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3 173 2014

1 22 2015 1 21

3 ~5 6 ~8

9 ~11 12 ~2 4 ~9 10

~3

23.3 m 23.3 m

2.3 m

32.5 m 68.97 W m-2

78.84 W m-2 60.31 W m-2

24.8 m 3.8 m

10.1% 6.0%

Beer-Bouguer Law 1.11

1.00 –0.68 W m-2

53 –4.21 W m-2



II

95.5%

61.6%

79.7% 102.1% –1.1% –13.5%

66.5% –10.1%

190.9%

–15.8%
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ABSTRACT

This research was to investigate the seasonal and diurnal change of air temperature 

and water vapor pressure at different height, the energy budget at different height layer 

in dry and wet season, and the diurnal change of energy budget during rainy day in a

Japanese cedar (Cryptomeria japonica) plantation. The study site was located at the 

third compartment in Xitou tract, NTU Experimental Forest. Rainfall, net radiation flux, 

soil heat flux, air temperature, relative humidity and barometric pressure were collected 

derived from flux tower during 22 January 2014 and 21 January 2015. Bowen ratio 

energy balance method (BREB) was used to estimate sensible heat flux and latent heat 

flux, and discuss the net radiation flux assigned to sensible heat flux and latent heat flux.

In data analysis, defined spring was during March to May, summer was during June to

August, autumn was during September to November and winter was during December 

to February. In addition, wet season was during April to September and dry season was 

during October to March.

The micro-scale meteorological factors and energy budget characteristics were 

different at different height layer. In this study, the monitored highest air temperature

and water vapor pressure appeared in the upper-canopy layer (23.3 m height) in four 

seasons. Air temperature and water vapor pressure down from 23.3 m height were lower 

with reduced height. However, owing to the evapotranspiration by understories and soil 

evaporation, the water vapor pressure increased above the under-stories layer (2.3 m

height).

The average net radiation measured above-canopy (32.5 m height) was 68.97 W m-2.

It was the highest in summer (78.84 W m-2) and the lowest in winter (60.31 W m-2). The 

radiation could be sheltered, reflected and absorbed by canopy, so the ratio of net 
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radiation measured at upper-canopy layer (24.8 m height) and above under-stories layer

(3.8 m height) were 10.1% and 6.0% to above the canopy. Furthermore, the extinction 

coefficient calculated by Beer-Bouguer Law that was influenced by season, topography 

and solar altitude angle, was highest in winter (1.11) and lowest in spring (1.00).

Besides, the average soil heat flux was –0.68 W m-2, and it was endothermic and 

exothermic in wet season and dry season.

By using BREB method to estimate energy flux above canopy, the value of sensible 

heat flux was positive at most of the time. And it was negative in rainy, cloudy or foggy

day, which usually occurred in wet season. Particularly, 53 rainy days occurred in

summer, so sensible heat flux was –4.21 W m-2. In addition, impacted by sufficient net 

radiation and rainfall, latent heat flux ratio was 95.5% to net radiation flux in wet season,

otherwise, it was only 61.6% in dry season.

In research period, the energy was mainly took advantage of latent heat flux at 

above-canopy and upper-canopy layer, which was 79.7% and 102.1% to net radiation 

flux while the soil heat flux was –1.1% and –13.5%. Because the leaves were few at the 

middle-canopy layer, the sensible heat flux became the main type to consume energy

(66.5%) while the soil heat flux was –10.1%. Above under-stories layer, latent heat flux

and soil heat flux were 190.9% and–15.8%. The result also revealed that the emitted soil 

heat flux could mainly affect energy budget of nearing forest floor.

The weather condition played an important role in net radiation flux. The net 

radiation flux was different between foggy, cloudy and sunny day. And sensible heat 

flux was negative in rainy day. Furthermore, because the net radiation flux was 

decreased in rainy day, the latent heat flux was diminished in summer. In winter, latent 

heat flux was higher than sensible heat flux in rainy day, which was different from 

sunny day.
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Keywords: Japanese cedar (Cryptomeria japonica) plantation, micro-scale 

meteorological factors, energy budget, Bowen ratio energy balance method (BREB)
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(short-wave

radiation, SW) (long-wave radiation, LW)

(albedo)

Sensible heat flux, H

Latent heat flux, LE

Soil heat flux, 

G

Stull(1988) 5~15%

Idsol et 

al.(1975)

50%

da Rocha et al.(2004)

86% Blanken et 

(shoohohohohohohortrtrtrtrtrtrtrt-------wawawawawawaww veve
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al.(1997)

61% 25% 2009

63.84% 38.20%

–2.04%

(2008)

1.5 m

0.35 5%

10%

Rauner(1972)

1~4

1990

(Mizoguchi et al.,

2009) 1997

1995

(FLUXNET)

2010 Baldocchi, 2003 FLUUXNET

500

(biomes)

38383838383383 .2.22222.222222000000000000%%%%%%%%%%%%
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LI-7500

(eddy covariance 

method)

WPL

(Bowen ratio energy balance method)

(simplicity) (robustness)

(affordability)(Oladosu et al., 2007)

422,600 39,000

9.23% 1995 10,860

70% 2009

3 173

(Cryptomeria japonica)

(e(e( ddddddddddddddddddddddyyyyy y yy yyy cococococococococooovavavavavavavavavavavavv riririririririririririananaananananananancecececeeececececee 
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UCMP(University of California Museum of Paleontology)

Campbell 1996 (Biology) (biomes)

Olson et al.(2001) 14

da Rocha et al.(2004)

2000 2001 2000 7

15 12 14 2,200 

mm 1~3 (Q*7.1 ventilated net 

radiometer) (LI-7500) REBS 

HFT3.1

140.3 W m-2 112.6 W m-2 123.5 W m-2

20.7 W m-2 16.4 W m-2 18.1 W m-2 116.5 W m-2 98.0 W m-2

106.2 W m-2 0.1 W m-2 1.2 W m-2 0.8 W m-2

14.66% 0.65%

87% 86%

Wilson and Baldocchi(2000) 1995 1997
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26 m

96.40

W m-2 33.30 W m-2 44.08 W m-2 0.32 W m-2

150 300

1

Arain et al.(2003)

(Picea 

mariana (Mill.) B.S.P.) 1999 5 6 2001 5 5

7 ~10 11 ~2 150

W m-2 10 W m-2 ~ 20 W m-2 90%

5 W m-2 ~ 6 W m-2

4 6 90 W m-2

25 W m-2 ~ 65 W m-2 6

7 75 W m-2

9 10

20 W m-2 ~ 20 W m-2 10 W m-2

~ 25 W m-2 5 W m-2 ~ 10 W m-2

Yao et al.(2008) 5100 m

20~30%

6 9 (Tang et al., 1979) 4 10 (Zhao et al.,

2000)

9696969696969696969696996.4.4.4.4.4.4.4.44.400000000

2
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2005 2093 MJ m-2 yr-1

1018 MJ m-2 yr-1 1157 MJ m-2 yr-1 9.8 MJ m-2 yr-1

(SW↓)

(albedo) SW↑

Hsia et al.(1998)

27% 70% (2005)

1997 1 7 ~1 15 42.58 W

m-2 20.34 W m-2 22.24 W m-2

48.05 W m-2

35.88 W m-2 19.79 W m-2 7.63 W m-2 (2008)

2005 1 2007

12

70.21% 29.43% 0.02%

57.70% 42.30%

0.48% 2009 2007 6 2008 3

103.34 W m-2 65.97 W

m-2 39.48 W m-2
–2.11 W m-2

63.84% 38.20% –2.04%

m-2222222 yryryryryryryryr--1111

2222222 1
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Mizutani et al.(1997) (wind 

tunnel)

3 mm hr-1

(castanopsis cuspidata schottky)

14.3 m

18.5 m 21.5 m

1991 4 23 3 mm hr-1

200 W m-2

Penman-Monteith

18.5 m

Baldocchi and Vogel(1997) (Pinus banksiana)

1997 5 23 9 16

1.8 m

13.5 m (Arctostaphylous uva-ursi)

(w(w(w(w(w(w(w(w(w((w(wininininininininindddddd d dddd
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(Vaccinium vitisideae) (Cladina spp)

126.3 W m-2

21.8 W m-2 17.3%

30%

10%

30 W m-2~80 W m-2

15 W m-2~30 W m-2 5 W m-2~25 W m-2

10%~40%

0 W m-2~140 W m-2 60 W m-2 45 W m-2

0 W m-2~40 W m-2 25%~40%

Blanken et al.(1997)

39 m (Populus tremuloides Michx.) 4 m

(Morylus cornatu Marsh.)

43%

73% 61%

23%

61% 66%

2009 2007 6 2008 3

11.7 m~19.3 m 6.8 m~ 1.5 m

222222266666.666.333 WWWWWWWWWWW mmmmmmmmmmm------22222222222



9 

103.34 W m-2 65.97 W m-2

39.48 W m-2
–2.11 W m-2

15.23 W m-2 14.94 W m-2 2.41 W m-2
–2.11 

W m-2

(2010)

1,600 m 4,500 mm

3,150 36%

(R3-50 Gill, LI7500LI-COR) T1

2 m B1 B2

2009 9 2010 4

88.5 W m-2 7.9 W

m-2 42.5 W m-2 5.0 W m-2 48.4 W m-2 14.6 W m-2

3 4 12 1

(2008) (2010)

(2008) 2007 11

18 19

2007 12 17 18 18 12:00

1 2

(visibility sensor) (visibility) 1,000 m

2007 11 18 19

656565656565656565655.9.9.999.9.999.977777777777 WWWWWWWWWWWW mmmmmmmmmm-22222222
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500 W m-2 1(b) 11 18 12:00

1,000 m 1(a) 12:00

12:00 100 W m-2 2007 12 17

800 W m-2

Penman-Monteith

1 2007 11 18 19 2008

 

12121212121212121212:0:0:0:0000000000000000

7 1212122222222222 17171717171717171717177
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2 2007 12 17 18 2008

(2010)

B1 B2

Raynor(1971) Baumgartner(1956) Heckert(1959) Melpar(1968)

Rauner(1972)
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3 1~4

Raynor(1971) (Pinus resinosa) (Pinus strobus)

10.5 m 2

m 4 m 1967 3 25 10 00 3 26 10 00 10

00 16

00 16 00 21 00

21 00

1 21 00 07 00

1.75 m

2

3 (E) (LAI) (Ta) (Ts)

Rauner 1972
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Arain et al.(2000)

12 m~13 m 16 m~17 m

1998 6 22 10 m 15 m

10 m 15 m

15 m

15 m

10 m

(2008)

2007 12 2008 3 11 m 14 m 3 m

7 m 5 m 13 m 24 m 18 m 16 m 13.2 m 8 m

5.2 m 3.6 m 2 m 0.4 m 24 m 16 m 13.2 m 8 m 4 m

2 m 1 m 0.5 m

09 00

09 00~15 00

15 00

11666666666666 m~m~m~m~m~m~m~m~mmm 171717171717171717171777 m m mmm m mmm mm

0 mmmmmmmm 1515151515151515151515155 m mmm m m mmmm
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2025 m 1696 m

2011

1987

1977

(2009) 1941 ~2005

16.5 2,661.5 mm 523 mm

88~91% 5 9 76.5%

167.7 Liang 

et al.(2009) 2005 4 2006 3

1,000 m 320 2,415

28% 3 7 4

18.4 (2011) 2011

2 2012 1 292

2,009.8

(2012) 16 250 250 m2

173

173 6 7 10 11 187

35.5 cm 22.54 m 28.47 m

(Elatostema platyphyllum) (Gonostegia hirta)
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(Strobilanthes flexicaulis) (Diplazium dilatatum)

(Asplenium wrightii) (Sphaeropteris lepifera)

(Helicia formosana)

3 173 4 1950

(Cryptomeria japonica) 3,805 ha-1 173

721 ha-1 16.17 ha

1250 m 15° (2013) 173

GLA

LAI 2.66 m2 m-2 (XT-02)

4

laaaaaaaatatatatatatatatatututuuuuuuuuuummmmmmmmmmm)))))))))))

opopopopopopopopteteteeeeeeeeerririririrririririris s s s ss lelelleleleleleleelepipipipipipipipipipipiiifefefefefefefefefefefefff rararararararararrara))))))))))
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28 m 9 m 20 m 26 m

2 m

3 173 (XT-02)

(XT-01) (XT-00)

1 5

28 m 9 m (31.0 m~34.0 m) (23.3 

m~26.3 m) (17.3 m~20.3 m) (2.3 m~5.3 m)

6

CR1000 5

30

30

(J s-1 m-2)

(W) W m-2

(net radiation flux,

Rn) (1) (Kiehl and Trenberth, 1997; Klemm et al., 2006) (1)
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1

(XT-02)

(LP net 07)
3.8 m 18.8 m 24.8 m 32.5 m

(HMP155A)

(HC2S3)

2.3 m 5.3 m 17.3 m 20.3 m

23.3 m 26.3 m 31.0 m 34.0 m

40 m

(XT-01)
8 cm

(XT-00)
32 m

5 (XT-02)

322222222.5.5.5.5.5.5.5.5 m m m m mm mmmm
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(31.0 m~34.0 m)

(23.3 m~26.3 m)

(17.3 m~20.3 m)

(2.3 m~5.3 m)

6
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Rn SW↓ SW↑ LW↓ LW↑ ----------------------------- (1)

(2)

Rn H LE G S P  ----------------------------- (2)

 (2) (Rn) (H) (LE) (G)

(S) (P)

(2) (3)

Rn H LE G  -------------------------------------- (3)

(3)

(Perez et al., 1999) (Bowen ratio, )

(Kustas et al., 1996; Perez et al., 1999; Tanner et al., 1987)

------------------------------------ (4)

(3) (4)

1+
1

β

-------------------------------- (5)

1+
-------------------------------- (6)

20~60

(4) ( )

-------------- --------------- --------- ------------ ---------------------------------------- ----- ((((((((((111111111)))))))))))
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� �
KKH ρ Cp T z T zhh

β = = = γ
LE λ ε ρ P e z K e zK

ww

� � � � �
� �

� � � � � �

� �
� 	
� 	

 �

----------- (7)

(Kh) (Kw)

(Verma et al., 1978) (T1 T2)

(e1 e2) ΔT = T1 –T2 Δe = e1 – e2 (7)

     ------------------------ (8)

(psychrometric constant)

( )

(kPa)

Cp = 1.013×10–3 MJ kg–1 –1

ε = 0.622

P (kPa)

λ 20 λ = 2.45 MJ kg –1

(ea)

--------------------------------- (9)

ea (kPa)

RH

es (kPa) 	
�
�

�


�

�



3.237
27.17exp6108.0

T
Tes ------------ (10)

T ( )

(8)

1~2 m

zzzzzzzz

zzzzzzzz

�

�
------------------ ------------------------------------------------------ (7(7(7(77777)))))))))))

(K(K(K(K(K(K(K(Kwwwwwwww))))))))
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0.3 m

0.3 m (Allen et al., 2011)

7 (Perez et al., 1999)

(5) (6) 1

30

1,000 1,000

 

(filtering effect)

7 (H) (LE)

(Perez et al., 1999) 

ereeeeeeez z z z z z z z etetetetetet a a aaa a aaa aaall.ll.l.l.l.l.l.l.ll., , , , , , ,, ,, ,, 1919191919191919191 999999999999999999999999))))))))))))
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McCaughey, 1982 2008

Beer-Bouguer Law (11) (Baldocchi et 

al., 1984; Hale, 2003)

------------------------ (11)

(transmittance)

k (extinction coefficient)

L (m2 m-2) (L 2.66 m2 m-2)

(11)

(12)

     -------------------------- (12)

(12)

(k) k

((((((((((BaBaBaBaBaBaBaBaBaBaB ldldldldldlddldldldldocococococococococococoo chchchchchchchchchchc iiiiiiiii eeetetetetettetetee  
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2014 1 22 2015 1 21

(31.0 m~34.0 m) (23.3 m~26.3 m)

(17.3 m~20.3 m) (2.3 m~5.3 m) 3

~5 6 ~8 9 ~11 12 ~2

2014 1 22 2015 1 21

2 5 0.5 mm

149

40.82% 2,232.5 mm

5 9

2014 5 9 1,871.0 mm 83.81%

95 (2009) 1941 ~2005

5 9 76.5% 107

1941 ~2005

(2014/06/14 23:30~2014/06/15 17:30)

(2014/07/21 17:30~2014/07/23 23:30) (2014/09/19 

08:30~2014/09/22 08:30)

212121212122
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2 2014 1 22 2015 1 21

(mm)

1 31 3 20.5

2 28 13 69.5

3 31 9 97.5

4 30 11 55.5

5 31 29 641.5

6 30 23 419.0

7 31 13 455.0

8 31 17 164.5

9 30 13 191.0

10 31 0 0.0

11 30 5 15.5

12 31 13 103.0

Total 365 149 2,232.5

8.5 mm 390.5 mm

55.0 mm

8

(XT-02) 2014 1

22 2015 1 21

(32.5 m) (24.8 m) (18.8 m) (3.8 m)

(m(m(m(m(m(m(m(m(m(mm)m)m)m)m)m)m)m)m)m)m))

22020202020202 .5.55555.555555

699999999.55555.5.55
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8

(24.8 m) 2014 3 30

2014 4 17

(24.8 m)

2014 1 22 2015 1 21 32.5 m 24.8 m 18.8 m

3.8 m 63.44 W m-2 8.41 W m-2 10.11 W m-2

4.07 W m-2 78.84 W m-2 10.53 W m-2 11.85 W m-2 5.84 W m-2

74.25 W m-2 5.75 W m-2 4.97 W m-2 3.35 W m-2 60.31 W m-2 2.85

W m-2 1.38 W m-2 3.06 W m-2 3

3

0

10

20

30

40

50

60

70

80

0:
00

1:
00

2:
00

3:
00

4:
00

5:
00

6:
00

7:
00

8:
00

9:
00

10
:0

0
11

:0
0

12
:0

0
13

:0
0

14
:0

0
15

:0
0

16
:0

0
17

:0
0

18
:0

0
19

:0
0

20
:0

0
21

:0
0

22
:0

0
23

:0
0

(m
m

)
SUMMER WINTER
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68.97 W m-2 6.97 W m-2 7.23 W m-2 4.13 W m-2

3.8 m 24.8 m

18.8 m

5.07%

4.73% 2.29%

(32.5 m) I0 (3.8 m)

I(f) 30 2.66 (12)

1.05

1.11 1.00

3

(W m-2)

32.5 m 24.8 m 18.8 m 3.8 m

72 63.44 8.41 10.11 4.07

92 78.84 10.53 11.85 5.84

91 74.25 5.75 4.97 3.35

90 60.31 2.85 1.38 3.06

68.97 6.97 7.23 4.13

mmmmmmm-------22222222
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30

9 10

06:30 10:30

414.48 W m-2 18:30

08:00 12:00

423.47 W m-2 17:30

6 8

09:30(379.84 W m-2) 09:30(442.97 W m-2) 10:30(494.97 W m-2) 9

6 8 32.5 m

10:30

8

10:30

(upslope or mountain fog)(Scholl et al., 2011)

(32.5 m) 10:30 414.48 W m-2 (24.8 m) (18.8 m)

(3.8 m) 08:30~11:00 107.6 W m-2 89.0

303030303030303030300



29

9

 

 

10

-100

0

100

200

300

400

500

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00

(W
 m

-2
)

32.5 m

24.8 m

18.8 m

3.8 m

-100

0

100

200

300

400

500

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00

(W
 m

-2
)

32.5 m

24.8 m

18.8 m

3.8 m
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W m-2 50.95 W m-2 (32.5 m) 423.47 W m-2 12:00

(24.8 m) 10:30 32.92 W m-2 (18.8 m)

(3.8 m) 14:00 12:30 30.18 W m-2 41.47

W m-2

(24.8 m) (18.8 

m) (3.8 m)

(18.8 m)

13:30~15:00

(XT-02)

34.0 

m 31.0 m 26.3 m 23.3 m 20.3 m 17.3 m 5.3 m 2.3 m

5

4 11 2.3 m 20.3 m

20.3 m 23.3 m 23.3 m

26.3 m 26.3 m 34.0 m

20.3 m 26.3 m 31.0 m

23.3 m 11

28 m 9 m

(emission)

47474747474777 WWWWWWWWWWWW mmmmmmmmmmm------222222222 12121212121221212121212:0:0:0:0:0:0:0:0:0:0000000

(1(1(1(1(1(11(1(1(1(18.8.8.8.8.8.8.88.8.8888 88 8 8 888 8888 m)m)m)m)mm)m)m)m)

188888888 WWWWWWWW mmmmmmmmmmmm-----2 414141414141414141414141.4.4.4.4.4.4.4.44.477777777



31

4

( )

(m)

34.0 16.38 20.69 18.03 11.41

31.0 16.74 21.10 18.41 11.76

26.3 16.53 20.94 18.02 11.29

23.3 16.94 21.32 18.58 11.78

20.3 16.37 20.71 18.17 11.31

17.3 16.38 20.68 17.98 11.31

5.3 16.24 20.66 17.93 11.21

2.3 16.04 20.34 17.60 10.96

11 ( )

20 m~26 m

(Raynor, 1971)

0

5

10

15

20

25

30

35

40

10 12 14 16 18 20 22

(m
)

( )

111111111 444444441111111
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23.3 m 23.3 m

26.3 m

26.3 m

30 3

12 13

2.3 m 5.3 m

09:00 15:00 5.3 m 20.3 m

09:00 18:00 06:00 5.3 m

20.3 m 09:00 26.3 m

20.3 m 34.0 m

23.3 m 09:00

15:00 23.3 m 26.3 m

2.3 m 5.3 m 5.3 m 17.3 m

09:00 12:00 15:00 20.3 m

23.3 m 23.3 m 34.0 m 18:00

06:00 20.3 m 34.0 m

20.3 m 34.0 m

09:00 18:00

12:00 15:00 21:00

06:00 18:00

06:00

12 13

22323232323.3.3.3.3.33 mmmmmmmmmmm

262626262626262626266.3.3.3.3.3.3.33.3.333 mmmm m m mmmm m
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18 19 20 21 22 23 24

(m
)

( )

06:00 00:00 21:00 18:00 09:0012:00 15:00
03:00

0

5

10

15
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7 8 9 10 11 12 13 14 15

(m
)

( )

06:00 00:00
21:00
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10:30 10:00

10:00~11:00

12:00 11:30

11:30~12:30

 

34.0 m 31.0 m 26.3 m 23.3 m 20.3 m 17.3 m 5.3 

m 2.3 m (10) (es)

(9) (ea)

(Vapor Pressure Deficit, VPD)

5 14

23.3 m

2.3 m

26.3 m 34.0 m

6 15 34.0 m

0.14 kPa 0.06 kPa 0.15 kPa 0.21 kPa

5 9

34.0 m
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5

(kPa)

(m)

34.0 1.75 2.38 1.94 1.16 1.81

31.0 1.77 2.31 1.87 1.17 1.78

26.3 1.77 2.31 1.86 1.18 1.78

23.3 1.83 2.40 1.95 1.22 1.85

20.3 1.78 2.34 1.91 1.19 1.81

17.3 1.79 2.34 1.91 1.20 1.81

5.3 1.75 2.30 1.87 1.18 1.78

2.3 1.79 2.35 1.92 1.22 1.82

14 (kPa)

 

0

5

10

15

20

25

30

35

40

1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40

(m
)

(kPa)
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16

90% 08:00 90.36%

12:30

09:00 11:30 80%

16:30 20:00 90%

23.3 m

23.3 m

6

(kPa)

(m)

34.0 0.14 0.06 0.15 0.21 0.14

31.0 0.17 0.21 0.28 0.23 0.22

26.3 0.14 0.18 0.24 0.19 0.19

23.3 0.13 0.15 0.22 0.19 0.17

20.3 0.11 0.12 0.20 0.17 0.15

17.3 0.10 0.11 0.18 0.16 0.14

5.3 0.12 0.14 0.21 0.17 0.16

2.3 0.06 0.05 0.11 0.11 0.08

9090909090909090909090.3.3.3.3.3.3.33.3.3336%6%6%6%6%6%6%6%6%66%
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15 (kPa)

16

0
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15
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)
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0
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100
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2 m

2.3 m

15

5.99%

2.3 m

(31.0 m~34.0 

m) (23.3 m~26.3 m) (17.3 m~20.3 m) (2.3

m~5.3 m) (2009) 1941 ~2005

5 9 76.5%

2014 4 9 1,926.5 mm

86.29% 4 ~9 1 ~3 10 ~12

30 1000

1000

2%

1%

(31.0 m~34.0 m)

67.04 W m-2 59.10 W m-2 2.32 W m-2
–3.70 W m-2

0.69 W m-2 26.40 W m-2 64.02 W m-2 36.40 W m-2 7

6 8 –4.21 W m-2
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(23.3 m~26.3 m)

8.27 W m-2 3.94 W m-2 2.41 W m-2
–3.76 W m-2

0.98 W m-2 0.41 W m-2 4.89 W m-2 7.28 W m-2 8

(17.3 m~20.3 m)

10.26 W m-2 2.88 W m-2 2.33 W m-2
–3.67 W m-2

6.02 W m-2 2.71 W m-2 1.90 W m-2 3.84 W m-2 9

(2.3 m~5.3 m)

4. 89 W m-2 3.29 W m-2 2.36 W m-2
–3.67 W m-2

–1.84 W m-2
–4.31 W m-2 4.37 W m-2 11.26 W m-2 10

Perez et al.(1999) 7

7 10

(2010)

(2008) 1(a)

2014 4 9 1,926.5

mm 86.29%

6 8 53

1,038.5 mm 46.52%

WWWWWWWW mmmmmmmmmmm-22

2 8888888888888
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7 31.0 m ~ 34.0 m

(W m-2) (W m-2) (W m-2) (W m-2)

(4 ~9 ) 183 67.04 2.32 0.69 64.02

(10 ~3 ) 182 59.10 -3.70 26.40 36.40

63.08 -0.68 13.51 50.25

 

8 23.3 m ~ 26.3 m

(W m-2) (W m-2) (W m-2) (W m-2)

(4 ~9 ) 165 8.27 2.41 0.98 4.89

(10 ~3 ) 180 3.94 -3.76 0.41 7.28

6.01 -0.81 0.68 6.14

 

9 17.3 m ~ 20.3 m

(W m-2) (W m-2) (W m-2) (W m-2)

(4 ~9 ) 183 10.26 2.33 6.02 1.90

(10 ~3 ) 182 2.88 -3.67 2.71 3.84

6.58 -0.66 4.37 2.87

 

10 2.3 m ~ 5.3 m

(W m-2) (W m-2) (W m-2) (W m-2)

(4 ~9 ) 183 4.89 2.36 -1.84 4.37

(10 ~3 ) 182 3.29 -3.67 -4.31 11.26

4.09 -0.65 -3.07 7.81

2) ((((((((WWWWWWWW mmmmmmmm-22))))))))
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8

Liang et al.(2009) (2011)

320 292 16

90% 12:30

6 8 (–4.21 W m-2)

0.69 W m-2

–3.07 W m-2

(2010) 2 m

20 m~26 m 9

m~20 m 2 m

64.02 W m-2

36.40 W m-2

7.81

W m-2 2.87 W m-2

11 14 4 9 1 3 10

12 17 18

(31.0 m~34.0 m)

79.7% 95.5% 61.6%

(2(2(2(2(2(2(2(2(2(2(2( 0001010010101010011)1)1)1)1)1)1)1)))1
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21.4% 44.7%

1.0% –1.1%

3.5% –6.3%

(23.3 m~26.3 m)

102.1%

11.4% –13.5%

–95.5%

(17.3 m~20.3 m)

66.5% 43.6%

–10.1%

(2.3 m~5.3 m)

190.9% –75.1%

–15.8% 48.3% –111.4%

17 18

44444444444444444.7.7.77.7%%%%%%%%%%%

6.33333333%%%%%%%%
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11 31.0 m ~ 34.0 m

G Rn(%) H Rn(%) LE Rn(%)

(4 ~9 ) 3.5 1.0 95.5

(10 ~3 ) -6.3 44.7 61.6

-1.1 21.4 79.7

 

12 23.3 m ~ 26.3 m

G Rn(%) H Rn(%) LE Rn(%)

(4 ~9 ) 29.1 11.8 59.1

(10 ~3 ) -95.5 10.5 185.0

-13.5 11.4 102.1

 

13 17.3 m ~ 20.3 m

G Rn(%) H Rn(%) LE Rn(%)

(4 ~9 ) 22.7 58.7 18.6

(10 ~3 ) -127.6 94.3 133.3

-10.1 66.5 43.6

 

14 2.3 m ~ 5.3 m

G Rn(%) H Rn(%) LE Rn(%)

(4 ~9 ) 48.3 -37.7 89.5

(10 ~3 ) -111.4 -130.9 342.4

-15.8 -75.1 190.9

 

E RnRnRnRnRnRnRnRn(%(%(%(%%%%%(%(%(%%(%%))))))))))))
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2014

6 2 2014 8 20 2014 6 3

2014 7 23 2014 1 25

2014 12 4

19 20 21 22 23 24

15

7 6 8

(–4.21 W m-2) 0.69 W m-2 (2008)

1(a)

2014

6 2 2014 8 20 19

20 2014 6 2 162.44 W m-2 82.71%

14:00 80% 2014 8 20

63.19 W m-2 99.51%
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2014 6 2 2014 8 20

162.44 W m-2 63.19 W m-2 2014 6 3

10:00 19:00

–10.58 W m-2 2014

7 23 3.40 W m-2 2014

1 25 2014 12 4 130.95 W m-2

9.23 W m-2 2014 6 3 2014

12 4 55.0 mm 29.0 mm

2014

6 2 2014 8 20 162.44 W m-2 63.19 W m-2

2014 8 20

2014 6 2 14:00 80%

2014 6 2 2014 8 20 4.55

W m-2
–1.84 W m-2 2014 6 3 2014 7 23

0.67 W m-2
–1.48 W m-2 2014 1 25 2014

12 4 –4.95 W m-2
–7.11 W m-2

2014 1 25 2014

12 4 104.63 W m-2 4.63 W m-2

2014 6 2

2222022020

4 666 333333333333
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38.86 W m-2 15:00

2014

8 20

–16.47 W m-2

2014 6 2 2014 8 20

119.04 W m-2 81.49 W m-2 2014 6 3

2014 7 23 –5.48 

W m-2 3.25 W m-2 2014 1 25 2014

12 4 31.27 W m-2 11.71 W m-2

5 9 2

8.65%

2020202020202020202020222 141414141414141414114

2
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3 173 2014 1

22 2015 1 21

6 ~8

53 46.5% 12 ~2

29 8.7%

0.06 kPa 0.21 kPa

32.5 m 68.97 W m-2

78.84 W m-2 60.31 W m-2

10.1% 6.0% Beer-Bouguer Law

1.05 1.11

10:30

12:00

23.3 m 23.3 m 2.3 m

10:30 12:00

10:00 11:30 23.3

m 23.3 m 5.3 m

2.3 m

202020202020202014114111 11111111
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31.0 m~34.0 m

23.3 m~26.3 m

17.3 m~20.3 m

(79.7%) (21.4%)

–1.1% (102.1%)

–13.5% (66.5%) –

10.1%

(190.9%) –15.8%
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(2012) 

26(3)

225-239

(1977)

(2008) 

(1995)

(2009)

(2010) 

(1987)

1(1) 63-76

(2013) 

(2008) —

(2009) 25

227

(Eds.) (2009) 

(1941-2005) 26

91



58

(2005) 

19(2) 161-175

(2008) 

5(4) 217-226

(2011) 

25(2)

149-160

Allen, R.G., Pereira, L.S., Howell, T.A. and Jensen, M.E., 2011. Evapotranspiration 

Information Reporting: I. Factors Governing Measurement Accuracy.

Agricultural Water Management 98: 899-920.

Arain, M.A., Shuttleworth, W.J., Farnsworth, B., Adams, J. and Sen, O.L., 2000.

Comparing Micrometeorology of Rain Forests in Biosphere-2 and Amazon 

Basin. Agricultural And Forest Meteorology 100(4): 273-289.

Arain, M.A., Black, T.A., Barr, A.G., Griffis, T.J., Morgenstern, K. and Nesic, Z., 2003. 

Year-Round Observations of the Energy and Water Vapour Fluxes Above a 

Boreal Black Spruce Forest. Hydrological Processes 17(18): 3581-3600.

Baldocchi, D.D., Matt, D.R., Hutchison, B.A. and McMillen, R.T., 1984. Solar 

Radiation within An Oak—Hickory Forest: An Evaluation of the Extinction 

Coefficients for Several Radiation Components during Fully-Leafed and 

Leafless Periods. Agricultural and Forest Meteorology 32(3-4): 307-322.

Baldocchi, D.D. and Vogel, C.A., 1997. Seasonal Variation of Energy and Water Vapor 

Exchange Rates Above and Below a Boreal Jack Pine Forest Canopy. Journal of 

Geophysical Research 102(D24): 28939-28951.

Baldocchi, D.D., 2003. Assessing the Eddy Covariance Technique for Evaluating 

Carbon Dioxide Exchange Rates of Ecosystems: Past, Present and Future. 

Global Change Biology 9(4): 479-492.



59

Blanken, P.D., Black, T.A., Yang, P.C., Neumann, H.H., Nesic, Z., Staebler, R., den 

Hartog, G., Novak, M.D. and Lee, X., 1997. Energy Balance and Canopy 

Conductance of a Boreal Aspen Forest: Partitioning Overstory and Understory 

Components. Journal of Geophysical Research 102(D24): 28,915-28,927.

da Rocha, H.R., Goulden, M.L., Miller, S.D., Menton, M.C., Pinto, L.D.V.O., de Freitas, 

H. C. and Figueira, A.M.S., 2004. Seasonality of Water and Heat Fluxes Over a 

Tropical Forest in Eastern Amazonia. Ecological Applications 14(4): 22-32.

FLUXNET. [http://fluxnet.ornl.gov/].

Hale, S.E., 2003. The Effect of Thinning Intensity on the Below-Canopy Light 

Environment in A Sitka Spruce Plantation. Forest Ecology and Management 179: 

341-349.

Heusinkveld, B.G., Jacobs, A.F.G., Holtslag, A.A.M. and Berkowicz, S.M., 2004.

Surface Energy Balance Closure in an Arid Region: Role of Soil Heat Flux.

Agricultural and Forest Meteorology 122: 21-37.

Hsia, Y.J., King, H.B., Horng, F.W., Lin, T.C.,Wang, L.J., Lin., K.C, Hamburg, S.P., 

1998. Biogeochemistry and hydrology of a moist, subtropical, mixed evergreen 

forest: use the small waterhsed technique. In: Iwakuma, T., (Ed.), Long-Term 

Ecological Research in the East Asia-Pacific Region: Biodiversity and 

Conservation of Terrestrial and Freshwater Ecosystems. Proceedings of the 

Second East Asian-Pacific Regional Conference on Long-Term Ecological 

Research, Tsukuba, Japan 3-5 March, 1997, CGER Report, CGER-I031-’98: pp. 

127-138.

Idso, S.B., Aase, J.K. and Jackson, R.D., 1975. Net Radiation-Soil Heat Flux Relations 

as Influenced by Soil Water Variations. Bound-Layer Meteorology 9: 113-122.

Kiehl, J.T. and Trenberth, K.E., 1997. Earth's Annual Global Mean Energy Budget.

Bulletin of the American Meteorological Society 78: 197-208.

eeeeeeblblblblblblblblererrerrr,,,, , ,, , , , RR.R.R.R.R.R.R.R.R.R.R., , ,,, dddddenenenenene  

nnnnnnnnddd d dddd CCaCaCaCaCaCaCaCaCaCaanononononononononoonopypypypypypypypypypyy 

andndndndndndndnd U U UUU U UUU Undndndndndndndndndndndndererererererereerereerstststststststststssts ororororororororororororyyyy y y y yy yyy



60

Klemm, O., Chang, S.-C. and Hsia, Y.-J., 2006. Energy Fluxes at a Subtropical 

Mountain Cloud Forest. Forest Ecology and Management 224: 5-10.

Kustas, W.P., Stannard, D.I. and Allwine, K.J., 1996. Variability in Surface Energy Flux 

Partitioning During Washita’92: Resulting Effects on Penman-Monteith and 

Priestley-Taylor Parameters. Agricultural and Forest Meteorology 82: 171–193.

Liang Y.L., Lin, T.C., Hwong, J.L., Lin, N.H. and Wang, C.P., 2009. Fog and 

Precipitation Chemistry at a Mid-Land Forest in Central Taiwan. Journal of

Environmental Quality 38: 627-636.

McCaughey, J.H., 1982. Spatial Variability of Net Radiation and Soil Heat Flux Density 

on Two Logged Sited at Montmorency, Quebec. Journal of Applied Meteorology 

21: 777-787.

Mizoguchi, Y., Miyata, A., Ohtani, Y., Hirata, R. and Yuta, S., 2009. A Review of Tower 

Flux Observation Sites in Asia. Journal of Forest Research 14: 1-9.

Mizutani, K., Yamanoi, K., Ikeda, T. and Watanabe, T., 1997. Applicability of the Eddy 

Correlation Method to Measure Sensible Heat Transfer to Forest under Rainfall 

Conditions. Agricultural and Forest Meteorology 86: 193-203.

Oladosu, O.R., Jegede, O.O., Sunmonu, L.A. and Adediji, A.T., 2007. Bowen Ratio 

Estimation of Surface Energy Fluxes in a Humid Tropical Agricultural Site, 

Ile-Ife, Nigeria. Indian Journal of Radio and Space Physics 36(3): 213-218.

Olson, D.M., Dinerstein, E., Wikramanayake, E.D., Burgess, N.D., Powell, G.V. N., 

Underwood, E.C., D’Amico, J.A., Itoua, I., Strand, H., Morrison, J.C., Loucks, 

C.J., Allnutt, T.F., Ricketts, T.H., Kura, Y., Lamoreux, J.F., Wettengel, W.W., 

Hedao, P. and Kassem, K.R., 2001. Terrestrial Ecoregions of the World: A New 

Map of Life on Earth. BioScience 51(11): 933-938.

Perez. P.J., Castellvi, F., Ibañez, M. and Rosell, J.I., 1999. Assessment of Reliability of 

Bowen Ratio Method for Partitioning Fluxes. Agricultural and Forest 

bbbbbbbtrtrtrtrtrtrtrtropopopopoppopppopopicicicicicicicicicicicalalalalalalalalalalal 

: ::  : : : : 55555555-110101010101010101010101 .......

rfafafafafaafaacececececececece E EEEEEEEEEEEnenenenenenenenenenenen rgrgrgrgrgrgrgrgrgrgrrgy y y y yyyyy y y FlFlFlFlFlFlFlFlFlFlFlFluxuxuxuxuxuxuxuxuuuu  



61

Meteorology 97(3): 141-150.

Rauner, Yu.L., 1972. "Teplovoy balans rastitel'nogo pokrova" (Heat Balance of the 

Vegetation Cover). Gidrometeoizdat, Leningrad.

Raynor, G.S., 1971. Wind and Temperature Structure in a Coniferous Forest and a 

Contiguous Field. Forest Science 17(3): 351-363.

Scholl, M., Eugster, W. and Burkard, R., 2011. Understanding the Role of Fog in Forest 

Hydrology: Stable Isotopes as Tools for Determining Input and Partitioning of 

Cloud Water in Montane Forests. Hydrological Processes 25: 353-366.

Stull, R.B., 1988. An Introduction to Boundary Layer Meteorology. Kluwer Academic 

Publishers.

Tajchman, S.J., 1981. Comments on Measuring Turbulent Exchange Within and Above 

Forest Canopy. Bulletin of the American Meteorological Society 62(11): 

1550-1559.

Tang, M., Sheng, Z. and Chen, Y., 1979. The Average Climatic Characteristics of 

Tibetan Plateau Monsoon. Acta Geographica Sinica 34(1): 33-41. (in Chinese).

Tanner, B.D., Greene, J.P. and Bingham, G.E., 1987. A Bowen-ratio Design for Long 

Term Measurements. American Society of Agricultural Engineers, Paper No. 

87-2503.

University of California Museum of Paleontology(UCMP). 

[http://www.ucmp.berkeley.edu/exhibits/biomes/index.php]

Verma, S.B., Rosenberg, N.J., Blad, B.L., 1978. Turbulent Exchange Coefficients for 

Sensible Heat and Water Vapor under Advective Conditions. Journal of Applied 

Meteorology 17: 330-338.

Wilson, K.B. and Baldocchi, D.D., 2000. Seasonal and Interannual Variability of Energy 

Fluxes over a Broadleaved Temperate Deciduous Forest in North America.

Agricultural and Forest Meteorology 100: 1–18.

aaaaaaaalllalallllanncncncncncncncncncncceeeeeeeeee ofofofofofofofofofofofo  t t tt tttttt thehehehehehehehehehehehh  



62

Yao, J., Zhao, L., Ding, Y., Gu L., Jiao, K., Qiao, Y. and Wang, Y., 2008. The Surface 

Energy Budget and Evapotranspiration in the Tanggula Region on the Tibetan 

Plateau. Cold Regions Science and Technology 52: 326-340.

Zhao, L., Cheng, G., Li, S., Zhao, X. and Wang, Sh., 2000. The Freezing and Melting 

Process of the Permafrost Active Layer Near Wu Dao Liang region on Tibetan 

Plateau. Chinese Science Bulletin 45(11): 1205-1211. (in Chinese).

08888888. .. .  ThThThThThThThhhhhhe e eeee e ee SSSSSSSSSSSurururururfafafafafafaccececececececececece 

n nn nn n nn ooonooooo  ttttttttthehehehehehehehehehehe TTTTTTTTTTTibibibibibibibibibibibbbetetetetetetetetetetetanananananananananana  



63

(d
ay

)
(d

ay
)

(m
m

)
(

)
(k

Pa
)

(W
 m

-2
)

(W
 m

-2
)

(W
 m

-2
)

(W
 m

-2
)

31
3

20
.5

10
.6

4
1.

05
68

.0
2

-5
.5

6
40

.0
2

33
.5

5

28
13

69
.5

11
.7

5
1.

20
64

.4
7

-2
.5

2
40

.5
6

26
.4

3

31
9

97
.5

13
.9

9
1.

46
59

.2
1

0.
68

20
.8

7
37

.6
7

30
11

55
.5

16
.5

2
1.

76
62

.9
5

2.
58

14
.1

6
46

.2
1

31
29

64
1.

5
18

.6
4

2.
03

55
.8

6
3.

13
11

.7
6

40
.9

7

30
23

41
9

20
.4

7
2.

35
64

.3
5

3.
32

-0
.2

9
61

.3
2

31
13

45
5

21
.1

1
2.

44
73

.7
9

2.
70

-1
1.

06
82

.1
6

31
17

16
4.

5
20

.4
8

2.
35

74
.7

8
1.

10
-1

.1
4

74
.8

2

30
13

19
1

20
.5

4
2.

35
70

.3
8

1.
09

-9
.1

9
78

.4
8

31
0

0
17

.4
7

1.
86

66
.1

2
-3

.4
0

7.
97

61
.5

5

30
5

15
.5

16
.0

9
1.

61
57

.8
5

-3
.6

4
22

.0
1

39
.4

9

31
13

10
3

11
.8

9
1.

24
39

.4
0

-7
.6

4
28

.2
2

18
.8

3

16
.6

5
1.

81
63

.0
8

-0
.6

8
13

.5
1

50
.2

5


