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climate change tendency (positive, negative)
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Available Water Resources in Japan
Japan, Integrated model
river discharge, water stress, snow
adaptation strategy for rice production
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Background 1 (evapotranspiration)

Annual evapotranspiration approaches annual precipitation in arid and
semi-arid regions where the available energy greatly exceeds the amount
required to evaporate annual precipitatic

Evapotranspiration is a key information for water management in the
region where available water resources are limited.

Aridity Index 5 <Al<12 Aid
2 <Al< 5 Semi Arid
Energy Rnet 0.75 <Al 2 Sub Humid

balance L P 0.375 <Al <0.75 Humid
(Ponce et al. 2000)

Evaporation Ratlo | Rnet: annual mean net radiation

E P : annual precipitation
\é\;‘” -——— L : latent heat of vaporization
P E : annual evapotranspiration

Tanaka, K.
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Land Surface Processes
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AM =Rn—H - AF -G |recpta Radiation balance eq.
WM GORE T N MR Rn=(1—a)S| +L| —goT*

FTH A E
AU & 1EBR THE LA

Energy budget Transpiratio

u)

FUR B R RIS

Radiation budget
Sensible Latent

‘ T . | w Throughfall Surface runoff
[ | —>
Water balance eq.

Bare soil energy fluxes

| Water budget
AS = P — E — Roff Jage
MR K AR -
Eﬁv YIE—N

~
- > Baseflow




Workshop on High-Resolution Climate Simulation, Projection, and Application ///

19-20 Jan., 2015 Taipei

Land Surface (SIBUC

Grid box Is divided into
three landuse cate
1. Green Area
2. Urban Area
3. Water Body

- af 13. Winter wheat (irrigated)

- Broadleaf-evergreen trees

- Broadleaf-deciduous trees

- Broadleaf and needle leaf trees
- Needle leaf-evergreen trees

- Needle leaf-deciduous trees

- Short vegetation/C4 grassland

- Broadleaf shrubs with bare soill
- Dwarf trees and shrubs

- Farmile non-irrigated)

10. Paddy field (non-irrigated)

11. Paddy field (irrigated)

12. Spring wheat (irrigated)

OO0 -JA Ol W+

14. Corn (irrigated)
15. Soybean (irrigated) e
16. Cotton (irrigated)

17. Other crops (irrigated) -

Tanaka, K.




M R I -AG C M 3 . 28 General Circulation Model

(20km resolution)

Surface meteorological
elements are provided
with high spatial and
temporal resolution.
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Aridity Index (Present) Evaporation Ratio (Present)

Ad. (1yr) Present Climate GCMZ0km ER (1yr) Present Climate GCMZ0Okm
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The climate change signals for Al and ER are
generally same.
(Ex.) Atacama desert, Sahara desert, Namib desert,

Arabian Peninsula, and Australia. Ct)
ALl (1yr) FutureZ—Present(diff) GCM20km ER (1yr) Future2—Present(diff) GCM20km
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Some regions have negative impact on Al and
positive impact on ER.
(Ex.) California, Tibetan Plateau, and Gobi desert,
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Some Close-up images for Taiwan
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Summary (part 1)

Future projection of change in Aridity Index (Al) and Evaporatioi
Ratio (ER) using super high-resolution global climate model and
land surface model with 20km resolution.

+ present climate (1979-2003)

+ future climate (2075-2099)

In general, Al and ER show same climate change tendency
Atacama desert, Sahara desert, Namib desert,
Arabian Peninsula, Australia

In some region, Al and ER show opposite climate change tendency
California, Tibetan Plateau, Gobi desert
+ Negative impact on Al : increased precipitation
+ Positive impact on ER: decreased snow-covered period

Tanaka, K.
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Integrated water resources model
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Kotsuki et al. (2013)
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Percentage of water withdrawal

by each sector (AQUASTAT)

Wi

Agricultural| Municipal | Industrial

Canada 11.77 19.56 68.67
USA 41.49 13.48 15.03
Italy 45.00 18.19 36.71
Japan 02.45 19.68 17.81
France 0.81 15.72 1447
Russia 19.94 20.24 99.82
Germany 2.94 14.94 82.12
UK 2.94 21.70 75.36

Most of the agricu
Japan is for rice paddy field

tural water use In

Tanaka, K.



! Land Surface model SIBUC I, Projection, and Application [///
paddy field model |
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Simulation Model for

S I M R I W Rice-Weather relations

Horie (1986)

High temperature stress
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Validation of rice yield "
Inter-annual variation of &
rice yield is reproduced well ~
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Snow depth validation (1991-2008 average)
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DAM

01231 dams (more than one million m3)
- Flood protection dam
- Water utilization dam
- Multi purpose dam (FP and WU )
O Dynamic coupling with
river routing model

Catchment area of all dams
more than one million m3
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Basic Operation

Flow Duration Curve

discharge (logarithm)

Qlow
".6

50 66

Q flood
d oraer

Flood flow rate and normal flow rate
are set from flow duration curve

Qouf

. ' ati 4
1. Flood protection operatio T Peak-cut Operation
| Qiood | Qi > Qoo 2R
Q. .. =<—— rWhen ’ s
base Q else / S
norim .-
/ IQflood s ~__
- 3 . >
2. Water utilization operation Time

Q — max {Q Q } Release the demand from downstream
out base’ “<req { = Demand can be estimated from irrigation

Model and statistics

Tanaka, K.
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Discharge

O 20 first rank rivers 1994-20034 ( SDP, AMeDAS )

O Correction of raingauge under-catch rate

A ) .
Jxé_é: Q@L

No. River Station Budget[%]  Nash No. River Station Budget[%]  Nash
1 Teshio Maruyama -8.7 0.436 11 Tone Kurihashi +12.7 0.873
2 Ishikari Ishikari +13.5 0.117 12 Naka Noguchi -8.7 0.842
3 Tokachi Moiwa -2.0 0.855 13 Fuji Kitamatsuno +59.1 0.619
4 Mogami Sagoshi -10.0 0.849 14 Tenryu Kashima +0.4 0.873
5 Omono Tsubakigawa -11.2 0.847 15 Kiso Inuyama +0.3 0.911
6 Kitakami Tome -14.6 0.812 16 Katsura Katsura +9.0 0.734
7 Yoneshiro Futatsui -13.3 0.868 17 Kizu Yawata -22.3 0.782
8  Abukuma Tateyama -13.7 0.843 18 Gono Kawahira -20.2 0.660
9 Shinano Ojiya -18.2 0.726 19  Yoshino Ikeda +10.6 0.871
10 Agano Maoroshi -14.2 0.783 20  Chikugo Senoshita -14.9 0.940

Tanaka, K.
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Water stress analysis

Water Stress

Total water demand

O Water stress for each river basin
(16,000 rivers ) ‘Basin average .
OWater demand from each sector (mmg/year)é'lqé
- agriculture: irrigation model (SiBUC)
- industrial and domestic:

National Land Numerical Information Download Service '1
Report of Japanese Water Resources in 2011 (MLIT) )

Zg .

Tanaka, K.
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Water Stress Index
Water withdrawal to total runoff
WWR=>W, /> Q Jem 2 e
Raskin, 1997  * o D
W: daily water withdrawal [MCM] « . A
Q: daily discharge [MCM] > b P
1 | . Okietal. (2001)
=annual water stress g — — - ——

Cumulative withdrawal to demand ratio

CWD=> (W./D,)

Hanasaki (HESS, 2008)
D: daily demand [MCM]

=seasonal water stress

River discharge

withdrawn

time

Tanaka, K.
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Climate change projected by MRI AGCI\/I3 28
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Wi

Bias detection/correction for each river basin

1 |Teshio Kigl 35 |Yahagi FAEN . . . .

RS SR TR R MORwer bosin mask in 10 kind (GCM20km)
3 |Tokoro E=] 37 [Nagara ERII "

4 |Abashiri HEI 38 [Yodo el

5 |Ishikari v=toall 39 |Yura BEIJI 130

6 |Shiribetsu AR A 40 [Kako =il

7 |Shiribeshi FEFRII 41 [Kino Ll

8 |Saru il 42 [Kumano BEET)I| g -

9 |Kushiro SR 43 [Kuzuryu NEEE]I

10 | Tokachi + B I| 44 _|Sendai(Chw) | F44)1] > 4

11 |Iwaki aXIl 45 [Hii LF]

12 |Takase = a1 46 |Gouno ST

13 [Mabechi B3 i 47 [Takatsu =2 100 4

14 |Kitakami e k)il 48 |Yoshii =Eadll

15 [Abukuma FATECRR ) 1| 49 [Takahashi =2

16 |Yoneshiro *4)10 50 |Oota AHJI o

17 [Omono ) 51 |Saba EEN

18 [Mogami = )l 52 |Yoshino =8| n
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21 [Tone FUAR ) 55 [Shigenobu F2EN 70
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Model bias of MRI20kmGCM (river basm )

Precipitation

GCM20km (Prec) river basin
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Horizontal: month vertical:

Air temperature

GCM20km (Tair)  river basin
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number of river basin
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Impact on available water resources and water stress

Resources (mm)  diff FUTURE2 —PRESENT Stress (CwD)  diff FUTUREZ —PRESENT
Available water Walter stress
Fresources Increase degrease

0.3

280 0.1

100 0.05
50 4 0.02

T 4 -0z

1o ; —0.05
—250 -0
—500 ; -0.3

decrease iIncrease

500

Prec-Evap

Accelerated hydrological cycle, reduction of snowfall
In spite of the increase in available water resources,
water stress will increase in Tohoku region
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discharge [m3/s]

MOGAMI: Sagoshi Stress (CWD)  diff FUTURE2 —PRESENT
_ present Water stress |
Earlier futurez decrease
- .
oL rease Ral 10 | ‘ | ‘ | | B 0.1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec : o
—Present increase
— Near futu
—end of 21 C

Due to the temperature rise, phase change of
winter precipitation (snowfall — rainfall)

- Increase of runoff in winter

Reduction of snowmelt runoff in spring to summer
—> difficult to meet the water demand for rice field
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DPRH

How adaptation strategy affects on water stress?
(change the agricultural water demand period )

mmproved
(a) Early | (b) Early (c) Late (d) Late ! .
planting planting planting planting
30 days 15days ¢ 15 days 30 days

0.02
f': 59 (g J -0.02

s £ -0.05
{ 4
—0.1
. ]
, i e -0.3
v ¥ )

’ " worth
- SIMRIW: Rice [North Japan] SIMRIW: Rice [West Japan]
\ ‘ ‘ ‘ ‘ 650 \ \ ‘ ‘ ‘

_ s« NORTH JAPAN | oo WEST JAPAN
Ng 550 ] NE 550 |
%’ 500 2 500
E 450 1 g 450

400 > 400

" 30 Eealy -15Eealy 0  +15Late +30 Late 0 30 Eealy -15Eealy 0  +15Late +30 Late
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Summary (part 2)

1. Integrated water resources model in Japan

ODynamic coupling of hydrological cycle and
agricultural activity

OValidation of rice yield, Snowdep, river discharge

2. Estimating the climate change impact
OChange In flow rate, water stress, rice yield

CEvaluate the adaptation strategy (planting date)
Adaptation strategy should be proposed
considering both rice yield and water stress

Tanaka, K.
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