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Dams

EX|st|ng dams

Number 25,000+ (large dams),
16,700,000 (>0.1ha)

Volume  7200+km?3 (large dams)
8070km?3 (>0.1ha)~20% of global runoff

Data source: ICOLD 1998; Lehner et al. 2011;
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Grill et al. 2015, Env Res. Lett



Irrigation

Area 2.7 million km? (~15% of cropland, ~2% of land)
Volume 2660 km3/yr (~70% of total water withdrawal)
Source Surface water & Groundwater

T o

(groundwater)s. » T ———

Irrigatibn in USA

frrigation in Japan
(surface water).,

Image sour‘ce: MAFF

Image source: USGS



Impact on sea level rise

The terrestrial water storage contributions to sea-level change

Dam storage
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NB: Likely groundwater pumping was overestimated in this study.

Pokhrel et al. 2012, Nature Geosci
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Let’s get started with
some history...



Zero-th generation

» Before global water resources
model was available

 Based on nation-wise statistics.

Raskin et al. 1997



First generation

e Estimate the spatial distribution
of water use and availability
separately

* Display simple water scarcity
index (use/availability) at grid
cells.

+ Population Water withdrawals
+ Income ’ , and consumption
* Technology G;a ”"M:er’ + Domestic
* Qimate *Industrial
+ Agriculture
River basin
water stress
* Land Cover Gobal Water availability
* Qimate Hydrology Model + Runoff
+* Recharge

Alcamo et al. 2003

Contemporary Population Relative to Demand per Discharge
Stress Threshold (DIA/Q=0.4)

——

Thousands above (red)
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Vorosmarty et al. 2000



Second generation

* Integrate the hydrology and the
water use models.

* Explicitly show the seasonality
and the downstream effects
using “new” indexes.

Inflow of discharge from Livestock
upstream grid cells, Q;,
Evaporation from canals, E¢ \d
Conveyance 7, o
efficiency, e¢ ‘bﬁ )}’5
Precipitation, P Irrigation, br gt fiow N 'a.r,'i.f;
. Withdrawn
Atmospheric water irflaation Evaporation
demand, D wa?sr Wd from lakes and
Net irrigation .

Interception
loss, E} =" -

Transpiration, e
Bt

Evaporation, Es |

requirement, NIR
Project efficiency, ep

lant water supply, Sy

reservoirs, £y
Gross irrigation
requirement, GIR

Water storage in lakes
andreservoirs, S;

Surface runoff, R

Water storage

inrivers, Sp

—_—

Subsurface runoff, R

Hanasaki et al. 2008

Outflow of discharge to
downstream grid cells, Q,,;
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Second generation +

Separating water sources
(surface and groundwater)

Infrastructure
(dams)

High resolution
(5 arcmin globally)

Source code readability
(Python)

Groundwater
stress

aquifer
area (A,)

groundwater
footprint (G .
print (GF) Western High Plains ~ North Persian Upper Ganges

Mexico Arabian

Gleeson et al. 2012




Other approaches

* Integrated Assessment Model
(IAM)--“economics” as the
principal rule of the world.

* Heavily constrained by socio-
economic data, little
available/useful at the grid level.

The GCAM Systems S ]
Ensrey Demand — Climate
= | System
Energy GHG
D d Emissions ¥
____________________ = Regi Energy Ocean
) Resource Bases Energy Markets Energy Carbon Cycle
Labor Force Regional Ener-g;y- Supphy Transformation :
= i and Use
s pheric
Composition,
Production Land Use Forcing, &
* Crops * Crops Climate
* livestock * livestock
* ForestProducts | « ged Forest :
* BiomassEnergy | | * Unmanaged
| Terrestrial
Economy Carbon Cycle
System Reglonal Land Land Use ¥
Categori d Change
ke Emissions.

Water System

Hejazi et al. 2014

RCP4.5 could be
more water stressed
than RCP8.5.

Hejazi et al. 2015
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As consequence...

Total terrestrial Eva POtranSPirationi PreC|p|tat|0n'
prempxtahon Water vapor
overland 65532 113329

over sea 436.5
Net water vapor Snowfall _Rainfall
flux transport 125 98.5
45.5
GIac:ers and snow
Global

24064
v ,’ﬁ 1+
s 29 ‘ 54
reservoir reserv

Evaporation
Water vapor over ocean

Total terrestrial

i Forest (40.1)  Biological
waw@zpuratuon 4

o i ; (A Unspecified surfac
. 2, Cropland (15.6) i water : 747 nicinal wate

Local reservoir: 106

Precipitation
over ocean
391

e Water Management

The terrestrial water balance

e  Modeling is data collectng
and gap filling business!

Nonrenewable
groundwater
reservoir

| - 3 =
Nonrenewable groundwater abstraction : 182 Unit: km? yr*

Hanasaki, 2017, AGU



Understanding has progressed.
However, none of these water
management models have been
coupled with GCMs/ESMs.

Game changers emerge recently!



Dams and water management in
CESM / CTSM / CLM5

Representing reservoirs in Earth system models
Look at dam parametrizations in global hydrological models

Cc Irrigation water demand
Jackson Lake
135 10° m*year

- BT AT Island Park
Detailed, specialized and process-based 44.5°N 385 10° mPlyear

Water management 44°N
and catchment models
Observation-based storage and
release policies 43.5°N
V)
43°N
Palisades
H | ]
Global hydrological models — Blackfoot 1288 10° m/year
Generic dam parametrisations 42 5¢y 135 10° m¥year

113°W 112°W 111°W 110°W

0 50 100 150 200 250 300 350 400
imgation demand (mcm/year)

. 13
Coutesy of I. Vanderkelen Vanderkelen et al., 2021; 2022



Development of MIROC-INTEG-ES

o~ TOUGOU Climate Socio-economic
=4 Pl scenario scenario M I RO C'
] T~a<o ]
Atmosphere \; Atmosphere™ ~~ < _ - \; GDP (technical factor) I NTEG' LAN D

N; Cro - th Yokohata et al.
P grow 2020, Gesci Model

‘ Climate (Land) ‘

Soil water/temperature

MIROC A PRYSBI2 Dev
Cropland . We developed an
Water Crop yield integrated model,
withdrawal area TeLMO
S where natural process
Irrigation ‘ Land use ‘ (land surface physics,
Reservoir Irrigation A Cropland area ecosystems, water
__Operation I Land use transition
HiIGWMAT o resocl;rlfe, crop growth)
and human process
(=MATS|R0|'|' 8) : (food/bioenergy etc) VISIT land P
! GDP (land use, water
Water resource | Population Land ecosystem | management, socio-
5 § (water) | A economic) models are
emana (water .
! !  Atmosphere coupled and variables
Output of integrated Socio-econ_omic Climate are excha nged
assessment model, AIM scenario scenario

However, most of the connections are one-way and LAI/LU is

annually updated. =» Dynamic communication is challenging Courtesy of T. Yokohata



Development of Integrated Land

will contribute \
MIROC7/CMIP7

1-D Land Model MATSIRO

(Takata et al., 2003; Nitta et al., 2014; 2017)

H

Simulator, ILS (nitta et al., 2020)

Basic concepts:

* Port the latest stand-alone models
with smallest modification of the
codes.

* Run the models with their preferred
time steps and resolutions, and
exchange necessary data with
appropriate regridding by the coupler.

General
purpose coupler

Jcup (Arakawa
etal., 2011)

H.
Inundated Area 4

River Model CaMa-Flood

(Yamazaki et al., 2011; )

Human Impact Model HO8
\ (Hanasaki et al., 2008)

Following models are developed

and will be coupled:

* Dynamic sediment transport model
(Hatono and Yoshimura, 2020)

* 3D ground water model (Miura and
Yoshimura, 2020)

* River water temp. and quality transport
model (Tokuda et al., 2019)

* Dam operation model (Hanazaki et al., in

prep.), Etc. )

Global LSM

AG C M§ Individual processes

MIROC (Tatebe et al., 2019)
NICAM (Sato et al., 2014) etc.

2 i OGCMs

~ COCO (Hasumi, 2006) etc.

* Global 90m DEM
and hydrography
data (Yamazaki et al.,
2017; 2019)

* Global transpiration
fraction on ET (Wei
et al., 2017; 2016)

* Global aridity - —
change by 1.5 i : §
segrasgreeme 1] || | 1]
(Takeshima et al:
2020) ‘

o S ! I L
120°wW 60°W 0° 60°E 120°E
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River water temperature & Surface Flux from Rivers/Lakes

Arctic rivers effectively transports energy Temperature difference between river water
from warmer South to colder North region at mouth & the nearest coastal ocean [°C]
S S *’
6
4
A A8 AR P 9. @ 2
‘ e
". « ° 4
- Discharge [m3/s] @ v -6
O 1000.0 O 5000.0 O 10000.0 O 50000.0 -8

Long-term trend of Freshwater[m3/s] (left) and thermal discharge[W] (right) into
Oceanic baSinS Pacific Ocean 1el3 Atlantic Ocean 1le13 1965~2014

400000 13,81e+02 [m3/s/yr] (p=0.0943) - 2.4 7.62e+10 [W/s/yr] (p=0.0139) . . .
150000 46.24e+10 [W/s/yr] (p=0.0175) |, , 500000 1 L 35 regress Ion COEffI cie nt
20 and p value
300000 4 400000 4 - 3.0
- 1.8
250000 4
L16 300000 4 L 2.5
200000 1, . . _ . i . 6.1I2e+0 [ml3/5/yr] (pI:O.0365)
1965 1975 1985 1995 2005 1965 1975 1985 1995 2005
220000 - Arctic Ocean le12 Indian Ocean 1e12 These estimation are
1.08e+02 [m3/s/yr] (p=0.0429) - 4.75 6.57e+01 [m3/s/yr] (p=0.0682) .
2000001 5.77€+09 [W/s/yr] (p=0.0005) | 5o 50000 348409 W/s/yrl  (p=0.0219) a0 conducted with global-
180000 A .
425 40000 35 scale river water
160000 A
140000 ] 4% 0000 ] 30 temperature model
- 3.75
120000 25 [Tokuda et al., 2019]

1965 1975 1985 1995 2005 1965 1975 1985 1995 2005



JAMES

NEW dam operation

RESEARCH ARTICLE
10.1029/2021MS002944

Key Points:

Reservoir operation scheme for flood
control was introduced into the global
flood model

Operational rules and parameters were
identified to represent the actual flood
control operation

Developed reservoir operation scheme
leads to improvement in discharge
simulation during floods and
significantly impacts flood mitigation

- -
- »

@ @ \ | @ oy =

Journal of Advances in
Modeling Earth Systems®

Development of a Reservoir Flood Control Scheme for Global
Flood Models

Risa Hanazaki! '*', Dai Yamazaki! \”, and Kei Yoshimura'

'Institute of Industrial Science, The University of Tokyo, Tokyo, Japan

Abstract Integrating reservoir flood control operations in global flood forecasting systems is important
for accurately estimating discharge and other variables. Because existing modeling operational rules and
parameters do not reflect the actual variability due to a lack of associated data, globally applicable modeling of
flood regulation needs to be studied further. In this study, we developed a flood control operation scheme with
refined parameters and algorithms to tackle this problem. We used recently developed objective data sets of

p)




Review of existing dam operation algorithms

1. Lake scheme
Doll et al., 2003 Dam
\ 1 i . H By
\ D S T n / .................. spillway

2. Focused on primary purpose
Based on inflow and downstream demand 3

Hanasaki et al., 2006, 4 ....................
Many studies based on HO8 Dead level L,

Wisser et al., 2010a mmge v, /-.......‘........:::;....._..._.‘.‘._.'...'..._._.'..... ............. Drainage
............. spillway
FIG. 1. Schematic of a multiyear and multipurpose reservoir (after

3. Multi-purpose operation Ward and Elliot 1995).

Based on reservoir zoning
(Haddeland et al. 2006; Wu and Chen, 2012; Wang et al., 2019; Zajac et al., 2017; Dong et al., 2019)

Principal
spillway

Jone Operational bUIDOSE example operational rules in
P purp Zajac et al., 2017
: V-Te
1 Prevent overtopping Q= maX< At ,Qf>
2 Flood control Q=0Cnty : VC x max(l — Qn, Qr — Qn)
- Vv,
3 Supply for hydrgpower, irrigation, 0 = O+ 2 X max(l — Qu Qs — Q)
domestic use, ... Ve = Ve
4 impoundment Q = Qmin + (Qn — Qmin) X V = Vo) / (Ve — Vi)

Q: outflow, I: inflow, V: storage
Qy: flood discharge (non-damaging discharge), Q,: normal discharge



Implementation of New Dam Operation Algorithm

} 2 Flodd controipool

Q: outflow, I: inflow, V: storage volume

3. Water supply pool |~ Parameters
Vel oy (increase release) ____'!||_§ Q:: flood discharge (non-damaging discharge)
%[ ; 4. Water supply pool . Q: normal discharge
Vo _{reduce release) | (V.- V) /drainage area
zone | Operational purpose | >= Of | < Qf
1 Prevent overtopping Q=1 Q=0Qf
2 | Flood | Q=0+ max(1-2,0) xg L x (1 - =AY
ood contro =5 02""), V.- s fo @ =0nx05+ (Ve Vf) (@ = Qn)
Supply for 2
o V-V, V-V,
3 hydropower, irrigation, Q=0nx05+ (V V) (@ — Qn) Q=0,%x05+ (V V) (Qf — Qn)
domestic use, ... r .
. 14
4 impoundment Q =0QnX (%) Q=0n \(V)
1

1.

Outflow is kept low due to
small storage in initial
phase of large flood

\
3. Operation during small
flood and wet seasons

Outflow is a function of storage
and inflow, considering flood
control storage capacity

Reservoir outflow is formulated to represent flood control operation and
storage variation in non-flood period




Estimation and validation of flood storage capacity (FSC) 20

Estimation of FSC G_Ioba_l : Characterl.stlc
applicability | of operation

NGB ERE 70% of total storage (Vmax) O X

VA AR 45%-ile of observed volume X O

75%-ile of GRSAD* is converted O O
to volume using ReGeom**

*Global Reservoir Surface Area Dataset: Zhao and Gao, 2018
**Global Reservoir Geometry Database: Yigzaw et al., 2018

e S ==
7 e RS ICE . -
- . .- o
< k&’ Bty Jor " ‘e
Rohpart-t w Toe . ea =AY
X CEN S e
. o, .

3] II

N
o
w
n

. Burek: RMSE=2245 I ——
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L o 0 1 0 Distribution of FSC ratio at 6862 dams [%]

true flood storage capacity [10® m?3]

estimated flood storage capacity [10® m

Improved accuracy of FSC estimation by utilizing
Validation of FSC at time-series of observed reservoir surface area that
212 dam reservoirs reflects the impact of actual dam operations



Reproducibility of river discharge at downstream of dams

©® Change of Nash Sutcriffe Efficiency (NSE) by adding the dam operation

algorithm is checked. -
(Qszm Qobs) NSEdam _NSEnat

1.0 — NSE,.4¢ 8 1

NSE =1 — — NSE ch =
z:(Qobs - Qobs)2 change

16°S 1

55°N -
24°S -
49°N -
32°S or. v
43°N - oY :
L S. America
40“8 ‘I T T T T
76°W 68°W 60°W 52°W 44°W 36°W
37°N 15°S . .
‘Southern w (
19°S ‘ Gt
31°N A Africa ¥k
! ) 2308_ | v .' A
N. America ™, o NS
25°N T - T T T ‘ = T 27°S A Or T L e
126°W 116°W 106°W 96°W 86°W 76°W A O -
Wors | . N Better ™' G e
-1.0 -0.5 -0.1 0.1 0.5 1.0 R
Ch ange In NSE 35‘,S1O°E 16:’E 2£°E 2§°E 3:{“5 40°E

NSE significantly improved at 283 out of 687 discharge sites

21



Challenges of water management implementation

Groundwater flow

. 5
A A . Lo

Courtesy of N. Hanasaki

Groundwater process
* GW is a fundamental hydrological process

 Availability: Global models on groundwater

recharge
Doll and Fiedler (2008), Wada et al. (2010), Pokhrel et al. (2015)

Groundwater abstraction
e GW accounts for +15% of total water withdrawal

 Availability: Global models on groundwater

abstraction
Wada et al. (2010), Doll et al. (2014), Pokhrel et al. (2015)

Aqueduct water transfer
e River water is transferred at a distance.

* Availability: Simple models on inter-cell water

transfer
Haddeland et al. (2006)



Challenges of water management implementation

4. Minor reservoirs

* Not located on the main stems of river
network

* Availability: Some simple treatments
Hanasaki et al. 2010; Wisser et al. 2010

5. Seawater desalination
* More than 20km3/year of production capacity

* Availability: Stand alone model:
Hanasaki et al. (2016)

6. Return flow and delivery loss
* These two exceed water consumption!

S R e Availability: Simple models:
L A2 e Rost et al. (2008)

http://12.000.scripts.mit.edu

7.  Maintaining traceability of water sources

Courtesy of N. Hanasaki



Communlty Effort of Land Model Development

Development of Integrated Land

Simulator, ILS (nitaeta will contribute : i : Lot : MATSIRO
+ EE ! l P
NPT e |
,,,,,,, w1 (E 0 i
=il 111 - Groundwater
=] L i ET R,

» —

excl 8
a) i =
5 - < L
e ot |
- i e N :
.‘ ";‘ : T
5xs P ler
8 etal, 2011] [
4 % CaMa-Flood
) aivia-rioo
— ollowing models are developed
= ind will be coupled: .
= 7 ° t model
d

Ecological C/P/N cycle %

[mamet | [Smwel | [ }

Strengthen | HII | L
collaboration among —
individual model
developers

LRI ANSHE
[Kim, 2019]

N\

Framework for coupling (ILS)

l yield

Atmosph

Climate (Land) ol water/temperaty

Cri pI d
wlthdrawal

o
Reservoir Irri g ation
operation
D emand
1 (food/bio

| GDP
Water resou rce } Population

Sediment serenstenn |
Human act nty, | Lo g7
land use change, Inun at-lon (incl.

: paddy field), urban
crop yield canopy

Coupling to Weather,
Climate, and Earth System

Construction of a platform model consisting of a group

of stand-alone models and maintenance of various

peripheral softwares incl. regridding and coupling. Models




Thank you for listening!

Any comment/question?

25



. . Misako Hatono@Tohoku U.
Sediment dynamics modeling

»Incorporated sediment dynamics 2
into CaMa-Flood within the |
framework of ILS
v’ Considers suspended sediment

and bedload Schematic of sediment
v'Seasonal variation is well model

represented. Regional calibration

improves accuracy in peak values

U Amazon(Obidos station
=5 \h’ {E"{TEE;:’}J‘ - 4000 . . ( . . )
- e S
it ) k : 2000 F } &
- N ‘;,-.
O...Significant | ?j bty Ay GRS
(p<0.05) . M Slgnlflcant: 44/ 45 . 3, 1595 9|96 1097 IQS 9'99 bo
A..Insignificanty - ' Suspended sediment[103ton/yr]
< T —— Obs. CTL Calibrated
| | |

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Correlation coefficient of suspended

P .
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Variably
Saturated
Groundwater
Model

Miura and Yoshimura, 2020
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66((’0)+SSSW((p) 3_<P=V K (@) V(g +2)]+q Primary Pressure head (@)
ot ot Water content (@)
Secondary Saturati tio (S.,)
One dimensional 6 ---> 0 aturation ratio {ow
Sg-—->0 Sw(p)-—> 1 Primary to Water retention
q ---> exclude h=¢+2Z Secondary (e.g. Van Genuchten model)

¥

Model output

Groundwater level (Hydraulic head)
Groundwater table

Groundwater equation

. Ss 2=V - [K - V(h)]+q

Richards eeuation
at

=5 [k @ G+ 1))

@ : water content  S,: saturation ratio
@ : pressure head K : hydraulic conductivity
Ss: specific storage gq : source/sink term

Flow velocity

Water balance

with GW pumping parameterization Only MATSIRO

103 4

1.0e+02

Modulate this model in ILS
and coupled with MATSIRO
and CaMa-Flood.

40
20
0
-20
-40

102 4

Discharge (m3/s)

total_head

—— Observation
—— Tej_day
101 4

2008-01 2008-03 2008-05 2008-07 2008-09 2008-11 2009-01

With GW model

-1.0e+02

—— Observation
~—— All_top_head

103 4

MATSIRO

Discharge (m3/s)

102

CaMa-Flood

Inf”tration ..........

2008-01 2008-03 2008-05 2008-07 2008-09 2008-11 2009-01

...............................................

Water level — Observation

~ Simulation

=» Better reproducibility in low flow.



http://hydro.iis.u-tokyo.ac.jp/~akira/page/Works/contents/SPRING/

Courtesy of A. Takeshima

Development of a regridding tool SPRING

* Correspondence table of lattices used to exchange physical quantities between models
of different lattice systems

» Distributes physical quantities according to the percentage of overlapped area between
lattices

* Used not only for exchanging variables between models via JCup, but also for making
boundary conditions, etc, by changing resolution (upscaling).

| |Model |Coordinate | Grid # (lat*lon)
Ocn

COCO [Hasumi et al., 2000] Tri-polar grid 256*360
Atm MIROC [Watanabe et al., 2011] T85 128*256

NICAM [satoh et al., 2008] Pentagon/Hexagon 32*32*10
Lnd MATSIRO [Takata et al., 2003] 0.5°*0.5" Rectangle  360*720

Riv CaMa-Flood [vamazaki et al., 2011] Unique grid 360*720



http://hydro.iis.u-tokyo.ac.jp/~akira/page/Works/contents/SPRING/

Impact of the New Dam Operation on Flood Damage

N
o

(109),

Affected
population

population

Difference in
Affected

dlscharge dlfference of 1/100 -year 5
: == == increase

change in discharge [m?3/s]

_ -10’decrease
Affected population by 1/100-year Floods

w

Affected population

Naturalized estimation method:

/\/\/_/\,\’/\/ Boulange et al. (2021)
| | | . _Dam | | |

By implemented dam

(o))

S

N

Naturalized - Dam operation, extreme
discharge was dropped,
and affected numbers of

people were significantly

2002 2004 2006 2008 2010 2012 2014 2016 2018 decreased.
year



Estimation of necessary parameters for dams

© 2169 dams are identified in the river
routing map.

- Global Reservoir and Dam is used
(Lehner et al., 2011)

- Catchment area >1000km?2
- 1/4 degree gridding

© For those dams, these parameters are estimated by using available
datasets and validated in Japan / US where the parameters are explicitly

open public.
Parameters Japan Global
Vmayx, Vf, Ve, Vc Given Next Page
flood discharge : Q100%0.3
Given ) .
Q (Q4q0 - 1/100year discharge)
normal
discharge Given Climatological Averaged Discharge
Qn
Release i1

V., —
g Given 1-— X ,0)
coefficient k max( A




Previous research

© Many studies have been done to implement reservoir operation
into large scale models (ex. Hanasaki et al., 2008; Wisser et al., 2010)

- Recent studies assessed the impact on floods
(Zajac et al., 2017; Rouge et al, 2019; Gutenson et al., 2019; Fleischmann et al., 2019)

1. Uncertainty in modeling reservoir operation
(Zajac et al., 2017)

Limited information & variability in reservoir operation

— Generalized approach to estimate reservoir outflow
IS required
Reservoir parameters have a pronounced effect
(Zajac et al., 2017)

ex. conservative / flood control storage capacity,
normal / non-damaging outflow Peak outflow /

£
S

1007

peak inflow at dams

However, there is still no consensus on the best approach (Gutenson et al., 2019)

2. Few studies are globally applicable & able to simulate detailed
hydrodynamics

- Large scale, but river routing without detailed hydrodynamics (ex. Zajac et al., 2017)

- River models with backwater effect, but not applicable globally (Mateo et al., 2014)
or not focused on flood control (Shin et al., 2019)



Estimation of flood storage capacity

error (%)

© Validation of flood storage capacity

300 +

250

200

150

100

50 1

—50 A1

—-100

- Validation and comparison with Zajac et al., 2013 (LISFLOOD) method

o 700 1

600

T L 500 : :
T T == 400 - ks |
T T T 300 |_‘_| T ==

M 114

reilng ) H000RGs

I I |
I I
I I
T 1 1
|
error (%)

I ||
I |

—~100 - 7 ] =

15 25 35 45 55 65 75 85 95 LISFLOOD 15 25 35 45 55 65 75 8 95 LISFLOOD
percentile percentile
Error in flood storage capacity of 30 Error in flood storage capacity of
reservoirs in Japan 181 reservoirs in US

v Flood storage capacity is estimated better both in Japan and US
than Zajac method

v' Assuming 75 percentile of GRSAD as conservative storage is the best



Experiment setting & validation data

© Experiment setting
- Simulation period: 2001~2019
- Spatial resolution: 0.25degree
- Runoff forcing: ERA5-Land (0.1degree)
- Initial condition
« Initial value of reservoir storage is normal storage

© Validation data

- River discharge (687 gauges)
« GRDC
« Data from Hylkebeck
« Japan

- Reservoir inflow, outflow, storage
* Downloaded from reservoir managers’ website in US
« SWAT Plus database (only outflow in US)



History of Japanese projects on climate change
and its prediction

Prediction and Projection of Large-Scale Climate Ch

Area Representative : Masahiro Watanabe (Professor, Atmosphere and Ocea

Subject

( i ) Improving climate models that can conftribute to more reliable

global environmental predictions

Near-future climate change predictions and promotion of CMIP6 experiments

Devel histicated physical processes

<: Greater sophistication of land surface models

Kakushin

Innovative Program of
Climate Change Projection
for the 21st Century

(Use of projection outcome data
in impact assessments)

©

Kyosei

Project for the Sustainable
Coexistence of Humans,
Nature and the Earth
(Global warming prediction)

gar

2001: TAR

ator KE'S‘

th Simu! 2007: AR4

SENTAN
(FY2022-)

V.
=

TOUGOU

TOUGOU
(FY2017-~)

@

Sousei
Program for Risk Information on
Climate Change
(Provision of foundation information
for planning measures for
global warming)

@

2021-2022: ARG

Integrated Land Simulator (committed to MIROC7)

DevelopmentBbfiintegrated?
LandBimulator®{ILS)

Implementhewfphysical

processes

*  Snowlhgingy@ust/BC

*  Snow-fed@wetlands

*  Riverfinundationfand@

evaporationd

*  Sub-gridBnowkoverd®

parameterization
General?,
purposefoupler
(UcupBrakawa
etmal,2011)

AGCMs
MIROCHWatanabeletal. 2010),2
NICAMASatoitial, 2014)tc.

2013: AR5

Néxt-generation®iverfmodel

aMa-Flood
(Yamazaki®tial., 2011)
.

e
Models#orivater-
relatedthazards )

)




