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Front: ©Photo by Joe Raedle/Getty Images—A vehicle drives through flooded streets The flood was 
caused by a combination of the lunar orbit which caused seasonal high tides and what many believe is 
the rising sea levels due to climate change. (on September 30, 2015, in Fort Lauderdale, Florida) South 
Florida is projected to continue to feel the effects of climate change, and many of the cities have begun 

programs such as installing pumps or building up sea walls to combat the rising oceans.
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Time-dependent probabilities are quantified 
using a generalized extreme value (GEV) distribu-
tion whose cumulative distribution for a level (z) is 
described by a location (μ), a scale (ψ), and a shape 
(ξ) parameter:

 

1.            F(z) = exp {−[1 + ξ(z − 
μ(t))]

−1

 }
where ξ ≠ 0 (per our results). We use a time-

dependent model following Mendez et al. (2007) and 
Menendez and Woodworth (2010) of monthly highest 
water levels to assess location–parameter changes in 
the statistical distribution that can occur, for instance, 
with the seasons, El Niño, or a long-term trend. The 
scale and shape parameters are time invariant. After 
testing the role of different physical factors, we in-
clude the following location parameter components 
(significant at 95% level) within the model: 

2.     μ(t) = β0+ μS(t) + μN(t) + βLT(t) + βFC(t)

• μS(t) = β0 + β1  cos(ωt) + β2 sin(ωt) +  
β3 cos(2ωt) + β4 sin(2ωt)

• μN(t) = βN1
 cos(ωNt) + βN2

 sin(ωNt)

where angular frequency, ω = 2π/Τ, period, T=1 
year, and ωΝ = 2π/ΤΝ with ΤΝ =  18.61 years. The GEV 
model parameters (μ, ψ, ξ) were estimated using 
the maximum likelihood method (Coles 2001). The 
subindex, S in equation 2, is for seasonal cycles (an-
nual and semi-annual periodicities), N is for nodal 
tide cycle, LT is for long-term trend, and FC is a co-
varying response to monthly minimum FC transport 
(www.aoml.noaa.gov/phod/f loridacurrent). From 
1994–2015, there were some gaps in FC transport with 
missing data reconstructed using random sampling 
from month-specific Gaussian kernel fits (Park and 
Sweet 2015). Each component response is independent 
and uncorrelated with the others. 
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