AWCI Training Course on Improved Bias
Correction and Downscaling Techniques for

Climate Change Assessment including Drought
Indices

18-20 JUNE 2013, UNIVERSITY OF TOKYO

4 N

Estimation of Future Design
Rainstorm under the Climate
Change Scenario in Peninsular
Malaysia

\_ /

NURUL HUDA MD ADNAN, GOH YEE CAI

RESEARCH CENTRE FOR WATER RESOURCES

NATIONAL HYDRAULIC RESEARCH INSTITUTE OF MALAYSIA (NAHRIM)
MINISTRY OF NATURAL RESOURCES AND ENVIRONMENT




Objective of Technical Guideline

To assist engineers, hydrologists and decision makers
in designing, planning and developing water-related
infrastructure under changing climatic conditions.

To introduce an approach of quantifying the scale of
climatic change to surface water systems.

The main purpose of this guideline is to derive climate
change factor (CCF)

CCF — defined as the ratio of the design rainfall for
each of the future periods (time horizons) to the
control periods (present rainfall)
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FLOOD RISK Sub-Catchment of River Drainage System —
MANAGEMENT & what is really needed?

CLIMATE CHANGE

Design Floods Estimation
= Event based data - calibration &
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Sal ah (o
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= Design based information
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10.40km 59 et Frequency (IDF)
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8. 3km " rainfall-runoff model
ik = Design floods by means
o of regional frequency
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okt dm | = Area-Reduction Factor
L 7\
(S kirim = Historical design
7kl _» rainstorm/flood need to
be updated
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[13.16km

SqTorum = To use recent data
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climate change tactor
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Technical Approach

_ Review, update &
Pa rt 1 Obtain observed annual reformulate IDF

maximum rainfall over relationships

various durations
IDF (1970 - 2007)
formulation < 4 N 4
STEP 1: STEP 2:
Obtain downscaled climate data — Bias correction of
projection downscaled data

Statistical Downscaling Model:

— 18 GCMs Derivation of CCF
Derivation of (2046-2065)
CCF : \
) : , STEP 4:
Dynamic Downscaling Model:

Disaggregation of 1-day design
rainfall to short duration and
reformulation of IDF Curves
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STEP 5:
Rainfall-runoff modelling:
Obtain future Q,

RegHCM-PM
(2025-2034, 2041-2050)
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Derived New IDF Curve
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Derivation of CCF
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STATISTICAL DOWNSCALING MODEL

GCM from DIAS system

List of
Climate

Tine Range

Precipitation (pr) [v] Climate Model
Meteorologic Flement
Levwel or Layer: | Groundfwater surface [g] inmcm3_0 [a]
ipsl_cmd
Fnission Scenario 720 pprm stabilization (SRES A1B) [VJ mirac3_2_hires

miroc3_2_medres

Dovnload Data Type | Gridded Data v |

Morth: |1.85
Area “West: 10334 East: 103.36
South: |1.83

]

For 365 days; from 01 (WG /01

(OD)

Fromm | 2046 v

To: | 2065 |v]

Clip Daily Data Clear All

@2010-2011 EDITORIA, The Undversity of Tokyo

CMIP3 Daily Data

CSV Dovwnload : miub_echo g, mpi echamS , mui cgem? 3 2a, near ccsmd ¢, ncar ponl , mirocd 2 hires K-1 ( ZIP archive of all CSV and

Map files )

Grid Map

Mﬁdeji
cccema_cgem3_ 1

cccema_cgem3_1 163
cnrm_cm3
csiro_mk3_0
csiro_mk3_5
gfdl_cm2_0
gfdl_cm2_1
giss_aom
iap_fgoalsl 0 g
ingv_echam4
inmcm3_0

ipsl_cm4

miroc3_2 hires_K-1
miroc3_2 hires
miroc3_2_ medres
miub_echo_g
mpi_echam5
mri_cgcm2_3_2a




DYNAMIC DOWNSCALING MODEL -

RegHCM-PM

2006: A regional hydrologic-
atmospheric model of
Peninsular Malaysia called as
‘Regional Hydro-climate
Model of Peninsular
Malaysia (RegHCM-PM)
was developed

Downscaling global climate
change simulation data
(Canadian GCM1 current and
future climate data) that are
at very coarse resolution (~
410km), to Peninsular
Malaysia (West Malaysia) at
fine spatial resolution
(~9km) — for future period of
2025 to 2050 (2025-2034 &
2041-2050)

[T it T ettt

The grid layout for the outer domain
(1st Domain, 26x28 grids, 81 km
resolution)
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Adaptation Tool - Regional Future Hydroclimat
Data Retrieval System for extreme events (9km x 9km

http://www.futurehydroclimate.nahrim.gov.my
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Derivation of CCF
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projection downscaled data
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- Model: RegHCM-PM Dls.aggregatlon of 1-da.y design
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Derivation of CCF
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CCF DERIVATION -
Frequency Analysis / Design Rainstorm
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STEP 1: STEP 2:
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Derivation of CCF
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STEP 4.
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reformulation of IDF Curves
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Rainfall-runoff modelling:
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IDF Parameters

Derived Parameters

5507076 Bt. 27, Jalan Baling 5240 6484 0.172 0.104 0.788
5704055 Kedah Peak 81.58 106.93 0.200 0.437 0.719
5806066 Klinik Jeniang 59.79 7237 0.165 0.203 0.791
5808001 Bt. 61, Jalan Baling 4750 58.02 0.183 0.079 0.752
Kedah 6103047 Setor JPS Alor Setar 64.83 8741 0.168 0.346 0.800
6108001 Kompleks Rumah Muda 5234 7383 0173 0.120 0.792
6206035 Kuala Nerang 5485 6842 0.174 0.250 0.810
6207032 Ampang Padu 66.10 7441 0.177 0.284 0.842

6306031 Padang Sanai 60.33 7394 0.193 0.249 0.829




Derivation of CCF

STEP 1: STEP 2:
Obtain downscaled climate data ., Bias correction of
projection downscaled data
V
Statistical Downscaling STEP 3:
Model: 18 GCMs Derivation of CCF
(2046-2065)
!
! Dynamic Downscaling ) _STEP & )
- Model: RegHCM-PM Dls.aggregatlon of 1-da.y design
(2025-2034, 2041-2050) rainfall to short duration and
reformulation of IDF Curves

{

STEP 5: @
~—

Rainfall-runoff modelling: N —
Obtain future Q,




Application: Kedah River Basin
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ANALYSIS OUTCOME
DESIGNED FLOOD PEAKS — KEDAH RIVER BASIN

Peak Discharges (Qp)
100-years ARI

Climate | Percentage

1-Day Climate
Time Design Change
Horizon TEME Scenario

Change Increase of
Scenario Flood
Flood Magnitude
Magnitude (%)
Increment

(m3/s)

(mm) Flood

Magnitude,
Q, (m3/s)

Baseline
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Generated Flood Extent Map
Location: Sg Kedah

Landuse: Future
Rainfall: 2060, 100y ARI
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CONCLUSION

* Current practice of strengthening and empowering the
water related sectors through integration and
sustainability approach strategies and policies are
required to be improved.

* Water system designs, operations and managements —
to be reviewed and re-established — incorporate CCF in
strategic planning and development.

* Impacts of climate change on the country’s water related
hazards — projected and quantified through CCF.

* CCF —determine appropriate adaptation options,
measures, and actions.
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