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Introduction 
• Aiming 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 factors in water resources management 

and engineering design 

– Design rainfall depth 

– Flood of 100-year return period 

– Drought of specific return periods  

 

 

• Climate models generally do not yield reliable 

projections for extreme parameters.  
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• Other consequences of storm events 

– Storm-induced landslides 

– Soil erosion and reservoir sediment yield by 

extraordinary storm events 

– etc. 
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Historic tropical cyclone tracks 
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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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Strom-type specific 

-Monsoon rainfall 

-Convective storms 

-Typhoons 

Weather generator, ANN 



Storm Parameters Estimation Using ANN 

(Support Vector Machine)  
• 類神經網路日資料判讀模式簡介： 

• 模式輸入項為日降雨資料序列，輸出項則為水文情境參數。 
 

• 類神經網路建立日資料判讀模式之示意圖： 

訓
練
階
段 

驗
證
階
段 

(a) 

(b) 
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輸入項 R(t-1), R(t), R(t+1) 

輸出項 1. 發生次數          2. 事件總降雨量   

3. 事件降雨延時  4. 各事件降雨間距 



Stochastic storm-rainfall 

simulation approach 

 • Simulation of occurrences and rain rates 

of individual storm events. 

• Stochastic storm rainfall simulation 

model (SSRSM) 

– Parametric 

– Multivariate 

– Storm-type-specific 
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Mei-Yu (synoptic-scale cloud band with 

embedded mesoscale convective  systems, 

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. 
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Onset of storm events 



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 
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Rain rate 

(mm/hr) 

Time  



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 

Type of storm Duration Total depth 

Typhoon Gamma Gamma 

Convective storm Gamma Log-normal 

梅雨 Log-normal Log-normal 

鋒面雨 Log-normal Gamma 
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• 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 between 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.  

• A previous 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. 

• A scale-invariant gamma-Markov process 
was used in this study for disaggregation of 
event-total rainfalls. 

12/7/2011 2011 International Conference on Climate Change, Taipei 18 



Theoretical Basis for Using 

Dimensionless Hyetographs 
• In view of the simple scaling 

characteristics, the normalized rainfall rates 

of storms of different event durations are 

identically distributed. 
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研究區域與測站 (淡水河流域) 

1. 本計畫最終所選用之雨量及流量測站： 

21 



研究區域與測站(烏溪、濁水溪流域) 

1. 本計畫最終所選用之雨量及流量測站： 
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研究區域與測站(曾文、高屏溪流域) 

1. 本計畫最終所選用之雨量及流量測站： 
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經分析後，發現玉山站因地勢過高，較不能代表整

個高屏溪上游雨量情況，故改用梅山(2)站代表之。 



Setting climate change scenarios 

• GCM Scenarios 

• Parameter scenarios of SSRSM 

– inter-event time 

– Total depth 

– Duration 

– Time variation 
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Downscaled from GCM 

outputs using an ANN 

approach (SVM) 



GCM grids (25km) and 

rainfall stations 
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GCM scenarios and outputs 

• 24 GCMs 

• A1B (2010), A1B, A2, B1 (2011) scenarios 

• 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 
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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) 
– A1B, Grid_70 
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Changes in monthly rainfalls 

at different GCM grid points 
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GCM Grid Points 

月份 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 



Climate change scenarios (2011 Project) 
1. 去年度使用A1B情境下，24個GCMs之系集平均（ensemble mean）月

降雨量變化。 

 
 

 

 

 

 

 

2. 本年度使用A1B、A2及B1情境，24個GCMs之系集平均加減一倍標

準偏差之月降雨量變化。 
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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) 
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Duration (hr) Total depth (mm) Int event time (hr) 
r 



Statistical properties of duration, total depth, and 

inter-event time of Mei-Yu events (baseline period 

1980 – 1999) 
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Duration (hr) Total depth (mm) Int event time (hr) 
r 



Deriving parameters of 

SSRSM through ANN 
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Monthly rainfall of the projection period 

(From GCMs) 

Weather Generator 

(Reference to rainfall pattern of the baseline period) 

Daily rainfall of the projection period 

ANN 

Parameters of SSRSM 



Mean values of SSRSM parameters (Projection 

period: 2020 – 2039) 
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Changes in storm parameters 
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• Number of occurrences               Total depth 

符號 意義 

● 增加 

○ 略增 

○ 略減 

● 減少 

SRES 
降雨類型 

區域 

情境 北部 中部 南部 

A1B 

梅雨 ○ ○ ○ 

颱風雨 ● ● ● 

對流雨 ● ● ● 

鋒面雨 ● ● ● 

A2 

梅雨 ● ● ● 

颱風雨 ● ● ● 

對流雨 ○ ○ ○ 

鋒面雨 ● ● ● 

B1 

梅雨 ● ● ● 

颱風雨 ● ● ● 

對流雨 ○ ○ ○ 

鋒面雨 ● ● ● 

SRES 
降雨類型 

區域 

情境 北部 中部 南部 

A1B 

梅雨 ○ ○ ○ 

颱風雨 ● ● ● 

對流雨 ● ● ● 

鋒面雨 ● ● ● 

A2 

梅雨 ● ● ● 

颱風雨 ● ● ● 

對流雨 ○ ○ ○ 

鋒面雨 ● ● ● 

B1 

梅雨 ○ ○ ○ 

颱風雨 ● ● ● 

對流雨 ○ ○ ○ 

鋒面雨 ● ● ● 



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.  

• A total 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. 

12/7/2011 2011 International Conference on Climate Change, Taipei 43 



An exemplar result of SSRSM 

Baseline period（1980~1999年）simulated hourly rainfall series 

甲仙(2)站 

• Station:甲仙(2)站 

• Storm parameters extracted from 

simulated series 



Verification of ECDF 

• 以甲仙(2)站為例。 

• 原始與模擬雙變量隨

機樣本延時與總降雨

量之ECDF與CDF套配

圖。 
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颱
風
雨 

鋒
面
雨 

延時 總降雨量 

梅
雨 

對
流
雨 

1. 模擬結果均符合原

始資料分布形式 

2. 模擬結果良好，亦

即模式可反應真實

情況 



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 

• 未來各情境乾季與濕季的雨量變化情況 - 以甲仙(2)站為例。 

A1B 

A2 

B1 

乾
季
有
明
顯
減
少
的
趨
勢 

濕
季
有
明
顯
增
加
的
趨
勢 



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. 
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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 
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