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1 3
Table 1  General characteristics of three plots in the subalpine forest ecosystem, westem Sichuan
1 2 3
Pbt 1 Plot 2 Plot 3
(Sk) (FF) (BF)
Community type Spruce forest Fir forest Birch forest
Location Dacaoping Muyangchang Qipingou
Latitude 104. 05292 104. 08334° 104. 12537
Longitude 32. 90729 32. 97803° 32. 95516
Aliitude (m) 2 900 2 600 2 540
Direction NE75 NS170° NS 120
Slope (°) 25 4 40
Stand age (yr) 350 200 40
T ree density (trees/ hm?) 650 1 049 615
Canopy cover 0. 69 1. 00 0. 53
DBH (m/hm?) 182 252 154
Crown volume ( m* hm?) 94 900 175 183 75 635
Leaf Area index (LAI) L5 1.9 L1 in the growing season)
T unk surface area (m?* hm?) 8 970 15 944 5958

Understorey plant species

Fargesia denudata, Lonicera
spp, Rubus palmatus, Festu—

ca ovina, Rubia cordfolia

Lonicera sp, Ribes spp, Adi-  Ostryopsis davidiana, Rubus
antum  capil lus-veneris, F. palmatus, Deyeuxia arundi-

Jap onica, Impatiens nolitangere  nacea, Artemisia lactif loraa

2

21 (E) (Er)

E, 2 2 , , SF
FF BF E 44.5 mm 88.5 mm 57.8
mm, 9. 2% ( 2 1. 2% ~
34.8%) 16.6% :4.7% ~ 47.1%)

10. 2% ( :2.5% ~ 34.7% )

, SF Er 0. 097 mm/ h,
0.028~ 0.487 mm/h, FF Er 0. 242 mm/
h, 0. 068~ 0.711 mm/h, BF
0.149 mm/h, 0. 060~ 0.576 mm/h
FF Er E (P<

0.01) BF SF BF E SF

2.2 Er
Er

(.. 1) FF. ,5~10
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Er (P< 0.01)BF SF, SF BF (P<0.01) BF  SF, 5 7 8
Er , FF E BF SF, 9
Er E FF 10 ,
2 2002- 05~ 10 ( SF) (FF) ( BF)
3 (E) (Er)

Table 2 T he characteristics of wet canopy evaporation (E) in three plant communities, dominated by spruce, fir and birch trees,

respectively, at the subalpine area in the western Sichuan between May and October 2002

SF FF BF

Total amount of wet canopy evaporation ( £) (mm) 44. 5 88.5 57. 8
Percentage of E to rainfall (%) 9.2 16. 6 10. 2

Range of percentage of E to rainfall (%) 1. 2~ 34. 8 4.7~ 47. 1 2.5~ 34.7
Mean Er (mm/h) 0. 097 0.242 0. 149
Range of Er (mm/h) 0. 028~ 0. 487 0.068~ 0. 711 0. 060~ 0. 576

Std 0. 090 0.108 0. 091
Hous of the E (h) 457 366 388

G0 T e mEF msF
0.500
g 0.400
E 0.300
iy 0.200
0.100
0.000
May Jun Jul Aug Sep Oct May Jun Jul Aug Sep Oct
Month Month
(2) (b)
1 s ( Picea purpurea) (SF) ( A bies faxoniana) ( FF)
( Betula platyphylla) ( BF) 3
(a (Er: mm/h) , (b) (%)

Fig 1 Monthly variation of the mean wet canopy evaporation rate (Er: mm/h) (a) and percentage (%) of monthly evaporation of the
wet canopy to gross rainfall (b) which produced the throughfall in three phnt communities, dom mated by spruce ( Picea purpurea) ( SF),

fir (A bies faxoniana) (FF) and birch (Betula platyp hylla) (BF ) trees, respectively, over one growing season

FF ,5~10 Er : 0. 187 9 10 , 5
~ 0.317 mm/h, 0. 317 mm/h, 0. 187 7 8 (P
mm/ h, 0.242 mm/h BF ,5~ 10 < 0.01) FF, E
Er 0. 110~ 0. 169 mm/h, 7 5 ., BF,

0. 169 mm/ h, 0. 110 mm/h, 0. 149 10 5, SF,
mm/h SF ,5~ 10 Er 7 9 .3 Er

0. 070~ 0. 120 mm/ h, 0. 120 mm/ h, ( 1) FF, 5

0. 070 mm/h, 0.097 mm/h 3 E 7 10

,6 Er , 7 8 5 ,

9 10 7 8 Er , SF BF, 9 5
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Fig. 2 Daily variation of the mean wet canopy evaporation rate (Er: mm/h) (a) and percentage (%) of E to gross rainfall (b) which

produced the thoughfall in three plant com munities, dominated by spruce ( Picea p urp urea) ( SF), fir ( Abies f ax oniana) (FF)

and birch (Betula platyphylla) (BF ) trees, respectively, over one growing season

3
s Er
[21] [6]
1221 Leyton (23
Penman- Monteith Er
[24- 26] Er E

Leyton

Penman- M onteith
[28]

(Monteith, 1965)%]
Leyton

Er
Leyton Er

<« ”

Penman-M onteith

3 ,



603

Er E,
, ,SF FF BF E
44.5 mm 88.5mm  57. 8 mm,
9.2% 16.6% 10.2% FF FE
SF  BF, LAI
FF, < FF
BF LAI SF, SF
BF 360 m, BF 2.5 7C,
BF, Er E Grelle
1995- 05- 16~ 10- 31 E
74 mm, 18. 5% %!
,FF E E
Grelle (1997) ,
Grelle (1997)

(1997)

SF BF

Er
[2, 6,26, 30]

B

Er ,
, SF Er 0.097 mm/h,
0. 028~ 0.487 mm/h, FF Er 0.242 mm/
h, 0. 068~ 0. 711 mm/ h, BF Er
0. 149 mm/ h, 0. 060~ 0. 576 mm/h
SF Er van der Tol  (2003)'®
Penmar M onteith
( Sitka spruce) Er (
0. 130 mm/ h), BF Er
(2003)
3 Er
Lankreijer (1999) 1995
Er(0.074 mm/h)%,

0. 123
mm/ h

. FF

van der Tol

Asdak (1 1998)
Er(0.51 mm/h)!?
Penman-Monteith

Er,  Leyton
Er

Ley
(SF FF
0. 202 mm/

ton Er
BF 0.260 mm/h 0.296 mm/h

[3] Er E

Er ,
Er 6 (SF FF BF
0.120 mm/h 0.317 mm/h 0. 169 mm/.h) 10
(SF FF BF 0.083 mm/h 0. 187 mm/
h  0.101 mm/h) Er
E
Er

, 8:00~ 16: 00 , Er

0:00~ 8:00 16:00~ 0:00 , 0:00

~ 8:00 Er SF  BF,
16: 00~ 0: 00 Er 0: 00~ 8:00
8:00~ 16: 00  0:00~ 8:00

E Er
, , , 3
8:00~ 16: 00 E
0:00~ 8:00 16:00~ 0:00 ,
, Er
Er E

I AR B RFEF RGN TAEFINAS 4o
K B B IMAAE BN AR S e 47 Fo K LN 7 &
A EANRET K2 8h, 4538 igt!

(References) :
[ 1] Khassen W, Bosveld F, de Water E. Water sorage and evaporation as
comstituents of rainfall mterception| J]. Journd of Hydrology, 1998,



604

22

212( - 213): 36~ 50.

[2] Asdak C, Jarvis P G, Gardingen P V. Evaporation of intercepted
precipitation based on an energy balan ce in unlogged and logged for-
est areas of central Kalimantan, Indonesi[]J]. Agricultural and
Forest Meteorology, 1998, 92: 173~ 180.

[3

Stewart J B. Evaporation from the wet canopy of a pine forest[ J].

Water Resour e Resear ch, 1977, 13: 915~ 921.

[4] Marin CT, Bouten W, Sevink J. Gross rainfall and is partitioning
into throughfall, stemfbw and evaporation of intercepted water in
four forest ecosystems in western Amazonia[ J|. Journal of Hy-
drology, 2000, 237: 40~ 57.

[ 5] Monteith J L, Unsworth M H. Principles of Environmental
Physics, 2nd edn[ C]. Chapman & Hall, New York. 1990, 291.

[6] vander Tol C, GashJH C, Grant SJ, McNeil D D, Robinson M.
Average wet canopy evaporation for a Sika spruce forest derived us-
ing the eddy correlation-energy balance technique[ J]. Journal of
Hydrology, 2003, 276: 12~ 19.

[ 7] LiuJ G. A theoretical model of the process of rainfall interception in
forest canopy. Ecologicd Modeling, 1988, 42: 111~ 123

[8] Lloyd C R, Gash J H C, Shuttleworth W J, Marques F A. The
measurement and modeling of rainfall interception by A mazonan
rainforest| J|. Agriculture and Forest Meteorology, 1988, 43:
277~ 294.

[ 9] Ma X H.. Preliminary study on hydrological function of fir forest in
Miyaluo region of Sichuan[J]. Scientia Silvae Sinicae, 1987, 23
(3): 253~ 265. [

[J]. , 1987, 23(3): 253~ 265.]

[10] Xie C H, Guan W B, Wu J A, et al. Interception capacity of
dark coniferous forest ecosystem in Gongga Mountain[ J]. Jour nal
o Bejjing Forestry University, 2002, 24(4): 68~ 71. [

[J]. , 2002, 24(4): 68~ 71.]

[11] N var J, Chades F, Jurado E. Spatial variations of interception
loss components by Tamaulipan thornscrub in northeastem Mexico
[J]. Forest Ecology and Management, 1999, 124: 231~ 239.

[12] Yang Y P, Li C B, Guan Z T ( eds). Forests in Sichuan[ M |.
Beijing: China Forestry Publshing House. 1992, pp 1~ 572. [

, s . [M].
1992. 1~ 572.]

[13] Cheng G W, Yu X X, ZhaoY T, et al. Evapotranspiration of
subalpine forest area in Gongga Mountain[ J]. Journal ¢ Beijing
Forestry University, 2003, 25(1): 23~ 27. | s s

, . [J].
, 2003, 25(1): 23~ 27.]

[ 14] Wang WD, Shan BQ, Yin CQ. A continuous rainfall sim ulation

on the solute movement through the distributed primary soil of an

Abiesfabriforet in GonggaM ountain, China[J]. Acta Ecologi

ca Sinica, 2002, 22(12): 2154~ 2162 | s N

[J1. , 2002, 22(12): 2154~ 2162.]
[15] Wang K'Y, Yang W Q (eds.). Processes of subalpine forest e-

cosystems in western Sichuan[ M ]. Sichuan Publishing House of
Science & Technology, Chengdu, 2004.[ s

[M].
2004. ]

[16] Frazer G W, Fournier R A, Trofymow J A, HallRJ. A compart
son of digital and film fisheye photography for analysis of forest
canopy structure and gap light transmission[ J]. Agricultural and
Forest Meteor ology, 2001, 109: 249~ 263.

[17] Rutter A J, Morton A J, Robins P C. A predictive model of rain-
fall interception in forests II. Generalization of the model and com-
parison with observations in some coniferous and hardw ood stands
[J]. Journal o App lied Ecology, 1975, 12: 367~ 380.

[ 18] Thom AS, Stewart J B, Oliver H R, Gash J H C. Comparison of
aerodynamic and energy budget estimates of fluxes over a pine for
est[J]. Quart. J. R. Meteorol. Soc., 1975, 101: 93~ 105.

[ 19] Jarvis P G, James G B, Landsberg J J. Conferous forest. In:
vegetation and the atmosphere[ C]. Monteith, J. L. ed, London:
A cademic Press, 1976, 2: 171~ 240.

[20] Gash JH C, Valente F, DavidJ S. Estimates and measurements
of evaporation from wet, sparse pine forest in Portugal[ J|. Agri-
cultural and Forest Meteorology, 1999, 94: 149~ 158.

[21] T eklehaimanot Z, Jarvs P G. Direct measurement of evaporation
of intercepted water from forest canopies| J]. Journal ¢ App lied
Ecology, 1991, 28: 603~ 618.

[22] Aboal J R, Morales D, Hern ndez M, Jim nez M S. The mea
surement and modeling of the variation of stemfbw in alaurel for
est in T enerife, Canary Idands[J]. Journd of Hydrology, 2000,
221: 161~ 175.

[23] Leyton L, Reynolds R C, Thompson F B. Rainfall interception in
forest and moorland[ C]. In: Sopper W E, Lull H W (Eds.),
Forest Hydrology. Pergamon Press, Oxford 1967, 163~ 179.

[24] Liu S. A new model for the prediction of rainfall interception for
est canopies| J]. Ecological Modelling, 1997, 99: 151~ 159.

[25] Liu S. Estimation of rainfall storage capacity in the canopies of cy-
press w etlands and dash pine uplands in Notth-Central Florida[ J] .
Journal of Hydrology, 1998, 207: 32~ 41.

[ 26] Lankreijer H, Lundberg A, Grelle A, Lindroth A, Seibert J. E-
vaporation and storage of intercepted rain analysed by comparing
two models applied to aboreal forest[ J]. Agricultural and Forest
Meteor ology, 1999, 98(— 99): 595~ 604.

[27] Monteith J L. Evaporation and the environment[ C]. Symp. Soc.
Expl. Biol., 1965, 16: 205~ 234.

[28] Calder I R, Wright I R, Murdiyarso D. A study of evaporation
from tropical rain forest West Java[ J]. Journal o Hydrology,
1986, 89: 13~ 31.

[29] Grelle A, Lundberg A, Lindroth A, Mor n A S, Cienciala E. E-
vaporation components of a boreal forest: variations dwring the
grow ing season| J]. Journal  Hydrology, 1997, 197: 70~ 87.

[30] Aboal J R, Jim nez M S, M orales D, Hern ndez M. Rainfall in-
terception in laurel forest in the Canary Islands[J]. Agricultural
and Forest Meteorology, 1999, 97: 73~ 86.



5 , 605

Wet Canopy Evaporation Rate of Three Stands in the Western Sichuan

.1 . 1,2 2 -1

YANG Wanqin, WANG Kaiyun'~, Seppo Kellom%ki®, XTAO Ling
(1. Chengdu Institute of Biology, the Chinese Academy of Sciences, Chengdu 610041;
2. University of Joensuu, Faculty of Forestry, P. 0. Box 111, FIN-80101, Finland)

Abstract: Rainfall interception by canopy is governed by two important parts: one is the specific water intercep-
tion capacity on the surface of foliage, twig, branches and trunk; and the other is the wet canopy evaporation
rate during rainfall events. Numerous studies during the past decades have led to the general conclusion that wet
canopy evaporation( E) contributes greatly to rainfall interception. E is a continuous and dynamic course con
trolled directly by a combination of meteorological variables and canopy structure. It implies that more attention
should be paid to the wet canopy evaporation rate( Er) for each rainfall event in studying crown interception.
However, E has been omitted in many studies, it is difficult to understand the rainfall interception in the
canopy. Therefore, based on three assumptions, the Er of three stands, dominat ed by spruce (SF), fir ( FF)
and birch ( BF) trees, respectively, were calculated by Penmanr-Monteith combination model based on meteore-
logical variables 2 m above the canopy within a growing season. Results showed that: (1) the total amount of
the £ was 44.5 mm, 88. 5 mm and 57.8 mm and accounted for 9. 2%, 16. 6% and 10. 2% of the gross rainfall
for SF, FF and BF, respectively, during the measuring period; (2) there was the highest average monthly Er
and percentage of E to gross rainfall for FF, compared with SF and BF; (3) mean Er was 0.097 mm/h
(ranged from 0. 028 to 0. 487 mm/h), 0.242 mm/h ( from 0. 068 to 0. 711 mm/h) and 0. 149 mm/h (0. 060 to
0. 576 mm/ h) for SF, FF and BF, respectively; (4) the highest and lowest average monthly Er occurred in
June (0. 120 mm/h for SF, 0.317 mm/h for FF and 0. 169 mm/ h for BF ) and in October ( 0. 083 mm/ h for
SF, 0.187 mm/ h for FF and 0.101 mm/h for BF), respectively; and (5) the averages of Er from 8: 00 to
16: 00 were significantly higher than that from 0: 00 to 8: 00 and from 16: 00 to 0: 00 for three stands. The
marked daily and monthly differences of Er were contributable to the variations of solar radiation, air tempera

ture and relative humidity.

Key words: wet canopy evaporation rate ( Er); meteorological variable; PenmarMonteith equation; subalpine

forest



