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Abstract

Storm protection isan important regul ating service provided by mangrove forests because
they can shield inland property and lives during tropical cyclones. Theoretical aswell as
empirical research showsthat mangroves provide protection from storm surge. But whether
mangroves protect inland static property during stormsislessexplored. Thispaper estimates
the storm protection benefits due to mangroves during the super cyclone of 1999 in Orissa.
By combining Gl Sdatawith censusinformation, the paper examinesthe mangrove mediated
effectsonresidential property inthe Kendrapadadistrict of Orissa. Theanaysessuggest that
the percentage of fully collapsed housesin the study areawould have increased by 23%
without the benefit of mangrove protection. Onthe other hand, if the mangrove cover had
remained at thelevel that it had been in the 1950s, the areawould not have suffered any fully
collgpsed housesat dl. Thetotd protection benefitsof mangrovesintermsof averted damages
toresidentia property in Kendrapadaare estimated to be INR 592,647,800 (USD 14, 110,
662). Thissuggeststhat mangroveforestsprovided protection benefitsto housesto the extent
of INR 975, 800 (USD 23,233) per km width of forests or INR 51,168 (USD 1218) per
hectare of forests. Thus, policy makersneed to take mangrove conservation and re-planting
into account in planning for tropica storms, which areexpected toincreasewith globd warming.

Key Words. Averted damages, Mangroves, Storm Protection, Wind damages, Property
loss, Orissa
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Can MangrovesMinimizeProperty L ossduring Big Storms?
AnAnalysisof House Damageduetothe Super Cyclonein Orissa

Saudamini Das

1. Introduction

Mangrove forests provide a range of ecosystem services to humans (Dixon, et al., 1994,
MEA, 2003). Among these services, storm protection remains one of the most important
regulating services provided by mangroves. During storms, mangroves provide protection
to inland properties and lives by reducing wind and storm surge velocity. Given recent
increases in the frequency of cyclones and the fear of further increases in frequency and
intensity dueto climate change (Steffen, 2006), research into and quantification of the storm
protection function of mangroves becomesimportant.

Since the Indian Ocean Tsunami of December 2004, the protection services of coasta
forestshave beeninthelimelight. Though someanecdotal reportsand studies have concluded
that the presence of mangrovesreduced the extent of tsunami damage (UNER, 2005; Daniel son
et al., 2005; Kathiresan and Rajendran, 2005; Dahdouh-Guebas et al., 2006), critics have
questioned their validity citing limited sample size and inappropriate statistical analysis
(Kerr et al., 2006; Baird, 2006). Some researchers, on the other hand, have seen the
coastal forests as playing either amarginal or no role in containing tsunami damages and
have underscored the need for clearer answers (Kerr and Baird, 2007; Chatenou and Peduzzi,
2007; Cochard, R. et al., 2008). Theoreticaly, it is well established that mangroves can
reduce cyclone impact by dissipating wave energy (Mazdaet al., 1997, 2006; Brinkman et
al., 1997; Massd et al., 1999; Hamza et al., 1999; Harada and Imamura, 2005; Quartel et
al., 2007). But thereislittle in the way of detailed empirical work (Khazai et al., 2007).
Moreover, few studies examine whether mangroves provide protection from wind vel ocity.
Our paper attempts a detailed empirical analysis of the storm surge and wind protection
services of mangroveforestsof OrissaStatein Indiaduring the October 1999 Super Cyclone
by analyzing the damage to residential houses.

In October 1999, Orissawas battered by asuper cyclonewith alandfall wind velocity of 256
km per hour, heavy torrential rain ranging from 400 mm to 867mm, and astorm surge height of
approximately 7 metres. It devastated 12 of the 30 districts of the state and damaged nearly
19,58,351 resdentia housesin addition to causing numerous other damages (Guptaand Sharma,
2000).

The state government reported house damages after the Super Cycloneunder threedifferent
categories, namely, fully collgpsed houses (FC), partidly collapsed houses (PC) and swept away
houses(SA). FC and PC reflected the number of houses damaged by surge and wind whereas
SA housesweretheresult of flooding or storm surgerelated damages. Whilethe number of
damaged housesinthe state cameto 23,620 swept away, 7,46,322 fully collapsed, and 11,87,591
partially collapsed houses, the corresponding figuresfor Kendrapadadistrict cameto 2761,
45,834 and 1,32,981 respectively. Our study focuseson thefully collgpsed and partialy collapsed
house damages avoided or reduced in areas of Kendrapadathat mangroveswere ableto protect
against wind and surge.
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Cyclone-related damages are mediated by many factorsincluding cycloneintensity. Cyclone
intensity isreflected by wind vel ocity, velocity of storm surge and the quantum and duration
of torrentia rain. Factorslike elevation, topography, bathymetry, coastal distance, coastal
forests, economic and social relations, government efficiency, etc., also influence damage
occurrences. Thus, the coastal mangroveforest isonefactor among many that play adecisive
role in the damage that occurs. Consequently, data availability, control for other factors,
and an interdisciplinary approach are critical in understanding the specific role of coastal
forests.

Inthisstudy, we usean interdisciplinary model and villagelevel dataon house damages suffered
inthe Kendraparadistrict of the State of Orissain order to evaluatethe storm protection services
of mangroves. We offer an analysis of the protection offered to human life elsewhere (Das,
2007b). Weattempt aspatial anaysisof the damages by using detailed GI S and socio-economic
data of the affected areas and examine theroles of multiplefactorssimultaneously. Wefirst
estimate acyclone damage function and then cal cul ate avoided damages.

2. Studieson Valuing the Sorm Protection Role of Coastal Forests

Studies have seen the storm protection val ue of mangroves as equivalent to the construction
of aseawall at the coastline (Chan et al., 1993). But rigorous economic analyses of this
feature are rather limited. In recent years, a few studies have evaluated the protective
services of mangrovesusing three different approaches: avoided damages (val ue of damages
avoided due to mangrove presence); avoided expenditures (difference in expenditures
when it comes to the maintenance and repair of infrastructurein amangrove protected area
asopposed to an unprotected areq); or replacement costs (the cost of installing infrastructure
that can provide the same protective services as mangroves) (Badola and Hussain, 2005;

Tri et al., 1996; Sathirathai, 1998). In arecent study, Barbier (2007) has suggested the use
of the Expected Damage Function (EDF) to measure the storm protection value of coastal

wetlands. Though each of these methods has different advantages, more studies have used
the avoided damage approach comparatively speaking. The use of the avoided damages
approach to value storm protection began with Farber (1987), who modeled wind vel ocity and
valued the protection value of wetlands against wind damagesfrom hurricanes.

One well conceptualized study using the avoided damage method to evaluate the cyclone
protection services of mangrovesis by Badolaand Hussain (2005). Conducting a primary
survey for damagesin the aftermath of the Super Cyclone of October 1999, in Orissa, they
showed the damages per household to belessin avillage sheltered by mangroves as compared
to the damages per household in avillage with a dike nearby but without mangroves and a
village without either mangroves or dikes. Although the authors deserve credit for their
attempt to select villagesthat were similar except for the presence or absence of mangroves
and dikes, the attribution of the entire reduced damagesto the presence of mangroves seems
to be an overestimate given the economic and geographic heterogeneity of the villages
(Das, 2007b). In a more recent publication, Costanza et al. (2008) have also used this
approach to measurethevalue of coastal wetlandsfor hurricane protectioninthe USA.

Researchers have a so used the avoi ded damage approach to eval uate the protective role of
coastal forests during the Indian Ocean Tsunami of 2004 (K athiresan and Rajendran, 2005)
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athough others have questioned the accuracy of thestatistical analysesandfindings(Kerr et al.,
2006; Baird, 2006; Vermaat and Thampanya, 2006, 2007).

The present paper al so adoptsthe avoided damages method. This method takesinto account
the actual damages suffered in mangrove protected areas compared to damagesin areas not
protected by mangroves and hel psin estimating the volume of damagesthat are averted due
to mangrove presence or could have occurred if there had been no mangroves. The method
involves two steps where step 1 estimates a storm damage function linking damages to
possible explanatory variables and step 2 cal cul ates the avoided damages with the help of
themarginal effects. Thevalue of avoided damages being the value of storm protection, the
reliability of this measure is dependant on how accurately we account for all the potential
factorsthat might have an impact on the occurrence of storm damagesin the storm damage
function. Inflated storm protection values due to the omission of potential variablesin the
damage function could be aserious limitation of this methodol ogy.

Mangroves or other coastal barriers should never be considered the main decisive players
when analyzing the damages due to extreme events. Some of the other recognized important
factors are elevation, coastal distance and inundation distances (Bretschneider and Wybro,
1977; FAO, 2006; Baird, 2006; Chatenoux and Peduzzi, 2006, 2007; Dahdouh-Guebas et
al., 2006; Cochard et al., 2008). But scholars are yet to examine the role of economic,
sociological or hydrological variables in damage occurrence. Since every unit of analysis
(whether hamlet or household) that respondsto stormsis socio-economically heterogeneous,
ignoring this aspect will give biased estimates of the role of the coastal forests.

Our study, which eval uatesthe protectiverole of mangroveforestsin reducing house damage,
takes into consideration the roles played by socio-economic, geo-physical, and
meteorological factors such as village level wind velocity and sea elevation (i.e., storm
surge height) at different coastal pointsinimpacting cyclonic damage.

3. SudyArea

Thestudy areafor thisresearch isthe Kendrapadadistrict of the State of Orissain India. The
district has eight tahasils which are demographically not very different from each other.
Kendrapadaisthe most cyclone prone areain the I ndian peninsulaand experiences, on average,
onecycloneper year (Das, 2007a; IMD, 2000). Figure1 (a) showsthe position of Kendrapada
district inthe super cyclone structure while Figure 1(b) showsthelocation of the Kendrapada
district in cycloneaffected Orissa.

The landfall point of the Super Cyclone 1999 was at a place called Ersama lying 20 km
southwest of the Kendrapada district and the entire district was severely battered by both
cyclonic wind and rain. Four of the eight tahasils of the district were affected by storm
surge (Guptaand Sharma, 2000). The position of thedistrict wasto the north of thecycloneeye
track throughout the cycloneperiod. Thus, thewind direction wasfrom seato land throughout
the study areabecause cyclonic wind moves anti-clockwisein the northern hemisphere. This
provided agood opportunity to test thewind buffering capacity of themangroves.

In 1999, before the Super Cyclone hit the state, the Kendrapada district had 192 sg. km of
mangroveforests spread in two different blocks of thedistrict: onein Mahaka padatahasi| and
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theother in Rgjnagar tahasil. At both locations, mangroves spread continuoudy for morethan
20 km parallel to the coast but the width of theforest, spreading vertically to the coast, varied
from0.5kmto 10km at different places. Morethan 93 per cent of themangrovesweredensely
stocked (FSI, 2001) and well-protected. 80% of thetotal mangroveforestswerein Rajnagar
tahasil. Figure 2 (a) showsthe extent of mangrove presence in the Kendrapadadistrict and
adjoining areasin October 1999 beforethe Super Cyclone. Kendrapadadistrict also hasafew
patches of casuarinaplantation (of 0.2 to 0.4 km width) which were planted in 1974 under the
coastal shelterbelt plantation scheme of the state government. Theentire coastline of the study
areawas planted with casuarinatrees after avery severe cyclonic storm hit theareain theyear
1972. Casuarinasgrow on sandy beaches and on sand dunesthat are more elevated than areas
wheremangrovesgrow and do not get inundated during high tide. But sincethe coastline of the
study areawas mostly swampy and low lying, casuarinas could surviveonly inlimited pockets
(Mohanty, 1992) and, wherethey have survived, thewidth of theforest isnearly uniform (0.2to
0.4 km). Thewidth being uniform, we represent the casuarinas by adummy variablein our
model and expect the casurinadummy, to capturethe effect of the casuarinavegetation aswell as
the special topography of the casuarinaarea.

Figure 2 (b) presents a picture of the district and adjoining areasin 1950. This map shows
that 80% of the district’s 60 km long coastline was covered with mangrove forests of nearly
10 km width in the past. Different factors have led to the destruction of these forests over
time, but maximum destruction seems to have occurred between 1952 and 1980 (Orissa
Didtrict Gazetteer, 1996). 1952 was the year when ownership of these forests came to be
transferred from the zamindar s (the feudal land owners) to the state government while in
1980 the Wild Life Division Department was created by the state government and the
management of the mangrove forests came to be transferred to this divison. Most of the
forest was destroyed in the Mahakal pada tahasil where only a thin strand of mangroves
was left by 1999 when the Super Cyclone hit thearea (see Fig. 2 (@) below). Incontrast, the
destruction of mangrovesin Rajnagar tahasil was marginal. It may be that the presence of
ferociousanimals(crocodiles, for instance) intheseforest areas madethe conversion of forest to
other land usesdifficult initially when state protection wasinadequate. But the declaration of the
forest area as the Bhitarkanika Wild Life Sanctuary in 1975 and as a national park in 1988
ensured continued protection.

The study area has a high level of poverty. More than 50 percent of the population lives
below the poverty line. According to the report of the Census of India (2001), 94 percent of
the households in Kendrapada district live in rural areas. With regard to the quality of
housesin rural Kendrapada, the census figures show that only 10 percent of the households
have concrete roofs while only 17 percent have cemented walls. Of the 17 percent, only 2
percent have walls with concrete while the material used in the remaining 15 percent are
ether raw brick or mud. Thustheir capacity towithstand the Super Cycloneisdoubtful. Intuitively,
we expected at |east 98 percent of therural householdsto suffer someform of house damage
depending ontheimpact of the cycloneon their location.
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4. Methodology

In order to evaluate the storm protection services of mangroves, wefirst estimate acyclone
damagefunction using the damage datain physical units, then cal culatethe volume of avoided
damages dueto mangrove presencein step 2 and finally estimate the storm protection value by
valuing the avoided damages. During cyclones, theextent of damagein aparticular areadepends
ontheintensity of the cyclone (reflected in wind vel ocity and storm surge) aswell asonthe
physical and socio-economic features of the area. Physical featureslike the location of the
village vis-a-visthe coastline, the cyclone eye, the presence of mangroves or other cyclone
barriersetc., can help reducethecycloneimpact. Similarly, economicwell being and the strength
of thecommunity intermsof hel ping each other also influence the extent of damage. Thus, we
expect cyclone damages, including human casualtiesin any location, to depend on thewind
velocity, thevel ocity of storm surge water, the popul ation or property at risk, and other socio-
economic factorsof thelocation.! We present thisin thefollowing equation as

D, =d(V,,W,,R.S) (1)

wherei representsthelocation (villages),

D. isthedamagesuffered,

V., isvelocity of wind,

W, isvelocity of storm surgeor the severity of flooding dueto surge,
P, ispopulationor property at risk and,

S isthegroup of socio-economic factorsat thelocation

In order to estimate equation 1, we need data on damages suffered as well as al the other
independent variables. However, wehad no direct measuresof either V. and W at the different
locations. Wediscussbel ow how these variablesare approximated by taking into account their
determinants. Wea so discussthe socio-economic variables used.

4.1 Wind Veocity

The wind velocity (V) at a place depends on the approximate radial wind (RM) at the
location and other factors such as the minimum distance of the location from the coast line
(dcoast ) and thetype and the width of wind barriersnear thevillage (barrier,).

V, =Vv(RW,,dcoast, ,barrier,) @

1 The study ignores flooding due to torrential rain as a cause of damage since it rained almost the same
amount everywhere in the study area and there were no spatial differencesin rainfall over the locations.
Moreover, village-specific rainfall data was unavailable. As the variation in rainfall is expected to be
correlated with distance from coast and distance from cyclone path, we haveimplicitly controlled for it by
including these variables in the model.
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However, inorder to measureradid wind at aplace, weneed to understand itsvariousdeterminants.
Radid wind over alocation during atropical cyclonedepends a) onthe position of thelocation
vis-a-visthe horizonta structure of the cyclonethat consist of the eye, theeyewall, thewall
cloud, and the outer storm structure and b) the minimum distance of thelocation fromthe centre
of theeyeof thecyclone (dcypath). Areasunder thecycloneeyeandtheeyewall face maximum
wind (Vmax) whilewind velocity over other areas declineswith distance away from the center
of the eye or as dcypath, increases. Since meteorologists estimated the radius of the super
cycloneeyeto beapproximately 15 kilometres (IMD, 2000), we assumed theradial windto be
at its maximum in areas lying within a 15 km radius (dcypath, <=15) from the center of the
cycloneeyeinour analyses. With the help of meteorologists, we approximated theradia wind
for areaslying beyond a15 kmradius (dcypath, >15) by apower function (velocitypow) (Roy
Abraham et al., 1995).

Velocitypow, =V, _ (dcypath /R)™ (©)

where Ristheradiusof thecycloneeye (15 kminthe present case) and o wastaken as0.6 at
the suggestion of meteorologists.

The study areaisagricultural land with an average elevation lessthan 10 meters everywhere
(District Planning Map for Cuttack, Jajpur, K endrapadaand Jagatsinghpur of Orissa, 2000).
The only wind barriers are the coastal forests, i.e., the mangrove and casuarina plantations.
We represent mangroves asthe width of the forestsin km between the village and the coast.
Some coasta tracts also have casuarinaforests. Because thewidth of these planted casuarinasis
nearly uniform, we represent casuarinas by adummy variable, the casuarinadummy.

Thus, theactual wind velocity at theit" location isgiven by equation (4) below:

V.= v[V_ ifdcypath <15, velocitypow. if dcypath. > 15,
dcoast, mangrove, casuarinadumy) 4

Asthemode includesvariablesdcoast, and mangrove, it dsoimplicitly controlsfor thedistance
of avillagefromthe mangrove forest boundary that equalsdcoast —mangrove.

4.2 Velocity of Storm Surge (W)

Storm surgeistheabnormal rise of the sealevel inexcessof the predicted astronomical tide. It
ismainly dueto the atmospheric pressurevariation and the strong surfacewind of acyclone. We
note that sea elevation al so depends on other features of the cyclone aswell asthe physical
featuresof thecoastline. Dueto thesefeatures, acoasta point facing highwind may facelow sea
elevation or viceversa. We expect the velocity or severity of surgeat an interior location to
depend onthelevel of seaelevation (surge) facing that location and physical features of the
place such as the minimum distance from the coast (dcoast), the elevation of the place
(topodumy,), the distance of the place from river channels (dmajriver, and dminriver ), the
presence of natural barriers (mangroves, casuarindadummy, sand dunes, etc.) between the
village and the coast line, the presence of man-made barriers (roadumy, - dikes) near thevillage,
etc. Takingal thesefactorsinto account, we defined the following function for the severity of
flooding dueto storm surge:
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W, = w(surge ,dcoast;,dmajriver,,d minriver, ,topodumy, , mhabitat; , (5)
mangrove , casaurinadumy; , roadumy, )

Surge, istheelevation of the seaat the nearest coastlinefacing thelocation. For our study, we
measured the sea e evation during the Super Cycloneaong the coast line of our study areawith
thehelp of asurgeenvelop curve (Kals et al., 2004). Thiscurveidentifiesthesurgeat all the
locationsaong the coast affected by the Super Cyclone.

The study areaisfull of major and minor river channelsand their roles during astorm surge
are different. The maor rivers carry the high velocity surge water to interior areas. Asa
result, the surge effect on coastal villages near the big river is reduced to aflooding effect.
But the opposite happens in the case of minor rivers. Hence, we divided the minimum
distancefromriver channelsinto two, i.e., minimum distance fromamajor river (dmajriver,)
and minimum distance from aminor river (dminriver ).

Topodumy, is a dummy variable for low elevation and equas 1 if the village is located
within a mangrove habitat area and O otherwise. Elevation data for the study area was
unavailable. However, we know that mangroveforestsgrow mainly inlow lying vulnerable
areas that get inundated regularly during high tides. Hence, we demarcated low and
high areas using the present and historical (1950) mangrove forest maps. Villages with
topodumy, = 1 arelikely to below lying areas and ones with topodumy, = 0 arelikely to be
Stuated at ahigher elevation.

Mhabitat, is the width of the historical mangrove forests (or the width of the mangrove
habitat) that |ay between the village and the coast as seen in the 1950 forest map of the area.
The study area has had a vast stretch of mangrove forests historically, some of which have
been destroyed over the years. The width of the mangrove habitat in a particular location
depends on the topographical, hydrological and bathymetric features of thearea. Thus, this
variableistaken asaproxy to capture the effects of these factors on storm surge velocity or
storm damage occurrences. Researchers have a so argued that since mangrovescomeupin
sheltered bays, the physical featuresof themangrove habitat could bereducing damage occurrences
or that the physical features could be providing the protection whichiswrongly ascribed tothe
vegetation (Chatenoux and Peduzzi, 2007). Hence, thereis aneed to separate the effect of
physical features from the effects of vegetation on storm damages. We separate these two
effectsby (i) having both mhabitat, and the mangrove variablein the damage equation and (ii)
by excluding non-mangrove habitat areas (areas with mhabitat, = 0) from our analysis (see
description of sample areasbelow).? Thus mhabitat isused asaproxy only for the physical
features of the mangrove habitat areas, and not for al the physical featuresof the coastline.

2 There could also be un-vegetated sheltered bays, mud flats, etc., in coastal areas having a significant
impact on storm damages. Hence we restrict our sample to areas with mhabitat>0 to exclude the un-
vegetated areas from analysis and then keep both mhabitat, (width of mangrove habitat) and mangrove
(width of mangrove vegetation) as explanatory variables so that the former captures the effect of the
physical features of mangrove habitat and the latter the effect of vegetation. Exclusion of areas with
mhabitat, = 0 is aso justified on the ground that we are evaluating the storm protection services of
mangroves and these areas can never be protected by them.
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Mangrove, isthewidth of themangroveforest (vegetation) that existed on October 11, 1999,
betweenthei villageand thecoast. Casurinadumy, aspreviously explained, isthe dummy
variablefor the presence of casuarinaforestsbetweenthevillageandthecoadt. Lastly, roadummy
isthedummy variablefor the presence of villageroad or dikesasdikesarea so used asvillage
roadsin coastal areas.

4.3 Socio-EconomicFactors(S)

Thecyclone, likeany other natural calamity, ispresumed to have adifferentia impact on people
depending on their socio-economic status (FA O, 2000) and the coastal poor arelikely to be
morevulnerablethantheir wedlthier counterparts. Thereare perceptibledifferencesbetweena
rich and apoor household when it comesto cyclone preparedness. A wealthy household owns
agood qudity house, avehicleto escapein, atransstor radio or televison settolistento cyclone
warnings and some educated members of the family who would be quick to react to cyclone
warning. Incontrast, apoor householdismorelikely toliveinaninferior quality house, which
could belocated inlow-lying vulnerable areas, and may not have accessto the same kinds of
coping strategiesasarich household. Inthe case of our study, we unfortunately had no village
level datato capture differencesbetween theeconomicaly better off and worse off villagesinthe
study area. Wethereforetried to account for these differencesby using thefollowing villageleve
factors. percentage of literates (since responsivenessof peopleto cyclonewarning dependson
their level of education (FAO, 2000); percentage of different typesof mainincoming earning
members (weincluded five different types of earning members); percentage of scheduled caste
population (the economically and socialy most deprived); the minimum distanceto a metalic
road (better scopefor economic prosperity); and presenceof villageroad (connectivity tometalic
road).® Inaddition, we used atahasildar dummy variableto capturedifferencesintheefficiency
of local adminigtration (tahasiIdarsare responsiblefor cyclonewarning, evacuation, relief, etc.)
and other locationa differencesamong tahasils.

Thus, we conceive each village asdefined by asocio-economicindex, whichisinfluenced by the
factors described above.

©

where S isthe socio-economic well-being index of thei™ village;

Tahasildar, isthedummy for both thelocal administration and other locational omitted variables.
Itequals 1for all villagesfalling under onetahasil and zero for other villages. Sinceweare
interested in property damage and not i ssues such asevacuation or liveslost, weincludethese
dummy variables because wefed they arelikely to be moreimportant in capturing locational
rather thaningtitutional differences.

3 In the absence of data on the availability of mass media (TV, radio) at the village level, we take the
percentage of other workers (otworkers) that include people with high education, high mobility and in
occupations other than agriculture and household industries (that is, doctors, teachers, engineers, barbers,
washermen, priests, etc.) as proxiesfor the availability of thiscommodity.
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Literate isthe percentage of literate people; scheduled caste, isthe percentage of scheduled
caste people; cultivator , aglabour, , hhworker, , otworker, ,and margworker, arethe percentage
of cultivators, agricultura labourers, percentage of workersin own household industries (located
either at homeor withinthevillage), percentage of other workers (doctors, teachers, engineers,
barbers, washermen, priests, etc.), and the percentage of margina workersrespectively inthei®
village; droad, isthe minimum distance of thevillagefrom themetallic road; and Roadummy. is
adummy variablefor the presence of thevillageroad that equals 1 for avillageif villageroad
existsand O otherwise.

To sum up, equations 4, 5 and 6 above define the three sets of variables determining wind
velocity, storm surge velocity and the socio-economic conditions of avillage. Since these
equations cannot be estimated as the dependant variables are unobserved, we combine the
determinants of equations 4, 5 and 6 in equationl and define the estimabl e cyclone damage
function for avillage as the following

D.=d ( mangrove,mhabitat, topodumy,, casurinadumy,
velocitypow, surge, dcoast, dmajriver,, dminriver,, droad,
roadumy,, pop99. literate, scheduledcaste, cultivators,
aglabours, hhwo'rkersl, otworkers, margworkers tahasildar,)  (7)

where D, is the house damage suffered in the i™ village. The right hand side variables are
dready defined aboveand area so explainedin Table 1.# Thedamagefunction (7) wasestimated
for both fully collapsed (FC) and partially collapsed (PC) houses separately in order to get a
correct picture of the sheltering capacity of themangroveforest.

Description of Sample areas

We estimated the damage equation over different sample areasin order to correctly assessthe
storm protection benefitsfrom mangrovesin termsof providing protectionfromwind and surge
velocity. Firgt, werestricted our sampleto areasthat historically had mangrovesbetweenthose
areas and the coast (or for which mhabitat, >0). We did this because including villagesthat
never had mangroves between them and the coadt, i.€., the non-mangrove areas, ismeaningless
astheseareas can never be protected by mangroves. Moreover, asexplained above, by excluding
these areas, weindirectly control for the topographical and bathymetric features of the study
area.

In step 2, wefurther restricted the sample by excluding the areasthat came under the cyclone
eyewherewind velocity was greater than or equal to 190 km per hour.> We did thisbecause
wind direction for areas coming under the cycloneeyeiscircular (anti-clockwise beforethe
cycloneeye passesand clock-wise afterwards) and no forest can provide any sheltering service,
particularly fromthewind effects.

4 Factorslike time and season of occurrence of the cyclone, the number of hours between landfall and the
broadcast of the cyclone warning, etc., have been ignored as the analysis is for the damage data of a
single cyclone. Moreover, since the present analysisis for damagesto static properties, these factors are
not likely to have any impact.

® Vv __ isthewind velocity inthe eyewall region of acyclone and areas coming under the cyclone eye face
thiswind velocity. Weestimated V| to be 190.1622 km h'* for the Super Cyclone after landfall using the
parameters from meteorol ogists (Das, 2007b).
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In step 3, wefurther subdivided the sampleinto areaswithin 10 km of the coast and beyond 10
km fromthe coast in order to eval uate the effectiveness of mangrove protection for areaslying
within different bandwidthsfromthe coastline. Inthiscase, wewereinterested inidentifying the
coastal distance up to which mangrove protection remainseffective. Thus, regressionswere
estimated for four different samples as described bel ow.

Samplel: Areaswith Mhabitat> 0.

Sample2: Areaswith Mhabitat >0 and wind velocity < 190 kmh™.

Sample3: Areaswith Mhabitat, > 0, wind velocity < 190 kmh* and Dcoast, <= 10.
Sample4: Areaswith Mhabitat, > 0, wind velocity < 190 kmh* and Dcoast, > 10.

Anexplanationisnecessary at thispoint for the use of the tahasiIdars dummiesin thedamage
equation. We know that the tahasildars cannot impact damage to immovable properties.
However, weincluded these dummiesto capturethe effect of locationa variables (any omitted
factors) impacting housedamages. Thetahasilsare small administrative unitsunder adistrict
and we did not expect significant locational differencesbetween them. Thuswe estimated the
damage equati ons both with and without these dummies.

4.4 Valuing Residential Damages

After estimating the cyclone damage equationsfor fully collapsed and partialy coll psed houses,
we quantify the role of mangrovesin mitigating house losses. We do thisby estimating the
volume of house damages (both for FC and PC) averted by mangroves and then valuing the
averted damagesat different prices. Wedefinethetotal averted damages(DA) in Kendrapada
by mangrovesas

DA=Y 9 -39 =Y- ¥ 9

where  isthe predicted or the fitted value of the model for the i unit (village or gram

panchayat). Thus, itssumequastheactud Y and y; isthe predicted or thefitted valuefor the
sameunitwith aregtriction (like mangrove = 0).

We estimatethe averted damages under two restrictions: a) if therewereno mangroves present
beforethe cyclone (mangrove = 0), and b) if the presence of mangroveswere asthey existedin
1950 (mangrove, = mhabitat). Wethen compare these averted damagesto damages actually
withessed. Again, asexplained before, the protection services of mangrovesare better captured
inSample2. Sample listhetotal areathat recelves storm protection from mangroves. Thus,
we cal culatethe averted damages and the average val uesfor Sample 2 and multiply thisaverage
value by the number of villagesof Sample 1in order to estimate thetotal storm protection vaue
for the study ares’.

6 This hypothesis has been found valid in our earlier analysis where the average value per unit of man-
groves was found higher for Sample 2 area than the same value for Sample 1 areafor different types of
damagesanalyzed (Das, 2009).
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Oncewe have estimated the physical volume of house damage avoided, the next stepistovalue
thesedamages. Wedo thisby usinglocal construction coststo estimatethe value of rebuilding
damaged housing.

5. Data

Thestudy required four different typesof information: information on house damagesduetothe
Cyclone, meteorol ogica information on cycloneintensties, geo-physica or locationd information,
and socio-economicinformation. Thisinformation and their respective sourcesaredescribedin
Table2.

We obtai ned house damages dueto the Cyclonefrom three different offices of the Government
of Orissa: the Emergency Department of Kendrapada and Jagatsinghpur district and the
tahsildar office of Kendrapadadistrict. The Orissa State Government categorized damaged
houses into three categories. Fully Collapsed (FC) houses (with more than 80 percent
damage), Partially Collapsed (PC) houses (which includes all damages that come to less
than 80 percent) and Swept Away (SA) houses (where both the wall as well as the roof
were completely washed away by water). Both FC and PC reflected mainly the wind and
partially surge related damages to residential houses while SA houses were mainly due to
flooding by the storm surge. SA houses were limited to the near coast areas while beyond
that house damageswere either FC or PC. This paper, as mentioned before, focusesonly on
FC and PC houses. Sincewe expect 98 % of the housesto have suffered damagein thedistrict
and damageswereeither FC or PCinamajor part of the study area, we assume each additional
house with partial damageto be onelesshousethat isfully collapsed.

House damage figureswere maintained at the tahsildar office. However, sometahasilshad
villageleve information while othershad information only at thegrampanchayat level,i.e., a a
higher unit of administration betweenthevillageandtahasi|. Accordingly, thestudy dataincludes
amix of 365 villages and 138 gram panchayats covering the Kendrapada district and 86
coastal villages of the Kujang-Paradeep tahasi| of the adjoining Jagatsinghpur district. We
included K ujang-Paradeep tahasi|, Situated southeast of Kendrapada, in the study areaassome
house damage datawas availablefor thisarea’.

Weused two meteorological variables, i.e., vel ocitypow, (ameasureof gpproximatewind velocity
at different villages) and surge (the height of seaelevation at the nearest coastline for each
village) inour damage equation. To cal cul ate vel ocitypow,, we needed detailed information on
thecycloneincluding thelandfall point, thelandfall wind velocity, the movement of the cyclone
eye, theradiusof theeye, theformulafor calculating radia wind at different radia distancesand
therateof declineof themaximumwind. We obtai ned thisinformation fromthe Cyclone Warning

7 To have adata set with uniform units, we tried to group the villages according to the gram panchayats
they belonged to, but this reduced the number of observationsto 132 for Sample 1 and 89 for Sample 2.
Many villages had to be dropped because we did not have data for other villages belonging to that
particular gram panchayat. Regression resultswith only 132 and 89 observations did give similar results
asthelarger data set but the level of significance was comparatively lower. The coefficient of mangrove
variablewas significant for both the samples but we could not try the resultsfor Sample 3 and 4 dueto the
very few observations. Hence, in spite of the heteroskedasticity problem, we decided to use the larger
data set.
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Division of the Meteorology Department (Mausam Bhawan), Government of India, New Delhi;
the Department of Atmospheric Sciences, Indian Ingtitute of Technology, New Delhi; and the
publicationsof theNationa Center for Disaster Management (NCDM), Indian Ingtitute of Public
Administration, New Delhi. The NCDM Report (Gupta and Sharma, 2000) describes the
positionsof thecycloneeyeat different locations. Using thesedetail s, we demarcated the cyclone
eyepath at thelevel of villages. We cal cul ated the minimum distances of villagesfromthispath
(thevariable, dcypath) withthe help of Arc View GIS 3.2 and we used this distance and other
parameters described aboveto calculate vel ocitypow;, for all thelocations (villagesand gram
panchayats) of the study area. We calculated it with the help of the formula described by
meteorol ogists (see equation 3).

We calculated the surge, variable, i.e., the approximate height of the seaelevation at different
coastal points, from asurge envelope curve (see Fig. 3). The Cyclone Warning Division of
the Meteorology Department of the Government of Indiaprovided the surge envel ope curve
of the eastern India coast line for the Super Cyclone.

In order to generate the geo-physical and locational variables (mangrove , mhabitat
casuarinadumy,, roadumy, and different distances), we used Gl Sfiles on village boundary,
rivers, roads, coastline and forest cover, which were purchased from a private source,
Digital Cartography and Services, Bhubaneswar, Orissa. We used the Indian Remote Sensing
SatelliteIRS-1D, LISSI11 Pan censor images of October 11, 1999, with 23.9 metreresolution,
to measure the coastal forest cover (both mangroves and casuarinas) beforethe Cyclone. In
order to demarcatethe historical (1950) spread of the mangrovesinthe study area, weused jpg
images (1: 250000 scale) from the archives of the USArmy Corps (NF 45-14 Series U502,
“Cuttack” sheet). We used theyear 1950 asthe reference year because mangrove destruction
reportedly began after the abolition of thefeudal systemin 1952 (OrissaDistrict Gazetteer of
Cuttack, 1996). Wethen combined the different available digitized datawith the help of Arc
View GIS Software 3.2in order to develop avillage-level coastal Orissadigitized physical map.
Wedid the geo-referencing of al theimagesat the 1:50000 scale.

With the help of the software, we then cal culated the different distances asrequired for the
analysis. We measured the distances (distance from cyclone path, from coastline, from amajor
river, fromaminor river, from metalic road, etc.) astheminimum distancesfrom the centre of the
village (or gram panchayat) to the cyclonetrack, coastline, river, road, etc. We calculated the
widths of the 1999 mangrove and the 1950 mangrove for each village asthe width (distance
between the coast and the interior boundary of theforest) of theseforestsa ong the minimum
distance between the village and the coast.

We defined the mangrove variable as the width of the forest in km between the village and
the coast (not the area of the forest) because the spread of the forest along the coast is
continuousin the study areawhilethe breadth isdifferent at different placesand our analysis
focused on capturing the impact of the spatial features of the villages on damages
witnessed.

We obtained the soci o-economi ¢ variables (popul ation, share of literates, scheduled castesand
different categoriesof workers) for each village (or gram panchayat) from the Primary Census
Abstract of Orissafor 1991 and 2001. The Super Cyclone hit Orissain 1999 while we had
census datafor only 1991 and 2001. Therefore we decided to estimate the average annual
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compound rates of growth for the decade 1991-2001 for different variablesand then extrapol ated
the 1991 figuresfor theyear 1999 by making use of these growth rates.

Weused Male 99in place of thetotal population of 1999 as proxy for the number of households,
whichinturnwasaproxy for the number of propertiesat risk in the damage equation. Male99
wasthetotal number of malesinavillage (or grampanchayat) intheyear 1999. We used this
variable because we did not have an accurate measure of thetotal number of housesat risk in
each village or gram panchayat. Wefelt that the total number of maleswasamore accurate
measure of the number of househol ds/propertiesthan thetota population ashouseownershipis
usually with themal e member of the house.

6. Results and Discussions

We show the summary statistics for the entire study areaand Sample 1 areasin Table 3. As
evident from the Table, the study arealies between 0.22 to 72.83 km from the cyclone path
and within 0.65 to 51.23 km from the coastline. The width of the mangrove forest varies
from O to 10 km at different places. Agriculture is the main occupation but nearly 70
percent of the population are non-workers. Owner farmers (cultivators) constitute 11 percent
of the population while agricultural labourerstotal 5 percent of the population. The number
of houses damaged range from 0 to 1885 for FC houses and 0 to 2365 for PC houses.

Of thedifferent explanatory variables, wefound three setsof variablesto besignificantly corrdlated
with each other in the different sample areas: Velocitypow. and surge, (r » 0.65, P<0.01);
mangrove and velocitypow, (r » -0.50, P<0.01), mangrove and surge (r » -0.30, P<0.01).
Both velocitypow. and surge are dependant on cycloneintensity and thusit makes sensethat
they arecorrelated. However, thereisno theoretical justification for the cyclonevariablestobe
correlated with themangrovevariable. Wetakeit asacoincidencethat therearemore mangroves
with distances away to the north fromthe cyclonelandfall point. Both velocitypow and surge
areimportant variablesin examining theimpact of mangroveson housesand therefore, wechose
to retain both thevariablesin the estimated model. 1norder to ensurethat the significance of the
mangrovesisnot duetothevariablesitiscorrelated with, we compared theresults by dropping
thevariablescorrel ated with mangroves one by onefrom the estimation and saw no changeinthe
sgnificanceof mangrove.

We did expect ahigh and significant correlation between mangrove and mhabitat, but this
wasnot the case (r <0.10, P>0.05) for al the sample areas. Thiswas probably dueto thefact
that mangrove destruction has been random without asystematic pattern.

6.1 Fully Collapsed Houses (FC)

Theestimated equation for thismodd is
FC, =a, +a,mangrove +a,mhabitat; + a,topodumy, + - — -+ a,;margwor ker s,
+ a,tahasildar, +v,

where v, isthe error term and other variables have been previously defined. We estimated
Equation 8for all four sampleareas. Theerror term was heteroskedastic for all sampleareas
and we expected the presence of heterogeneous units (villages and gram panchayats) inthe
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data set to bethe main reason. Assuming error variancesto be proportional to thesize of the
units, wetried weighted | east squares estimates using both areaaswell asthetotal population as
weights. Wea sotried OL Swith robust standard errorsand got very smilar resultsfromal the
threetypesof estimates. Weretained OL Swith robust standard errorssincethe WL S estimates
are based on some assumption about the error variances.

Expected Signs

We expect the mangrove variableto reduce the degree of damageto houses and thereforeto
have anegative coefficient with FC; the sameistruefor the coefficient of casurinadumy,. We
al'so expect negative coefficientsfor the variablesdcoast, (that is, distance from coast implying
lessintensity of cyclone), dmajriver, and dminriver, (sincevillagesnearer riversarelikely to
suffer more damage). Among other variablesfor which we expect anegative coefficient are
cultivators, hhworkers and otworkers (they are the better-off peoplein the study area) and
for roadumy, (villageswithvillage road tend to be usualy better off and to have better quality
houses). We expect the variables, vel ocitypow and surge to haveapositive coefficient (with
highva uesindicating thehigher intensity of thecyclone). Thesamegoesfor thefollowing variables:
droad, (proximity to metallic road means economic well-being), male99. (property at risk),
topodumy, (becauselow lying areas are more vul nerable and poor), schedulecaste,, aglabour,
and margworker, (who tend to bevery poor people). We useaquestion mark for both tahsildar,
and mhabitat, asthesevariablesarelikely to capturethe effects of unobserved omitted variables
among tahasilsand coastal topographic factors, respectively, with regard to house damage.

Discussions

We estimated equation 8 with and without tahasildhar dummies. We present the expected
signs and the estimated regressions without the tahasildar dummiesin Table 4 but show the
results with the tahasildar dummiesin appendix Table 8. After comparing the results, we
have come to have more faith in the regressions without tahsildar dummies both under
economic and econometric logic as discussed below.

The coefficientsshownin Table4, wherever significant, havethe appropriatesigns. Asexpected,
wind velocity isthemain cause of fully collapsed houses. The mangrovevariableissignificant
with anegativesign for Samples 1, 2 and 4 asseenin Table 4. Thus, mangrovesseemto have
reduced the number of fully collapsed houses. But itseffectisnot visibleinareaswithin10 km
from the coast. It may be that these areas witnessed the maximum number of swept away
housesand, consequently, the number of fully collgpsed houseswaslimited. Interestingly enough,
mangrove protection is seen to be effective for areas as far as 50 km away from the coast®.
However, in most equations, the socio-economic variables are insignificant supporting the
argumentson similarity intermsof house quality and demographicsintheentiredigtrict.

8 We also tried interaction between mangrove and wind velocity by including terms like
mangrove* velocitypow and vel ocitypow* exp (mangrove) etc., along with mangrove and mangrove re-
mained significant in both cases. We do not report these results since we do not have scientific evidence
on the nature of interaction between mangrove and wind velocity.
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It isinteresting to note that mangrove protection from wind damageisvisible only when we
capturethe cycloneeffectsinamoredisaggregated manner by dropping thetahasildar dummies.
Appendix Table 8 showsresultswith thetahasildar dummies. All thedummiesaresignificant
either with apositive or negative sign depending on the sampleareaand thetahasil’s proximity
tocyclonetrack. Atthesametime, meteorologica and geophysicd variablesthat were expected
to capturethecycloneimpactsareinsignificant. Thus, weconcludethat thetahas ldar dummies,
being locational variables, are only capturing the cyclonic effectsin an aggregate manner. No
omitted variables seem to be present among thetahasiIs asthe significance of these dummiesis
completely in accordance with the cycloneimpact on therespectivetahasils. Furthermore, the
resultswithtahasildar dummiesarelessreiabledueto high multicollinearity among explanatory
variablesasreflected by theva uesof varianceinflationfactors(VIF).° TheVIF of someof the
tahasi|sisashigh as 60 and the prediction of averted damage due to mangrove presencewith
these coefficients may not bevery reliable. Hence, we usetheresultsof Table 4 to calculate
averted damages.

6.2 Partially Collapsed Houses(PC)

We used the same set of regressorsas used for fully collapsed housesfor partially collapsed
houses. Table5 and Appendix Table 9 present thetwo setsof results, onewithout thetahasildar
dummies, and the other with these dummies, respectively, along with the expected signs. The
heteroskedasticity test was significant for all samplesfor this data set and OL Swith robust
standard errorsresulted in most of the variablesbeinginsignificant. Theuseof Weighted L east
Squares estimates with both areaand total popul ation asweights produced better resultsand
also gave expected signsof the coefficients. Weretained the estimateswith areaasweight for

thefinal analysisand for calculating averted damagesbecause of higher R 2 and Fvalue®.

Inthe caseof partially collapsed houses, we expect the coefficientsto show signsoppositeto
what we expected them to havein the case of fully collapsed houses. Asmentioned earlier, the
gtate government hasgrouped damaged housesinto only two categories, i.e., either fully collapsed
or partialy collapsed, inthemagor part of thedistrict (SA houseswerelimited to the near-coast
areas) and thepartialy collapsed category included houseswith arange of house damagevarying
from 10 percent to 80 per cent. Mangrove may have reduced the degree of partial damageto
houses but there being no dataon the severity of partial damageto housesin different areas, we
cannot test thishypothesis. Considering that almost every houseinthe study areaexperienced
some amount of damage during the Super Cyclone (only two percent of the houses had both
concrete walls and roof), we expect the number of partially collapsed housesto be morein
mangrove protected areas because this reflects areduction in fully collapsed houses. On a
cautious note, the correct dependant variableto test thishypothesiswould have been theratio of

®  The variance inflation factor is defined as VIF = 1/(1-r?), where r?, is the coefficient of correlation
between the i and the j*" regressor and var ( 8 ) = 02/2xi2(1- r2) = 0?3 x2* VIFE. Thus, VIF showsthe
extent to which the variance of an estimator getsinflated by the presence of multicollinearity.

10 Since the OLS results were insignificant and WLS estimates are based on the a priori assumption that
error variances are proportional to the variable used asweight, we al so cal culated the Feasible Generalized
Least Squares (FGLS) estimates (Wooldrige, 2003) for PC houses. FGLS estimates compared to WLS
estimates had higher coefficients as well ast values, but because the variance inflation factors of these
estimates were very high, we did not use them for the final analysis.
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fully collapsed to partialy collapsed housesin each location since we presume each additional
partialy collapsed houseto be onelessfully collapsed house. To substantiate our argument that
mangrovesreducethe degree of house damage, we did estimate model swithratio of FCto PC
houses as dependant variablefor different sampleareas and found mangrove, significant with
negative sign (seeAppendix Table 10). However, wewere moreinterested in regressonswith
FC and PC separately as dependant variables since our aim in the study wasthe val uation of
storm protection and wewanted the number of averted house damages, the pricebeing available
for them. Withtheratio of FCto PC asdependant variable, we had difficulty ininterpreting and
valuing the averted damage. Thus, for the present analysisand thetype of dataavailable, we
expect the mangrove variableto be positively associated with partially collapsed houses as
mangrove protected areasarelikely to see more of these houses.

The effect of mangroves on partially collapsed houses appears to be strong and robust.
Mangrove issignificant with apositive coefficientinall thetables (with or without tahasildar
dummies) for dl sampleareasand thisproveseither that mangrove-protected areashavewitnessed
morepartialy collapsed houses, or that mangroves havereduced the degree of wind damagesto
houses! by converting full damagesto partial damagesin respect of houses.

6.3 DamagesAverted due to Mangrove Vegetation

Asmentioned earlier, we defined house damages avoided due to the presence of mangrove
forests as

:Y-Zi:y"

where V. isthe predicted value of the model for thei unit and ¥/ isthe predicted value
assuming that mangrovesare currently non-existent (mangrove = 0).

In this case the mangrove protection is defined as, DA = _Z(yi -9 , Where §' isthe

predicted value by replacing mangrovevariable by 0. We cd culatethesevaluesfor FC and PC
houses and present these averted damagesfor Sample 2 areasonly (see Table6) asthissample
reflectsthe wind protection of theforests more accurately (Das, 2009). Thesefiguresarethe
extradamagesthat would have occurredif thedistrict had no mangroveforest beforethe Cyclone.
Theaverted partialy collapsed houses are negative since mangrove protected areas witnessed
morepartialy collapsed housesand lessfully collapsed houses. Thisimpliesthat inthe absence
of mangroves, the presently mangrove protected areaswould havewitnessed lesspartidly collgpsed
houses asmore houseswould have collapsed fully.

11 The mangrove variable remains significant even if we use robust option with the WL S estimates.
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Inthe absence of mangroveforests, thevillageslyingin Sample 2 areawould have witnessed
13,681 morefully collapsed housesand 14,339 less partially collapsed houses (see Table 6).
Thenumber of fully collapsed housesintheseareaswas 59,276 during the Super Cyclone. Inthe
absence of mangroves, thisnumber would haverisento 72,957. Thus, without mangroves, the
people in these areas would have seen 23% more fully collapsed houses than they actually
witnessed. These areas saw 58,867 PC houses. In the absence of mangroves, this number
would have been 44,528, implying that the number of PC house would have been lower by
24%12.

Another way to think about thisisin terms of what the reduction in fully collapsed houses
might have been if the 1950 level of mangroves had still remained intact. We analyze this
by estimating the averted damages by historical mangroves (assumption 2). The answer to
this is that the area would have witnessed only partialy collapsed houses and no fully
collapsed houses as the number of FC houses with the presence of the 1950 mangrovesis
negative while the number of PC houses increase by 78%.

6.4 Sorm Protection Value of Mangroves

Thenext step isto val uetheresidence protection services of mangroves. Inorder to dothis, we
assumethat a 150 sq meter house has aconstruction cost of Rs.53, 800/- inrural Orissabased
on estimationsby HUDCO (Housing and Urban Devel opment Corporation of India), thelargest
public sector undertaking engaged in house congtructionin India. We usethisnumber for valuing
avoided FC houses. We also use a negative value of Rs.10, 000/- for each averted (in fact,
increased) PC house based on apersonal communication from B. K. Mishra, the Emergency
Officer of Kendrapadain 2006-07.

Multiplying the number of averted FC houses by Rs.53,800/- and the number of averted PC
houses by —Rs.10,000/-, we estimatethat thetotal valueof house damagesaverted by mangroves
inSample2isRs.59,26,47,800.2* However, thisisan aggregative measurewhichisrelated to
the sample sizeand the sum of the mangrovevariable over the sample.** We estimatethevalues
per unit of mangrovesinthe next step wherewe cal cul ate the valuesfor both km widthsand per
hectare of mangroves.

12 The percentage of averted FC houses is not exactly equal to averted (or rather increased) PC houses as
our study area also includes areas that have swept away houses though we did not analyze them here.

13 The averted damage calculation for Sample 1 area shows the averted FC houses to be 17% more and PC
houses to be 18% less in the absence of mangroves.

14 The total averted damages (Z AD, ) due to mangroves are equal to Pu* z M in alinear model
1 I

where Z M; isthe sum of the mangrove variable over all the observations in the model.
|
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Value per km width of mangroves

First, we estimatethe average val ue per km width of mangroveforest per village of Sample 2.
Asmentioned before, theaverage per village val ue of Sample 2 will bemultiplied by the number
of villagesof Sample 1in order to estimatethetotal storm protectionvalue. Theaveragevaue
per km of mangroves per villagefor averting FC and PC damagesin Sample 2 isdefined as:

: ©)

where lb isthe benefit per villagefrom 1 kmwidth of mangrove, AD, isthevalueof theaverted

damagesinvillagei, M isthewidth of mangrovesinkmfor villagei, and N, isthe number of
villagesin Sample2.

Next, we estimatethe benefitsto all villagesin Sample 1 as [3 * N, whereN, isthetotal number
of villagesin thebigger sample, i.e., Sample 1 (Sample 2 isasubset of Sample1or N,[JN,).

We had heterogeneous units (both villages and gram panchayats) in the Sample; hence we

N,
calculated both Z M; and N, by thefollowing formulasfor the Sample 2 area.
i=1

0) N, =R+> av, (10

where Risthe number of villagesin Sample 2 for which villagelevel dataisavailableand the
second term representsthetotal number of villagesfalling under the gram panchayats covered
inSample2. Inthe secondterm, a istheaverage number of villagesinagrampanchayat inthe
j""tahasil and v, isthe number of grampanchayatsof j* tahasil fallingin Samplearea2. Here
thesummationisover al tahasiisin Sample 2.

@ M :;Mﬁ;(;wjajvj, (1)

where M isthetotal kmwidth of mangrovein Sample2, M isthekm width of mangrovefor
villagei and M, isthekmwidth of mangrovefor thek™ grampanchayat of thej"tahasil and a
and v, arethe sameasabove.

Theseaveragevaues/ km of forest / villagewere Rs 1428/- for FC housesand (-) Rs 280/- for
PC houses. Taking their difference, we get the average storm protection value/ km of forest/
villageto be Rs1148/- (see Table 7). To obtain the value of aggregate damages averted, we
need to multiply thisnumber by thetotal number of vill agesthat can be protected by themangroves.
Asall thevillagesof Sample 1 areacan be protected by mangroves, we multiply theunit value
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calculated from Sample 2 by thetotal number of villagesthat fall within Sample 1. Thus, we
estimatethetota storm protection provided by one km width of mangrovesinthe study areato
beRs9,75,800/- (USD 23,233). If theareahasatwo kmwideforest, then thisvaluewould be
doubled and so on.

Value per hectare of mangroves

Itisalsouseful tothink about the storm protection benefitsin termsof hectares of mangroves.
The study areahad 30,766 hectares of mangrove forest in 1950 but this had been reduced to
17,900 hectares by October 11, 1999.%> We consider only the dense mangroveswhich are 93%
of thetotal mangrove cover (192 sqkm) of thedistrict.

Weestimated thetotal val ue of damagesaverted by mangrovesin Sample2 asRs. 59,26,47,800.
Thisisthedifferenceintermsof the valuesof averted FC housesand PC houses. Wedividethis
value by theareaof present mangroves and cal cul ate the storm protection val ue per hectare of
theforest as Rs. 33,109/ for the Sample 2 area. Dividing this by the number of villages of
Sample 2 and multiplying by the number of villagesof Sample 1, we get the protection value of
hectare of forest as Rs. 51,168/- for the study area. Thus, the mangroves of Kendrapada
provided storm protection worth Rs. 59,26,47,800/- by averting house damagesto thedistrict.
In other words, the study areacommunity benefited by Rs51,168/- per hectare of theforests
extant beforethe cyclone. Wewould liketo notethat these values only represent the benefits of
mangrovesintermsof providing protection to residential housesduring the Super Cyclone of
October 1999. Thesevaluesarereportedin Table7.

7. Conclusonsand Policy Recommendations

This paper assessesthe wind and surge protection services afforded by the mangroveforests of
the Kendrapadadistrict of Orissatotheresidential housesduring the Super Cyclone of October
1999. Wedid so by analyzing the number of fully collapsed and partialy collapsed residential
housesin the study area. We cal culated the mangrove effect on these houses by taking into
account s multaneoudy theroleof meteorologica, locationd, physca and socio-economicfactors,

Mangrove protected areaswitnessed fewer fully collapsed housesand more partially collapsed
houses. We valued the house damage averted by mangrovesby taking into account the market
cost of repairing these damages. Wefind that the protection value of every km width of the
mangrovefor reducing residential house damagesisabout Rs.1148/- per villageand Rs.9, 75,800/
- for the entire study area. The protection value per hectare of forest for the study areais
Rs.51,168/-.

The next inevitable question iswhether mangrove forests should be conserved to avoid these
damages. In order to answer this question, we need to look at the alternate uses to which
mangrove land in the area can be put and their value. We find that the value of a hectare of
coastal land in the Kendrapadaregionisabout Rs. 172,970/- (personal communication with

15 We consider only the dense mangroves which are 93% of the total mangrove cover (192sq km) of the
district.
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JatindraDas, IANS correspondent, Bhubaneswar, Orissa). Thus, thevalue of coastal landin
dternate usesfar exceedstheva ue provided by mangrovesthrough protecting residentia property.
If we base our decision on thisinformation alone, we will not be able to justify mangrove
conservation or rehabilitation. However, theargument for mangrove conservation or reservation
restson more complex grounds. Mangroves provide alot more servicesthan wind and storm
surgeprotection. Furthermore, we have shown el sewherethat mangrovessignificantly reduce
human and livestock casualties resulting from storm surge (Das, 2007b). Thus, the casefor
formulating policy to protect mangrovesremains strong aslong aswe are careful toincludethe
multiple services and benefitsthat mangroves provide. Inthispaper, we undertake apartial
andyssmainly to outlinethemethodol ogicd issuesthat need to be consderedinacareful evauation
of the benefitsof mangrove conservation.
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LIST OF TABLES

Table1l: Listof Variables(Alphabetically)

Variables Definition of variables (all distancesin km)

Aglabour Percentage of agricultural laborersin avillage

Casurindmy Dummy variable for the presence of casuarina forest in coastal distance of a
village

Cultivator Percentage of cultivatorsin avillage

Dcoast Minimum distance of avillage from the coast

Dcypath Minimum (radial) distance of avillage from the path of cyclone

Dmajriver Minimum distance of avillage from amajor river (directly connected to sea)

Dminriver Minimum distance of avillage from aminor river (atributary of major river)

Droad Minimum distance of avillage from ametallic road

Hhworker Percentage of people working in (own) household industriesin avillage

Literate Percentage of literate peoplein avillage

Mangrove Width of existing mangrove forest in coastal distance of avillage

Margworker Percentage of margina workersin avillage

Mhabitat Width of the historical mangroveforest (asexisted in 1950) in coastal distance
of avillage or between avillage and the coast

Nonworker Percentage of non-workers (aged dependants, housewives, students, children,
etc.) inavillage

Otworker Percentage of other workers (doctor, teacher, engineer, barber, washerman,
priest, etc.) in avillage

Pop99 Total population of avillagein 1999

Radial wind The expected wind velocity at different radial distances (dcypath) from the
cyclone eye

Roadumy Dummy variablefor the presence of villageroad (=1, if villageroad exists, =0,
otherwise)

Schdulcaste Percentage of scheduled caste people in avillage

Surge Level of sea elevation (in meters) at different coastal points

Tahasi|dar Dummy variablefor local administration

Topodmy Low elevation dummy (=1 for villages that have or had mangrove earlier and
= 0 for others)

Vel ocitypow Approximate radial wind velocity (kmh?) in avillage due to cyclone as given

by a power function
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Table2: Description and Sourcesof Data

Data Head

Description

Source

Damages due to

Number of houses swept away

Emergency office and Tahasildar

cyclone track, river channels,
metallic roads and width of present
and historical mangrove forests

super cyclone (SA), fully collapsed (FC) and Office of Kendrapada and only
partialy collapsed (PC) in each Emergency Office of the District
village or in each gram panchayat | Jagatsinghpur, Orissa.
Meteorological Landfall wind velocity, radius of CycloneWarning Division,
Information cyclone eye, and sea elevation at Mausam Bhawan, Government of
different coastal points India, New Delhi,Department of
Atmospheric Sciences, Indian
Ingtitute of Technology, New Delhi
Track of the cyclone National Center for Disaster
Management (NCDM), Indian
I nstitute of Public Administration,
New Delhi
Geo-physical Distances of different villages or GIS datafrom Digital Cartography
Information gram panchayat from coastline, and Services, Bhubaneswar and

GIS ARC VIEW Software.

Socio-economic
Information

Total population, percentage of
literates, scheduled caste, different
types of workers and non-workers
in different villages or in gram
panchayats before cyclone

Primary Census Abstract of the
State of Orissa for the year 1991
and 2001
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Table3: Descriptive Satistics of House Damage M odel

Entire Study Area(n=589) Sample1(n=516)
Variables Mean (std. dev) | Mini (max) Mean (std. dev) | Min (Max)
Fully collapsed (FC) 233.25(295.2) 0(1885) 229.31(297.81) 0(1885)
Partialy collapsed (PC) | 206.07(335.85) 0(2365) 119.87(214.67) 0(2119)
mangrove 0.44(0.92) 0(10) 0.46 (0.91) 0 (20)
mhabitat 4,01(2.30) 0(13.7) 4.58 (1.85) 05 (13.7)
topodmy 0.12(0.33) 0(1 0.13 (0.33) 0 (1
casurindmy 0.33(047) 0( 0.37 (0.48) 0 (1
dcypath 21.64(12.55) 0.22(72.83) 19.20 (10.98) 0.22(72.83)
velocitypow 156.73(32.62) 73.69(190.16) 163.19(23.80) 73.64(190.16)
surge 2.89(2.03) 0.7(5.9) 3.14 (2.04) 0.7 (5.9)
dcoast 26.00(14.18) 0.65(51.23) 26.65 (14.67) 0.65 (51.23)
dmajriver 383(3.22) 0.06(16.66) 401 (3.32 0.06 (16.66)
dminriver 3.15(3.10) 0.08(15.23) 321 (3.21) 0.08 (15.23)
droad 2.44(2.85) 0.02(17.55) 221 (2.57) 0.02 (15.68)
roadumy 0.80(0.40) 0( 0.80 (0.39) 0 (1)
Male-99 3.37(995.1) 3(5340) 768.27(863.8) 3 (5340)
literate 0.66(0.09) 0.20(1) 0.66 (0.09) 0.19 (1
schdul caste 0.21(0.17) 0( 0.21 (0.17) 0
cultivator 0.11(0.06) 0(043 0.12 (0.05) 0 (042
aglabour 0.05(0.04) 0(0.25) 0.04 (0.08) 0 (0.25)
hhworker 0.004 (0.006) 0(0.07) 0.004 (0.007) 0 (0.07)
otworker 0.06(0.04) 0(0.36) 0.06 (0.04) 0 (0.36)
Margworker 0.08(0.08) 0(0.57) 0.08 (0.08) 0 (0.57)
nonworker 0.69(0.09) 0(0.83) 0.68 (0.09) 0 (0.83)
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Table4: Ordinary Least SquaresEstimateswith Robust Sd. Errorsfor Fully
Collapsed Houses

Equation/

Exp.

Sample-1Areas

Sample-2Part of

Sample-3Part of

4Part of sample-3

vaigble | signs | with mhabitat>0 ’ﬂ”;ﬂﬁ;ebggnd E?ﬂﬁgﬂg; b?{g;dciggm
Mangrove () | -8427%** (383) | -60.11%** (312) | -40.39 (1.19) 56,11 *** (3.48)
Mhabitat (7 | 2083%%* (317) | 1L14* (1.87) 1621 (0.73) 21.00%** (3.15)
Topodumy (+) | -27.86 (0.70) 270 (0.10) 3350  (0.75) 1342 (0.36)
Casurinadumy | () | -45.22 (1.19) 077 (0.27) -37.96 (0.87) 6109 (L22)
Velocitypow | (+) | 1.70** (2.55) 278%% (355) | 1430%** (458) | 3.04*** (3.62)
Surge (+) | 1317 (134) 109 (0.11) -29.97 * (1.97) 759 (0.52)
Dcoast () | 054 (059 -1.28% (L.69) 3169+ (206) | 064 (0.72)
Dmajriver () | -632%% (241) | -809** (271) | -1512 (0.87) -8.17 *** (3.10)
Dminriver () | -846%* (273) | -592* (168) -29.50* (1.84) 314 (0.85)
Droad +) | -7.37 (L23) 020 (0.04) 740 (0.92) 095 (0.15)
Roadumy () | 2843 (141) 9.20 (0.41) 96.87* (1.68) 112,65 (0.59)
Malegg (+) | 026%%* (1038) | 021*** (687) | 0.22*** (655) 0.25¢** (7.38)
Literate () | -49.35 (0.53) 63.7 (0.89) -27.28 (0.17) 65.07 (0.73)
Schdulcaste +) | 5977 (122) 17.05 (0.41) 42.94 (0.20) 47.06 (1.08)
Cultivator () | 3547 (021) -260.90* (1.88) | -20.21 (0.07) -161.66 (0.89)
Aglabour (+) | -127.96 (062) | -129 (0.01) 38885 (0.80) | 201 (0.01)
Hhworker () | -62263 (0.56) | -58311 (0.76) | 692327 (L27) -441.69 (0.59)
Otworker () | -49570%* (2.13) | -497.08*(2.40) | -1564.66*** (3.65) & -699.03 ** (2.53)
Margworker | (+) | 6459 (058) | 961 (0.08) 23205* (166) | 84.82 (0.52)
Constant (7 | 24598 * (179) | -218.92* (L68) | -1256.18*** (352) & -507.93"** (2.80)
N=516,R?=0.55, = N=338R’=0.54,  N=61,R?=0.77, N=277,R?=0.58,
F(19,496)=1256 | F(19,318)=7.61, | F(19,41)=4.93 F(19,257)=7.14,
Pro=0.00 Pro = 0.00 Pro=0.00 Pro=0.00

Notes: *** ** and * imply 1%, 5%, and 10% level of significance respectively. Figures in parenthesis
are the absolute t-values.
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Table5: Weighted L east SquaresEstimates (weight = area) for Partially Collapsed

Houses
Equation/ Exp. Sample-1 Sample-2 Sample-3 Sample-4
variable signs
Mangrove (+) | 6LB9*** (6.81) | 63.44*** (4.75) 1.20 (0.03) 29.83 *** (2.68)
Mhabitat ? 507  (0.81) 23.36** (2.08) -55.23 ** (2.52) 27.57 *** (3.00)
Topodumy ) 231  (0.06) 36.03 (0.64) 92.14** (2.10) -132.95 * (1.96)
Casurinadumy | (+) | -56.09 (1.60) -126.26** (2.21) | -25.82 (0.44) -86.10 (1.56)
velocitypow ) -3.18*** (4.75) -3.21*** (2.72) | -153 (0.59) -2.07** (2.46)
Surge ) 24.84 ** (210) | 24.19 (1.29) 10.02  (0.44) 221 (0.15)
Dcoast (+) | 126 (0.88) 245  (1.02) 18.97 (1.18) -5.55 *** (2.96)
Dmajriver (+) | 13.14***(3.25) | 22.32*** (3.86) | 41.31* (1.89) 16.27%** (4.19)
Dminriver (+) | 260 (0.45) 8.77 (1.00) -35.91* (1.93) 22.39 *** (3.76)
Droad ) 742 (1.03) 257 (0.32) -11.31 (1.15) 542  (0.87)
Roadumy (+) | -89.11*** (2.81) | -99.16** (2.35) | 52.93 (0.82) -158.49*** (4.79)
Male99 (+) | 011*** (10.03) | 0.12*** (6.66) 0.06 *** (2.74) 0.24 *** (15.57)
Literate (+) | 278.32 (1.53) 393.84 * (1.61) -448.14* (1.77) 64.05 (0.29)
Schdulcaste ) 307.97*** (3.42) | 463.10"**(3.67) | 569.49**(2.49) -7.49 (0.08)
Cultivator (+) | -159.54 (0.59) -610.66 (1.58) -203.29 (0.47) -1123.81%** (2.77)
Aglabour “) -1546.75 *** (3.81) -2032.36 *** (3.63) -2599.18 *** (3.67) @ -253.73 (0.60)
Hhworker (+) | 327430 (L44) | 3396.18 (0.86) -6707.80 (0.83) -1995.19 (0.74)
Otworker (+) | -792.83** (2.21) | -979.39**(1.94) | -1152.71** (2.04) | -69.60 (0.11)
Margworker ) -291.94* (1.73) | -347.51* (1.60) @ -600.64 ** (2.37) 265.05 (1.54)
Constant ? -378.56 *** (2.48) 310.45 (1.36) 800.75 ** (2.11) | 385.10* (1.80)
N=515, N=337, N=61, N=276,
F(19,495)=35.52, | F(19,317) =22.72, | F(19,41) =9.31, F(19,256)
Pro = 0.00, Pro =0.00, Pro = 0.00, Pro=70.01,
R?2=056 R2=055 R?2=0.72 R2=0.72

Notes: *** ** and * imply 1%, 5%, and 10% level of significance respectively. Figures in parenthesis
are the absolute t-values.
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Table 6: Averted House Damages and Values

Averted Damages Value per km width of
Type of House (no of houses) Mangrove per Village
Damage
Sample 2 Sample 2
Fully collapsed houses 13,687 (72957-59276) Rs1428.15
Partially collapsed houses -14,339 (44,528-58,867) -Rs280.18

Table7: Sorm Protection Values of Mangroves

Average storm protection value /km width of forest / village

Rs.1148 (Rs.1428—Rs.280)

Total storm protection value / km width of forest for the study area

Rs.9,75,800

Total storm protection value / hectare of forest for study area

Rs.51,168/
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Appendix Table8: Ordinary L east SquaresEstimateswith Robust Sd. Errorsfor Fully
Collapsed Houseswith Tahasildar Dummies

Equation/ Exp. Sample-1 Sample-2 Sample-3 Sample-4
variable signs
Kujangparadep | (?) 909.85%** (7.49) | 556.26%** (4.24) | 686.47 *** (2.38) 99.52 (0.72)
Mahakal pada @) 874.58*** (7.07) | 460.83*** (5.97) | 948.17 *** (4.99) | -132.11 (1.32)
Rajnagar ? Dropped -523.572*** (3.67)| Dropped -830.38*** (5.26)
Rajkanika ? 315.66*** (3.10) | -139.24 (1.22) Dropped -694.83*** (5.73)
Patamundai @) 755.16*** (5.71) | 268.69*** (2.87) | Dropped -298.16** (2.41)
Aul ?) 510.56*** (4.32) Dropped Dropped -598.56*** (5.39)
Garadpur ? 1263.88*** (8.11) = Dropped Dropped Dropped
Marsaghai ?) 1162.41*** (7.62) & 570.23*** (6.38) Dropped Dropped
K end-derabis @) 869.89*** (7.09) | 431.25*** (591) | Dropped -147.91 (1.41)
Mangrove ) -16.73 (1.02) -10.05 (0.58) -38.16* (1.80) -13.62 (0.85)
M habitat ? 6.87 (1.21) -0.20 (0.05) -36.76*** (3.19) 3.69 (0.66)
Topodumy (+) | -17.95 (0.53) -7.54 (0.35) 4502 * (1.81) -49.32 (1.48)
Casurinadumy | (-) 732 (0.23) 19.22 (0.62) 21.27 (0.63) -11.60  (0.22)
Velocitypow (+) -1.31** (2.15) -0.43 (0.64) 4.80* (1.84) -0.56 (0.59)
Surge (+) 9.87 (1.19) -0.79 (0.09) -10.59 (1.07) 5.59 (0.45)
Dcoast ) -0.73 (0.61) -0.07 (0.08) 9.03 (0.92) -0.30 (0.30)
Dmajriver ) 1.02 (0.47) -1.11 (0.40) -1.66 (0.17) -0.94 (0.34)
Dminriver o) -0.68 (0.31) -2.40  (0.90) -1.37 (0.14) -2.42 (0.78)
Droad (+) -14.24 *** (2.89) | -3.55 (0.86) -2.49 (0.46) -0.28 (0.05)
Roadumy ®) 12.64 (0.74) -7.20 (0.38) 36.49 (1.01) -9.30 (0.45)
Male99 (+) 0.26*** (10.34) 0.28*** (10.24) 030*** (9..79) 0.28*** (7.14)
Literate ) 7.70 (0.11) 38.88 (0.68) -123.41 (1.11) 57.44 (0.80)
Schdulcaste + 86.13** (1.98) 28.80 (0.85) -25.62 (0.23) 12.52 (0.36)
Cultivator ) -78.74 (0.54) -266.58 ** (2.37) | -141.38 (0.67) -234.89 * (1.74)
Aglabour (+) -331.12* (1.87) -172.52 (1.36) -527.43 (1.49) -71.94 (0.48)
Hhworker ) -1415.72 (1.14) -512.98 (0.79) 2010.21 (0.65) -694.77 (1.08)
Otworker ) -504.96 ** (2.77) | -635.22 *** (2.91) | -445.53 (0.79) -539.58 ** (2.11)
Margworker (+) | -61.78 (0.69) -69..90 (0.71) -.113.86 (1.01) -31.04 (0.22)
Constant ? -588.69 *** (3.70) | -262..08 * (1.87) -1222.48*** (4.65) | 303.56 (1.18)
N=516,R?=0.66, N=338,R?=0.71, N=61,R?=0.91, N=277,R?=0.68,
F(27,488)=12.45, | F(25,311) F(21,39)=19.35 F(26,249)
Pro=0.00 =missing, Pro=0.00 =missing,

Notes: *** ** ‘and * imply 1%, 5%, and 10% level of significance respectively. Figuresin parenthesis are
the absolute t-values.
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Appendix Table9:

Weighted L east SquaresEstimates (weight=area) for Partially

Collapsed Houses with Tahasildar Dummies

Equation/

Exp.

¢ - Sample-1 Sample-2 Sample-3 Sample-4
variable signs
Rajkanika ? 315.66*** (3.10) | -139.24 (1.22) Dropped -694.83*** (5.73)
Patamundai ? 755.16*** (5.71) | 268.69*** (2.87) | Dropped -298.16** (2.41)
Aul ? 510.56*** (4.32) Dropped Dropped -598.56*** (5.39)
Kujangparadep @ (?) Dropped -397.24* (1.75) @ Dropped -503.74** 2.37
Mahakal pada ? 14545 ** (2.26) | -178.43 (1.04) | 349.40* (1.85) -432.76 *** 3.61
Rajnagar ? 433.79*** (3.64) @ 36.99 (0.18) 1112.86 *** (3.90) | 499.46*** 3.72
Rajkanika ? 492.46*** (4.36) @ 78.52  (0.39) Dropped 28.350.24
Patamundai ? 726.58 *** (8.82) | 367.31** (2.10) | Dropped 95.18 0.89
Aul ? 655.26 *** (3.83)| 234.66 (0.93) Dropped Dropped
Garadpur ? 251.07 *** (3.40) | Dropped Dropped Dropped
Marsaghai ? 205.14 *** (2.95) | Dropped Dropped -281.08* (1.84)
Kend-derabis ?) 35.56 (0.47) -349.99 ** (2.00) Dropped -510.61*** (4.39)
Mangrove (+) 72.17*** (7.63) 66.25 *** (5.35) 33.38 ** (2.00) 21.85** (2.13)
M habitat ? -2.70  (0.40) 19.90 * (1.87) -37.82** (2.03) 41.73 *** (4.41)
Topodumy ©) 4573 (1.30) 69.55 (1.39) 1292 (0.32) -25.77 (0.46)
Casurinadumy (+) -64.33 ** (2.10) -158.33 *** (3.13) | -140.57 ** (2.64) -163.71 *** (3.54)
Vel ocitypow ) 1.24 (1.23) -0.70  (0.47) 14.00 *** (3.70) 0.80 (0.77)
Surge ) 1091  (0.89) -0.09  (0.00) -26.03 (0.32) 6.27 (0.47)
Dcoast (+) 023 (0.11) 202 (0.71) -14.88 (0.99) 0.04 (0.02)
Dmajriver (+) 9.27 (2.43) 16.30 *** (2.93) | 2523 (1.41) 13.95 *** (4.06)
Dminriver ) 11.73 ** (212) | 21.59*** (2.64) | -54.55*** (3.49) 19.93 *** (3.90)
Droad ) -12.61 *** (3.06)  -14.32* (1.95) 15.94* (1.66) -2.78  (0.52)
Roadumy (+) | -2014 (0.69) 522 (0.13) 91.22 * (1.75) -43.97 (1.53)
Male99 (+) 0.04** (2.41) 0.04* (1.78) 0.03 (1.40) 0.12 *** (6.80)
Literate (+) -192.43  (1.14) | -294.51 (1.29) -327.11 (1.59) 352.13 * (1.81)
Schdulcaste ®) 114.43  (1.40) 14218  (1.24) | 234.96 (1.17) 110.6 (1.29)
Cultivator + 39.38 (0.16) 4393 (0.13) 99.02 (0.28) -310.48 (0.90)
Aglabour ) -718.90* (1.95) & -908.86 * (1.81)| -1796.35*** (3.03) | -60.86 (0.17)
Hhworker @) 2645.87 (1.34) 2567.03  (0.74) | 1306.76 (0.20) -1596.56 (0.73)
Otworker (+) -171.08 (0.54) 390.82 (0.71) -483.83 (0.82) 615.84 (1.15)
Margworker o) 185.70  (1.22) 149.75 (0.76) -426.79** (2.07) | 670.23 *** (4.68)
Constant ? -14427 (0.70) | 35250 (1.11) -1519.72 ** (2.46) | -234.10 (1.00)
N=515, N=337, N=61, N=276,
F (27,487) =40.35, | F(26,310) =26.82, = F(21,39) = 14.38, | F(26,249)
Pro=0.00, Pro = 0.00, =0.67 | Pro = 0.00,=0.82 =90.00, =0.89
R?2=067 R2=067 R2=067 R2=067

Notes: *** ** ‘and * imply 1%, 5%, and 10% level of significance respectively. Figuresin parenthesis are the

absolute t-values.
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Appendix Table 10: Ordinary L east SquaresEstimateswith Robust Sd. Errorsfor
the Ratio of Fully Collapsed to Partially Collapsed Houses
Equation/ Exp. Sample-1 Sample-2 Sample-3 Sample-4
variable signs
Mangrove () | -0.70** (2.19) -0.66** (2.30) 122 (0.73) -0.39* (1.84)
Mhabitat (? | 053 (138) -0.11 (0.45) -1.94 (1.37) 0.28 * (1.85)
Topodumy (+) | 407 (1.27) 402 (1.56) 7.28 (1.48) 0.95 (0.66)
Casurinadumy | (-) | 3.82¢ (1.63) 2.36 (1.45) 15.31* (1.76) 0.81 (0.66)
Vel ocitypow (+) | 002 (0.81) -0.002 (0.12) -0.13 (0.49) 0.02 (1.09)
Surge (+) | 044 (0.91) 0.04 (0.10) 049 (0.32) 0.37 (1.05)
Dcoast () | -0.18***(2.79) 0.05 (1.41) 194 (1.57) 0.08 ** (1.97)
Dmajriver () | 055** (2.14) -0.21** (2.23) 0.75 (0.36) -0.21***(2.65)
Dminriver () | -0.12 (0.65) -0.04 (0.27) 0.34 (0.16) -0.06 (0.46)
Droad (+) | -0.84***(2.61) -0.63 ** (2.06) 222 (1.59) -0.25** (2.09)
Roadumy () | 042 (0.27) -156 (1.17) -10.16 (1.11) -0.57 (0.80)
Male99 (+) | -0.001* (1.76) -0.001 (1.31) -0.005 * (1.69) 0.0003 (0.77)
Literate () | -865 (0.79) -18.36 (1.33) -74.96 (1.49) 118 (0.28)
Schdul caste (+) | -055 (0.15) -7.09* (1.78) -20.32 (1.03) -151 (1.03)
Cultivator () | 531 (053 022 (0.03) -68.64 (0.87) -0.50 (0.10)
Aglabour (+) | -517 (0.28) 6.55 (0.80) -161.58 (1.17) 7.83 (1.25)
Hhworker () | -4853 (128) -15.02 (0.40) 193.35 (0.39) -40.80 (1.20)
Otworker () | -2051 (0.84) 19.01 (1.25) -58.61 (0.45) 12.19 (1.12)
Margworker (+) | -305 (0.44) 323 (0.97) 582 (0.42) 3.80 (1.01)
Constant (? | 1084 (1.04) 19.16 (1.36) 102.40 (1.22) -3.85 (0.86)
N=486,R?=0.11, | N=318R?=0.15, | N=48,R?=0.46, N=270,R*=0.15,
F(19,466)=3.91, | F(19,298)=2.88, | F(19,28)=1.02, F(19,250)=5.09,
Pro=0.00 Pro=0.00 Pro=0.47 Pro=0.00

Notes. *** ** ‘and * imply 1%, 5%, and 10% level of significance respectively. Figuresin parenthesis are
the absolute t-values.
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FIGURES

Figure- 1. (a) Super CycloneMakingL andfall near KendrapadaDistrict
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Figure2: (a) Mangrovesof Kendrapada District asexisted in 1999 and the Track of
1999 Super Cyclone
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Figure2: (b) Mangrovesof Kendrapada District asexisted in 1950 and the Track of
1999 Super Cyclone
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Figure3: SeaElevationsat Orissa Coast during 1999 Super Cyclone L andfall
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Source: Meteorology Department, Government of India
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