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This past season of unprecedented Florida hurricane activity was not entirely a consequence of
bad luck. A notable preseason weakening of the sea-level pressure gradient over the eastern
North Atlantic foreshadowed the onslaught of storms consistent with our research showing a
negative relationship between springtime values of the North Atlantic oscillation (NAO) and
hurricane activity over the U.S. coast (Elsner et al.~2001; Jagger et al.~2001), especially along
the southeast that includes Florida (Elsner 2003).

Here we design a hierarchical Bayesian model for annual Florida hurricane counts that includes
a preseason May-June value for the NAO as a covariate and that assigns greater uncertainty to
the counts prior to 1900. Using an average index value for May-June of 2004, the model
hindcasts an active season for Florida. The model showing a 46% chance of at least one Florida
hurricane for 2004 is in bold contrast to the most recent 53-year historical probability of 30%.

Doodle Graphical model for FL hurricane activity

Code
# To run the model first download the free WinBUGS software from
# http://www.mrc-bsu.cam.ac.uk/bugs/welcome.shtml
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model;
{

for( i in 1 : N ) {
H[i] ~ dpois(lambda[i])
log(lambda[i]) <- beta0 + beta1 * NAO[i] + beta2*ind[i] +eta[i]
tau1[i]<-tau[ind[i]+1]
eta[i] ~ dnorm(0,tau1[i])

}
tau[1] ~ dgamma(0.001,0.001)
tau[2] ~ dgamma(0.001,0.001)
beta0 ~ dnorm( 0.0,1.0E-6)
beta1 ~ dnorm( 0.0,1.0E-6)
beta2<-log(p)
p~dunif(lower,upper)
prob1<-step(H[N]-1) # probability of at least 1 hurricane

}

Data # Data
list(N=154, lower=0.80,upper=0.95,
# Florida hurricanes, the NA is for the 2004 season
H=c(1, 2, 0, 1, 0, 1, 0, 0, 1, 0, 1, 0, 0, 0, 1, 0, 1, 0, 0, 2,
2, 0, 2, 1, 0, 1, 2, 1, 0, 2, 0, 2, 0, 0, 1, 3, 1, 2, 0, 0, 1, 0, 1, 2, 0, 2, 0, 1, 1,
0, 0, 0, 0, 1, 0, 2, 0, 0, 1, 1, 1, 0, 0, 0, 0, 1, 1, 0, 1, 0, 1, 0, 0, 2, 1, 2, 0, 2, 1, 0, 0, 0, 2, 0, 2, 1, 0,
0, 1, 0, 1, 0, 0, 0, 2, 1, 2, 2, 1, 2, 0, 0, 1, 0, 0, 1, 0, 0, 0, 1, 0, 0, 0, 3, 1, 2, 0, 1, 0, 0, 0, 1, 0, 0, 1,
0, 0, 0, 1, 0, 0, 0, 0, 0, 2, 0, 1, 0, 0, 0, 0, 1, 0, 0, 2, 0, 0, 2, 1, 0, 0, 0, 0, NA),

# NAO index values averaged over the preseason months of may-june, the only significant
# preseason covariate of FL hurricane activity
NAO=c( -1.575, 0.170, -1.040, -0.010, -0.750, 0.665, -0.250, 0.145, -0.345, -1.915, -1.515,

0.215, -1.040, -0.035, 0.805, -0.860, -1.775, 1.725, -1.345, 1.055,
-1.935, -0.160, -0.075, -1.305, 1.175, 0.130, -1.025, -0.630, 0.065, -0.665, 0.415,
-0.660, -1.145, 0.165, 0.955, -0.920, 0.250, -0.365, 0.750, 0.045, -2.760, -0.520, -0.095,
0.700, 0.155, -0.580, -0.970, -0.685, -0.640, -0.900, -0.250, -1.355, -1.330, 0.440, -1.505,
-1.715, -0.330, 1.375, -1.135, -1.285, 0.605, 0.360, 0.705, 1.380, -2.385, -1.875, -0.390,
0.770, 1.605, -0.430, -1.120, 1.575, 0.440, -1.320, -0.540, -1.490, -1.815, -2.395, 0.305,
0.735, -0.790, -1.070, -1.085, -0.540, -0.935, -0.790, 1.400, 0.310, -1.150, -0.725, -0.150,
-0.640, 2.040, -1.180, -0.235, -0.070, -0.500, -0.750, -1.450, -0.235, -1.635, -0.460, -1.855,
-0.925, 0.075, 2.900, -0.820, -0.170, -0.355, -0.170, 0.595, 0.655, 0.070, 0.330, 0.395,
1.165, 0.750, -0.275, -0.700, 0.880, -0.970, 1.155, 0.600, -0.075, -1.120, 1.480, -1.255,
0.255, 0.725, -1.230, -0.760, -0.380, -0.015, -1.005, -1.605, 0.435, -0.695, -1.995, 0.315,
-0.385, -0.175, -0.470, -1.215, 0.780, -1.860, -0.035, -2.700, -1.055, 1.210, 0.600, -0.710,
0.425, 0.155, -0.525),

# Indicator covariate for reliable (0) versus less reliable records (1)
ind=c(1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1
,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,
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0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)
)

Initial Conditions # Initial conditions
# Two sets of initial conditions for examining convergence
list(beta0=0,beta1=0,tau=c(0.1,0.1),p=0.9)
list(beta0=5,beta1=2,tau=c(1.0,1.0),p=0.8)

Results

node mean sd MC error 2.5% median 97.5% start sample
H[154] 0.6416 0.8301 0.006693 0.0 0.0 3.0 2000 16002
beta1 -0.2007 0.1074 0.001211 -0.4121 -0.1999 0.01017 2000 16002
beta2 -0.1135 0.04562 5.365E-4 -0.2115 -0.1035 -0.05348 2000 16002
prob1 0.4622 0.4986 0.004057 0.0 0.0 1.0 2000 16002
tau[1] 140.8 270.2 15.59 3.301 47.63 919.6 2000 16002
tau[2] 117.1 332.7 17.78 1.266 14.95 1033.0 2000 16002
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