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Abstract

Coastal wetlands reduce the damaging effects of hurricanes on coastal communities. A
regression model using 34 major US hurricanes since 1980 with the natural log of damage per
unit gross domestic product in the hurricane swath as the dependent variable and the natural logs
of wind speed and wetland area in the swath as the independent variables was highly significant
and explained 60% of the variation in relative damages. A loss of 1 ha of wetland in the model
corresponded to an average USD 33 000 (median = USD 5000) increase in storm damage from
specific storms. Using this relationship, and taking into account the annual probability of hits by
hurricanes of varying intensities, we mapped the annual value of coastal wetlands by 1km % 1km
pixel and by state. The annual value ranged from USD 250 to USD 51 000 ha ' yr', with a mean
of USD 8240 ha™' yr ' (median = USD 3230 ha™' yr ") significantly larger than previous
estimates. Coastal wetlands in the US were estimated to currently provide USD 23.2 billion yr '
in storm protection services. Coastal wetlands function as valuable, selfmaintaining “horizontal
levees” for storm protection, and also provide a host of other ecosystem services that vertical
levees do not. Their restoration and preservation is an extremely cost-effective strategy for
society.
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A 95% confidence interval was generated for each of the parameter estimates as well as the
adjusted R? measure using a 10 000 iteration bootstrap analysis. The adjusted R” interval was
(0.342, 0.832). The intervals for the other parameters are listed in Table 1. The coefficient for
wind speed (B;) was significant 99.94% of the time, while the coefficient for wetlands () was
significant 93.04% of the time.

One potential problem with this formulation is endogeneity. If wetland area and GDP are
negatively correlated (as one might expect if urban area and wetland area were “competing” for
the same fixed landscape area), then this could cause bias in the estimate of the coefficient for
wetlands or spurious correlation. For example, it might be the case that high wetland area
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endogenous relationship with GDP. GDP and herbaceous wetland area (all variables assumed
log-transformed) were actually positively (and weakly) correlated (r = 0.19). However, as
hypothesized, the partial correlation coefficient of total damage upon herbaceous wetlands
controlling for GDP and wind speed was negative (r = —0.34, p = 0.05) (23). Controlling for the
relationship with GDP demonstrates that the perceived effect of herbaceous wetlands upon
hurricane damage is not spurious but rather is partially suppressed (statistically) because of the
positive correlation between GDP and wetlands. Further, if an endogenous relationship with
GDP were causing a spurious effect of herbaceous wetlands upon total damage, a similar
relationship should have been seen with other undeveloped land covers. However, the addition of
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