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Backgrounds of this studyBackgrounds of this study

Motivations of this study

� Asia monsoon plays an important role on 

global water cycle

Provides substantial rainfall and water resources

Provides many benefits, but also causes serious 

water-related disasters

� Various reasons for the disasters, but the 

current climate change impacts make much 

difficult to manage them

The objectives

� To evaluate the climate change impact assessments on water resources over the 

Asia-pacific regions joining GEOSS/AWCI

� To promote the capacity building for climate change impact assessment 

technology

Source: Google image(http://www.google.com/)



Approaching methodApproaching method

Historical analysis Future analysis

Study Area & Data collection
AWCI 18 demonstration basins, Asia domain (S 10.25~N 55.75, E 60.25~150.75)

APHRODITE (precipitation, temperature),  VIC model data set (max/min temperature, wind speed)

Future scenario
A2 scenario, Selected GCMs, Delta method

Hydrology analysis
VIC model

Trend analysis
Mann-Kendall test 

GCM selection
Probabilistic uncertainty analysis

Correlation coefficient, RMSE

Procedure of this study



Study area

� Boundary : S 10.25~N 55.75, E 60.25~150.75

� Spatial resolution : 1/2°°°° (About 50km)

� 23 countries in East Asia, Southeast Asia, South Asia, Central Asia, North Asia

� 18 AWCI demonstration basins

<Domain> <AWCI 18 demonstration basins>



Meteorological data

� Precipitation data

APHRODITE

Daily precipitation, 0.5 ××××0.5°°°°

� Climate data

University of Washington

Daily max & min temperature, mean wind speed

0.5 ××××0.5°°°°

Geomorphological data

� DEM

United States Geological Survey (USGS)

Resolution : 30″×″×″×″×30″″″″

� Land use

University of Maryland (UMD)

Resolution : 1km××××1km

� Soil properties

Food Agriculture Organization (FAO)

Resolution : 5′×′×′×′×5′′′′

Source : http://www.chikyu.ac.jp/precip/



Streamflow data

� Source : GRDC (Global Runoff Data Center)

� Time interval : Monthly data

� Data Period : 20 years (1984~2004)

� Number of selected basins : 20
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Source : http://www.bafg.de/GRDC/EN/Home/



No.
Model

(agency: version)

Overall 

normalized score
Remarks

1 MPIM: ECHAM5 0.82 -

2 CSIRO: MK3.0 0.47 -

3 GFDL: CM2_1 0.26 -

4 CNRM: CM3 0.73 -

5 MRI: CGCM2_3_2 1.28 2nd

6 UKMO: HADCM3 0.55 -

7 IPSL: CM4 0.97 3rd

8 CCCMA: CGCM3_T47 1.70 1st

9 CONS: ECHO-G 0.94 -

Climate change scenario

� GCM Selection

To compare the effectiveness of each GCM for their future application in Asian region

Use  probabilistic screening methodology and statistical tests of CC & RMSE

GCM : CGCM3_T47 (CCCMA), CGCM2_3_2 (MRI), CM4 (IPSL)

Source : Le and Bae (2013) Water Resource Management



� Emission scenario : SRES A2 (CO2, 820ppm, 2100yr)

� Downscaling : Delta method (Spatial downscaling : bilinear interpolation) 

Reference period: 1977-2006

Projection periods: 2020s, 2050s, 2080s

Minimum, maximum temperature, and precipitation

Estimating Change factor
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Hydrologic model

� The VIC (Variable Infiltration Capacity) model is soil vegetation atmospheric 

transfer scheme that considers both energy and water balances

� A grid-based macro-scale model that is usually implemented at various spatial 

scales from 1/8 °°°°to 2°°°°

� Widely used for analyzing the variations of water resources  on climate  change



� Regionalization method

Model calibration at gauged basins and then regionalize the model parameters to ungauged 

basins in AWCI domain

Climate characteristics defined by the Köppen climate classification is used for 

regionalization method

Dominant climate types are Arid B (32%), Cold D (27%), Temperate C (21%), Tropical A (18%), 

Polar E (2%) 

AAAABBBBCCCC DcDcDcDcDaDaDaDaDbDbDbDb EEEEKoeppenKoeppenKoeppenKoeppen Climate Climate Climate Climate ClassficationClassficationClassficationClassfication

KKööppen climate zone in Asia regionsppen climate zone in Asia regionsParameterParameterParameterParameter DescriptionDescriptionDescriptionDescription RangeRangeRangeRangeb_infiltb_infiltb_infiltb_infilt Exponent of variable infiltration cExponent of variable infiltration cExponent of variable infiltration cExponent of variable infiltration capacity curveapacity curveapacity curveapacity curve 0.00.00.00.0----10.010.010.010.0DDDDssss Fraction of maximum base flowFraction of maximum base flowFraction of maximum base flowFraction of maximum base flow 0.00.00.00.0----1.01.01.01.0DDDDsmaxsmaxsmaxsmax Maximum velocity of Maximum velocity of Maximum velocity of Maximum velocity of base flow base flow base flow base flow ((((m/day)m/day)m/day)m/day) 0.00.00.00.0----40.040.040.040.0WWWWssss Fraction of maximum soil moisturFraction of maximum soil moisturFraction of maximum soil moisturFraction of maximum soil moisture content of the lower layere content of the lower layere content of the lower layere content of the lower layer 0.00.00.00.0----1.01.01.01.0dddd1111, d, d, d, d2222, d, d, d, d3333 Three soil layer Three soil layer Three soil layer Three soil layer thickness (thickness (thickness (thickness (m)m)m)m) 0.050.050.050.05----2.02.02.02.0 EEEEDaDaDaDaDbDbDbDb



� Hydrologic model performances

Evaluate LSM model performance  under the assumption that some gauged basins are 

ungauged basins

The performance are CC : 0.58~0.96, ME : 0.35~0.92, VE : under 26%  ---- ClimateClimateClimateClimateZoneZoneZoneZone No.No.No.No. BasinBasinBasinBasin StatisticsStatisticsStatisticsStatisticsCCCCCCCC MEMEMEME RMSERMSERMSERMSE VEVEVEVE
Cal.Cal.Cal.Cal. AAAA ⑳⑳⑳⑳ RajangRajangRajangRajang 0.670.670.670.67 0.360.360.360.36 51.5551.5551.5551.55 ----4.844.844.844.84⑱⑱⑱⑱ MekongMekongMekongMekong 0.950.950.950.95 0.910.910.910.91 16.0516.0516.0516.05 ----2.252.252.252.25BBBB ②②②② KerulenKerulenKerulenKerulen 0.790.790.790.79 0.590.590.590.59 1.101.101.101.10 ----6.836.836.836.83CCCC ⑤⑤⑤⑤ Huai HeHuai HeHuai HeHuai He 0.810.810.810.81 0.630.630.630.63 17.1917.1917.1917.19 ----11.5011.5011.5011.50⑦⑦⑦⑦ Dong JiangDong JiangDong JiangDong Jiang 0.870.870.870.87 0.660.660.660.66 27.2927.2927.2927.29 ----10.7910.7910.7910.79⑨⑨⑨⑨ ChungJu DamChungJu DamChungJu DamChungJu Dam 0.960.960.960.96 0.880.880.880.88 31.0531.0531.0531.05 ----3.543.543.543.54⑬⑬⑬⑬ TenryuTenryuTenryuTenryu 0.950.950.950.95 0.880.880.880.88 23.9723.9723.9723.97 9.669.669.669.66DDDD ⑧⑧⑧⑧ SangwanSangwanSangwanSangwan 0.880.880.880.88 0.680.680.680.68 31.5931.5931.5931.59 ----25.7225.7225.7225.72EEEE ⑯⑯⑯⑯ TokachiTokachiTokachiTokachi 0.730.730.730.73 0.450.450.450.45 32.2532.2532.2532.25 19.0119.0119.0119.01
Ver.Ver.Ver.Ver.

AAAA ⑲⑲⑲⑲ Buluh KasapBuluh KasapBuluh KasapBuluh Kasap 0.580.580.580.58 0.330.330.330.33 63.2963.2963.2963.29 0.460.460.460.46⑰⑰⑰⑰ GangisGangisGangisGangis 0.900.900.900.90 0.760.760.760.76 21.8721.8721.8721.87 17.3917.3917.3917.39BBBB ④④④④ Liao HeLiao HeLiao HeLiao He 0.770.770.770.77 0.580.580.580.58 1.611.611.611.61 0.590.590.590.59CCCC ⑥⑥⑥⑥ Gan JianGan JianGan JianGan Jian 0.890.890.890.89 0.790.790.790.79 27.7927.7927.7927.79 1.321.321.321.32⑩⑩⑩⑩ SendaiSendaiSendaiSendai 0.960.960.960.96 0.920.920.920.92 41.4941.4941.4941.49 ----2.682.682.682.68⑪⑪⑪⑪ YoshinoYoshinoYoshinoYoshino 0.930.930.930.93 0.850.850.850.85 28.1028.1028.1028.10 5.545.545.545.54⑫⑫⑫⑫ YodoYodoYodoYodo 0.860.860.860.86 0.710.710.710.71 30.7630.7630.7630.76 10.6010.6010.6010.60⑭⑭⑭⑭ ToneToneToneTone 0.880.880.880.88 0.750.750.750.75 21.5821.5821.5821.58 14.8314.8314.8314.83DDDD ③③③③ Songhua JiangSonghua JiangSonghua JiangSonghua Jiang 0.790.790.790.79 0.350.350.350.35 16.3116.3116.3116.31 12.6612.6612.6612.66EEEE ⑮⑮⑮⑮ IshikariIshikariIshikariIshikari 0.640.640.640.64 0.350.350.350.35 46.3846.3846.3846.38 ----8.528.528.528.52
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Results and AnalysisResults and Analysis

Analysis of historical climate and hydrology

� Annual average temperature, precipitation and runoff over the Asian regions

BasinBasinBasinBasin Temp.(Temp.(Temp.(Temp.(℃℃℃℃)))) Pre.(mm)Pre.(mm)Pre.(mm)Pre.(mm) Run.(mm)Run.(mm)Run.(mm)Run.(mm) Ratio(%)Ratio(%)Ratio(%)Ratio(%)AsiaAsiaAsiaAsia 10.510.510.510.5 672672672672 354354354354 52.7 52.7 52.7 52.7 East AsiaEast AsiaEast AsiaEast Asia 6.06.06.06.0 511511511511 243243243243 47.6 47.6 47.6 47.6 Southeast AsiaSoutheast AsiaSoutheast AsiaSoutheast Asia 25.0 25.0 25.0 25.0 1673 1673 1673 1673 1008 1008 1008 1008 60.3 60.3 60.3 60.3 South AsiaSouth AsiaSouth AsiaSouth Asia 21.6 21.6 21.6 21.6 748 748 748 748 405 405 405 405 54.1 54.1 54.1 54.1 Central AsiaCentral AsiaCentral AsiaCentral Asia 6.7 6.7 6.7 6.7 245 245 245 245 111 111 111 111 45.3 45.3 45.3 45.3 North AsiaNorth AsiaNorth AsiaNorth Asia ----1.9 1.9 1.9 1.9 431 431 431 431 180 180 180 180 41.8 41.8 41.8 41.8 

<Temperature> <Precipitation>

<Runoff>

10.5℃℃℃℃ 672mm

355mm



<Temperature>

<Precipitation>

<Runoff>

<Spring> <Summer> <Autumn> <Winter>

� Seasonal average temperature, precipitation and runoff over the Asian regions

Higher T & P in summer and lower T & P in winter season due to Asia monsoon impacts

The seasonal changes of T & P in Southeast Asia region are small

11.5℃℃℃℃ 21.1℃℃℃℃ 10.8℃℃℃℃ -1.5℃℃℃℃

141 mm 294mm 154mm 84mm

71 mm 138mm 96mm 50mm

25.9℃℃℃℃ 25.6℃℃℃℃ 25.0℃℃℃℃ 23.4℃℃℃℃

388 mm 521 mm 434 mm 330 mm



Trend analysis of historical climate and hydrology

� Annual average temperature, precipitation and runoff

Increasing trend of T and decreasing trends of P & Q over the region during last 30 

years

The opposite trends of T in northern regions of Southeast Asia and of P & Q in 

northern regions of Southeast Asia and northeastern regions of South Asia

<Temperature> <Precipitation> <Runoff>



� Seasonal average temperature, precipitation and runoff

Decreasing summer T is dominant, but seasonal trends are similar to the annuals

<Temperature>

<Precipitation>

<Runoff>

<Spring> <Summer> <Autumn> <Winter><Annual>



Country Basin 
Trend analysis of temperature

Spring Summer Autumn Winter Year

Bangladesh Meghna ▽▽▽▽ △△△△ ▽▽▽▽ ▽▽▽▽ ▽▽▽▽
Bhutan Punatsangchhu △△△△ ▽▽▽▽ △△△△ △△△△ △△△△

Cambodia Sangker ▽▽▽▽ ▲▲▲▲ △△△△ △△△△ ▲▲▲▲
India Seonath △△△△ △△△△ △△△△ △△△△ △△△△

Indonesia Mamberamo ▲▲▲▲ ▲▲▲▲ ▲▲▲▲ ▲▲▲▲ ▲▲▲▲
Japan Tone △△△△ △△△△ △△△△ △△△△ ▲▲▲▲
Korea Chungju-dam △△△△ ▽▽▽▽ △△△△ △△△△ △△△△

Lao PDR Sebangfai △△△△ △△△△ ▲▲▲▲ △△△△ ▲▲▲▲
Malaysia Langat ▲▲▲▲ ▲▲▲▲ ▲▲▲▲ ▲▲▲▲ ▲▲▲▲
Mongolia Selbe ▲▲▲▲ ▲▲▲▲ △△△△ △△△△ ▲▲▲▲
Myanmar Shwegylin ▽▽▽▽ △△△△ △△△△ △△△△ ▽▽▽▽

Nepal Bagmati ▲▲▲▲ ▲▲▲▲ ▲▲▲▲ ▲▲▲▲ ▲▲▲▲
Pakistan Gilgit △△△△ △△△△ ▲▲▲▲ ▲▲▲▲ ▲▲▲▲

Philippines Pampanga ▽▽▽▽ ▽▽▽▽ △△△△ △△△△ ▽▽▽▽
Sri Lanka Kalu Ganga ▽▽▽▽ △△△△ △△△△ △△△△ △△△△
Thailand Mae Wang ▽▽▽▽ ▽▽▽▽ ▽▽▽▽ △△△△ ▽▽▽▽

Uzbekistan Chirchik-Okhangaran △△△△ △△△△ ▲▲▲▲ ▲▲▲▲ ▲▲▲▲
Vietnam Huong △△△△ △△△△ △△△△ △△△△ ▲▲▲▲

� Trend analysis of annual & seasonal temperature for 18 AWCI basins

Similar to the characteristics of Asia domain results

Decreasing trend of T in northern regions of southeast Asia and in southern regions 

of South Asia, but the rest of the basins have increasing trends

▲▲▲▲ increasing trend, ▼▼▼▼ decreasing trend at 95% confidence level

<Trend  analysis  of  annual  

temperature>

<18  AWCI  demonstration basins>



� Trend analysis of annual & seasonal precipitation for 18 AWCI basins

Similar to the characteristics of Asia domain results

Increasing trend of P in northern regions of southeast Asia and in northeastern 

regions of South Asia, but the rest of the basins have decreasing trends

<Trend  analysis  of  annual  

precipitation>

<18  AWCI  demonstration basins>

Country Basin 
Trend analysis of precipitation

Spring Summer Autumn Winter Year

Bangladesh Meghna ▽▽▽▽ △△△△ △△△△ ▽▽▽▽ △△△△
Bhutan Punatsangchhu △△△△ ▽▽▽▽ ▽▽▽▽ △△△△ △△△△

Cambodia Sangker ▽▽▽▽ ▽▽▽▽ ▽▽▽▽ △△△△ ▽▽▽▽
India Seonath ▽▽▽▽ △△△△ △△△△ △△△△ ▽▽▽▽

Indonesia Mamberamo ▼▼▼▼ ▼▼▼▼ ▼▼▼▼ ▼▼▼▼ ▼▼▼▼
Japan Tone △△△△ ▽▽▽▽ △△△△ △△△△ △△△△
Korea Chungju-dam △△△△ △△△△ △△△△ △△△△ △△△△

Lao PDR Sebangfai △△△△ ▲▲▲▲ ▼▼▼▼ ▽▽▽▽ ▽▽▽▽
Malaysia Langat ▽▽▽▽ △△△△ △△△△ ▲▲▲▲ ▲▲▲▲
Mongolia Selbe ▽▽▽▽ ▽▽▽▽ ▽▽▽▽ △△△△ ▽▽▽▽
Myanmar Shwegylin ▲▲▲▲ ▽▽▽▽ ▽▽▽▽ △△△△ △△△△

Nepal Bagmati △△△△ ▲▲▲▲ ▽▽▽▽ △△△△ △△△△
Pakistan Gilgit ▲▲▲▲ ▲▲▲▲ ▲▲▲▲ ▲▲▲▲ ▲▲▲▲

Philippines Pampanga △△△△ △△△△ ▽▽▽▽ ▲▲▲▲ △△△△
Sri Lanka Kalu Ganga △△△△ △△△△ △△△△ △△△△ △△△△
Thailand Mae Wang △△△△ △△△△ △△△△ △△△△ △△△△

Uzbekistan Chirchik-Okhangaran ▽▽▽▽ △△△△ △△△△ △△△△ △△△△
Vietnam Huong △△△△ △△△△ ▽▽▽▽ ▲▲▲▲ ▲▲▲▲▲▲▲▲ increasing trend, ▼▼▼▼ decreasing trend at 95% confidence level



<Trend  analysis  of  annual  runoff>

<18  AWCI  demonstration basins>

� Trend analysis of annual & seasonal runoff for 18 AWCI basins

Similar to the characteristics of Asia domain results

Increasing trend of Q in northern regions of Southeast Asia and in northeastern regions of 

South Asia, but the rest of the basins have decreasing trends

Country Basin 
Trend analysis of runoff

Spring Summer Autumn Winter Year

Bangladesh Meghna ▽▽▽▽ △△△△ △△△△ △△△△ △△△△
Bhutan Punatsangchhu △△△△ ▽▽▽▽ ▽▽▽▽ △△△△ ▽▽▽▽

Cambodia Sangker ▽▽▽▽ ▽▽▽▽ ▽▽▽▽ ▽▽▽▽ ▽▽▽▽
India Seonath ▼▼▼▼ ▽▽▽▽ △△△△ ▼▼▼▼ ▽▽▽▽

Indonesia Mamberamo ▼▼▼▼ ▼▼▼▼ ▼▼▼▼ ▼▼▼▼ ▼▼▼▼
Japan Tone △△△△ ▽▽▽▽ △△△△ △△△△ △△△△
Korea Chungju-dam △△△△ △△△△ △△△△ △△△△ ▲▲▲▲

Lao PDR Sebangfai △△△△ △△△△ ▼▼▼▼ △△△△ ▽▽▽▽
Malaysia Langat △△△△ ▲▲▲▲ △△△△ ▲▲▲▲ ▲▲▲▲
Mongolia Selbe ▼▼▼▼ ▽▽▽▽ ▽▽▽▽ △△△△ ▽▽▽▽
Myanmar Shwegylin ▲▲▲▲ ▽▽▽▽ ▽▽▽▽ △△△△ △△△△

Nepal Bagmati △△△△ ▲▲▲▲ ▽▽▽▽ △△△△ △△△△
Pakistan Gilgit ▲▲▲▲ ▲▲▲▲ ▲▲▲▲ ▲▲▲▲ ▲▲▲▲

Philippines Pampanga △△△△ △△△△ ▽▽▽▽ △△△△ △△△△
Sri Lanka Kalu Ganga △△△△ △△△△ △△△△ △△△△ △△△△
Thailand Mae Wang △△△△ △△△△ △△△△ ▽▽▽▽ △△△△

Uzbekistan Chirchik-Okhangaran △△△△ △△△△ △△△△ △△△△ △△△△
Vietnam Huong △△△△ △△△△ △△△△ ▲▲▲▲ ▲▲▲▲▲▲▲▲ increasing trend, ▼▼▼▼ decreasing trend at 95% confidence level



Changes in temperature, precipitation and runoff

� Increasing T over the all regions for future 3 periods and the higher increase of T in high latitude

� Increasing areal average P & Q over the regions, but decreasing P & Q in northern regions of 

Southeast Asia and northeastern regions of South Asia

<Temperature>

<Precipitation>

<Runoff>

+ 0.9℃℃℃℃

<S1:2010-2039>

+ 2.1 ℃℃℃℃ + 3.7 ℃℃℃℃

+ 1.8% + 4.6% + 10.7%

+ 1.5% + 3.9% + 11.1%

<S2:2040-2069> <S3:2070-2099>

10.5℃℃℃℃

672mm

355mm

<S0:1977-2006>



<Temperature>

<Precipitation>

<Runoff>

<Spring> <Summer> <Autumn> <Winter>

+3.7℃℃℃℃ +3.7℃℃℃℃ +3.6℃℃℃℃ +4.0℃℃℃℃

+10.2% +11.3% +11.0% +9.5%

+8.4% +12.9% +11.1% +10.!%

� Seasonal average temperature, precipitation and runoff (S3: 2070-2099)

Increasing T for all seasons, increasing rate of T is higher in Central Asia  

Decreasing P in northern part of South Asia  and Central Asia due to decreasing P in spring, 

summer and fall seasons

Change rate of Q is higher than that of P, the Spatial coverage of decreasing Q is wider than 

that of P  

+ 3.7 ℃℃℃℃

+ 10.7%

+ 11.1%

<Annual>



Div. Country Basin 
Year

2020s 2080s

East

Asia

Japan Tone 1.0 4.1

Korea Chungju-dam 11.6 17.7

Mongolia Selbe 1.9 17.6

East

South 

Asia

Myanmar Shwegylin -5.4 1.6

Lao PDR Sebangfai -8.2 7.2

Thailand Mae Wang -7.6 3.6

Cambodia Sangker -8.7 0.4

Malaysia Langat -0.9 5.7

Vietnam Huong -8.3 -1.3

Philippines Pampanga 0.6 6.2

Indonesia Mamberamo 6.8 21.1

South

Asia

Bangladesh Meghna -6.4 6.6

Bhutan Punatsangchhu -7.1 4.8

India Seonath 11.8 14.9

Nepal Bagmati -1.9 7.9

Sri Lanka Kalu Ganga 0.1 9.3

Pakistan Gilgit -3.0 -16.4

Central
Asia

Uzbekistan
Chirchik

-Okhangaran
2.7 -1.5

+ 1.8%

+ 10.7%

� Change rate of annual precipitation for 18 AWCI basins

2080s

2020s

<18  AWCI  demonstration basins>



Div. Country Basin 
Year

2020s 2080s

East

Asia

Japan Tone 0.5 1.2

Korea Chungju-dam 15.4 21.2

Mongolia Selbe -0.1 16.7

East

South 

Asia

Myanmar Shwegylin -7.1 0.4

Lao PDR Sebangfai -11.3 8.8

Thailand Mae Wang -11.7 4.3

Cambodia Sangker -12.8 -0.6

Malaysia Langat -1.2 6.2

Vietnam Huong -10.9 -2.7

Philippines Pampanga 0.6 6.5

Indonesia Mamberamo 9.2 28.0

South

Asia

Bangladesh Meghna -9.7 6.1

Bhutan Punatsangchhu -11.0 3.8

India Seonath 18.8 19.5

Nepal Bagmati -0.8 10.8

Sri Lanka Kalu Ganga 0.0 10.3

Pakistan Gilgit -3.5 -19.9

Central
Asia

Uzbekistan
Chirchik

-Okhangaran 3.1 -3.9

<18  AWCI  demonstration basins>

� Change rate of annual runoff for 18 AWCI basins

+ 1.5%

+ 11.1%

2080s

2020s



� Latitudinal change rate of temperature for each season

Increasing rate of T over the regions except for 30°∼°∼°∼°∼35°°°°N in spring is higher at high latitudes

Increasing rate of T in winter is twice at high latitude (+4.9+4.9+4.9+4.9℃℃℃℃ , 55, 55, 55, 55°°°°N )N )N )N ) than the low latitude 

(+2.4℃℃℃℃ , , , , 10°°°°S))))

<Spring> <Summer> <Autumn> <Winter>
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� Latitudinal change rates of precipitation & runoff for each season

Change rates of P and Q are higher as time span goes (S1 to S3)

Change rate of winter P in high latitude  is higher than the P of other seasons

Change rate (+42%) of  Q at mid latitude (25-30°°°°N) regions is  highest than the others
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Conclusions

� Provide the past historical climatic and hydrologic conditions during 30 years

Annual average temperature (10.5℃℃℃℃)))), precipitation , precipitation , precipitation , precipitation (672mm)(672mm)(672mm)(672mm), runoff , runoff , runoff , runoff (354mm)(354mm)(354mm)(354mm)

Runoff Ratio : 52.7%

� Provide the results of trend analysis for the historical data

Increasing T and decreasing P & Q over the Asia regions 

Opposite trends of T in northern regions of Southeast Asia and of P & Q in northern 

regions of Southeast Asia and northeastern regions of South Asia

� Provide the results of future projections under A2 climate change scenario

Increasing areal average of T (3.7℃℃℃℃, 2080s) and the higher increase of T in high latitude

Increasing areal average of P (10.7%, 2080s) & Q (11.1%, 2080s) over the region, but 

decreasing in the northern of Southeast Asia and northeastern of Central Asia 

Change rates of Q (+42%) at mid latitude (25-30°°°°N) regions are highest than the others

Conclusions and Future WorksConclusions and Future Works



Future works

� For more detailed results, refer to AWCI or APN web site

� Give comments for these results after comparing your local 

results if available. 

� Re-analyze the climate change impact assessment on water 

resources under RCP scenario and compare the results with 

those of SRES projection

� Different trends of P and Q are detected between the results of historical data and 

future projection under A2 scenario

Uncertainty source : Emission scenario, GCMs, historical observed data, etc. 

<trend analysis>
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Thank youThank you


