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Abstract

To estimate the transpiration rate and the factors affecting it in the subtorpical
montane cloud forest, a study was conducted from July 2003 to May 2004 at the
Yuanyang Lake (YYL) site located in northeastern Taiwan. The dominant tree species
of the site was Chamaecyparis obtusa var. formosana, which comprised 82% of the
total basal area of the stand. The transpiration rate was calculated by the sap flux rate
using thermal dissipation probes. Sap wood areas of sample trees were investigated
and the total sap wood area of the stand was estimated, which was used for estimating
the transpiration rate at the stand scale. The environmental factors that may affect the
sap fluxes were recorded on the meteorological tower during the same period of
investigation. The Penman-Monteith equation was used for estimating the reference
evapotranspiration rate and a conversion coefficient was developed to calculate forest
evapotranspiration.

From July 13, 2003 to May 31, 2004 (10.5 months), the average sap flow
velocity showed a clear seasonal variation. From July to January the sap velocity
decreased 60%. The stand transpiration rate was 194mm with the highest value in July
(only 18 days) and the lowest value in January, which was 31mm and 6.9mm,
respectively. Reference evapotranspiration and forest evapotranspiration estimated by
Penman-Monteith equation was 689mm and 310mm. When compared with the
canopy mass balance data, which yielded an annual interception loss of about 600 mm,
the forest evapotranspiration rate was obviously underestimated.

Solar radiation was 1-2 hr time lag with sap flow. Sap flow was continued at

nighttime which caused by wind. Solar radiation vapor pressure deficit and sap flow

was revealed a counter-clockwise and clockwise hysteresis. Yuanyang Lake was a
humid region. Solar radiation was capped by cloud, and caused canopy wetted. So

transpiration rate was reduced.

Key words: transpiration, sap flow, evapotranspiration, fog.
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Penman-Monteith equation

ET, mm
Kc
Penman-Monteith equation
ET mm Kce
Ts mm
mm
v
I
R
¥ MPa
L MJ kg
E kgm?d’ mmd’
A kPa C
H MJ m?d"
P a kg m™
C, MJkg!' !
es(Ta) kPa T,
ea(Ta) kPa T,
Iy sm’!
TaH sm’
y 0.066kPa  C'
VPD kPa
K
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AT

ATm AT
v cms’
Fs cm’ h!
As cm’
ATsw
a %
b %
Atotal cm’
TDP Thermal dissipation probe
g cms’
Oy m’ m? ; %vol ;
L cm
Ls cm
Rs MJm?d"
wSs ms”'
wd °
vi m
rH %




(atmosphere deposition) (precipitation)
(interception deposition) evapotranspiration

(seepage) (runoft)

Bruijnzeel and Venklaas (1998)

(T) 250-300 mm yr’ (Bruijnzeel, 1990; Bruijnzeel
and Proctor, 1995)

11
(Lagergren and Lindroth,
2002)
Philip(1966) — —
(Soil-Plant-Atmosphere Continuum) SPAC V=IR
(water potential; W) SPAC
(flux)

(Oren et al., 1999; Santiago et al.,2000 )
(Phillips et al., 2002) ( Saugier et al., 1997)
(Vertessy et al., 1995 )
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(solar radiation)

( ) Lindroth et al.(1995)

1.5-2

Jarvis and McNaughton (1986)

O’brien et al. (2004)

al.(2000)
0.17~1.17mm (
0.05~0.3Imm Lagergren and Lindroth (2002)

Coughlan (1988 )

et al.,2000) Lagergren and Lindroth (2002)

2

(vapor pressure deficit; VPD)

(Meinzer et al., 1993)

(Chapin, 1991) Santiago et

80%

Running and

(Santiago



Waullschlehher
etal., (2001) (overstory)
83% (understory) 17%
Granier €t a., (1996)

(Bruijnzeel and Venklaas, 1998)

10-50% (Monteith and Unsworth, 1990)
(Smith and
McClean, 1989) ( Ishibashi and Terashima, 1995)
13
(energy balance
method) (water balance method)

(sap flow method)(Oren et al., 1999; Vertessy et al., 1995; Lindroth et al., 1995)

Penman-Montieth equation

LE={AH+ p C[es(Ta)-eal/rarr } / [A+Y (rv/Tam)]

L MJkg") E (kgm?d’ mmd" A
kPa C' H MJ m?dh p
(kgm?) C MIkg' C') e(T)
T, (kPa) e, T, (kPa) 1y
(sm™") ra (sm') y (0.066kPa



C'y , 1982)

(cross-section area)
( Saugier et al., 1997)
isotope
( 1983)
Heat pulse method Heat balance method

(Thermal dissipation method)

. Interception deposition
Precipitation P P

ﬂ T evapotranspiration

Runoff ——p: €COSYyStem —pRunoff

1 .............

Seepage



(Smith and Allen, 1996; James et
al., 2000; Lindroth et al., 1995)
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( Saugier et al., 1997 ) Smith and
Allen (1996)

Granier (1987)
Cermak and Nadezhdina (1998)
(Oren et
al.,1999)
(Cermak and Nadezhdina,1998; Vertessy et al., 1995) (stem
basal area) (sapwood area)(Granier €t al., 2000) (leaf area)

(Smith and Allen, 1996)
(Granier et al.,1990) Waullschlehher et al.
(2001)
Running and Coughlan (1988 )

(Santiago et al.,2000)
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Granier (1985,1987) ( 22 )

QGranier

Clearwater et al. (1999)  Smith and Allen (1996)

(xylochromes) (oleoresins) (tannins)

(Granier et al., 1996)
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Penman-Monteith equation

2.1
( 2
2 100 14.5 100m 24°35°N, 121°25°E
100¥100 m* 1 ha
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2000 mm 5000 mm
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3437 40 10
2 16
Chang et al., 2002
2002 17 26 33
41.5 m’
81.8 3 0-35cm
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heating element copper-constantan

thermojunction epoxy resin
1.8m 40 cm’
4cm
AT AT A% Granier, 1985
K = (ATm-AT) /AT (1)
K AT ATm
AT Granier K V (average sap flow velocity)
A%
V = 0.0119K"*! cms’” )

(sap flow rate)

Fs = As*V*3600 s/h em’h! (3)

Fs cm’/h  As cm?
Clearwater et al. (1999)
AT (ATsw) (ATm)

AT = aATsw + bATm (4)

a b (b=1-a) v=20
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ATsw= (AT -bATm)/a (5)
ATsw (1) v
1 5 AV
Ts =3 (Fsi/ Asi * Atotal ) / n mm h™' (6)
Ts mm Fsi Asi 1
Atotal i n
1 TDP
DBH(cm m
(cm) (m) (sz) (sz)
TDP1
2003/7/13~
TDP2 17.4 11.2 237.67 129.15
2003/11/28
TDP3
TDP1 27.4 14.6 589.35 246.45
2003/11/28~
TDP2 20.2 12.5 320.31 142.87
2004/05
TDP3 17.4 11.2 237.67 129.15

11




TDP1

TDP2

llllllIlllllllllIllll

1.8m

1.8m

40 mm V

ﬁ
*

.
.
.
.
-
-
L
L
a
L]
]

1.2mm 50mm

12



2.3

sensor, Delta-T,UK)
RHT2nl, Delta-T,UK
indtrument, Norway

6.1m
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(TYPE ML2x) DELTA-T DEVICES)

DELTA-T DEVICES ) 10cm
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2.4
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60

(Sunshine
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(soil temperature;
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93cm 13.8cm 16.5cm 20.1cm 21.3cm
29cm 35.8cm

B.
(Granier et al., 1996)
7 5
7.5cm  1l4cm  16.5cm  20.8cm 26cm 12
(2003)
Clearwater et al. (1999) @5 22 )
L
Ls L‘LSs
Sapwood area = Cross-section area — Heartwood area
=1t (L)°—7t (L-Ls)® (cm?)
( 9
(methyl blue)
4cm (Samson,

2001)

14



P11 saptow sapton 1 1 1

sapwood heartwood sapwood
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2.5 Penman-Monteith equation

Penman-Monteith

Penman-Monteith

Biometeorology Program, Atmospheric Science, Department of

Land, Air and Water Resources. (University of California Davis, California)

Excel

0.12

evapotranspiration, ETy)

Kc Kc
Kc

(albedo) 0.23

(reference

(ET)

10
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Penman-Monteith equation
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Sap flow velocity (cm s™)
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Standard error of sap flow velocity
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Sap flow velocity (cm s'l)
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