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More than 1/7 of world population cannot access safe
water (=0.88 Billion, 0.48 B in Asia)

ABEm- £ &RERICKYESICEM

IKEAND T2 1\52 R (imbalance between water &
population)
%9E%K  too much water (to control)
D1FEDIK too little water (to survive)

2000.9 EESL =7 LAHIVh (NY): RE4KBIEE BT £ E
2002.9 ANRRT LT YIub G AR ICBT 2 MR E
2003.7 G8HIYMNIAET7Y): KICEI T BG81TEIEHE

2005.2 553 B BRER AU S v : GEOSS 104 R &HE

2008.7 G8 Y Ik GRERH) :

too much water

Hok: TEYER
EHEIHOK
WA TEE
BRERITTIIEL K
HWEDOIK

ERERDLILLESHEDRHD

TR-NIVEFICEDRBEEE
DBRE~ADEH

%9 E%K(too much

. water)[FRELHEE LI
BROTREEBRD KB E SL. SRLERTEHE
A1 =TA—ISLBEEOLEN HBEEHN, N2 I(EHHR
BITREVWTELEDT

BRARICHBLTE =,
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Integrated assessment
models

2
ﬁ z AETOER
@ é,;? Atmospheric
é %;E settlernent and
k- = E infrastructure
F, ==
583
3§
SE

Moss et al., 2010, Nature 463(11)
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Climate change —-| Flooding k1 I—' Life, capital, health
SREH \ B GREE |
(Natural Sci. &%) Drought #1221  |——[Food supply &

fresh water, river water,

Population inc. _,| Water demand k&=1 |—’ GW k- FKEE |
ADigm- e I

(Social Sci.iti) \ Quality s | Forest, wet land, biodiversity

Bk AW B |

Water Environment Change due to globalization
|Globalization Fa—1ue |—’| Homogenous society sswits |

(Humanities Axzz) Local water culture &

| inharmonious society with local nature |~ culture diversity
I BRI BRI S ORI KA DB |

too little water

N=F ¥ )L oA —5—]

(water footprint)

BEOERAGAR
£ER7

an

L) 186%
N}
i) 124%

45.3%

162%

[ BHAR 03504 | DAmkotEERR 890

c Water Scarcity Index
1970 1975 1980 1985 1980 1995 2000 I s s '_.I
o EL (2 e | hRETO L Yy =
% uantatnbins |~ ikl hgl*;[;;g, | ‘ |
% EREE g
et il s | |
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‘ Oki & Kanae (2006) Science 313

gooooo-—-0oo00



ocwuser
タイプライターテキスト
※出典情報１−１参照

ocwuser
タイプライターテキスト

ocwuser
タイプライターテキスト
地球研・秋道智彌教授撮影


ocwuser
タイプライターテキスト
※出典情報１−６参照


2011/11/12

Previous . too much water to control (floodingi#sk) _ _

water i i
too ,l,l,tt,h?,,water to survive (droughtF (&) AR R RIEF 20705
problems - . LEBEASOH)IRE (KRES) B

g | LA
*é 1500 ’L\/\n\
/ o
y ' mT water V. % \ DREORBER
/ | Lake water i 4 H i 1 H P R — ey e
/ : River water H .-)E{am_v!a-tfr_": > ??tf 'E('i l"’ate_"____ -}5'”“0 LA i
/ L < /@ 7 R FEy F
P 5
o Gy E L e e e g
) - SpaceZf oy g TEEOBER ~~,’°‘"”*2 | | il
_________________________ 501

1000 1500 2000 4

\ 0 0 500 1
i | ground water ' i virtual water E : W E nE — s e et S
-REETOREBLES - BK

4

. " ) $: 2 EEDRAHRLT, IT%
TREDKTR REHOE [ RUAD waponsciin s

L BECLPRLTROZ % w
too far water & too slow water has big impacts on water imbalance HERSEC ko TEIERISATL | ¢ EREOTRELEEHEN

without knowing, therefore we should pay more attention to them for = *—\.ﬂs& < MRS EEJ? i BITRELIDHEAEDEA
; f=y 7 : 1
sustainable use. oooooo-ooo

“ “ BEDEEKEZE{E (1900-2000)
2 1 -lt ﬁ:E (j: 7K 0) -Iﬁ %E Annual precipitation trends: 1900 to 2000 increase

215t century is a “century of water”
2012 (X “FEHADHEE” (20t Cis a “century of oil”)

vs
212 “KDEHE” (215 Cis “century of water”)

o AOEm- BB FRSKERED - KipF
(Increase in population, global warming, contamination
=decrease WR, “war for water” )

c HERERNBREER~

decrease v g

“Trends In parcentage per centuty

non renewal resources = renewal resources A o
0 es.usancmnbiiie sle e
Pavel Kabat, 2004
oooooo-—-ooo
— Change i average snnusl runcft 20508 A2
ok B2 AL T A e oo
= 7 = . HadoMa u. scmuwom -
WIZEBHI - vz
= 3
SRES A2 ﬁﬂgﬂ:%;ﬂ“
: . = : Substantial
o - , 3 ;o differences even _— o
in large river basins! 3 A - e ,@1 P s
= -
A A 5 A& LY
» %1 ‘&"f J g: x
Hydrological model 3 e 5 *
uncertainty
maybe smaller than e H”“7 e . CCSRM[S:_ i
errors v > E L5 '
originating from N A hg A
climate change 't 63 " %
Decrease  ESSS— scenario modeling ’ g ’

20 increase

Change of Annual Precipitation : (2071-2100)/1990

e
oooooo—-000d Pavel Kabat, 2004 IPCC (2007) e 213 Chre 1w v At 2 v o A3 A e s o i che et A, 08
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Source: Kundzewicz et al. (2007); chapter in
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- L. i | - R

Changz inénnual WaterZJS
A EEE (runoff)

T i e (2020s, A2 Scenario, WaterGAP
‘} = Model, Hadley Climate Predictions)

Withdrawal to Availability
Ratio:
JKRRL R=fE A &/F e &
(2020s, A2 Scenario,
WaterGAP Model, Hadley
Climate Predictions)

3 !
TR ronoff .
« Lower runoff Higher runoff — R"ﬂilﬁ

climate change ]
Water Scarce Areas with
Increasin V\sater Stress

Change in Annual Water (up to 2020s;
7'5 1§ F E; withdraw) because of:
« increasing water use
2020s, A2 Scenario, o P
§ WaterGAP Model) ( j— (*i RRFE 1E)

« decreasing water

availabilty (KR ZE Bf)

Jk {5 i & water withdrawal 27 *i‘%%{t(kl:li%) .
« LovWawals Higher withdrawals — Social change (population

increase)

R~ RO
area with increased -
Pavel Kabat, 2004 water stress) Pavel Kabat, 2004
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Relative Change in Demand per Discharge

Water Stress Changes
to 2025

mmﬂs‘
[MEEBDOZE
Climate change

20 %

AREmOFzE
Population change

80 %

SIREH+ ADENO ——

£% (Both) 100 % Lo <z Water stress InGcator withcrawal 10 availabiity rago

. rigation.
o o u rvy o8 Ivestock. comestic and ndustrial purposes (2000)
Water avarabity. average annual water
§ No/ow stress and per capita water
=t b ‘avalabity based on the 30-year perod 1961-90
Figure 3.2. Exampées of curren freshwater
Modified from Vérssmarty et al. 2000 Akcamo et i (20033} See taxt for etaton fo cimate change.

@ water stress

gooooo-ooo
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Impacts on water use sectors

Other

* Food production m«:;m"&"’n
 Agriculture Secrign b
* Fisheries watr sy
* Water supply

Households
* Health
¢ Energy

¢ Transportation

Figure 3.8, which e a threat
1: Bobba ef al. (2000), 2 Barett ef &. (2004). 3: DO and Fiorke (2005), 4 Mrza ef al. 2003) 5: Lehner of al. (2005a) 6: Kisternann et
in percent,

(1981 10 2000) and 2081 0 2100 for the SRES A18
‘emissions scenaro (after Nohara et aL, 2006)
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Sattelite GRACE

Gravity Recovery and Climate Experiment

PERERIE DFEE
# 2 GRACE 115 £ (200243 ) Z?O:mgﬁht%mﬁ
(7 £ 450km, 26 : 250km) T, ZED10501
= 4 . DELDHMD !

-«— WHEHETAHR

-
[ _JP

-« HEETHA

-
O exs

19
http://www1 .kaiho.milt.go.jp/KOHO/simosato/Japanese/articles/20020625.htm.

90° 95° 100" 105' 110" 115" 120" 125° 130° 135° 140° 145 150

@ GRACE
© Model

90° 95° 100° 105" 110° 115° 120" 125" 130" 135" 140° 145° 150

— ]
€0 40 20 ° 2 %0 60
[mm in water thickness eq.]

Satellite GRACE(2008-2002)

Land Water Change in Chao Phraya
(Yamamoto et al., 2009)
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EMPIRICAL ORTHOGONAL FUNCTION (EOF)
ANALYSES FOR EACH WATER COMPONENT
OF THE CHANGES IN LWS

1st: 46.5 % =>seasonal change

2nd: 18.16 % =>long-term change

o R

Taniguchi etal., 2011
boboooo—ooo
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Sattelite GRACEIZ&AREE KK E REE

= Version 02 of the GRGS every 10 day gravity field
solutions are used in this study (Lemoine et al., 2007)

* The data from July 2002 to October 2008.
+ After removing the average of the whole data period, mass variations of
each time period was estimated using Eq. (1) of Wahr et al. (1998).
s0 1
AG(0.2) = MZZ(AC_}M cosma + A5, sinmA) T, (sind)
3A+kD T
where;
: mass change rate at the latitude 8 and the longitudeA,
Aa(6, 1) satorial radius of the Earth,
pe - the average density of the Earth,
ky’ : the load Love number of degree |/,
_ _ variable components of fully normalized GRACE

AC,, and AS; rmonic coefficients of degree / and order m.

- Trends of land water changes
during 2002 and 2008

A-179mmy trendarea A ——
8-117mmiyr trendarea ww=

E
£ \
Y
5 |
=
3 % 1
2
’ : \
g ‘
% \
2
= £ w0 1
|
% m w wm m w m
Date [year]

Taniguchi et al., 2011
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3rd:8.37% = bimodal change +’ );-’\{ya B
% SRR ;
g - - T . /_/ﬁ( B .
™ s
‘ TS 3
R ISR 7
4th: 5.55 % T, Y e e -
4 7~ K B
- 2| \\?\ o
- = - N

Taniguchi et al., 2011
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Date year]
)

Groundwater depletion (borehole data)
0.147 m/year. (in area A) > 0.095 m/year. (in
area B)

If the variable porosities of the soil are
assumed to be 0.1, the depletions of
groundwater are

0.015 m/year (in area A) >
0.0095 m/year (in area B)

GRACE data
0.0179 m/year in area A >

0.0117 m/year in areaB .
These numbers agreed relatively well with the
values observed in groundwater level change
inarea A and B.

Taniguchi etal., 2011
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HTREEZAVCRERS (MRERE) Eo

Surface temp.

(1) Step change of surface temp. as surface condition : .

T()=Ty+Gz +ZAT{W { 21/23} _erfc[z ZIH

T(2):GW temperature, Ty:surface temperature, G:thermal gradient,
«:thermal diffusivity, t; :time, T; :temp. change during t;-t; ;

Temperafture

Temperatiure
0+ 06 20 2 s s 20 2 o as

s 0 50
5oy
100 flog 100 100
+
H 10 [ )
20 250
20 200

TR Z AV XEES) (MRERE) &

(Taniguchi et al., 2004)
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REREDRE (OK-RIRT) > TREE

F-af T T+#d7
Surface g ¢
.
Warming
Couoling
Perturbed

zZone

N

=

s N

= Steady State™  U'ndisnirbed

a T=T,61 Zune

G=gik

Reconstructions of climate change from
subsurface temperature

HTREZAWCSRES (MREEE) Hr

Sufie2

Depth ()

Tl “Temperature (1) B Borchoe Tesperahos ()

camea
- o IHFC of IASPEI (IUGG)

ottt & ! pe
Zong = | R bgt f it .
Teanseraisht 1K) & o

(Shaopeng Hung, 2000)

HTFREZ AV KEES (MKmRE) #x

135°40°  135'50° 136°00° 136°10°  136°20° : - ; .

FEEE
Ee B2 IEB Temperature (°C)
o B w w a

35" 2

@
&
Sub-surface depth (m)



ocwuser
タイプライターテキスト
※出典情報５−１参照

ocwuser
タイプライターテキスト

ocwuser
タイプライターテキスト
※出典情報５−５参照


2011/11/12

HTEREZAW-RELE (MRmEE) Ho WTFEEZAW-REES (MREEE) HT
EEi FmBT LR EAS)
€ | o perad - 50 Yoars e ool € ]| Vekerhion otaed (Khgrn s M, 199
& F g r
= e
~ r £ i L
1000 5I]Iﬂ “‘ SI‘)[I 1I]I(II) 15;(“] 2000 '2
Year 1000 ‘ ISI;IJ o ‘ 1’ I o 5CI|0 ‘ I 1II‘OCII o 15‘00 ‘ IZDIICD
BC 4——» AD
Year
oooooo-000 Goto et al. (2004) 00o0000—000 Goto et al. (2004)
Uncertainties (FREE) EESRMEESI M Climate change
One thing is certain: g&&ﬂﬁm%ﬁﬁl:ﬁﬁ?ézzﬁ
Nothing is certain :
* Uncertainty and climate change * K& (magnitude)
* How to deal with uncertainties * B (timing)
* Types of uncertainties * 22[E%3 i (spatial distribution)
* Adaptation to climate change under

As well as uncertainties with

uncertainty: respect to vulnerabilities

—Prediction-oriented approaches

—Resilience-oriented approaches

KEBIZHITARBEED T HERERE

* Uncertainty, variability and risk most important
consequences of climate change

* Climate change projections inconsistent and/or
inaccurate at regional/local scales
* Stationarity in weather and water systems not
longer reliable basis for planning
Experience from the past is no longer a reliable
guide for the future.
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IKEED B

* Improve predictions (temporal/spatial scales
required by water managers)

* Collaboration/communication between climate
and water resources management community

* Adaptive management: adaptive and flexible
approaches to improve coping with uncertain
developments vs finding optimum solutions
> Institutional flexibility and a central role for

stakeholders.

Prediction-oriented approaches

IPCC approach:

¢ Uncertain information by using CC scenarios as
drivers for impacts from which adaptation
strategies are developed

Risk approaches:
¢ ldentify, evaluate, select and implement actions
to reduce risks (probability x consequences)

2011/11/12

FHEEZATIRBEEB~DES

Prediction-oriented:

* Characterising, reducing, managing and
communicating uncertainty

* Increasing sophistication of modelling tools and
techniques

Resilience-oriented:
* Uncertainties can not be reduced
* Learning from the past

& 9Kk & R &I (Integrated Water Resources
management) D #4074

Initiation.

Government
mmmmmmmm
Team form d

Vision/ policy
‘ Commitment t
IWRM
Situation

Assess mogress analysis

Revise plan Problems,
Woerk plan TWRM situation,
Goals identified.
Awareness raising
Stakeholder
Political commitment.

Implementation

Legal, institutional,

management actions, &
Botd capaeiy.

Strategy choice
Goals prioritised
Strategy selected

IWRM mau

Stakehqld r & Dohllcal

\

HREAODL/3LL
LA TKIZERE

HhTFKEHES m
(ZE—) DR KEER

I," A
Doll et al., 2003 E '

- | 7AUhpEER- E?'K
TR somm/ELLF || 400mm/ %

HTFARRROBL: 2F Bt/
EVR—VTUTTIE, iRt &

(Br-AbvY)  =12mm/%
REIKBER KEBENHAET

iz iib.'F7k
) ExE(ZO—)<EAR =
BB (R by Y) D

harg e aqui uiter (wsww zuos)

§(2008.12.11)
20115 OO EE R TR
TREHNEDORIRERIT S
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