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OUTLINE

»FLOODING IN JAMAICA, CAUSES AND DAMAGES.
»HYDROLOGICAL MODELS FOR RUNOFF COMPUTATION.

HYDROLOGIC ENGINEERING CENTER- HYDROLOGIC
MODELING SYSTEMS (HEC - HMS ) OVERVIEW AND USE.

»IMPACT OF CLIMATE CHANGE ON FLOODING.
»CASE STUDY ON THE HOPE RIVER WATERSHED.



Flood is an overflow of an expanse of water that
submerges land.

It is usually due to the volume of water within a body of

water, such as a river or lake, exceeding the total capacity
of the body, and as a result some of the water flows or sits
outside of the normal perimeter of the body.



http://en.wikipedia.org/wiki/Image:Flood102405.JPG
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Flooding is one of the important natural disasters
affecting Jamaica causing loss of life and property.

MAIN CAUSES OF FLOODING

#iRainfall — high intensity rainfall associated with or
without tropical storms or hurricane.

siTopography, Lithology.



Jamaica has a tropical maritime (marine)
climate. Mean daily temperature ranges
from a seasonal low of 26 ° C in February
to a high of 28° C in August (33°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.
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Elevation Range [m]

B 0 - 69.053

I 59.053 - 138.108
B 138.106 - 207.158
I 207.158 - 276.211
B 275.211- 345264
[ 345.264 - 414317
] 414.317 - 48337
[ 483.37 - 552.422
[ 552.422- 621.475
[ 621.475- 690528
[ 690528 - 759.581
[_] 759.581- 828634
[ 828634 - 897687
[ 897.687- 966.739
[ 966.739 - 1035.792
[[] 1035.792 - 1104.845
] 1104.845- 1173.898
[ 1173.898 - 1242.951
[] 1242.951 - 1312.003

60 120 Kilometers

[ 1312.003 - 1381.056
1381.056 - 1450.109
1450.109 - 1519.162
1519.162 - 1588.215
B 1588.215 - 1657.267
[ 1557.267 - 172632

[ 1726.32- 1795373

[ 1795.373 - 1864.426
[ 1854.426 - 1933479
1933.479 - 2002532
2002.532 - 2071.584
[_]2071.584 - 2140637
[ 2140.837 - 220969

Hydrostratigraphy of Jamaica with the
impermeable basal aquiclude (volcanics,
volcanoclastics, shales, conglomerates)
occurring in the highlands. Excess rainfall,

*%% DEM of Jamaica showing

S

the rivers.

Legend

:I jamaica_parish
HYDRO_STRA

D Alluvium Aquiclude
I:J Alluvium Aquifer
|:| Basal Aguiclude
|:| Coastal Aquiclude

60 Kilometers

0 15 30

Lt vyl

steep topography leads to high erosion and | tmese e

downslope movement of debris during high
rain associated with flooding.

Limestone Aquifer

Data: Water Resources
Authority, Jamaica
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TYPES OF FLOODING IN JAMAICA
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W§PAPER AND INTENET ARCHIVE

Source: Brown (2008), Jamaica Observer, October 20
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Tropical Storm Gustav Gustav
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Nov 23-24" | 2006 >
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Existing early warning systems in Jamaica

Cave River

1992-year established 5

NF- not functioning otn

F- fllllCthIllllg Cl Watershed Boundaries
D-development stage




WHAT IS HYDRAULIC AND
HYDROLOGIC MODELING

« HEC HMS-(Hydrologic Modeling System) is
designed to simulate precipitation- runoff
orocesses of dendritic water systems .

« HEC RAS- (River Analysis System) Is a
nydraulic model that calculates one-dimensional
steady and unsteady flow. The inputs for this
model are the hydrograph output from HMS.

* Integration of GIS



HEC-HMS

The Hydrologic Engineering Center’s
Hydrologic Modeling System (HMS)

B8 HMS = Basin Model - Castro 1
File Edit Parameters Simulate Yiew Map Help

SEIEEN B = < | e | C|

Subbazin-4

T or Subbazin-2
Disrexsion Subbazin-1
o .
each-
QLECE
ch-

Clutlet

] | i

B: Castro 1 |N|:| Frecip |N|:| Control |N|:| Run

Z00M IM: click-and-drag to zoom in. Dbl-click to reset.




MAIN ROLE: DEM (DIGITAL ELEVATION
MODEL)

« Surface shape determines water behaviour

— characterise surface using DEM
* sSlope
 aspect
* (altitude)

- delineate drainage system:
« catchment boundary (watershed)
 sub-catchments
 stream network

- quantify catchment variables
 soll moisture, etc.
 flow times... catchment response




* Other key catchment variables:

— soils
 type and association
* derived characteristics

— geology
* type
» derived characteristics

— land use
* vegetation cover
* management practices
— artificial drainage
« storm drains/sewers/ bridges



HEC HMS — Data Structure

* Climatological Data

* BASIN MODEL

* CONTROL SPECIFICA

* METEROLOGICAL MODEL

« Connectivity and Element Data

JIONS

« Simulation Duration & Time Steps



Main Components

« Basin model gives the physical description of the
watershed.
— Subbasin: watershed catchments where rain falls.
— Reach: rivers and streams.
— Reservoir: dams and lakes.
— Junction: confluence.
— Diversion: bifurcations and withdrawls.
— Source: springs and other model sinks.
— Sink: outlets and terminal lakes.
« Meteorologic model describes atmospheric conditions
over the watershed land surface.
— Precipitation.
— Potential evapotranspiration.
— Snowmelt.

 Control specifications: Time control during a
simulation run



Cutlet
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Uses of the HEC Program

Models the rainfall-runoff process in a watershed
based on watershed physiographic data

— Offers a variety of modeling options in order to
compute Unit Hydrograph for basin areas.

— Offers a variety of options for flood routing along
streams.

— Capable of estimating parameters for calibration of
each basin based on comparison of computed data
to observed data




HEC-HMS Availability

Avalilable Through HEC Vendors
Available at HEC Web Site:
http://www.wrc-hec.usace.army.mil

“Public Domain” Program
No Copyright on Software
No Copyright on HEC Documentation

Special Training Available




COMPONENTS OF HEC HMS

Three components

— Basin model - contains the elements of the
basin, their connectivity, and runoff parameters

— Meteorologic Model - contains the rainfall and
evapotranspiration data

— Control Specifications - contains the start/stop
timing and calculation intervals for the run

— Time Series data: component where the actual
rainfall , discharge data are entered in tables as
per the control specified.




i HEC-HMS 3.5 [C:A\Users\arpita\Desktopitest
File Edit View Components Parameters Compute Results Tools Help

DesHS N ¢+ abwFerPy sBEEE
(L test

= | Basin Models
[#-&5) Basin 1

- || Precipitation Gages
| SR ooE
¢ L[l 285ep2010, 00:00 - 305ep2010, 2
¢ @[y GROOVEL
- || Discharge Gages
E& Gage 1

< n r

Components | Compute IRES.ﬂS

4 L3

NOTE 10008: Finished opening project "test”in directory "C:\Users\arpita'Desktop\test” at time 19Aug2012, 11:45:00.
MOTE 10179: Opened basin model Basin 1" at ime 19Aug2012, 11:45:03.

,i ®, T 0 . M
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HEC-HMS SCREEN SHOT WITH BASIN MODEL, MET MODEL,

CONTROL SPECIFICATION AND TIME SERIES DATA.



Watershed Abstractions

Precipitation (mm/hr)

1111 E—

————————————————————————————————
Soil properties

Runoff = f(precipitation, soil properties, moisture conditions)



BASICS OF DRAINAGE
SYSTEM....

Watershed

(Basin, Catchment,

Contributing area) \Xaﬁersl[l)_eill f?oundarles
\/\ rainage Divides

2

Pour Points
(Outlets)



Basin Model

Basin Model

— Based on Graphical User
Interface (GUI)

— Click on elements from left and
drag into basin area

— Can import map files from GIS
programs to use as
background

— Actual locations of elements
do not matter, just connectivity
and runoff parameters

8 HMS = Basin Model - Castro 1
File Edit Parameters Simulate Yiew Map Help

Y d [
FS
Zubbasin
Eeach
Resersroix
Junction
Disrexsion
S Reach-1
aurce Reach-2 e
Sink
East Branch wiest Branch
[Clutlet
Kl l s

|ZEIEIM [M: click-and-drag to zoom in. Dbl-click to reset. |E: Caszto 1 |N|:| Precip |N|:| Conbral |N|:| Run



Basin Model Elements

 subbasins- contains data for subbasins
Subbasin (losses, UH transform, and baseflow)

# * reaches- connects elements together and
Resch contains flood routing data

¢ °Junctions- connection point between elements

e reservoirs- stores runoff and releases runoff at
s a specified rate (storage-discharge relation)



Basin Model Elements

g * sinks- has an inflow but no outflow

aink

a e sources- has an outflow but no inflow

Eouxce

o diversions- diverts a specified amount of runoff
hae to an element based on a rating curve - used for
detention storage elements or overflows



Loss Rate methods

Green & Ampt

Initial & constant

SCS curve no.
Gridded SCS curve no.
Deficit/Constant

No loss rate




Watershed Lag-Time (SCS)

Flow length upstream and Average
downstream Curve Number

{

Identification of the
longest flow-path

Length and slope of the
longest flow-path

Lag-time
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Hydrologic Parameters

Sub-basin lag-time according to the SCS formula:

0.8 o107
= mx LLW [(L000/CN)—9]

31.67 S°° 5 At]

tp: sub-basin lag-time (min)

Ly length of sub-basin longest flow-path (ft)
CN:  average Curve Number in sub-basin

S: slope of the sub-basin longest flow-path (%)
At: analysis time step (min)



Where:

(LO.S‘(S_'_I) 0.7)
(1900 * Y %)

Lag =

Lag = basin lag time (hours)
L = hydraulic length of the watershed (feet)

CN values between 50 to 95 are
appropriate to this equation.



Baseflow
Options

!HHS * Basin Model * Subbasin Editor

Help

Subbasin Mame : |Sul:u|:uasin-2 Area [z, mi |4.EE

— recession
Desciiption | J

— constant
monthly

- I i n e ar Constant Maonthly

Linear Reservoir

reservoir
— no baseflow

Loss Hate| Tranzform| B aseflow Method |

M ethiod: | Mo Bazeflow =

] 4 Apply Cancel

Subbazin name




Stream Flow Routing

. Simulates Movement of Flood Wave

Through Stream Reach

. Accounts for Storage and Flow
Resistance

. Allows modeling of a watershed with sub-
basins




Reach Routing

Flood routing methods:
Simple Lag
Modified Puls
Muskingum
Muskingum Cunge
Kinematic Wave

EHHS * Basin Model * Routing Reach

Help

Feach Mame ; |H14

Dezcription ; |

Routing Method ;

Fuzkingumm K [hr] :
kuzkingum = :

MHumber of Subreaches :

Ok

Muzkingum
Lag
Musgkingum
todified Puls
tuzkingum Cunge Std.

|_| kuskingum Cunge & Paint

Einematic ' ave
|—| MNaone

1 I
=i

Apply

Caricel




Baseflow

 Three alternative models for baseflow

s Constant, monthly-varying flow
s Exponential recession model

_ Linear-reservoir volume accounting model



Baseflow

« Exponential recession model

Defines relationship of Qt (baseflow at time t) to an
initial value of baseflow (Q,) as:

Q; = QK

K is an exponential decay constant

Defined as ratio of baseflow at time t to baseflow
one day earlier

Q, is the average flow before a storm begins



Baseflow

« Exponential recession model

Discharge

Direct swiace
runoff

_——Baseflow

Time



Baseflow

* Exponential recession model

— Typical values of K
 0.95 for Groundwater
« 0.8—-0.9 for Interflow
« 0.3-0.8 for Surface Runoff

— Can also be estimated from gaged flow data



Meteorologic Model

Meteorologic Model
Precipitation
user hyetograph
user gage weighting
Inverse-distance gage
weighting

gridded precipitation
frequency storm

standard project storm -
Eastern U.S.

Evapotranspiration-ET
monthly average,
No evapotranspiration




Precipitation

Historical Rainfall Data
Recording Gages
Non-Recording Rainfall Gages

Design Storms
Hypothetical Frequency Storms
Corps Standard Project Storm
Probable Maximum Precipitation




Gage Data

Gage Data (from project definition screen)

Precipitation gages-
precipitation data for
use with meteorologic
models

Stream gages- observed
level data to compare
computed and actual
results

B8 HMS ~ Data Editor

Help

Gage D : all_1
Dezcription : J
Date Time Increnjental Frecip
inches
105ep 1998 1800 :
105ep 1998 1830 0.003 E:f::ﬂ;':z
105ep 1998 1300 0.008
105ep 1538 13930 0.0BE
105ep 1998 20:00 0,108
105ep 1998  20:30 0.234 Plat |
105ep 1998  21:00 0137
105ep 1998 2130 0.082
105ep 1998 2200 0.053 |
105ep1998 2230 0.0s2
105ep 1998 2300 0.ozz
] Apply Cancel

|Enter the name aof the gage



Control Specifications

Control Specifications - Start/Stop/Time Interval

EHHE * Control Specifications
File  Help

Contral Specs (D ; Control 1

Dezcriphion ;

Starting Date

Ending Date :

HEC-1 MODEL Harrig Gully \atershed [new subwatersheds with pipe system inche . |

07 Jan 2000

02 Jan 2000

k.

Starting Tirne

Ending Time :

Time Interval ;

hd

12:00

12:00

Cancel




Running a project

User selects the e P
File  Help
1 B . d I BunlD: {Runi
- aS I n O e Dezcription ; |
. Basin ID | N
2. Meteorologic
" (0.5, 0.05] ¢
Lozz (1.0,0.10 BRAYS BAYOU WATERSHED..... CHARRIS COUMNTY
d I Lozs [0.75,0.075] BRAYS BAYOU WATERSHED............... HARRIS COUNTY -
modade < '
Met Model 1D | Dezcription - |
100-yr 100-yr rainfall frorn HCFCD
3. Control ID for the
541 rairfall rom HCFCD
2591 28-yr rainfall from HCFCD
H IVI S ru n B0-pr B0-yr rainfall frorm HCFCD j
Control [D | J
HEC-1 model BR&AYS BAYOU WATERSHED............... HARRIS COUMTY
Sept. 98
cotolt . . ../ |
KN f

(] Apply Cloge

Enter a name for thiz Bun.




Viewing Results

— To view the results: right-click on any basin element,
results will be for that point

— Display of results:
« hydrograph- graphs outflow vs. time
e summary table- gives the peak flow and time of peak
 time-series table- tabular form of outflow vs. time

— Comparing computed and actual results: plot
observed data on the same hydrograph to by selecting a
discharge gage for an element




Viewing Results

¥4 H=] E3
2000 T T T T T T T T T T
B8 HMS = Basin Model -- new routing [_ O] x] 1800 <o L
File Edit Parameters Simulate View Map Help . .
¥ P [ e -
LSEVIICRICY LR | P o e 2
=
ﬂ = . .
[
A BOod L
Subbasin a
Bl -600 T T T T T T T
2400 0800 1200 1200 2400 0600 1200 1200 2400
A | 288007 6ApraT
Besexwnix
E e — - Eazin. new+ 1oulanpg
— R20 Pun . Pun 23
o m — Obamived fimm . oZ0el DO, '5.02
Junction .
Print | Cloze |
hydrograph
Sougce
Sink

ﬂ Wiew Results Graph

|5ELEET: Click. to select an object, drag to move the object [B: new routing |21 gag.ihl Wb ?}Ammsary. TE:IT:IEI:lI
ime-Series Table

Stage-Dizcharge Table ...

Duplicate Element
Delete Element



HEC-HMS Output

o o A~ W DN

Tables

Summary
Detailed (Time Series)

Hyetograph Plots

Sub-Basin Hydrograph Plots

Routed Hydrograph Plots

Combined Hydrograph Plots
Recorded Hydrographs - comparison




Viewing Results

!HHS = Summary of Rezultz for Sink 4 M= E3
Project :  HG_Baszin FunMame: FRun 28 Sink: |4 j
Start of Bun : i : i = T: - -
art af Run 20dprdy 0106 B azin Model new routing E HMS = Time Series Results for Sink 4
End of Rur : ZEAprAY 2400 ket. Model ; APR25a1H1
Execution Time: 040ct001455  Control Specs ;. APR25alH1 Froject : HG_Baszin FRun Mame: Fun 28 Sink: |4 ﬂ

Ty ™ Acre- : .
welire Uil - e Start af Run 2Rdpra7 0106 Bazin bModel :  new routing

- Bz et s Erdof Furn:  26Ap97 2400 Met Model:  APR25alH1
Peak Inflowe :  1872.8[cfz]  Date/Time of Peak Inflow: 25 Apr 97 2006 Execution Time : 040ct00 1455 Contral Specs : APRZ5a.H1
Tatal [nflow ; 358 [in]
: [l Obs. O Residusal ﬂ
Date Tirne
[cfz] [cfz] [cf=]
— Obszerved Hydrograph at Gage : APRILA il aili e = = =
28 Apr 97 1130 7.4 16.3 5R.0
Peak Inflow : 1778.0 [cfs) DatesTime of Peak Inflowe . 25 Apr 37 2000 258 Apr 97 1136 732 16.4 RE.0 —
Average Residual : 1.384083e+03F [cfs) 20 &pr 97 1142 747 164 h8.3
Total Rezidual : 2.062727e+034 [inptal Dbs. [nflow ; -1.268358e+034 [in] 25 Apr 97 1148 5.3 1E.5 h9.3
28 Apr 97 1154 765 16.5 5349
Print | Close 25 Apr 97 1200 TB.Y 1E.E B0.1
2B Apr 37 1206 TB.5 16.6 5349
25 Apr 97 1212 hA 16.7 h9.2
S t bI 2R Apr 97 1218 8 16.7 AR
u m mary a- e 28 Apr 97 1224 TaB 16.8 AE.8 ﬂ
Graph | Pririt | Cloze |

Time series table



HEC-HMS Output

Sub-Basin Plots
Runoff Hydrogra
Hyetograph T omee 1 e |
Abstractions g ————

Base Flow

F o ([ cf=)
= &

ggggggg

Loax




HEC-HMS Output

M[=] E3
‘JunCtlon PlOtS mm"""ll

Tributary Hydrographs
Combined Hydrograph
Recorded Hydrograph




Purpose of
Calibration

Can Compute Sub-Basin Parameters
Loss Function Parameters
Unit Hydrograph Parameters

Can Com

pute Stream Flow Routing

Parameters
Requires Gage Records
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World’s industrial powers (OECD) account for 20%
world’s population, but are responsible for >50 % of
global emissions — the cause of global warming
and resultant climate change.

Developing countries emit < 25 % of total GHG
emissions.

Small Island States (SIDS) emit < 1% of global
emissions.

SIDS have contributed little to the problem but are
among the most vulnerable groups to GCC, and
have low adaptive capacity.

— Hence adaptation rather than mitigation Iis most
appropriate course
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OEW 90W BEW BOW 75W 7OW B5W 60W SEW
(c)
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2 04 05 06 08 1 1.2

Temperature changes simulated
across the Caribbean by Angeles et
al., 2006

Global temperatures have
increased by about 0.74°C
(0.56°C to 0.92°C) since the
19th century (IPCC, 2007).

= = Obs
« = Baseline(Ncep)
——ECHAM 4 A21
~~HadCM3 A21
~—4—SDSM (HadCM3)

1961-90 2020s 2050s 2080s

Observed and baseline (NCEP) temperatures and temperature
scenarios at Worthy Park in Jamaica for present (1961-90), 2020s,
2050s and 2080s time slices, obtained by SDSM using HadCM3 with
A2 emission scenario. Corresponding results for the Caribbean
region given by HadCM3 and ECHAM4 are also shown.(Chen et al.
2008)



Precip Response (%)

21 Mopdels
19-20
17-18
1418

B-13

Number of Models = 0

50w
|
I
oW

Precipitation changes over the Caribbean from the MMD-A1B simulations. Top row:
Annual mean, DJF and JJA fractional precipitation change between 1980 to 1999
and 2080 to 2099, averaged over 21 models. Bottom row: number of models out of
21 that project increases in precipitation (From Christensen et al., 2007).

bl



Hurricanes developing at lower
latitudes and becoming more
INntense in shorter times

Ce ¥ aale Rl

lvan developsd near 350 |atituds Wilma developedfrom atropical deprassion
to the most intense category 5 hurricans in
less than 24 hrs £

Effects of increase in temperature ... on small island states.
Increase in frequency of hurricanes.
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Flood risk modeling (HADCM2, HADCM3, UKMO, 1999)
suggests that by 2080, numbers facing severe floods in the
Caribbean, Indian and Pacific Ocean regions would be 200
times higher than if there were no SLR.

Increase in flooding due to high intensity rains from hurricanes and
storms will affect the coastal areas of Jamaica.. Ocho Rios, Port Maria,
parishes of St. Thomas , Kingston and Portland.

Major damages have been done by tropical storm Gustav and Nicole in
Portland, St. Thomas , Kingston and St. Andrew.

Flooding along coastal areas affects tourism as well as the
transportation to the major airports.



The Hope River supplies water to Kingston and flows through the eastern section
of the city and has been responsible for high levels of damage in the past.
Damage is usually caused by fast-flowing torrents carrying debris of varying size.

The Hope River Watershed had repeated occurrences of flooding and associated
debris flows resulting from heavy rains associated with Tropical storms and
hurricanes.

Damages have resulted in collapse of bridges (at Kintyre and Harbour view and
houses along the flood plain from hurricane Gustav (2008), tropical storm Nicole
(2010). These are some of the recent damages.

Aims of the study on Hope River Watershed

»Assessment of damages done by flooding.

»>Study on rainfall return periods and rainfall pattern for the watershed.
»Analysis of the flood return periods.

»Analysis of long term (1955-2010) discharge data from the Hope River.

»Flood plain maps for the watershed and highlighting vulnerable zones.
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Elevation Map created from DEM of 6m horizontal and 1m vertical resolution. Note the buildings are
located in the floodplains of the river and in the areas of low elevation. High elevation in the upper
watersheds coupled with impermeable rocks results in less infiltration. Hence high run off and
flooding in the downstream areas. Soil data shows buildings located in zones with moderate high
runoff ie C.
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Instantaneous Peaks
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Basin model with junctions, sub-basins,
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HEC HMS was run with 2 meteorological model

»5 minute rainfall intensity data for Tropical Storm Nicole measured at
the Hope discharge station

»5 minute rainfall intensity data from raingauge at Hope discharge
station for the month of June 2011.

The SCS loss method and basin lag were used as other input data.
Basin lag was determined using SCS formula:

TL =L"0.8(SCN+1)"0.7/1900*Y”~0.5 where, L= length of the longest
flowpath, SCN = (1000/CN -10) , Y = Slope .

Model calibrated with observed discharge data from hope discharge
station.



RESULTS FROM HEC HMS

Sink"Outlet62" Results for Run "NICOLE_Muskingum®
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Junction "J428" Results for Run "NICOLE"

Simulated peak discharges
at junction of flow nodes at
the fording at Kintyre.

Simulated discharge at
the junction of flow
nodes immediate
upstream (~ 330m)
north of fording at
Elleston Flats.
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Junction "J416" Results for Run "NICOLE"
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Simulated discharge at the junction
node near the mouth of the river at
harbour view.

Hydrograph Comparison
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Simulated vs observed hydrograph for
the hope discharge station at grove
which is marked as outlet 62 in the hec
hms model. This is the outlet of flow
from the sub-basins of the upper part
of the watershed.
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Population of the Hope River watershed.
The vulnerable areas i.e., Kintyre, Elleston
Flats/August Town which are in the high
peak flow zone have a population of 1609,
1176, 2532 respectively. Population of
Harbour View ranging from 8412-17810.

Outlet 62 = peak of 173CFS(Nicole).
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Buildings within a distance of 200m from
the river for two of the vulnerable
communities. Approx range of value for
houses left of Kintyre ~ 450000 to
550000
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