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プレゼンター
プレゼンテーションのノート
Good afternoon, distinguish guests, lady and gentleman. Firstly, let me introduce myself and our Thai-Japan collaboration research project supported by JICA and JST.I am Daisuke Komori from the University of Tokyo, and our group has been studying hydrology, tropical rainfall, monsoon, water cycle, water resources, and water related disasters, in collaboration with Thai researchers since 1991. I myself have been ever studied at the Chularongkorn University, and researching duirng 14 yrs in cooperating with Thai researchers.



2 Rojana Industrial Park, Thailand (11:47, Oct. 21, 2011, photo by JICA) 

The impacts of climate change in many 
regions are predominantly linked to the 
water system, in particular through 
increased exposure to floods and droughts 
(SREX Ch8, Box8-4). 

 http://ipcc-wg2.gov/SREX/ 

IPCC Special Report on 
Managing the Risks of Extreme 
Events and Disasters to Advance 

Climate Change Adaptation 
(SREX) 



3 Rojana Industrial Park, Thailand (9:27, Dec. 01, 2011) 

Spilled and inundated more than 15 billion m3 of water 

More than 800 death toll and missing 
18,291 km2 of damages in agricultural land 
 Influenced more than 10 million people 
804 factories in 7 industrial parks submerged 
Economic damage 1.36 trillion Bhat (=44 billion US$) 
Economic growth reduced to 0.1% (3.2/2.7/3.7/-9.0) 
More than 10 billion US$ of insurance payment 
Larger than the payment because of the Earthquake in 2011 
Record breaking economic damage by flooding in EM-DAT 

 

Flood in Thailand 2011 
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5 (Pathunthani, Thailand, 11:50, Nov. 21, 2011) 

Attribution of single 
extreme events to 
anthropogenic 
climate change is 
challenging. (SREX, SPM) 

NOT due to climate change. Changing hydrography, reservoir operation, and land conversion are 
more important in setting the scale of the disaster [Peterson, et al, BAMS, 2012] 



in SPM… 
It is likely that the frequency of 
heavy precipitation or the 
proportion of total rainfall from 
heavy falls will increase in the 21st 
century over many areas of the 
globe. 
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Projections of annual mean climatology 

Adisorn, et al., [HRL, 2013] 
Based on MRI/JMA AGCM  Precipitation Evaporation Runoff River discharge 

% change for 
the future 
(20km MRI 
AGCM) 

Consistency of the 
signs among 20km 
MRI-AGCM and 
4 ensembles of 
60km MRI-AGCM 

プレゼンター
プレゼンテーションのノート
This figure shows the climatological annual mean hydrological variable changes (%) in the future climate relative to the present. Areas statistically significant at 95% level are colored.  Bottom figures shows number of the consistent change in sign in 60-km ensemble simulations with the 20-km mesh AGCM.  Four represent the consistent changes in the 20-km simulation and the 4 ensemble 60-km simulations, while unity represent the inconsistent change between simulations.
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Probability analysis on seasonal rainfall 
at the upper Chao Phraya river basin 

Based on MRI/JMA AGCM  

6 % increase of rain intensity ≒ 
10 times more frequent events in this case 

プレゼンター
プレゼンテーションのノート
This is same figure of previous one, in the case of the upper Chao Phraya River basin and seasonal rainfall.Because we use 25yrs slice, namely 25 data, for this analysis, over 25 yrs on return period is just reference.From this figure, 6 % increase of rain intensity indicates 5 times more frequent events.On the 20-km simulation also indicates that a increase of more frequent extreme precipitation events.
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Flood embankments & Reservoirs 
Early warning systems 
Storing groundwater, rain water, … 
Desalination of sea water 
Water transfer 
Economic incentives for 

conservation 
Water-use efficiency 
Virtual water trade 
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(mostly from IPCC AR4, WGII Ch3, 2007) 

CCA and DRM in Water 
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Water related disaster (Thailand) 

In 2008, the nation suffered from severe 
drought, 10 million people in 55 provinces 
were affected by water shortages. 

Intense rainfalls in 2011 resulted in 
the worst floods in Thailand’s recent 
history.  

During the past decade, weather patterns in Thailand 
have fluctuated from severe droughts and floods 
(Kisner, 2008) 

プレゼンター
プレゼンテーションのノート
Two photos were taken in 2008 drought and 2011 flood.As you know, during the past decade, weather patterns in Thailand have fluctuated from severe droughts and floods (Kisner, 2008).Then, it is important question that how the climate change will affect into this fluctuation, intensify or weaken.This is very difficult question because there are many uncertainties in the future simulations; and thus the scientists in the world collaborate to apply ensemble simulations to answer this question under IPCC (Intergovernmental Panel on Climate Change).  Today, to consider this answer in the Chao Phraya river basin, I show that the recent IPCC report and our result on Climate change and its impact on the global and regional level. and, our preliminary analysis on the future river discharge change climatology in the Chao Phraya River basin

http://www.whrc.org/policy/climate_change/ALApdf/ALA-06-THAILAND.pdf
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Global water resources model H08 

Human  
Activity 

Natural 
Water 
Cycle 

1°×1° 
Total: 15,238 grids 

•Requirements 
1. Simulate both water availability (streamflow) 

and water use at daily-basis 
2. Deal with interaction between natural 

hydrological cycle and anthropogenic activities 
3. Applicable for future climate change simulation  

452 reservoirs, 4140 km3 

Hanasaki et al., 2006, J. of Hydrol. 
Hanasaki et al. ,2008a,b, Hydrol. Earth Sys. Sci. 
Hanasaki et al., 2010,  J. Hydrol. 

プレゼンター
プレゼンテーションのノート
To obtain our goal, a new global water resources model was developed. The requirements for this model is threefold. 1. Simulate both water resources (streamflow) and water use at daily-basis, 2. Deal with interaction between natural hydrological cycle and anthropogenic activity, for example, the withdrawal in upper stream decreases the availability in lower stream3. Applicable for future climate change simulation. I mean we can not apply too complex model for climate change simulations because of data limitations. The standard spatial resolution of this model is 1deg 1deg (lon/lat), approximately 100km by 100km at the equator. The total computing grid cells are 15,000. The model consists of six sub models. The land surface sub model calculated water and energy balance on the surface. It partitions precipitation into evaporation and runoff. The river sub model routes runoff from upper stream to down stream. There is a very simple environmental flow sub-model to allocate minimum environmental flow requirement for aquatic ecosystem. The water withdrawal model withdraw water from river. The crop growth model estimates the planting date and harvesting date, and controls irrigation water if there is irrigated cropland in the grid cell. The reservoir operation model controls the release and storage of 452 reservoirs in the world individually, under simple reservoir operation rules. 
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プレゼンター
プレゼンテーションのノート
It could be observed that the combined H08-CaMa-Flood system gave better simulation results. Peak timing as well as magnitude were captured well in both simulation with and without reservoir operation. For validation purposes, the actual dam operation at Bhumibol and Sirikit dam were used as forcing data in simulation with reservoir operation.
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Observed Satellite Data 
MODIS & AMSR-E [Takeuchi, 

W., K. Oki, H. Kim, 2012] 

Inundation Ratio with Reservoir Operation (Sep 25,2011) 

Simulated Inundated Ratio 
by H08-CaMaFlood 

(with dam operation, 10min resolution) 

Sirikit 

Bhumibol 

C2 

Sirikit 

Bhumibol 

C2 
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プレゼンター
プレゼンテーションのノート
The actual dam operation at Bhumibol and Sirikit dam were used as forcing data in this simulation. Note that some regions in the observed satellite image are not within the catchment basin of Chao Phraya River. These areas were obviously not included or recognized in the simulation.
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Target Storage 

Bhumibol 
(x 106 m3) 

Sirikit 
(x 106 m3) 

Drought 
mitigation 

(Drought_Mitig.) 
6620 4585 

Flood mitigation 
(Flood_Mitig.) 4170 2855 

Flood mitigation: maximum August to October total inflow from 1980 to 2011 

Drought mitigation: maximum “deficit (D)” in storage after October from 1980 to 2011 
D =IS4’ – OS4’  + IS5’  – OS5’  + IS1  – OS1  + IS2  - OS2  

ISn = Total inflow during season “n” 
OSn = Total outlow during season “n” 

OS4’ = Constant outflow for electricity generation 
(mean release of non-flood years from 1981-2011) 

Jan-Feb Mar-Apr May-July Aug-Oct Nov-Dec 
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プレゼンター
プレゼンテーションのノート
Using the reservoir operation rules mentioned in the previous slide, we can calculate the storage that is critical to mitigate the occurrence of floods or droughts. The limit for flood mitigation was found by getting the volume needed to store the historical maximum inflow from August to October. The limit for drought mitigation was found by getting the volume of water needed to sustain the water demand from November to December of the same year and from January to April, the dry seasons, of the next year. In equation form, this is the maximum deficit in water which was computed as shown. Sn’ indicates a season on the same year whereas Sn indicates a season on the next year. These two target storage limits could be set as the new upper and lower guide curves for operating the Bhumibol and Sirikit Reservoirs.
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Flood_Mitig. 

Flood depth 
reduction  

(Oct. 15,2011) 
Flood depth reduction = (F. Depth 

of Scheme – F. Depth of 
Thai_Old)/F. Depth of Thai_Old 

 

* Thai_Revised 

Reduction on 
percent of 

inundated area  
(Oct. 15,2011) 

Reduction of % inundated 
area = (Inundated Area of 

Scheme – Inundated Area of 
Thai_Old)/Total Area 

Flood_Mitig. 

Conclusion: Alternative reservoir operation 
scheme that would mitigate both flood and 
drought risks adequately can be developed. 
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プレゼンター
プレゼンテーションのノート
Reservoir operation for flood mitigation shows a higher reduction in inundation as compared with Thai_Revised Scheme. Darker blue pixels indicate a higher reduction. 
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Remarks 
Globalization makes flood damage global. 
Climate change will increase the frequency 

of flood in Chao Phraya River basin. 
 Integrated modeling system with earth 

observation systems can contribute for 
decision making in DRM and CCA. 
Balancing the trade-offs among water 

demands, flood mitigation, and environmental 
conservation. 



21 

「フラックス」とは、主間にある面積で推移する物質
やエネルギーの量のこと。水に限らず、二酸化炭
素の推移も同時に観測できる機器を設置して、水
環境だけでなく炭素推移に着いて解明し、気候変
動や地球環境の研究にも取り組んでいる。 

（JST NEWS 2月号より抜粋） 

Thank you for your attention 
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