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Introduction

 Flooding is one of the major natural hazards affecting
Jamaica.

— 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.

e Analysis of the number of hurricanes/ tropical storms
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-
October has shifted to June and November in some years.

— Shorter duration high intensity rainfall associated with
stationery fronts and troughs

— IPCC outlook shows an increasing likelihood of more intense
hurricanes, which would result in increased frequency of
flooding due intensive rainfall.

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 | - South America. September 11-13, 2013, Lima, Peru



INTRODUCTION

1. PAST FLOOD EVENT

| 3. FUTURE CLIMATE ANALYSIS | 2. RETURN PERIOD ANALYSIS |

SUMMARY

Introduction: Jamaica
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Jamaica has a tropical maritime (marine) climate. Mean daily
temperature ranges from a seasonal low of 26 2 Cin February

to a high of 282 Cin August (33 2 C in recent years).

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

December to April.

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 | - South America. September 11-13, 2013, Lima, Peru
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Types of flooding in Jamaica

Groundwater induced - Depression Riverine
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Reported flood events
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Jamaica is located in the Atlantic Hurricane belt
and is exposed to severe flooding from high
intensity rains associated with tropical storms
and hurricanes.
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Wilson et al., Terrestrial Flood Risk and Climate Change in the Yallahs River, Jamaica

Project background

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?

Aim:
— To assess current and future flood risk for the Yallahs River, Jamaica

Methods:

— Analysis of measured rainfall
— 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 flooding

in Jamaica, present and future scenarios. Risk and adaptation measures for

vulnerable communities. ~p
— Funded by Climate and Development Knowledge Network (CDKN)/ Caribsave (N
— Project is also assessing the Orange River in west Jamaica (Negril)

P (

¢ ‘caribsave

WCRP VAMOS/CORDEX Workshop on Latin-America and Caribbean. CORDEX LAC: Phase | - South America. September 11-13, 2013, Lima, Peru 7
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Study site: Yallahs River

D510 20 30 40
e Hilometen

Upland catchment in south-east
Jamaica, draining the Blue Mountains.

Major riverine flooding associated with Hurricane
Gustav (28 August 2008).

0081 2 3 4
N Kilome

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 | - South America. September 11-13, 2013, Lima, Perd
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Channel
geometry

6. Current flood risk

N

P

Gustav hydraulic model

hydraulic model

¢ V. \

(4 . .
Flood 1. Past flood analysis 3. Future flood risk
anaIVSIS Historical rainfall data (24 hr, 1992-2012, Mavis Bank gauge) Baseline climate model: PRECIS
method
summary Future climate
model: ECHAM
Extract annual 24 hr maximum
IDF Curves: IDF Curves:
24 hr rainfall for present future
Tropical Storm Fit Gumbel distribution
Gustay IDF Curve difference
(28 August 2008)
Scaling of current return
periods
Temporal downscaling Temporal downscaling Temporal downscaling
(NRCS Type II/ lll distribution) (NRCS Type II/ lll distribution) (NRCS Type II/ lll distribution)
15 min. rainfall 15 min. rainfall 15 min. rainfall
Topography
River ,»,etwork9 Gustav catchment Current return periods Future return periods
Land use/ cover model catchment model catchment model
Water balance
Channel inflow Channel inflow Channel inflow
Floodplain
topography Current return periods Future return periods

hydraulic model

Inundation extents, depths and flood wave timings

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 | - South America. September 11-13, 2013, Lima, Perd
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Methods: Temporal downscaling of rainfall

 Temporal downscaling necessary since we
have 24-hour rainfall data
— Using data directly would not represent

peak flow during short-duration extreme
events

e NRCS Method (National Resources Conservation
Service - USDA) — Type-I|

 Simple temporal transformation of 24-
hour rainfall

Regions of

applicability for %

NRCS rainfall

distributions in ) 1 ' < > Type |

the U.S. 5 Y Type 1A
I:I Type I
Type T

Wourbs & James (2002), Water Resource Engineering, Prentice-Hall

Wilson et al., Terrestrial Flood Risk and Climate Change in the Yallahs River, Jamaica
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Mavis Bank, Jamaica, 28 Aug 2008 — Tropical Storm
Gustav (419 mm 24-hour rainfall)
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Methods:
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processes
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Methods: LISFLOOD-FP

Model discretization of

Hybrid 1D/2D model e e

. floodplain and channel

i — — topography

— Based on raster DEM

In-channel flow routed using a

. v
— 1D model in the channel i

1D wave equation

Once bankful depth is exceeded

— Once bankfull depth IS water can flow laterally over
exceeded flow on the adjacent low lying floodplains

floodplain is calculated in 2D.

High resolution
floodplain topography
Source: Digital
photogrammetry/LiDAR

Q (m’™)

T (hours)
Inflow hydrograph (QT)
Source: Gauging station records or
hydrological model output (e.g. HEC-HMS)

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 | - South America.

according to topography and free
surface gradient

Outflow hydrograph

L
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Model realisation

September 11-13, 2013, Lima, Peru 12
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e Landfall in Jamaica 28 August 100
2008 £
e Major impact (US $210 £ 0
M), including flooding in Yallahs % 0

e 24-hr data for Mavis Bank and
Ramble gauges ; 120
e NRCS Type Il method used to E o
generate 15-minute rainfall g L
& 20

* Flows generated from rainfall 0
using HEC-HMS

.""..
N

. R
Jamaica "-'-a____

&

http://en.wikipedia.org/wiki/File:Gustav_2008 track.png
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15-minute
rainfall

LISFLOOD-FP

1. Tropical Storm Gustav: Results

Generation of flow data for upstream
input and subcatchment inflows

Routing of flood wave along main channel
and across floodplain

Arca of flood Inundation
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Early flooding
in narrow
section of
valley (before
flood peak)

1. Tropical Storm Gustav: Results
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2. Estimation of current flood risk

e Daily data (24-hour) obtained for 1992-2012 from Jamaica
Met Service for Mavis Bank and Ramble

Data prior to 1992 unavailable due to loss of records in fire

Some historical data (1922-1966) obtained from “Jamaica
Weather Reports” from NOAA central library

(http://docs.lib.noaa.gov/rescue/data rescue jamaica.html)
Annual maximum extracted:
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2. Estimation of current flood risk

Return periods calculated for 24-hour rainfall
24-hour maximum temporally downscaled using NRCS

Type-Il rainfall

— IDF curves generated for return period calculations

Return period, Mavis Bank

—— 24 hr rainfall estimated from 1946-
i 1985

—— 24 hr rainfall period 1992-2006

T T T T T 1

0 20 40 60 80 100 120

Return period (years)
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IDF Curve, Mavis Bank, data set from 1994-2012
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x 10

2. Estimation of current flood risk: results

e HEC-HMS run for 25, 50 and 100 year
rainfall events

* Flows from HEC-HMS routed through the
LISFLOOD-FP model to predict inundation
extents and depths

Area of flood Inundation

6.48

6.46

5.44

UTMN (m)
=
Y]

6.4

™%

638!

Right: Map of exceedance probability:

Green: 4% (25 year return period)
Blue: 2% (50 year return period)

6.36

Red: 1% (100 year return period)

Wilson et al., Terrestrial Flood Risk and Climate Change in the Yallahs River, Jamaica
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2. Estimation of current flood risk: results

&
X 107

Depth difference: 6.48
100-year event maximum
depth minus 25-year

event maximum depth. 646
6.44
E
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=
-
=2
{14
64 11.2
{1
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Wilson et al., Terrestrial Flood Risk and Climate Change in the Yallahs River, Jamaica

Although the flood
extents are

similar, water depths
are up to 2 m higher
on the floodplain
during a 100-year
event

WCRP VAMOS/CORDEX Workshop on Latin-America and Caribbean. CORDEX LAC: Phase | - South America. September 11-13, 2013, Lima, Peru 39
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3. Estimation of future flood risk
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3. Estimation of future flood risk: results

e 25,50 and 100 year rainfall scaled by ~* HEC-HMS run for future return periods
change factor from ECHAM and and flows routed through the LISFLOOD-

, FP model to predict inundation extents
temporally downscaled using NRCS and depths
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3. Estimation of future flood risk: results
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Summary 1

 Flood inundation predicted for Yallahs River using HEC-
HMS and LISFLOOD-FP models
— Past major event (Tropical Storm Gustav)
— Current 25, 50 and 100-year events
— 24-hour rainfall temporally downscaled using NRCS method

e Future return periods predicted using percentage
changes between baseline climate (PRECIS) and future
climates (ECHAM)

— Future 25, 50 and 100-year events

— Climate projections suggest a decline in future flood frequency...
although inundation extend in valley does not reduce
substantially

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 | - South America. September 11-13, 2013, Lima, Peru
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Summary 2

e More work required:

— Scale issues are a major problem:

 How well does the NCRS temporal downscaling of 24-hour rainfall
represent actual rainfall intensities?

 How well do climate models pick up extreme rainfall events? Both
spatial and temporal averaging is present

* Are extreme rainfall events likely to decline as suggested?

— Further work required in model analysis:

e Additional climate models
* Validation of past event predictions for HEC-HMS/LISFLOOD-FP

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 | - South America. September 11-13, 2013, Lima, Peru

44



-
o
o

-
i

.
.

o
-

o
-
o

f
o

.

-

b

-
-
B

e
. N

=

-

-

e

S

b

G

&
=
=

o

L

.
“

L
G
.

i
L

-
-

!
%

-
S

-
.

e
.
S

i i
it

-

=
-
=
=
=

-
-
-

.
.
.
.
-

-
-
-
-
-
=
e

i

-

-
-

-
=
-
=

-

=

. 3&/{ L
-

-

.

.
@ B

-

-
-
-
.

N

-

-
.
-
-
-

-

i
-
-

17

-

-

.
.

-
.
.
.

-

-
o
-

-
-
-

.
-
-
.
4
¥
.
-

.
-

33

.

i
:

=
o]
-
-
-

.
]

-
.

.
.

-

-

-

.

-

.
.

i3

-
-

.
e
E

.

-

.
=
.
.
-
.
.
.
.

|
|
-
-
-

-

-
-
-

o

|

:

-

.
i

.

-

-
-
.
-

-

=

c
1

S
i

-
2
-
-

-

-
-

.
.

-
-
-

-

-
>

-
-
-
.
.
.

.
-
-
-

A
-

1

-

-
-

-

.
-

S

-
.

-

o

.

-
-
-
.

-
e
-

-
-
-
-

=

i
.
-

N

-

e

o

o

2 8
.

XN EC
[y |

2]

.
.
.
)
B
E

e

-

-

-

i

.
i

-

.
=

-

-
-

-
-
g

-

-
-
i

e
=

=

.

.

.

"
)
)

.
-
-
-

-

e

e

.
.
e

.
-

- N

|

.

.

L
-

.
-

-

&

-

.

-

-
.

-
-

e

-
-

e
-

i
o

-
-
-

-
A
-

.
-
.

8

,
i

" Pum

-

|

-

-

.

-

P
B
|
!

-
!

h

.

-

-

v
.
-

.
.
-

-

S5
i

.

.

1)
.

-

L
.

i

|
-

-

-
-
.
s

3

o

e
.
i
) |
’
.
-
i %

o
b

£
.
4
.
-

- un

.
.
-

.

-

]
o8

i
L
o

.
.
-

i

ity

4
: v

.
-

-

:
o
|

B
-

-
-

.

- -

-
-

.

.
-

-
-
-

-

.

-

|

-
-

-

-
-

.
-
-

-
L

-
o

-
-

-
el
.
.

-
-

-

i
o

.
.

-

-

-
-

.
-

-

.

-
e
.
-

-
-
-
-

.

-

-
-
.

@

L)

.
.

-
:
-

-

7
-
o
SRR
"3

=)
]

-

-
:
-

B

-

o

| |
-

i
-

e

-

.

-

.
-

-
=

-

e
*,

.
,,%,/

e

-

G —
e
o

®

it
.
.

B

e

-
-

L)

-
.

L
-

-
i
L
L
o
-

-

.
S
.

i

-

=

o

.

"

.

G

caribsave

.

o

]
-

-

-

-

o
-
-

e

e

jen

-
-
-
-

i

s,
=
.
-
.

e

i

.
.
.
.

-
-

-
-
-

F
-
r

&
-
-

.

i
-

i
i
-

-
:

-
-

-
.
-

g
L
-

-
-
-
-

s
-
o

"

.

-
.
-
-
-

.

g

L

e

o

-
-

-

=

-
-

-

-
.

-
.
.

.
.

i
-

=

-
e

-

-
-
-

i
-
i

.
-
-

.

&
=

-
-

.

-
-

-
-
-

-
-

-

-
-

-
-
-

-

e

e

-
=

-
-

.

-
-

-

-
-
-
-
-

-

-

.

-

-

-
=

.

-

-
-

-

-

.
-

-

-

-
-

-

o

-
i

-
-

-
-
.

-

-

-

i

|

-

e

-

.
.
-

-
.
-

-

.

.

-
i

-

-

-

-

-
o

.

-

-

-
i

-

-

-

-
HE

o

-

-

i
-

.
.
.

-
-

-
-

-

-

-
-

-

-

s
-
-

-
-
-

-

-

-
-

-
i
E

-

-
-
-

-
=

o

i

i

o

]




