 0     
2307 Dharamdaspur 30 122 Cement Cement Cement 2 7 river no 
944 malikapur 100 122 soil Straw mud 5 12 river no 

1161 jaypur 70 122 Wood Straw Wood 0 0     
1592 benipur 80 122 soil Straw mud 5 15 river yes 
1714 madhupur 100 122 Wood Straw Wood 5 15 river   
4405 khariangapatana 100 122 soil Straw mud 5 12 river no 
4459 khariangapatana 100 122 soil Straw mud 7 15 river yes 
4465 khariangapatana 80 122 soil Straw mud 6 15 river yes 
4534 gaurpatana 20 122 Cement Cement Brick 8 12 river no 
4564 surkhadeipur 100 122 soil Straw mud 7 15 river yes 
4565 surkhadeipur 100 122 soil Straw mud 7 15 river yes 
4567 surkhadeipur 100 122 soil Straw mud 5 15 river yes 
4568 surkhadeipur 85 122 soil Straw mud 6 15 river yes 
4569 surkhadeipur 100 122 soil Straw mud 6 15 river yes 
675 Kotapada 80 122 soil Straw mud 2 6 river no 

3078 Gopalapur 30 122 Cement Cement Cement 2 7 river no 
3939 Daulatpur 80 122 Wood Straw Wood 0 0     
4669 padamilapur 75 122 soil Straw mud 6 14 river yes 
2287 Dharamdaspur 70 92 Wood Straw Wood 0 0     
2299 Dharamdaspur 65 92 soil Straw mud 8 5 river no 
2311 Dharamdaspur 100 92 soil Straw mud 5 12 river no 
1657 madhupur 20 92 Cement Cement Brick 5 8 river no 
1745 madhupur 60 92 Cement Straw mud 5 8 river yes 
1764 madhupur 30 92 Cement Asbestos Brick 5 8 river yes 
4060 nauhat  50 92 Wood Straw Wood 0 0     
4410 khariangapatana 100 92 soil Straw Brick 3 6 river yes 
4460 khariangapatana 100 92 soil Straw mud 5 12 river no 
4492 gaurpatana 100 92 soil Straw mud 7 15 river yes 
4505 gaurpatana 100 92 soil Straw mud 6 14 river yes 
4566 surkhadeipur 75 92 soil Straw mud 5 15 river yes 
4570 surkhadeipur 70 92 soil Straw mud 7 15 river yes 
4645 padamilapur 65 92 soil Straw mud 7 15 river yes 
514 arilogram 20 92 Cement Cement Cement 7 15 river no 

4643 padamilapur 100 92 soil Straw mud 6 14 river yes 
4653 padamilapur 100 92 soil Straw mud 6 14 river yes 
4666 padamilapur 100 92 soil Straw mud 7 15 river yes 
2312 Gunupur 20 61 Cement Cement Brick 8 5 river no 

 
 
Note: 
Max_flood: Maximum duration of highest flood inside the house 
Vulnerability: vulnerability in Percent 
Height_cm: height of flood inside the house in cm 
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Id 
Evacuation 
location 

Name of 
respondant sex age profession 0_15member 15_30member 30_50member 50above  cost_cure 

1730 
near by 
house chandra mani M 30 server 0 4 2 0 100 

2298       0   0 0 0 0 0 

2307   gopinath M 48 agri 1 2 3 0 0 

944   vijay nayak M 56 agri 4 2 2 1 250 

1161       0   0 0 0 0 0 

1592 college pradeep M 25 labour 3 2 3 0 400 

1714   cattergi M 24 
shop 
keeper 2 1 2 1 200 

4405   vijay nayak M 56 agri 4 2 2 1 250 

4459 

shifted to 
near by the 
village kmal nath M 27 labour 1 2 1 0 0 

4465 highway prubesh nath M 63 labour 5 0 2 0 100 

4534   sirtharpur  M 45 labour 2 1 1 0 0 

4564 

shifted to 
near by the 
village kamanjain  M 27 labour 1 2 1 0 0 

4565 school roof mohinder M 50 labour 2 0 2 0 0 

4567 temple humaisha M 35 agri 2 2 2 0 0 

4568 highway vadhamahrau M 70 service 5 0 1 0 200 

4569 highway sabualman M 63 labour 5 0 2 0 100 

675   laknathivishal M 60 agri 3 4 5 0 200 

3078   gopinath M 48 agri 1 2 3 0 0 

3939       0   0 0 0 0 0 

4669 highway diknadas M 42 mr 0 3 4 0 300 

2287       0   0 0 0 0 0 

2299   rehun nath M 56 agri 3 1 3 3 200 

2311   
kunuamal 
jama M 33 agri 0 3 2 0 200 

1657   gopi mishra M 45 bussiness 3 2 2 5 300 

1745 godown banchidha M 40 agri 1 2 3 1 4000 

1764 
near by 
house umakant M 28 agri 1 8 1 0 0 

4060       0   0 0 0 0 0 

4410 
near by 
house chadu nath M 30 server 0 4 2 0 100 

4460   
kunuamal 
jama M 33 agri 0 3 2 0 200 

4492 
near by 
house satanam M 47 labour 2 0 2 0 400 

4505 highway balacandan M 42 mr 0 3 4 0 300 

4566 temple kartiksur M 50 agri 4 2 3 0 0 

4570 

shifted to 
near by the 
village nrotomdas M 27 labour 1 2 1 0 0 

4645 
near by 
house satanam M 47 labour 2 0 2 0 400 

514   vijay das M 50 house wife 4 4 5 1 400 

4643 highway maheshwar M 24 agri 1 0 4 0 0 

4653 highway basundnayak M 35 agri 0 0 3 1 400 

4666 
near by 
house satanam M 47 labour 2 0 2 0 400 
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Id 
Floor 
damage  

Wall 
damage 

Roof 
damage No floor education Food help 

Construction 
help 

1730 full full all full 1 5 rice 0 

2298 half     1     0 

2307 half     1 8 rice 0 

944 full full full 1 7   0 

1161 half full 1   0     0 

1592 half full 2   1 5 rice 400 

1714 full full full 2 12 rice 0 

4405 full full full 1 7   0 

4459 full full full 1 4 rice 400 

4465 full half   1 8 rice 0 

4534 half     1 5   0 

4564 full full full 1 4 rice 400 

4565 full full full 1 0 rice 800 

4567 full full full 1 0 rice 200 

4568 full half 2   1 7 rice 0 

4569 full full full 1 8 rice 0 

675 full full 2   1 7 rice 0 

3078 full full 3   1 8 rice 0 

3939 half     0     0 

4669 half full 2   1 14 rice 0 

2287 half full 2   0     0 

2299 half full 1   1 5   0 

2311 full full full 1 6   0 

1657   half   1 5   0 

1745   full   1 5 rice 400 

1764   half roof c 1 5 rice 1000 

4060 half half   1     0 

4410 full full full 1 5 rice 0 

4460 full full full 1 6   0 

4492 full full full 1 14 rice 400 

4505 full full full 1 14 rice 0 

4566 full half1   1 0 rice 400 

4570 full half2   1 4 rice 400 

4645 full half   1 14 rice 400 

 
 
 
 
 
 
 
 
 



Flood Damage Assessment and identification of safe routes for evacuation using a Micro-level approach in part of 
Birupa river basin, Orissa, India 

 

 - 141 - 

 

Id 
Disease 
adult 

Disease 
child 

Repair 
cost 

Building 
type  

Material 
loss Survey type Structural type  

1730 0 1 19000 Residential 0 Interviewed building TYPE IIB 

2298 0 0 0 Residential 0 Identified buildings TYPE I 

2307 0 0 4000 Residential 0 Interviewed building TYPE I 

944 0 2 1000 Residential 0 Interviewed building TYPE IV 

1161 0 0 0   0 Identified buildings TYPE III 

1592 0 2 2000 Residential 0 Interviewed building TYPE IV 

1714 0 1 200 shop 1000 Interviewed building TYPE III 

4405 0 2 1000 Residential 0 Interviewed building TYPE IV 

4459 0 0 4000 Residential 0 Interviewed building TYPE IV 

4465 0 1 5000 Residential 0 Interviewed building TYPE IV 

4534 0 0 0 Residential 0 Identified buildings TYPE I 

4564 0 0 4000 Residential 0 Interviewed building TYPE IV 

4565 0 0 2000 Residential 0 Interviewed building TYPE IV 

4567 0 0 8000 Residential 0 Interviewed building TYPE IV 

4568 0 1 7000 Residential 0 Interviewed building TYPE IV 

4569 0 1 5000 Residential 0 Interviewed building TYPE IV 

675 0 1 10000 Residential 0 Interviewed building TYPE IV 

3078 0 0 4000 Residential 0 Interviewed building TYPE I 

3939 0 0 0   0 Identified buildings TYPE III 

4669 0 3 8000 Residential 0 Interviewed building TYPE IV 

2287 0 0 0   0 Identified buildings TYPE III 

2299 0 1 500 Residential 0 Interviewed building TYPE IV 

2311 0 1 0 Residential 0 Interviewed building TYPE IV 

1657 0 1 500 workshop 0 Interviewed building TYPE I 

1745 0 2 3000 Residential 0 Interviewed building TYPE IIB 

1764 0 0 4000 Residential 0 Interviewed building TYPE IIA 

4060 0 0 0 shop 0 Identified buildings TYPE III 

4410 0 1 19000 Asbestos 0 Interviewed building TYPE IIB 

4460 0 1 0 Residential 0 Identified buildings TYPE IV 

4492 1 1 6000 Residential 0 Interviewed building TYPE IV 

4505 0 3 8000 Residential 0 Interviewed building TYPE IV 

4566 0 0 5000 Residential 0 Interviewed building TYPE IV 

4570 0 0 4000 Residential 0 Interviewed building TYPE IV 

4645 1 1 6000 Residential 0 Interviewed building TYPE IV 

514 1 1 6000 Residential 0 Interviewed building TYPE I 

4643 0 0 5000 Residential 0 Interviewed building TYPE IV 

4653 0 5 5000 Residential 0 Interviewed building TYPE IV 

4666 1 1 6000 Residential 0 Interviewed building TYPE IV 
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Crop type Id 

10 
days 
water 
depth 

17 days 
water 
depth 

27 days 
water 
depth 

10 days 
damage 

17 days 
damage 

27 days 
damage village 

Rice 1 1 2 0 0.30 0.75 0.00 sahapur 
Rice 2 3 4 4 0.25 0.65 1.00 arilogram 
Rice 3 0 0 0 0.00 0.00 0.00 sahapur 
Rice 4 0 0 0 0.00 0.00 0.00 sahapur 
Rice 5 1 2 0 0.20 0.60 0.00 sankhapur 
Rice 6 0 0 0 0.00 0.00 0.00 nandkishanpur 
Rice 7 1 2 0 0.15 0.40 0.00 kuhunda 
Rice 9 3 4 4 0.40 0.80 1.00 kuhunda 
Rice 11 2 3 4 0.40 0.90 1.00 dhaulla  
Rice 12 2 3 4 0.30 0.70 1.00 dhaulla  
Rice 13 4 5 6 0.40 1.00 1.00 alarpur 
Rice 16 0 0 0 0.00 0.00 0.00 madhupur 
Rice 17 0 0 0 0.00 0.00 0.00 madhupur 
Rice 23 1 2 2 0.15 0.30 0.70 ghusian 
Rice 24 5 6 6 0.60 1.00 1.00 bhakur 
Rice 25 0 0 0 0.00 0.00 0.00 dobandia  
Rice 26 3 4 4 0.50 0.90 1.00 gopalpur 
Rice 27 2 3 4 0.40 0.60 0.80 baratha 
Rice 28 3 4 4 0.35 0.70 0.90 daulatpur 
Rice 29 0 0 0 0.00 0.00 0.00 nauhat 
Rice 30 0 0 0 0.00 0.00 0.00 kundal 
Rice 31 0 0 0 0.00 0.00 0.00 kundal 
Rice 32 0 0 0 0.00 0.00 0.00 sukhadeipur 
Jute 8 1 2 2 0.15 0.60 0.80 dhaullia  
Jute 10 2 3 4 0.30 0.40 0.90 dhaulla  
Jute 14 4 5 6 0.30 0.70 1.00 dharamdaspur 
Jute 15 4 5 6 0.45 0.80 1.00 dharamdaspur 
Jute 18 4 5 6 0.30 0.65 1.00 hasandia  
Jute 19 6 7 8 0.40 0.70 1.00 sipura 
Jute 20 5 6 6 0.30 0.70 0.80 dharamdaspur 
Jute 21 6 7 8 0.45 1.00 1.00 sipura 
Jute 22 7 8 8 0.50 0.70 1.00 sipura 
Jute 33 0 0 0 0.00 0.00 0.00 sukhadeipur 
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Appendix 4: Standard Package value in practice (agriculture) of 2006: 
 
Rice 1 hectare =35 quintals, 1 quintal =550 Rs 
 
Jute 1 hectare= 13 quintals, 1 quintal =900 Rs 
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Appendix 5: Flood level information collected form secondary source (examples). 
 

 2006  
Dates Highest flood level in meters Ganguti river Danger Level 

22-Jul 6 10.2 
23-Jul 7 10.2 
24-Jul 7 10.2 
25-Jul 7 10.2 
26-Jul 7.5 10.2 
27-Jul 7.5 10.2 
28-Jul 7.5 10.2 
29-Jul 8 10.2 
30-Jul 8.7 10.2 
31-Jul 8.8 10.2 
1-Aug 8.8 10.2 
2-Aug 9.1 10.2 
3-Aug 10.1 10.2 
4-Aug 10.05 10.2 
5-Aug 9.35 10.2 
6-Aug 9.3 10.2 
7-Aug 9.25 10.2 
8-Aug 9.2 10.2 
9-Aug 9.1 10.2 

10-Aug 9.1 10.2 
11-Aug 8 10.2 
12-Aug 7 10.2 
13-Aug 8 10.2 
14-Aug 10.1 10.2 
15-Aug 10.7 10.2 
16-Aug 9.8 10.2 
17-Aug 9.7 10.2 
18-Aug 9.6 10.2 
19-Aug 9.6 10.2 
20-Aug 9.65 10.2 
21-Aug 9.65 10.2 
22-Aug 9.8 10.2 
23-Aug 10.8 10.2 
24-Aug 11.2 10.2 
25-Aug 11.5 10.2 
26-Aug 11.2 10.2 
27-Aug 10.7 10.2 
28-Aug 9.9 10.2 
29-Aug 10.5 10.2 
30-Aug 10.8 10.2 
31-Aug 11.35 10.2 

1-Sep 11.7 10.2 
2-Sep 11.95 10.2 
3-Sep 11.7 10.2 
4-Sep 11.6 10.2 
5-Sep 11.6 10.2 
6-Sep 11.4 10.2 
7-Sep 11.3 10.2 
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Appendix 6: Examples of Secondary source information. 
 
 

Crop Damage  
Block 
names 

Name of 
villages 

Total 
cultivated 
area 

Area 
submerged 

less that 
50% 

50% -
75% 

More than 
75% 

No of 
family 
affected 

Amount 
Required 

Mehanga Madhupur 2270000 120000 10000 95000 15000 220000 216700 
Mehanga Dobandhia 1800000 30000 5000 5000 20000 160000 117600 
Mehanga Benipur 1470000 90000 5000 70000 15000 140000 137200 
Mehanga Jaypur 390000 40000 5000 30000 5000 220000 216700 
Mehanga Sahapur 1290000 100000 10000 80000 10000 100000 98500 
Mehanga Mallikpur 890000 30000 5000 20000 5000 180000 177300 
Mehanga Banagaria 960000 170000 10000 140000 2000 120000 127200 
Mehanga Sankhapur 780000 60000 5000 35000 20000 80000 84000 
Mehanga Dhaulia 830000 30000 5000 15000 10000 80000 83400 
Mehanga Koliatha 3480000 150000 20000 110000 20000 170000 229500 
Mehanga basudevpur 1500000 380000 10000 320000 50000 230000 226500 
Mehanga Baratha 1680000 260000 10000 210000 40000 220000 216700 
Mehanga Mohanpur 640000 20000 5000 10000 5000 170000 167500 
Mehanga Alinagar 910000 20000 5000 10000 5000 290000 232000 
Mehanga Sipura 1830000 780000 25000 565000 190000 650000 640250 
Mehanga Mulabasant 1860000 280000 5000 175000 100000 420000 413700 
Mehanga Gunupur 440000 120000 5000 75000 40000 120000 108000 
Mehanga Gopalpur 660000 60000 5000 45000 10000 110000 108350 
Mehanga dhanaigand 440000 40000 5000 25000 10000 110000 108350 
Mehanga Dharamdaspur 670000 90000 5000 75000 10000 140000 137900 

 
 
 
 


