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Highlight of Study

• Quantifies Mangrove Protection during 1999 Super 
Cyclone

• Take into account the Present and the Historical 
Mangroves in analysis

• Uses Scientific, GIS and Socio-Economic data for 
analyzing Cyclone Damage

• Uses maximum possible control to separate Mangrove 
impact on Cyclone Damage

http://www.nio.org/Biology/mangrove/MANGCD/fig4.gif

Mangroves: intertidal forests

http://www.vub.ac.be/ANCH/CV/steven.html

• In limelight due to prominent natural disasters like 2004 
tsunami, Hurricane Katrina, Rita, Cyclone Sidr, Nargis etc.

• Accepted as a prominent ecosystem service (Barbier et al 
(Science, 2008); Day et al (Science, 2007).

• Debated since the Bhola Cyclone (Nov 1970) in East 
Pakistan (Bio.Conserv, 1971)

• Most of the empirical works are strongly questioned. 

Storm Protection by Mangroves -
Historical Background

• Mangroves and Tsunami

• UNEP (After the Tsunami, 2006), Kathiresan & Rajendran (Estuarine, Coastal 
and Shelf Sciences, 2005) & Danielson et al (Science, 2005) �

Mangroves reduced tsunami damage.

• Kerr and Baird (Bio-Science, 2007) &  Baird and Kerr (Landscape Ecology, 

2008)� No mitigating effect of vegetation on tsunami.

• Cochard et. al. (Perspectives in Plant Ecology: Evolution and Systematices, 

2008) � Role of mangroves as potential tsunami buffer could be 
fairly minor.

• Mangrove and Cyclones

•Theoretical and Field experiments show mangroves to reduce 
velocity of wind waves (Massel et al. (Fluid Dyn Res., 1999); Mazda et 
al. 1997, 2006; Quartel et al. 2007).

• Few empirical work, but use of limited data, few control variables, 
scientific content is nearly missing.

Literature

• Detailed statistical analysis of Village wise human 
casualties in Kendrapada district of Orissa. 

• Large sample & many control variables to separate out
mangrove effect

• Without mangroves, death toll would have been 54% more    
in study area.

• Under reasonable assumptions, protection of remaining 
mangroves in Orissa is economically justified on the basis of 
reduced risk of death in storms

Present Study
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Kendrapada

Study Area – Kendrapada district of Orissa in Super Cyclone Structure
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Description of Deaths (Primary Evidence of 
Mangrove protection)

0.32

1.11

0.14

0.54

0.39

Mean 
death

349

107

65

391

456

Total 
Deaths

458Villages with high mangrove 
protection (M > 0.5)

1084Villages outside 1950 forest 
boundary

96Villages inside 1950 forest 
boundary

722Villages with no or little 
mangrove protection (M � 0.5)

1180Entire District
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Human death in Kendrapada
Methods: - Cyclone Damage Function

Di = f (Pi, Vi , Wi, Si, Ai), 

where D is damage suffered (human casualties),    

• P is population,    

• V is velocity of wind,  

• W is velocity of storm surge,      

• S is socio-economic well being index,   

• A is institutional support and        

• i represents the spatial units (villages)

Different measures of wind velocity at radial 
distances

• Velocitypow = Vmax for eye area, 
= Vmax *( (dcypath/15)^(- 0.6)) for 

outer eye area  (73.89 , 190.16)

• Velocityexp = Vmax for eye area
= Vmax * exp {-(dcypath – 15)/b} for

outer eye area  (108.64 , 190.16)

• Vmax =  256 * exp{-(0.0991 * 3)}   and b = 240.

Vi   =  F (Radial wind, dcoast, mangrove, 
Casuarinadumy) 

Wi = w(surge, dcoast, mangrove, topodumy,         
hmangrove, dmajriver, dminriver)        

Si = S(literate, schedulecaste, cultivators, 
aglabour, hhworkers, otworkers, 
margworkers, nonworker, droad, roadumy)

Pi = Population 99

Ai = Tahasildar
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D = f (pop99, mangrove, mhabitat, topodumy, 
dcypath, surge, dcoast, dmajriver, dminriver, 
droad, roadumy, literates, scheduled caste, 
cultivators, aglabours, hhworkers, otworkers, 
margworkers, tahasildars)
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Distribution of death across villages 

High proportion of zeroes

How do I identify Mangrove Impact on Death?

• Estimate a Human Casualty function adding control variables in steps,  
using different count specifications.

• Restrict sample to villages having mangrove habitat area between them 
and coast (same bathymetry) and beyond cyclone eye

• Use control variables to separate out mangrove impact

•Physical features of mangrove habitat areas

•Cyclone Impact

•Topography

•Hydrology

•Infrastructure

•Socio-Economic Well-being

•Governmental Institutions

• Estimate models over different sample areas to see how far 
mangroves provide effective protection.

DATA
• GIS data on village boundary, rivers, drains, road, dikes, Forest cover 
etc for Kendrapada and Arc View 3.2 software

• IRD – ID, LISS III pan data of 11th Oct 1999 with 23.9 meter resolution 
to get coastal forest map before cyclone

• Toposheets and Forest Images of Coastal Orissa from Archives of US 
Army Corps to get 1950 forest cover

(All images geo-referenced at 1:50,000 scale)

• Primary Census Abstract of 1991 and 2001 to get village level socio-
economic data

•Meteorological information from Meteorology Dept, Govt of India

• Village wise details of Human Casualties from Emergency Office,
Government of Orissa, Kendrapada

Results (Model Specification)
• Two coastal blocks Mahakalpada and Rajnagar (villages = 262 with 
mhabitat >0 & dcypath>15)

•Regressed Death on mangrove and village population

•Both LR test of a=0 and zip test supports 
ZINB against ZIP (P<0.001)

-1.28***Zero Inflated Negative 
Binomial

•Vuong test favors ZIP against Poisson 
(P<0.05)
• zip test rejects ZIP in favor of ZINB 
(P<0.001)

-0.97***Zero inflated Poisson

•Vuong test rejects NB in favor of zero-
inflated NB (P<0.001)

-1.27***Negative Binomial

2 test rejects Poisson in favor of NB
• GOF (both pearson and deviance), 
P<0.001

•LR test of a=0 (P<0.001)

-1.24***Poisson

Specification testMangrove 
coefficient

Model

Note: Pop coefficient significant in all (P<0.001), Choose pop to explain zero 
inflation by zero-death logit, *** (P<0.01)

Results (Control variables)

-0.56*** 
(P<0.001)

Tahasildar (oncharge of relief, 
evacuation etc)dummies

Institutional control (1)

-0.68*** 
(P<0.001)

Literate, Scheduled caste, cultivator, 
aglabor, hhworker, otworker, 
margworker, nonworker

Population characteristics 
(8)

-0.66*** 
(P<0.001)

Dmajriver, Dminriver, Casurinasdumy, 
Roadumy, Droad

Topography, Hydrology 
and Infrastructure (5)

-0.61** 
(P<0.05)

Dcypath, surge, DcoastCyclone Impact (3)

-0.97*** 
(P<0.001)

Topodumy (Vill in mangrove area) and 
Mhabitat (width of1950 mangrove) 

Mangrove habitat 
features  (2)

Mangrove 
coefficient 
(ZINB) 

VariablesControls

Note: Other significant and robust coefficients (P<0.05) were

topodumy (+ive), mhabitat (+ive), Dminriver (-ive), Roadumy (-ive), pop 
(+ive), cultivator (-ive)
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Results (Sample Areas)

-0.62*** (P<0.001)840Release restriction dcypath>15 
(include areas under eye)

-0.65*** (P<0.001) 1180Release restriction mhabitat>0 
(include non mangrove areas)

-0.54*** (P0.001)711Take entire Kendrapada District

-0.41*** (P<0.001)527Increase sample in South-west 
direction

-0.48*** (P<0.001)288Increase sample in North-west 
direction

-0.85*** (P<0.001)242Delete 16 new villages established 
between 1991 and 2001

Mangrove coefficient 
• ZINB remains preferred model
•Similar results with Poisson, ZIP 
and NB

No of 
villages

Sample area

Note: No change in results by using clustered standard errors (clusters were 
gram panchayats) and Moran’s I statistic was low (0.105) but significant for villages 
within 2 km. 

Poisson Estimates for Human Casualties Model (Dep. Var = sucydeath, Wind 
measure = velocitypow)

0.19** (2.15)0.03  (0.39)0.22  (1.33)0.21*** (3.05)0.22*** (3.65)(+)Surge

0.03  (0.93)-0.01  (1.12)0.45*** (3.02)0.004  (0.27)0.008   (0.54)(-)Dcoast

-0.04*** (3.48)-0.02** (2.32)-0.01   (0.37)-0.03*** (4.54)-0.023*** (4.69)(+)Velocitypow

Dropped-0.14  (0.08)Dropped-0.39    (0.23)Dropped(?)Bhadrakh

Dropped0.91  (0.58)Dropped0.74  (0.67)0.32  (0.27)(?)Kend-Derabis

1.27  (0.96)0.99  (0.52)DroppedDropped0.38  (0.32)(?)Marshaghai

DroppedDroppedDroppedDropped0.04  (0.03)(?)Garadpur

DroppedDroppedDroppedDroppedDropped(?)Aul

0.01  (0.02)-0.88  (0.59)13.55*** 
(3.87)

-1.25  (1.10)-1.35 ( 1.21)(?)Patamundai

Dropped-15.63  (0.02)Dropped-16.01  (0.02)-14.91  (0.03)(?)Rajkanika

DroppedDropped15.345*** 
(5.80)

-1.59  (1.30)-1.49  (1.36)(?)Rajnagar

1.74***  (3.60)0.03  (0.02)16.52*** 
(4.58)

0.46  (0.41)0.34   .(0.31)(?)Mahakalpada

Sample-5, 
N=364, LR 
Chi2(23)=423.
16

Sample-4, 
N=556, LR 
Chi2(26)=290
.01

Sample-3, 
N=155, LR 
Chi2(23)=31
9.1

Sample-2, 
N=771, LR 
Chi2(26)=594.26

Sample-1, 
N=840, LR 
Chi2(27)=736.97

Exp
e
sign
s

variable

1.74  (1.47)-1.05  (0.54)-15.37  (0.01)3.45** (2.11)2.96** (2.31)(?)Constant 

0.14  (0.22)0.26  (0.27)-0.83  (0.75)-0.29  (0.73)-0.34  (1.19)(-)Non –worker

0.71   (0.79)-0.70 (0.49)2.81** (2.18)0.81  (1.11)0.86  (1.29)(+)Margworker

-3.94** (2.05)-3.73  (1.20)-5.69 * (1.79)-2.52  (1.43)-1.77  (1.11)(-)Otworker

39.65*** (3.30)9.78  (0.92)9.71  (0.33)14.03  (1.47)8.59  (1.10)(-)Hhworker

-0.57  (0.39)5.31** (2.56)-1.06  (0.33)-0.12  (0.21)-0.11  (0.17)(+)Aglabour

-2.95*** (2.85)-2.90* (1.81)-2.70  (1.41)-2.03** (2.12)-0.78  (1.21)(-)Cultivator

-2.60*** (3.31)-0.78 (1.11)-2.92* (1.63)-1.60*** (3.00)-0.92** (2.12)(+)Schedulcaste

0.58  (0.67)2.45* (1.85)-2.69** (2.12)-0.43  (0.54)-1.28* (1.81)(-)Literate

0.0006*** 
(8.95)

0.0005*** 
(5.00)

0.0006*** (6.21)0.0005*** 
(9.61)

0.0004*** (9.03)(+)Pop99

-0.51*** (2.66)-0.11 (0.48)-0.09  (0.24)-0.38** (2.24)-0.21   (1.41)(-)Roadumy

0.01  (0.33)0.04   (0.56)0.005  (0.05)-0.04  (1.04)-0.05*  (1.61)(+)Droad

-0.15** (2.17)-0.04  (0.93)-0.13  (1.18)-0.06* (1.66)-0.07** (2.56)(-)Dminriver

0.04  (1.15)0.04  (1.44)0.15  (1.27)0.06** (2.47)0.05** (2.49)(+)Dmajriver

0.11  (0.53)0.99*** (3.74)-0.27  (0.53)0.20   (1.03)0.12    (0.73)(-)Casurinadumy

-0.64*** (3.99)-0.57** (2.47)-1.48*** (3.73)-0.73*** (4.00)-0.81*** (4.30)(-)Mangrove

0.13*** (2.96)0.25*** (3.95)-0.43*** (2.92)0.12*** (3.43)0.08*** (2.99)(?)Mhabitat

0.62** (2.16)-1.49* (1.94)2.27*** (3.55)0.27  (1.15)0.40* (1.85)(+)Topodumy

Deaths Averted by Mangroves (n = 840)

�� ¢-= yyDA ˆˆ

, 

361 (92%)Averted deaths under assumption 2

(392 – 31) = 361

211 (54%)Averted deaths under assumption 1

(603 – 392) = 211

31Predicted deaths if current mangroves were at 
1950 level

603Predicted deaths if there were no mangroves

392Actual death due to super cyclone

•Value \ km width of present mangrove \ village = Rs2239.35 ($53)

•Value \ km width of present mangroves \ District = Rs18,81,054/ ($44,787)

Does reduction in risk of death justify protection 
of mangroves?

•Opportunity cost of protecting mangroves: -
- Market value of land in coastal Kendrapada $ 4303 - $ 5738 \ ha

- Annual return (9%) from land                                   $ 386 - $ 516 \ ha \ yr

•Benefit from death reduction: -
- No of lives saved                                              0.01 \ he

- VSL for Orissa from Indian wage-risk study                                    $ 259,956

- Annual probability of very severe cyclones                     0.16 \ yr

- Annual value for reduction of death risk                       $ 416 \ ha \ yr

•We justify mangrove protection as market price of 
mangrove land is much less than $ 4303 \ ha and 
mangrove provide many other benefits.

Conclusion

•Mangroves reduced human death during super cyclone.

•Death toll would have been nearly doubled in absence of 
mangroves.

•Annualized storm protection benefit of mangrove for 
reducing death risk was found marginally higher than 
annual return from land, but other benefits of mangroves 
need to be properly valued to justify mangrove protection.



6

THANKS


