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~| Why introduce complexmes;_f

¢ ““Real” water cycle on the Earth is not “natural”
any more In the “Anthropocene (Crutzen, 2002)”.
# Realistic assessment how projected changes in

hydrological cycles would change the damage risks by
floods and droughts will become possible.

¢ Detailec
the prec

F\Woulc

land surface modeling may not improve
iIctability of climate models, however,

provide new opportunities to validate the

simulated results, e.g., snow fraction, flooded area, ...

#Connect “natural” climate system to area of
protection (e.g., human health, bio diversity, ...)
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Impact of human activities on freshwater
resources and their management, with climate
change being only one of multiple stressors

Emission of Climat Terrestrial part of
greenhouse *— * Climate < hydrological cycle
gases (water quantity and
Ponulat quality, mean state
opulation, . and variabili
life style, » Land use ) Water

economy, _T resources
technology —— Food demand / management
Water use
f

Figure 3.1: Impact of human activities on freshwater resources and their management, with climate
change being only one of multiple pressures (modified after Oki (2003)).

Social change Is as important as climate change.

(IPCC AR4, WGII, Chapter 3, “Freshwater Resources and their Management”, 2006)
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The terrestrial water balance does not include Antarctica
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Global water resources model HO8

Rivers in Asia on TRIP in 1°x1° mesh

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

_ Reservoir Operation Model
" (H7moani v ... 2006) :
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Environmental Flow Model

(Shirakawa et al., 2005)
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~ Withdrawals by water sources

é The source of evapotranspiration
sPrecipitation Sustainable
*lrrigation water

» Stream flow
» Reservoirs and ponds
»Renewable groundwater

LOW

. EnvironLT\ ntal Impacts
e Opportunity Cost

Non-

»>Fossil groundwater gctainable HlG

— T ——
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B Enhancement of the HO8 model
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Share of precipitation (green
water) in consumptive water use

e rr O
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~ Global flows of virtual water export

Virtual water export (total)

Total water withdrawal : 3,800km3yr-1
Industrial Domestic
770 380
180° 2107 240° 270" 3007 3307 o -Iio T‘54905k 120°3 150° 1 180° Sh'klomanov’ 2000 AngCUItu ral 2’660
_ ota myr Virtual water export
Virtual water export (irrigation) (Nonlocal/Nonrenewable Blue Water)

180" 210" 2400 270" 3000 330° 0 30° 60° 90" 1200 150" 180

Total 61km3 yr?

180" 210" 240° 270" 3007 3307 o 30° 60° 90" 1200 150" 180

Total 26km3 yr?
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HO8 (Hanasaki et al., 2008) oxiandsut 100 | MATSIRO (Takata et al., 2003)
« Water & Energy Balance |fs Constant velocity | (LSM for CCSR AO-GCM)
 River Routing (TRIP)  Water, Energy, and Carbon
* Reservoir Operation : « Detailed Snow & Vegetation
 Water Withdrawals (DIA) « SiB2 biogeochemical module

e Crop Growth
 Environmental Flow ‘

CAMA- HI-MAT (Pokhrel et al., 2012)
Flood « MATSIRO + Human
/ (Yamazaki et al., Intervention modules of HO8

2011)
o diffusive ‘
Chao Phraya Model wave river

« HO8 with CAMA-Flood routine & HiGW-MAT
« Assess the impact of Inundation « HI-MAT + Ground Water

reservoir operation rule module (Yeh and Eltahir, 2005)
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~“ MODELS: MATSIRO & H08

é Land Surface Models (LSMs) are designed to be coupled with GCMs
% No Human Impacts (HI) representation

é Numerous Global Hydrological Models (GHMSs) with HI

representation exist, but

# Mostly designed for offline simulations

# Simple ET parameterizations (energy balance not considered)

# Vegetation dynamics/Carbon cycles are not accounted.

A
<L‘F ﬁb MATSIRO:
HO8: Hanasaki et al. (2008a, 2008b) Ly 4 o Takata et al. (2003)
= : L —
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+2000 « — - T Water table dynamics
River Model gw  Boil, Laoi - nsaturated Soi qu
\ (Okietal., 1999) i' fote Unsaturated Soi dl (Yeh and Eltahir, 2005)
Environmental Flow Model // (Q_"( Crommdunier Deep soil layer »,, Pumping scheme
- | Koirala et al.
«——— Snow Free Snow Covered ——
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LUK o

THE UNIVERSITY OF TOKYO

9 4

Seasonal variation improves significantly in many regulated basins.
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Sea Level Change: Anthropogenic TWS Contributions
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R
' CaMa- Flood, Global River Model™

Sub-grid topographic parameters for realistically representing
storage-stage relationship and floodplain topography.

Flood
Plain

80 =75 -70 -65 -60 =55 =50 45 -40
L i L

River
/ Channel

{== ! : S
T T T
80 =75 =70 -65 -60 =55 —50 =45 -40

Global River Model

Sub-grid Topographic Parameters

(a) Flowing Down

(b) Reverse Flow

Calculation of water surface elevation %’A Th Ozpy D ATh
= Diffusive Wave Equation 80)  O=Av
= Physically-based estimation — L 40

of river discharge

»
—

Downstream -

Discharge calculation based on water surface gradient

Also refer recent publication = Yamazaki, D., H. Lee, D. E. Alsdorf, E. Dutra, H. Kim, S. Kanae, and T. OKki,
2012: Analysis of the water level dynamics simulated by a global river model: A case study in the Amazon River,
Water Resour. Res., 48, W09508, doi:10.1029/2012WR011869.
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Results (Amazon River)” ™™
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Flooding in the Amazon™ "

Spatial-temporal distribution of flooded area

Flooded Fraction [%] (Obs, 199301)

Amazon Rlver Central Floodplalns (0, 54W}—{BS 72W)
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Many thanks to Dr. Prigent and Dr. Hess for providing the satellite datasets
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’6 Spllled and inundated more than 15 b|II|on m31 of W'ater -
"'6 More than 800 death toll and missing

{6 18,291 km? of damages inagricultural land -
214 Influenced more than 10 million people r
?& 804 factorles in 7 industrial parks submerged

A Economic damage 1.36 trillion Bhat (=44 billion US$) r
éc Economic growth reduced to 0.1% (3.2/2.7/3.7/-9.0)

~.6More than 10 billion US$ of insurance payment
v Larger than the payment because of the Earthquake in 2011
v Record breaking economic damage by flooding in EM-DAT
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¢ Ping, Wang, Yom, and Nan river
converge at Nakhon Sawan.

é There iIs no reservoir in Yom
river, and the region frequently
experiences floods in Aug.-Sep.

K R0t release much water from

WO big reservoirs can store 25
> billion m3, and can hold nearly 3
years of annual inflows.

damage in '

ﬂ‘- ’k“ f i d
= \; ‘ \.

el
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““Basin Map of/Chao Phraya RI
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Discharge in mm/dy
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Parameters tuning is effective. Coupled
108-CaMa model gives excellent results.

Naturalized Daily Discharge at C2 Station 1993-1995
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Daily Discharge With Reservoir Operation at C2 Station 1993-1995 ’A
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5/1/1993 9/1/1993 1/1/1994 5/1/1994 9/1/1994 1/1/1995  5/1/1995 9/1/1995
—— Observed (w/ Res. Ope.) =— H08-CaMa with actual reservoir operation



Shape of inundation was simulated well

b 1
MODIS & AMSR-E Obs. - - Zoomed in imaaes
[Takeuchi, K. Oki. H. Kim, 20171 SiMulation H08-CaMa J




Water management is much better in the

proposed reservoir operation scheme.
A Sirikit Reservoir Monthly Storage FW

O o= Max.storage-—---===============oK=ep=mzmm=m=m==
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B00E00 | — NV | VAW AVARY A LAY
sooes00 |\ A S -
Operation | ©Vver flow Dryup RISYAVATANRYAVEINIAYE
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: T E— .
Thai_Old 13 , 36 |t wqq @*“Q w“x w@w@ W&
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" \ I
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Flood mitigation reservoir scheme

shows greatest flooded area reduction

Reduction™ on percent of area that is inundated (Oct. 15,2011)
L,;g_ﬂ 0.7
‘k)/ L7§_/J “‘.)J/ ’

Conclusion: There exists a better reservolir
operation scheme that mitigates both flood
and drought risks.

s b URs

! .-: v N ' | 0.7
Thai_Revised Flood_Mitig.
*Reduction = (Current scheme — Thai_Old)/grid area

1




Challenges for land surface/hydrologic modelling

Under development Lake
(as of summer, 2012) Urban Canopy
\
Radiation, le,

Domestic Water i « G
AN
Industrial Water” ¢ U i — ’ E

i

haed 5%

ciita;!
N

Long range
water transfer

< 4
e ~

Temperature
Water Quality
Sediment

Fossil GW
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Environmental Info.

Precip., radiation, temp.,
humidity, wind,...
(Atmospheric Forcing)

=

Runoff:

eannual mean
elow flow

«100 year flood

Theory,
Equation,
'\ or Model

Regional Info.
Soil, Vegetation,
Topography,
Basin area, ...

(parameters)

Initial/Boundary Conditions

—

Specific Temporal and Spatial Scales

Solutes:
equality
esediment
sisotopic ratio

Applicability/Accuracy may differ region by region.
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Remarks
é Human interferences on water cycles are
changing the sea level (in addition to CC)

# Critical information: extraction from renewable or
non-renewable ground water, distribution of
Irrigated cropland, irrigation efficiency, ...

¢ Integrated model is not perfect but promising:

# Estimate the source and path of water withdrawals
for agricultural productions =» sustainability

* Propose better reservoir operation rules

¢ Better seasonal prediction of precipitation will
supports better reservoir operation.
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Support developing

sustainability In a society

¢ \Water should not be dealt alone separated

from food and energy. <€Limited Resources =
“LAND”

< Water > virtual

water
trade

hydropower

(Energy) —)E < Food >

cultivation




GEWEX/GLASS/GSWP3 e s

- |Gswpi,2 Water-MIP, ISI-MIP | GSWP3

Timespan 2 years (1987-1988), 20c, 21c EXP1: 20c (1901-2010)
10 years (1986-1995) EXP2: 21c
EXP3: 1979 — present

Coupled Hydro-Energy-
Eco System Experiment

Century long timespan
(EXP1: 1901-2010)

Time varying LUCC / CO?

T O IVIVIIUL Y 11HITU vuliouarliit T o Iviviiuny niciu uvvviisovaicu

using Obs. constraint using Obs  Daily and Monthly field
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Working Group Il I c c
Climate Ghange Impacts, Adaptation and Vulnerability D
INTERGOVERNMENTAL PANEL ﬂH I:lln'IEJ,;E Ehﬂﬂ&ﬂ

Pcc W& ¥
Working Group Il calendar
LAM1: January 2011
Informal Peer Review: ! July - September 2011
LAM2: o0 December 2011
Expert Review: I June - August 2012
LAMS3: October 22-26, 2012

o & & & & & & o o o o

SOD
Literature cut-off date for "subnhtted" papers: Jan 31, 2013
Government & Expert Review: March - May 2013
LAM4: | ! uly 2013
_ Literature cutoff (in press) FGD
Literature cut-off date for ""accepted™ papers: Aug 31, 2013
Final Government Distribution: October - December 2013

Plenary: March 17-21, 2014 in Japan.
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 IPCC & TN

IPCC AR

é Move from “it’s real” to “here
IS the Information you need to
make good decisions for your

stakeholders”

*RIsk management framing
FMultiple stresses framing
*#Full partnership for adaptation

(Source: Chris Field, 2010)
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mlﬁmpact Assessments with CC and SC

O

O Same magnitude More frequent

~ . with Climate

O of hazard will

o . Change

=3 cause different e

© damage How will it

= change with AT

S How will it be or GHG level?

— changed by (mitigation)

e Investments in '

,8 adaptation? Current

= relationship

b= rare &

— severe

Probability of Non-Exceedance hazard
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~ Validation of Irrigation Water Use

Observed data: FAO AQUASTAT (country statistics), 1998~2002

Water use efficiency: Doll & Siebert (2002)

(@) All countries 500 (b)Indza

; ' ' ' 5] ' '

- O Irrigation withdrawal Year 2000 | © Year 1987 N Wltd rawal
| 2 —0.952 .0 ' [ Demand

;ﬁé’ [ 5™ |
350 | | k
;‘3, o o 100 | ]

1072 107! 10° 10t 102 103 FAO  This Study | HO8 ORCHIDEE
-1 ) WaterGAP 2
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S 8 3

=
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=
\

=

o
N
D

o

Observed (km® yr

The model estimates of irrigation water withdrawals agree well with
the observations. Error bars: uncertainty due to precipitation data.
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r Sea Level Change due to TWS: Past and Future ‘

Cumulative contribution of terrestrial water storage change to GSL
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Reservoir operation scheme with release

as a function of storage is developed
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Daily River Discharge
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