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Annual evapotranspiration data for 84 sites in Japan and other countries reported in 
approximately 50 literatures were collected.  The data were compiled into tables listing locality, 
site characteristics, estimation method, value of annual evapotranspiration, precipitation etc.  
The results are summarized as follows, (1) Major methods for estimating actual 
evapotranspiration in Japan are the heat budget, the complementary relationship, and Penman 
methods.  (2) Annual actual evapotranspirations are estimated 400–600 mm/y in Hokkaido (200 
mm/y in East Hokkaido), and 500–600 mm/y from Kanto to Chubu, and 800–950 mm/y from 
Kinki to Kyushu.  (3) Actual evapotranspirations, 400–600 mm/y in Southeast Canada and 
central Europe, decrease with latitude to 100–200 mm/y in the Arctic Circle.  (4) Actual 
evapotranspiration is in harmony with latitude and annual mean temperature.  (5) Groundwater 
recharge rate in the sites calculated by the water budget method (Precipitation 
Evapotranspiration  Runoff) shows high variability ranging from 250 to 400 mm/y.  The 
relationship between recharge rate and chatchment characteristics is not clear.  Tono and 
Horonobe test sites have the advantage of consisting of several catchments situated in recharge 
and discharge areas to understand distribution of recharge rate.  Runoff influences a difference of 
recharge rate. 

Keywords: Long-Term Stability of Geological Environments, Actual Evapotranspiration, 
Groundwater Recharge Rate, Water Budget Method, Precipitation, Runoff 
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P S E
D G
Cp Cl CD Cl

2

E = (1 (Cp/ CD)) (P S )

E S D G
600 mm/y 300 mm/y

600 mm/y

G
0 400 mm

3.2.2
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1
Lafleur et al. 2005  31) Mer Bleue

6,000
10.8 20.8°C 910 mm/y 1961 1990

Penman-Monteith 0
2 m

15 km

1998 10 2002 9 4 885 mm/y 477 mm/y
100 mm

408 mm/y
1

2
Fernandes et al. 2007  32) 1

40
10

EALCO

CWEEDS
144 LAI

50 km
1960 2000 1

Great Lakes/St. Lawrence Atlantic Canada Northeastern 
Forest 400 mm/y MacKenzie District Yucon/North 
B.C. Mountains 200 mm/y Arctic Tundra 100 mm/y

Fernandes et al. 2007  32)

3
Wadey et al. 2001  39)

Ascot 22Na 137Cs 60Co

1990 1994 4 182 91 cm 40 cm
70 cm 2 5 cm shallow deep

1990 1991 4
shallow 391 mm/y deep 372 mm/y

614 mm/y

Bradford and Acreman 2003  40) Pevensey Levels

JAEA-Review  2009-079

− �0 −



MODFLOW 200 250 m

MORECS 567 mm/y
1997 1 12 1 1961 1998 763 

mm/y 774 mm/y
MORECS Meteorological Office Rainfall and Evaporation Calculation System

40 40 km
Penman-Monteith

Hulme 2006  41) Netherley 120 m
MORECS

Penman-Monteith

20 1982 2001 915 mm/y 528 mm/y
’runoff’

soil moisture 
deficit: SMD

4
Mills 2000  37)

6 Cahirciveen Jhonstown Castle Glenamoy Kinsealy
Ballinamore Oak Park

1971 1990
20

390 567 mm/y

5
Mdaghri-Alaoui and Eugstar 2001  38) Areuse River 430 m

0.2 0.3 m
1990 10 1991 10 1

0.55 3.65 m 30

Primault Penman-Monteith 2
Primault
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E = C [A (103 rH )/100 (ts+2tp)+B]

E tp rH ts

A, B, C

865 mm/y 532 mm/y Primault
564 mm/y Penman-Monteith 20 mm 313 

mm/y 281 mm/y 3 1

6
Kilkus et al. 2006  36) WatBal

WatBal
Priestley-Taylor Thonthwaite 0

748 mm/y 512 
mm/y

1961 1990 300 mm/y

7
Teollisuuden Voima Oy 1992  33)

Romvaara Veitsivaara Kivetty Syyry Olkiluoto 5

3

5 580 mm 605 mm 590 mm 535 mm 530 mm

Kivetty Syyry 60% Olkiluoto 70 80%
Romvaara Veitsivaara Kivetty 2 l/s/km2 60 mm/y 1 l/s/km2 30 mm/y
0.1 2 l/s/km2 3 60 mm/y

8
Carlson and Gidlund 1983  34) northern Uppland
Finnsjon 25 km2

m

long-term
Budykov 380 mm/y
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670 mm/y 240 mm/y
50 mm/y

Gustafsson et al. 2006  35) Forsmark Oskarsham

CoupModel 100

Penman-Monteith
Forsmark 35 1970 2004

1 Oskarsham 1

Wet Dry
Forsmark Dry 407 mm/y Wet 329

mm/y Penman 585 mm/y
Oskarsham 376 mm/y

E/P
Wet Dry

Penman-Monteith

Dry

9 Valdai 
Gusev and Nasonova 2003  42) Valdai

SWAP

46.8 +33.3°C 3.1°C 12 5
0.45 km2 26 m

18 1966 1983 569 mm/y
18 776 mm/y 173 mm/y

P E R

10
Shutov et al. 2006  43)

IAHS
Publication 290 20

17

46 179 mm/y boreal forest 202
497 mm/y boreal rainforest

370 mm/y

Shutov 2006  43) E/P
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Qnet/LP Budyko

IAHS Publication 290
IAHS Shutov et 

al. 2006  43)

1 Valdai
Balonishnikova 2004  45)

3.1°C

30 422 mm/y 792 mm/y

0

2 Brusovitasa

2 Shutov, 2004 44) 298 mm/y 685
mm/y

3 Askanjoki
170 370 m 16.4 km2

Seuna and Linjama, 2004 46)

25 40 222 mm/y
645 mm/y

4 Ittovunoma
Seuna and Linjama, 2004 46)

1°C
Askanjoki 574 mm/y 230 mm/y

5 Bayelva

Killingtveit, 2006 47) 46 mm/y

6
3.2.1 3 370 mm/y Ishii et al., 2004a 8)

Shutov et al., 2006 43)
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7 Mogot
500 1,200 m

Vasilenko, 2004 48)

1976
1985 258 420 mm/y 290 mm/y

8 Kolyma
40°C

Zhuravin, 2004 49)

137 mm/y 471 mm/y 296 mm/y
5 9

9 Tiksi

40 100 cm
Ishii et al., 2004b 50) 33 75 mm

10 Dead Creek

327 mm/y 526 mm/y
Thorne and Hawkins, 2004 51)

11 Wolf Creek

Morton 359 mm/y 387 mm/y
19 mm/y P E R S

Janowicz et al., 2004 52)

Morton
Kolyma

Shutov et al., 2006 43)

12 Ft. Simpson
Shutov et al. 2006  43)

287 mm/y 421 mm/y

13 Caribou-Poker Creek
Priestley-Taylor =1.13

220 mm/y Bolton et al., 2004 54)

Shutov et al. 2006  43)

JAEA-Review  2009-079

− �� −



14 Imnavait Creek
Kane et al. 2004  66)

15 Baffin
Young and Woo, 2004 55)

Shutov et al. 2006  43) 154 mm/y 616 mm/y

16 Devon
75°

Young and Woo, 2004 55) 117 mm/y
185 mm/y Shutov et al., 2006 43)

17 Ellesmere
Young and Woo, 2004 55)

83 mm/y 141 mm/y Shutov et al., 2006 43)

18 Ammassalik
Makkinnk 400 mm/y

Hasholt and Mernild, 2004  56)

Shutov et al., 2006 43)

11
Wang et al. 2004  57) Shapotou

250 mm
6.2 24.5°C

2.3 m 3.0 m 2
3

1 1 1990 1995 6

E = P (VR + Vs )/A

E [mm] P [mm] VR [mm3]
Vs [mm3] A [mm2]

164 mm/y
93.8% 113 mm/y

48 mm/y 27% Wang et al. 2004  57) 2

48 mm
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3.2.3

1

1985 67) 0.9

1984c 26) 143 1951 1980 30

Morton
Penman

700 1,200 mm/y
600 800 mm/y 800 1,000 

mm/y
400 mm/y

1994  61) 15
500 700 mm/y 800

900 mm/y , 1992 68)

1.1 1.5

1983 62) 1956 1965 30
0.8

500 mm/y 800 mm/y 900 mm/y

2
1994  61) Budyko “Atlas of world water balance”

UNESCO Press

200 mm/y
300 500 mm/y
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3.3

3.3.1
3.2

Table 3.3.1-1 37
47 Fig.3.3.1-1 Fig.3.3.1-4

400 600 mm/y 200 mm/y
500 600 mm/y 800 950 mm/y

1984c 26)

200 mm/y
2 2 500 

mm/y
2

2
Penman

400 600 mm/y
300 400 mm/y

200 300 mm/y
100 mm/y Fig.3.3.1-5

R2 0.65 0.8
Fig.3.3.1-6 R2

Valdai 500 mm/y
Mogot 290 mm/y 100 mm/y
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Fig.3.3.1-1

[mm]

( )
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Fig.3.3.1-2

[mm]

( )
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Fig.3.3.1-3

[mm]

( )
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Fig.3.3.1-4

[mm]

( )
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Fig.3.3.1-5

Shapotou

Fig.3.3.1-6
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Fig.3.3.1-7

Fig.3.3.1-7

1
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3.3.2

Table 3.3.1-1

P E R  S G

P E R
S G

S 0 G

A G P E R
S

B P E R S
S

C S 0 P E R 0
0

D P E R

A
Areuse River delta Finnsjön

5 46 50 5

Table 3.3.2-1
84

25 8
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Table 3.3.2-1

Table 3.3.1-1
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Table 3.3.2-1 515 mm/y +861 mm/y
252 mm/y +396 mm/y

1
5 12

Fig.3.3.2-1 Fig.3.3.2-3
Fig.3.3.2-1

Fig.3.3.2-2
R2 0.22

Fig.3.3.2-3

, 2007 69)

Areuse River Finnsjön
Valdai 5 12

17
20 Table 

3.3.2-1 31
23)

Table 3.3.2-1

 Fig.3.3.2-1
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Fig.3.3.2-2
2

Fig.3.3.2-3
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3.4
10

1
2

3

4

1

1
Cl 36

2
Thornthwaite Priestley-Taylor Penman

1984b  25) 1
2

3
60 64 3

4
Penman

Ammassalik 83 Makkink
Shutov et al., 2006 43)

5
Mer Bleue

Oland Lituania river Caribou-Poker Creeks
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Penman

Shutov et al., 2006 43)

6

2

2
400 600 mm/y

200 mm/y 500 600 mm/y 800 950 
mm/y

2

Finnsjön

E P R

3
3.3.1

3.3.2
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4.

50 84

1 2 Penman

2 400 600 mm/y 200 mm/y
500 600 mm/y 800 950 mm/y

3 400 600 mm/y
100 mm/y

4 R2 = 0.65
0.8

R2 = 0.50

5
250 400 mm/y
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