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• Flooding is one of the major natural hazards affecting 
Jamaica.
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– Has been negatively affected by severe weather events 
– Repeated flooding (2004, 2007, 2008, 2010) has been very 

costly both in terms of lives and livelihoods. 1.
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• Analysis of the number of hurricanes/ tropical storms 
affecting Jamaica and the variability of the rainfall patternRI
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affecting Jamaica and the variability of the rainfall pattern 
has shown changes in trends in the years 2001‐2012. 
– Shifts in traditional peak rainfall months of May and September‐
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October has shifted to June and November in some years. 
– Shorter duration high intensity rainfall associated with 

stationery fronts and troughs 
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– IPCC outlook shows an increasing likelihood of more intense 
hurricanes, which would result in increased frequency of 
flooding due intensive rainfall. 
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Introduction: Jamaica
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Jamaica has a tropical maritime (marine) climate. Mean daily 
temperature ranges from a seasonal low of 26 º C in February 
to  a high of 28º C in August (33 º C in recent years).
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Islandwide long term mean annual rainfall exhibits a 
characteristic pattern, with the primary maximum in October 
and the secondary in May. The main dry season lasts from
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and the secondary in May. The main dry season lasts from 
December to April. 
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Types of flooding in Jamaica
RO

D
U
CT

IO
N

IN
TR

N
T

Groundwater induced                            Depression                                           Riverine
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Reported flood events
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Data from Mona Geoinformatix Institute, CEAC Solutions 
Ltd, ODPEM and Water Resources Authority of Jamaica
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Hurricanes and tropical storms affecting Jamaica
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Hurricane Gilbert, 1988Jamaica is located in the Atlantic Hurricane belt 
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and is exposed to severe flooding from high 
intensity rains associated with tropical storms 
and hurricanes. 
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Project background
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• Driving questions:

IN
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T • Driving questions:

– What are the potential impacts of climate change on Jamaica’s vulnerability to flooding from 
extreme events? 

– What adaptation measures can be carried out for affected communities to cope with 
increasing flood risk and what is the impact of flood events on properties and livelihoods?
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increasing flood risk and what is the impact of flood events on properties and livelihoods?

• Aim: 
– To assess current and future flood risk for the Yallahs River, JamaicaRI
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,

• Methods: 
– Analysis of measured rainfall

2.
 R
ET
U
RN

 P
ER

SI
S

– Climate model conditioned on rainfall
– Models of catchment hydrology and flood hydraulics

• Part of the larger project: Impact of Climate Change on Flooding on inland floodingU
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Part of the larger project: Impact of Climate Change on Flooding on inland flooding 
in  Jamaica, present and future scenarios. Risk and adaptation measures for 
vulnerable communities.

– Funded by Climate and Development Knowledge Network (CDKN)/ Caribsave
P j t i l i th O Ri i t J i (N il)
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– Project is also assessing the Orange River in west Jamaica (Negril)
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Study site: Yallahs River
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Upland catchment in south east  
Jamaica, draining the Blue Mountains.

Major riverine flooding associated with Hurricane  
( )
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1. Past flood analysis 2. Current flood risk 3. Future flood risk

Historical rainfall data (24 hr, 1992‐2012, Mavis Bank gauge) Baseline climate model: PRECIS

Flood 
analysis 
methodRO
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Extract annual 24 hr maximum

IDF Curves:

Future climate 
model: ECHAM

IDF Curves:

method 
summaryIN
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24 hr rainfall for 
Tropical Storm 
Gustav 
(28 August 2008)

Fit Gumbel distribution

IDF Curves: 
present

IDF Curves: 
future

IDF Curve difference
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Scaling of current return 
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Temporal downscaling 
(NRCS Type II/ III distribution)

Temporal downscaling 
(NRCS Type II/ III distribution)

15 min. rainfall 15 min. rainfall

Temporal downscaling 
(NRCS Type II/ III distribution)

15 min. rainfall
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Gustav catchment 
model

Current return periods 
catchment model HEC‐HMS

Future return periods 
catchment model

Topography

River network

Land use/ cover

Water balance
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Gustav hydraulic model
Current return periods 

hydraulic model LISFLOOD‐FP
Future return periods 

hydraulic model

Floodplain 
topography

Channel 
geometry

Channel inflow Channel inflow Channel inflow
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Inundation extents, depths and flood wave timings
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Methods: Temporal downscaling of rainfall
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• Temporal downscaling necessary since we 
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have 24‐hour rainfall data
– Using data directly would not represent 

peak flow during short‐duration extreme 
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Mavis Bank, Jamaica, 28 Aug 2008 – Tropical Storm 
Gustav (419 mm 24‐hour rainfall)
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Methods: HEC-HMS
RO

D
U
CT

IO
N

Hydrologic 
processes 
representation

HEC‐HMS 
model 
structure, Yalla

IN
TR

N
T representation 

in HEC‐HMS
structure, Yalla
hs River

1.
 P
A
ST
 F
LO

O
D
 E
VE

N
RI
O
D
 A
N
A
LY
SI
S

2.
 R
ET
U
RN

 P
ER

SI
S

U
RE

 C
LI
M
A
TE

 A
N
A
LY
S

SCS loss method/ basin lag used;
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Methods: LISFLOOD-FP
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Hybrid 1D/2D model
Model discretization of 
floodplain and channel 
topography
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– Based on raster DEM

– 1D model in the channel

– Once bankfull depth is 

topography

In‐channel flow routed using a 
1D wave equation

Once bankful depth is exceeded 
water can flow laterally over
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exceeded flow on the 
floodplain is calculated in 2D.

water can flow laterally over 
adjacent low lying floodplains 
according to topography and free 
surface gradient
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1. Past flood analysis: Tropical Storm Gustav
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• Landfall in Jamaica 28 August 
2008

• Major impact (US $210 40
60
80

100

nf
al
l (
m
m
)

Mavis Bank (419 mm 24‐hour rainfall)

N
T

IN
TR

Major impact (US $210 
M), including flooding in Yallahs

• 24‐hr data for Mavis Bank and 
Ramble gauges
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• NRCS Type II method used to 
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1. Tropical Storm Gustav: Results
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Tropical Storm G staTropical Storm Gustav:
Prediction of flood extent and 
depth over time
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2. Estimation of current flood risk
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2. Estimation of current flood risk
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2. Estimation of current flood risk: results
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2. Estimation of current flood risk: results
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3. Estimation of future flood risk
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3. Estimation of future flood risk: results
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3. Estimation of future flood risk: results
RO

D
U
CT

IO
N

N
T

IN
TR

No reduction in 
i d ti i k

1.
 P
A
ST
 F
LO

O
D
 E
VE

N

inundation risk 
in valley

RI
O
D
 A
N
A
LY
SI
S

SI
S

2.
 R
ET
U
RN

 P
ER

Lower risk U
RE

 C
LI
M
A
TE

 A
N
A
LY
S

P l 2070 2099 l

downstream
Maps of exceedance probability: 
Green: 4% (25 year return period)
Blue:    2% (50 year return period)

3.
 F
U
TU

Y

42
Wilson et al., Terrestrial Flood Risk and Climate Change in the Yallahs River, Jamaica
WCRP VAMOS/CORDEX Workshop on Latin‐America and Caribbean. CORDEX LAC: Phase I ‐ South America.  September 11‐13, 2013,  Lima, Perú

Present annual 
exceedance probability

2070‐2099 annual 
exceedance probability 

(ECHAM, B1)

Red:     1%  (100 year return period)

SU
M
M
A
R



Summary 1
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• Flood inundation predicted for Yallahs River using HEC‐
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– Current 25, 50 and 100‐year events1.
 P
A
ST
 F
LO

O
D
 E
VE

N

, y

– 24‐hour rainfall temporally downscaled using NRCS method

RI
O
D
 A
N
A
LY
SI
S

• Future return periods predicted using percentage 
changes between baseline climate (PRECIS) and future SI

S
2.
 R
ET
U
RN

 P
ER

changes between baseline climate (PR CIS) and future
climates (ECHAM)
– Future 25, 50 and  100‐year eventsU

RE
 C
LI
M
A
TE

 A
N
A
LY
S

Y

y

– Climate projections suggest a decline in future flood frequency... 
although inundation extend in valley does not reduce 
b i ll

3.
 F
U
TU

Wilson et al., Terrestrial Flood Risk and Climate Change in the Yallahs River, Jamaica
WCRP VAMOS/CORDEX Workshop on Latin‐America and Caribbean. CORDEX LAC: Phase I ‐ South America.  September 11‐13, 2013,  Lima, Perú 43

SU
M
M
A
R substantially



Summary 2
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• More work required:N
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• More work required:
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– Further work required in model analysis:
• Additional climate models

• Validation of past event predictions for HEC HMS/LISFLOOD FPY
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• Validation of past event predictions for HEC‐HMS/LISFLOOD‐FP
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