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try to revise with
new datasets
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(reprinted in Kayane, |. (1989): “Water and Climate”)
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New datasets
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Datasets open for the public through internet or CD-ROM are used to calculate water
budget. (1) to (5) are included in the Global Ecosystem Databases(GEDB) provided by
EPA-NOAAMNGDC. (6) is on-line database provided by
UNEP/GRID{http:/Avww.grid.unep.chf)

(1) Precipitation: > Leemans and Cramer [IASA mean monthly precipitation
Legate and Willmott Monthly Average Precipitation

(2) Air temperature: > Leemans and Cramer [IASA monthly surface air temperature
Legate and Willmott Monthly Average Air Temperature

(3) Sunshine duration: Leemans and Cramer [|ASA average month cloudiness

(4) Albedo ; Matthews seasonal albedo

(5) Altitude : ETOPO30

(6) Soil moisture storage capacity: Bouwman soil water holding capacity

; T
(7) TRIP : Total Runoff Integrating Pathways

(Kondoh et al., 2004)



Annual Air Temperature in Monsoon Asia 0

Leemans algd Cramer lIASA monthly surface air
femperaturg

Example of input data

Annual Precipitation in Monsoon Asia

Leemans and Cramer lIASA mean monthly
precipitation

mmbyear

LT =2y bEIR—LR—= [ ) TR S



Distribution of soil water holding

I :t E 7]( ﬁj\ E? J% g% capacity, at field capacity for the

top 30 cm of soil only. It was
derived from information on soil
type and texture compiled by L.
Zobler{1986).

Thornthwaite initially assumed
soil moisture storage capacity as
100mm in his book keeping
method, but later revised it to
300mm.

Field evidences show the depth
concerning short time water
circulation is about one meter. It is
three times larger than 30cm, and
maximum SHC of 120mm is about
1/3 of 300mm.

S0, the value multiplied by three
is considered to be appropriate for
the Soil Moisture Storage Capacity

in the water budget calculation.
E—

SWHC values multiplied by three are used for the calculation.




Method to calculate potential

evaporation
A

Priestlry & TaylordD e gER F =

Ep=¢ X Rn

A4y

where, Ep: potential evaporationimm)}, Ra: net radiationimm)}. G: seil heat flux(mm},
A: slope in saturated vapor curve, ¥ psychrometric constant, & :Priestley and
Tailor constant(=1.26).

Rn=(1-r)Rs-1.11(0.2+0.8nN}100-T}

where, r: albedo, Rs: solar radiation, n/N: fraction of sunshine duration, T: air
temperature. As for solar radiation following equations are used:

Rs=(ath X n/N} X Re

a=0.29cos(P) _ R
Tl <[+ 7
b=0.71-0.29¢cos(P) £ D TIF7EL

where Re: extra terrestrial radiation, @ latitude, and Re can be calculated using
latitude and time.

Method based on the Heat Budget

Ahn, G and Tateishi, R 984 Development of Global Land Surface Evapotranspirstion and Water Balance Data Sets. Joumal of the Japan
Society of Photogrammetry and Remote Sensing, 33050, 48-61.




Distribution of potential evaporation
in Monsoon Asia

Potential evaporation by
Priestley and Taylor is the
one expected in extensive
wet area with no advection.

mm./year
1800

VWhen there is no water to
be evaporated, evaporation
is controlled by water
availability. It is not actual
evapotranspiration,
however, it is useful in the
~ irfgation management.




Method to calculate Water Budget

Actual BEvapotranspiration

if Pi<Epi
Eai=Pi-(Smi-Smi-1)
else
Eai=Epi

where P precipitation, Ep: potential evapotranspiration ,Ea: actual evapotranspiration, Sm: soil water
storage in a month, | denotes month.

Soll water storage (by Donker{ 198771

if Fi<Epi
AWLi=AWLI-1+Epi-Pi
Smi=Wec exp{-AWLIN/c)
else
SEmi=3Smi-1+(Pi-Epi)

where AVWL: accumulated potential water loss, We soil water storage capacity.

Water deficit and surplus (by Legates and Mather! 19921)

i Smi>We
S—Pi—-Eai—(5mi—5mi—1)
Di=0

else
S5i=0
Di=Epi—Eai

Ahn, G and Tateishi, R 9840 Development of Global Land Surface Evapotranspirstion and Water Balance Data Sets. Joumal of the Japan
Society of Photogrammetry and Remote Sensing, 33050, 48-61.




mm./year
1800

Actual Evapotranspiration in
Monsoon Asia

- BEvapotranspiration in
arid and semi-arid area
Is controlled by water
avalilability

- Maximum
evapotranspiration is
around 1,800mm/fyear

- The distribution is
appropriate compared
with previous studies.
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- Average baseflow is about Tmm/day in Japan.
- It leads to the annual total about 400mm
The region with more than 400mm water surplus is very water rich region.

- If half a year is wet period and the rest is dry period, 200mm of
baseflow{=groundwater recharge) is expected:

- This value is a upper limit of water usage in this case.

- Region A1: water surplus all year around{ATS>400mm);
- Region A2: water surplus all year around{(ATS<400mm);
- Region B1: water surplus with some months deficit (ATD <200 mm);
- Region B2: water surplus with some months deficit (ATD >200 mm);
- Region C1: water deficit with some months surplus (ATD <200 mm);
- Region C2: water deficit with some months surplus (ATD >200 mm).
- Region D1: water deficit all year around (ATD <200 mm);
- Region D2: water deficit all year around {(ATD >200 mm);

(ATD: Annual Total Deficit, ATS: Annual Total Surplus)




Hydrological Region in Monsoon Asia

- Region A1 water surplus all year
around{AT S=400mm);

- Region AZ: water surplus all year
around{AT S<400mm);

- . water surplus with some
months deficit (ATD <200 mmy;

- . water surplus with some
months deficit (ATD =200 mmy;

- . water deficit with some
months surplus (ATD <200 mm);

- . water deficit with some
months surplus (ATD =200 mm).

- Region D1: water deficit all year
around (ATD <200 mm);

- Region D2: water deficit all year
around (ATD =200 mm);

Precipitation & Air Temperature : Leemans and CGramer 1JASA datasets
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You may feel natural by looking the map,

however, there 15 a possibility to collect

experiences in the fields, and systematize

the hydrolegical knowledge by using Analyses by GIS
hydrological region as a base map.
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Data SIO, NOAA, U.S. Navy, NGA, GEBCO
© 2009 DMapas
©'2009 Tele Atlas
© 2009 Europa Technologies




Term Runoff Characteristics

Major River Basins
Data Source: TRIP Total Runoff Integrating Pathways

TRIP is available from

http://hydro.iis.u-tokyo.acjp/ taikan/ TRIPDATA/TRIPDATA html




Areal fraction of hydrological region
within the watershed and annual
water budget

Barito 2805.9 1645.2 1160.7

- Large rivers flow through several different hydrological regions
- It forms characteristics of the_long-term runoff characteristics

R ERA CRASD, HTELHADD
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Monthly Water Budget (2)

Chao Phraya
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Conclusions
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® . Penman (1948) p (albedo)=15%, O : Penman (1948) p =5%.
B: Morton (1983), A: Fitzpatrick and Stern (1965) p=15%.
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