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Introduction

« AiIming to assess the impact of climate change on water
resources and to formulate adaptation strategies, the
Water Resources Agency (WRA) initiated a four-year
(2010 — 2013) Climate Change Impact Assessment and
Adaptation program (CCIAP).

 Due to the nature of water resources planning and design
for which WRA bears the administrative responsibility, it
Is imperative for CCIAP to consider the impact of climate
change at local and event scales.

« Thus, among a group of CCIAP projects, this project
aims to assess the impact of climate change on event
rainfall and streamflow properties in Taiwan.
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Importance of climate change
Impacts on stormwater hydrology

« Key fac?ors ip water resources management
and engineering design
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— Storm-induced landslides

— Soll erosion and reservoir sediment yield by
extraordinary storm events

— elc.

4 » Other conseguences of storm events
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Historic tropical cyclone tracks

[ 5 ]
Saffir-Simpson Hurricane Intensity Scale

The tracks of nearly 150 years of tropical cyclones. The map is based on all storm tracks
available from the National Hurricane Center and the Joint Typhoon Warning Center
through September 2006.




/ Impact assessment by

-~ statistical downscaling

~ + Statistical downscaling utilizes relationships
. between GCM outputs and historical data to
yield finer spatial and temporal resolution
climate data at regional- or site-level.

— GCM outputs
— Local observations

« Temporal downscaling is conducted mostly
from monthly to daily scale.

\
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Outputs from GCMs/RCMs
(Monthly scale)
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Stochastic Storm Rainfall Simulation Model
(A large set of sample annual rainfall series.)

l

Inputs for Hydrological Models

(Hourly scale)
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' Storm Parameters Estimation Using ANN
| (Support Vector Machine)
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Stochastic storm-rainfall
' simulation approach
"« Simulation of occurrences and rain rates

of individual storm events.

e Stochastic storm rainfall simulation
\ model (SSRSM)

— Parametric

— Multivariate Mei-Yu (synoptic-scale cloud band with
S ifi embedded mesoscale convective systems,
= torm-type-speCI IC May, June)
Convective storm (July — October)
Typhoon (July — October)
Frontal rainfall (Nov. — April)
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‘A Random Sample of the Storm Rainfall
Process

Occurrences of storm events — a Poisson
process for typhoon occurrences.

Temporal variation of storm rainfalls can also
be modeled as a random process.

Rainfall depth
| Onset of storm events\
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= Characterizing storm rainfall
" processes

¥ . Inter-arrival time or inter-event time
 Storm duration

» Total rainfall depths of storm events
* Time variation of the total depth

Rain rate
L ) = ]’-ﬂ. Time

(mm/hr)
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Simulation of discrete storm

. events
~ + Modeling of the inter-arrival time or the

Inter-event time.

— Inter-event times of rare events (typhoons) can be
modeled by exponential distribution.

— Inter-event times for events of other storm types
are better characterized by the log-normal
distribution.

* Joint distribution of the total depth and
storm duration.
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Stochastic simulation of the joint distribution
of total depth and storm duration

~ * In general, storm events with longer
duration yield larger amount of total
rainfall depths.

 Duration and total depth are correlated and

form a bivariate distribution.
— e.g. bivariate gamma, gamma - log normal, etc.

A frequency-factor based approach for
stochastic simulation of bivariate
distributions has been developed (Cheng et
al., 2010).
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_ Bivariate distributions of duration and

_total depth for various types of storms
|

Typhoon

Convective storm Log-normal

Log-normal Log-normal

Log-normal Gamma




A bivariate gamma distribution was
adopted In this study to simulate (total
rainfall, duration) data pairs of typhoon
events.

* Frequency factor of the gamma
distribution involves a standard normal
distribution.

\
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 Bivariate gamma simulation
/. + Conversion pbetween BVG and BVN

* « Conversion of the correlation
coefficients
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Time distribution of event

total rainfall

* The temporal variation of event-total rainfall
IS considered as a random process.

&= -+ Aprevious study (Cheng et al., 2001) has

\ shown that, under simple scaling

\ assumption, a scale-invariant Gauss-Markov
process can be used for time distribution of

==

total rainfalls of annual maximum events.

* Ascale-Invariant gamma-Markov process
was used In this study for disaggregation of
event-total rainfalls.
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Theoretical Basis for Using

Dimensionless Hyetographs
. * Inview of the simple scaling
. characteristics, the normalized rainfall rates

of storms of different event durations are

w Identically distributed.
\ X,6,D)] [ X, 3 AD)
WD, D) | | A(AD, AD)
=T% i ] #
“Ié-
o 1
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_ X, (1,D)

v _
h(ﬂ', D:l , then

(D)

d
Yo, D)) ={Y,, (1, AD)}
The #th incremental rainfall percentages of storms of durations D and AD

are_identically distnbuted if the time intervals are A and A4, respectively.

The annual maximum events are yiually independent.

The D property allows us to combine the ~th incremental rainfall

percentages of any storm durations to form a random sanple.
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Setting climate change scenarios

e GCM Scenarios

e Parameter scenarios of SSRSM
— Inter-event time

— Total depth Downscaled from GCM
— Duration outputs using an ANN
approach (SVM)

— Time variation
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GCM grids (25km) and
rainfall stations
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+ GCM scenarios and outputs
4 + 24 GCMs

_—
o N
Y

| © AlB (2010), A1B, A2, B1 (2011) scenarios

o Statistical downscaling by NCDR (25 km X
\ 25 km)

* Monthly rainfalls of the projection period
(2020 — 2039)

* Ensemble average of 24 GCMs (single run,
multi-model ensemble)
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; GCMs used by NCDR

Model Center Center Acronvm
BCM2 Bjerknesz Centre for Climate Fezearch, MNorwaw ECCE.
CGCM3 1-T47
- Canadian Center for Climate Modelling and Analwvsizs, Canada CCCAA
CGCM3 1-TG63
M3 Centre Mational de Eecherches Meteorologiques, France CHWEM
ECHO.G Meteorologeal Institute, Urnv, of Bonn, Germany CONS
Nleteorolomeal Fesearch Institute of K0MA Korea -
ME3 Austrahia’s Conumonwealth Scientific and Industral. Fesearch CSIROD
MKE3 3 Urganmzation, Austraha
M2 ) . .
o 1 Geophvsical Fluid Dvnamics Laboratory, U5A GFDL
O3 Institute of Mumerical Mathematics, Fussia I
Chi4 Institut Pietre Sitnon Laplace, France IB5SL
FGOALR-G1 [ Inztitute of Atmozphenc Phvsiczs, China LARG
ECHAMNS
Max Flanck Institute for Meteorology, Germany MPIN
ECHAMNA
CGCMLZ 3 2 Meteorological Fezearch Institute, Japan MEI
GISS-AON
GIS5-EH Goddard Institute for Space Studies (GISS), NASA, USA MNASA
GI=5-ER
CiCEMS
TN - Mational Center for Atmosphernc Eesearch, TSA NCAE.
MIROQC3 2-HI
- Mational Institute for Envirommental Studiez, Japan MIES
MIEROQC3 Z-MED
HADCM3 Hadlev Centre for Climate Prediction and Fesearch, Met UEMO
H:LDGE:".I]. U‘i’tl.EE LIk
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Outputs of different GCMs (projection period)

Single initial condition, single-run outputs (no parameter
perturbation)

» Grid_70, January Monthly Rainfall
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* Grid 70, April Monthly Rainfall
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* Grid 70, July Monthly Rainfall
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» Grid 70, August Monthly Rainfall
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* Grid_70, October Monthly Rainfall
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Changes In monthly rainfall
/ (Multi-model ensemble average)

’_

 Baseline period (1980 — 1999), Projection period

(2020-2039)
— AI1B, Grid 70
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Changes in monthly rainfalls

GCM Grid Points

. at different GCM grid points

L 70 84 96 97 109 110 111
1 1.03 1.03 1.03 1.02 1.02 1.01 1.01
2 0.92 0.93 0.93 0.94 0.93 0.94 0.94
3 0.97 0.97 0.97 0.96 0.96 0.96 0.95
4 0.92 0.92 0.93 0.93 0.93 0.94 0.94
5 0.95 0.95 0.96 0.96 0.97 0.97 0.98
6 1.01 1.01 1 1.01 1 1.01 1.01
7 1.13 1.13 1.12 1.13 1.12 1.13 1.13
8 1.03 1.03 1.03 1.03 1.03 1.04 1.04
9 1.15 1.14 1.14 1.13 1.13 1.12 1.12
10 1.08 1.07 1.07 1.06 1.06 1.05 1.04
11 0.96 0.96 0.96 0.96 0.96 0.97 0.97
12 0.96 0.96 0.96 0.96 0.96 0.96 0.96
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Climate change scenarios (2011 Project)
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GCM monthly precipitation GCM monthly precipitation
(1980 — 1999) (2020 - 2039)

!

Changes in monthly precipitation

(“a)

l Historical rainfall

Weather generator " measurements

(1980 — 1999)

3 Dailyv precipitation
: (2020 — 2039)
ANN
Storm parameters
(2020 — 2039)
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Exemplar Demonstration
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Statistical properties of duration, total depth, and
Inter-event time of typhoon events (baseline period
1980 — 1999)

| Duration (hr) | Total depth (mm) | Inteventtime (hr)
FE | dE| ss T
Mean | 5td. | Skew | Mean S5td. | Skew | Mean | Std. | Skew
1 |01L360 31511433 | 064 (30638 24385 | 1.63 |344534| 38635 | 1.03 0.69
AEE] 2 | 010390 (2681 13.02 | 1.00 |236.31| 26397 | 2.62 |276.39 373.74 | 1.60 0.70
3 [CIM360[ 2354 9530 [ 086 (12169 7982 | 136 325338 26340 | 143 088
4 [HIM220[ 33732131 1.15 | 33497 39373 | 237 |32545| 33102 | 1.30 0.62
5> (HIM230[{ 33421916 083 (27497 | 33205 | 3.02 |323.74| 38300 | 146 0.74
TR 7 |010730|28.18 (1694 | 199 [154.74| 12074 | 130 (338.04 44497 | 1.79 0.87
710107603329 2022 | 1.25 (27440 23250 | 1.67 (29203 36005 | 1.31 0.69
C10860( 267211259 | 095 | 14858 B3 88 | 068 |3537.78 461.17 | 1.86 0.62
01P6e60 [ 3163 | 1721 | 1.12 | 23392 | 18758 | 1.39 (310.73] 36674 | 1.16 Q.73
10 [00Q070| 2929 1469 | 0.60 (19937 15297 | 1.36 (33800 41802 | 1.08 Q.76
sz 11 (01Q1e0| 310215376 | 1.23 (245338 17218 | 1.13 |2353.34| 31804 | 152 Q.79
12 |01Q910 4210|2260 | 147 (41889 37191 | 2.16 |394 38| 41783 | 1.18 0.81
13 |0IVO30 3368 17.14 | 1.15 (30010 25674 | 1.21 |33832| 431534 | 145 0.79
14 | 467530 13416 191 | 130 | 1735 | 16229 | 1.79 |471.74| 453069 | 1.16 0.81
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Statistical properties of duration, total depth, and
Inter-event time of Mei-Yu events (baseline period
1980 — 1999)

o _ - Duration (hr) | Total depth (mm) | Inteventtime (hr)
L (B3| 53 r
Mean | 5td. | Skew | Mean Std. | Skew | Mean| 5td. | Skew
1 |01L360 | 1248 (1213 284 | 71.11 | 7094 | 2.72 |1109.01] 166.16 | 2.12 0.86
AEEL 2 (0103901101 878 | 2.05 | 63.533 | 32.09 | 1.35 (13999 23787 | 2.74 0.68
3 |CIM260| 846 | 503 | 283 [ 3904 | 3628 | 156 |8890| 12384 | 1.72 0.60
4 |HIM22011139 | 15342 429 [ 3854 | 97.10 | 425 | 63532 11965 | 3.20 0.82
5 [HIM23011163 | 1276 415 | 3818 | 9016 | 412 | 7844 13693 | 421 0.83
FE| T |010730(1295| 979 | 1.84 | 60.01 | 3340 | 1.71 |106.35 16696 | 1.77 0.81
7 (0107601416 | 1554 | 359 | 8182 | 10372 | 376 |9524| 17219 | 331 0.89
Cl1O86e0| 937 | 639 | 236 | 41.77 | 4466 | 2.73 |93.14| 13827 | 2.05 0.76
D1P660 | 1340 | 13153 2.81 | 8040 | 94538 | 350 | 90535 13904 | 266 0.87
10 (00QOT0| 1453|1721 435 | 8299 | 10633 [ 3.72 | 87.05| 13263 | 252 0.94
sz 11 [01Q16e0| 1565 | 1486 3.20 | 8927 | 10847 [ 451 (11494 176.17 | 1.77 0.88
12 [01Q910| 2058 | 21.10 | 266 | 13989 18763 [ 3.11 (11026 16433 | 1.77 0.87
13 |01VO30 1598 | 1325 1.82 106453 12161 | 2.66 [107.13 18993 | 227 0.83
14 | 467530 (1354 | 1383 250 | 4281 751 | 331 (53336 7951 | 275 .86
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Deriving parameters of
- SSRSM through ANN

Monthly rainfall of the projection period
(From GCMSs)

l

Weather Generator
(Reference to rainfall pattern of the baseline period)

l

Daily rainfall of the projection period

l

ANN

Parameters of SSRSM
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Mean values of SSRSM parameters (Projection
period: 2020 — 2039)

Station ID
Storm Statistic - . = z . x
type =2 ME F(2) BRO EFEL A r & 2%
(467350) (01Q160) (01P660) (DOQOTO) (HIM230) (C10860) (C1M3E0)
Dﬂ”fsign 12.16 11.39 12.01 15.32 11.69 10.05 9.44
Depth - e . - .

MY [mfn} 5338 6141 64.12 85.63 5927 32.68 1241
In[‘hEDiI;“ 6656 6621 6726 77.43 87.34 92.84 79.72
Dﬂ”fsign 34.00 37.01 3847 3061 3367 2557 3191

£ 5|

Typh ?;EE; 186.00 38740 30002 24003 20008 152.04 2556
Iﬂ[‘hEDuﬂ;;“ 51017 32103 33049 31678 28835 56643 77653
Dﬂ”fsign 642 6.04 .19 619 5.75 653 580

#HE

o [[’;EE; 2354 4161 4609 3270 4295 4590 4102
Iﬂ[‘hEDuﬂII;“ 22762 15079 20883 23300 15643 19397  220.79
Dﬂ”f;igﬂ 12.12 639 761 6.00 6§97 432 313

& &

Depth 44 og 2535 3236 26.39 33.05 19.30 2142

Front ()

Int E time

(hour)
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Changes In storm parameters

Number of occurrences
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Stochastic simulation of
hourly rainfall series

~ « Each simulation run consists of different storm

~ types.
* Each run yields a sample series of one-year

hourly rainfall data.
 Atotal of 100 runs were conducted for each
station.
* Annual max rainfalls of specific durations (1,
==

2,6,12,18, 24, 48 and 72 hours) were
extracted from each of the 100 sample series.
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An exemplar result of SSRSM

Baseline period (1980~1999+# ) simulated hourly rainfall series
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CDF of annual maximum rainfalls of
various design durations (A1B, North)
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CDF of annual maximum rainfalls of
various design durations (A2, North)
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CDF of annual maximum rainfalls of
various design durations (B1, North)
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Assessing changes In seasonal rainfalls
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Concluding remarks

~ + \We have demonstrated the feasibility of
using SSRSM with parameters derived
from GCMs through an ANN for
assessing the impacts of climate change
on stormwater hydrology.

 Scenario setting Is crucial and requires
good judgements and decisions.

\

—— 12/7/2011 2011 International Conference on Climate Change, Taipei 50

—



Further Considerations

~ « Ensemble projection is important
* Ensemble projection takes into account

uncertainties involved in different stages
of the “estimation” process.

* Multi-site joint storm rainfall simulation

—— 12/7/2011 2011 International Conference on Climate Change, Taipei 51
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