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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™.
It was the highest in summer (78.84 W m™) and the lowest in winter (60.31 W m™). 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'z, 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™. 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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NGB E AN RIS KGR A S BIEZ% M - BB L e
BENFELEANA L E 30 Wm™~80 Wm™ » 245 4 it F 1% > R A A Bk
b 2 15 W m™~30 W m™> f a5 20 B sbad i 4 b o e B8 8 A S Wm™~25 Wm™
# BBt R by 10%~40% © 7 9 AR EBARIBIE R L7 ZRIB MR EE R
0Wm?>~140 W m™ > BF R 48140 % 60 W m™ > BFE K84 45 W m™ » i bag 454
LA BEREE S OWmT~40 Wm? » RHE L Z 25%~40% -

Blanken et al.(1997) 4§ M R B —#h o ¥ FE & E R e 2 X 45 AR E
BN Ak £ B B 39 m & &Y £ M LA (Populus tremuloides Michx.)$2 4 m & # ¥k
Bt (Morylus cornatu Marsh.) > W% ‘% % % EWAHE > Sk EER 914 E BRI
FWRAEI c BRAGRE T RNEENN  BRETRAFSFRAgEERSENL
WIkZ 43% 0 ok BB AR EHMMMBERBEL A FEMEERINE Y
b EMLEA S T3% 0 B 61% 0 RZ 0 N F EEIR > Btk B e e 4t

BERAEMLGHRZ 23%  ERADAERFEANBREBSRG AT EHMTE
HaF2 AKX AMNLGHREGEBNERBSHATFRIEEZ 61%5 66% - &
BRTh MEBEXRAECVEAIMELERA P FRAEZON %EEAR

REEUIUNBEHBEAT  BHEERZ I RZ > AEHMANEHRBETARS
PGB ERZ -

Bxie (2009 k&%) NitEhmEE KEKE 2007 £ 6 A F 2008 4 3

AWy aE  LRABBAMALETHE  EAROBLEGEEAGEN

EHEE HsERELE (HE117Tm~193m) BEtEgRk T (5K 68m~1.5m)



ZHREBU XN RO AY KA > EEH B> KA ERAR - &4
BAEBHNXER BTR LayFiag@s s 10334 Wm™ BHEE 4 6597 Wm™
FAAERE A 3948 Wm” o 1EHEEL 211 Wm™ BB TRG FRMETE
1523 W m™ » RHA 37%1494Wm ,%ﬁn;@;%z.mwmz’i?ﬁu gw A-2.11
Wm? &N EER ERBERE T > EEAmREKE R E ST B
BEAE BREBIRX-

HHBEQIION M LB TR ETERERNIANE > ERBRHEW U ER
1,600 m > #Ff & AR 4,500 mm > Bl R #AEDF =2 AL P FLe FaF
B8 3,150 /B 452 LA EE B0 36% o BT P AR B4 B A BAAEM AL
(R3-50 Gill, LI7S00LI-COR) %44 % > BRI 84 piaktd B £ (43 T1)
BAKRRBRE (EEL 2m RAEHL Bl fo B2) 648488 - AHRE
BHGEE 0 I 2009 -9 A E 2010 £ 4 AR BRI EH - LibteRERe B
LEMASG > BRAMBE LT RARR TR FEHEESBSWm RTIW

0

m’ -~ BAHEEALSWmTRS0Wm?” -~ BB S 484Wm”# 146 Wm™ -
oot MEFRERIAMAAR/LLEZ 12 A ] AALE  FRGEAZMESRE
AABSIL  BARRERELZAW TR BTABBRR > BAAER
RIBHBIRO G ERABET T TRERII RSO FEAE -

st B ERL R E R HAeF X BT 0 1R A2008) 5 B UB(2010) %
B AR L RS R A AR A S A R e A M R

A% H(2008): IR R B 67 ] B AR L B H AR B X 09 E - — & 2007 £ 11 A
1I8BZ 198 2FEBHE > HRANKRGEYRFI  FAHRGRFHEN > 55
FER207F12 41782188 » RAKATFABE R > 24 18 B ¥ 12:00 &%
EEXRAARFHORN e X BEILER B | 818 2 fror» BAR T
#| A e R & (visibility sensor) #| & & & A % & fit A (visibility) - #> 1,000 m 85 >

BPARH AN AZENERRE 2007 F11 A 18 BE 19 B G Ry FHELE T ALH



500 Wm?> sesh > BB 1(b)wE3E > 11 A 18 B P4 12:00 ATEA4 > 48 R #o)s
1,000 m: HEAHEEEAE BE 1QEETEREARBEN P F 12:00 % %4

aiE > BB EN P 12:00 2 % B 100Wm?; k= 2007 & 12 B 17 8 4

q

R ARFEHBEZAMTESOWm” » EHAB TR FIEHNEE D SLiBRE
ABAL 0 B 9k > BLa#) A Penman-Monteith X3 E G 8 T EZ R > BHE 2 T4
AZE Y FATRER T EBARG G A A TR0 5] T D A B AR >
BEBEHRBENE S TFESH NTFFRIK BAAR T RHEGREEROEZRX
BRTh FOHEEARTHETRERIOFMN -

(a)
i CLM Site TIGCPES (2007111171-11018)
——|E=+=:H x CGCIE + Q&M
550
- AW
=
2
2
B
200
¥
4]
= & e [ E X X ¥ ]
NS00 VINB0E  TABAZ 111818 11900 1INS0E 1A 11918 13000
Local Time
(b) LM B2 TIOTPEC (20071 11711115
1200 - T ho00
y —Rn-l-—ﬂ—---h-iﬂnl:ri
1000 ! A [
i r| ..-1- f
1 | )
800 Ve 1 rlj H
'é" [ 'l ity H e
g 1 L] r| |l 1
g o . i i
i P . .
[ i i' .
g il
5 fa
w ]
!mi
L

200 : - i - - o
MNEe  1edod 1A 1NEE 1ol 1wedd 1IN ned 100
Local Teme

1 2007 %11 B 18 BX 19 BAacE@ A R E B %1t (3##Z 4 2008)
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(a)

600 CLM Site TIOCPEC (2007/12/17-12/18)

——LE—-=-H x QCLE + QCH

Energy Flux {(W/m2)

K
x L + +  XE X LB} L] ++ KX NEN X+ M

-100
124700 124706 121742 124718 124800 121806 121812 121818 121900
Local Time
(bgo; CLM Site TIQCPEDG (QOE2NT- 13'13;_
_m.-,“..a- - wv;rs
1men b i, !
i !
80 i f
& i 1 2000
§ ol i E
w
: g
B 400 g
: 1000
00
e . bl P ———— gy T -
[
200 ) . ; : . : o
1700 1ZMTOS  IZITIZ O IINTIE 12800 1INE05  AMIBIZ 1218 1B

Local Time

2 2007 %12 A 1782 18 A g FHAERE B 41 (FE A > 2008)

HEUB(010) 8 F B R X B BT S RBETRBBEN B Y
b5 g st @ e A YL E AN ERHTaER  BRABEARGAS
AaARGEE > RRAMR  EAREHEAMAE > BHEESELREFRY
BEZEIL MARKRGRWBERBENGRITEAHEE REKEEAS THEE -
BER LT BB ENLT IR AR FABN 0 T AR RTRE B RE

EFHR > RtkE (KRR BLAB2) 2RF—RKG¥IL > ERNAHHMNZBRME -

BB ROARHERRAKADRILZHE
Raynor(1971)45 & > Baumgartner(1956) ~ Heckert(1959)#vMelpar(1968) = 7t 7% %]

HAABR G R ARBER A X Z R ERELEE N WE - Rauner(1972) 8
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B — B E AN L ARRE &R REES ERBE > BB TR
FHHEG B3 EZERBESHABI~ °Co BRERSET
BRSO RARES  REAZBRWERBERS T @XM E RLBIE 247
BEREG RS LS SRS EAREEE > ABELA THEHEE -
Raynor(1971) B) 85 #> £ Bl Fx A (Pinus resinosa) ~ % B & k> (Pinus strobus) #x bk $1
TR EWERAER I @Y ARG L F o BRI EZHK105m BT H 42
mZ4m> HEHRIV6THEIA25810: 0023 A26810: 002 .58 B LB H - 710 :
008F » ZoEih ey RUBEE & B LA T M Btk A 3R 8L L Ae R a9 B 157 5 16 ¢
0085 » BB FHYHBIAL P AR w16 00521 : 008 » dip) A 8128
B4 B RIE S SALeEH » R N21 ¢ 0084 B AREY B IE » LAk &
BERARA Z R ] °C; #21 1002 F 107 : 00 Ryt B % P wBAfE 0 B
WA B LTS mUR 2 RSB AR I A2 B B X RUR 0 R AR B RS R 3

#2 °C; RBMZHEEILHEHR R T LR X g oate B et X #AT/H%E -

y ELl
-]
A
A\
]
\

0272

HEIGHT {m)

L I T
-1 a.s8 are

RADIANT FLUX DENSITY TEMPERATURE (*e)
{col cri® min')

B3 Mo ARE&ESREESE) - Eommis B (LAD ~ fR(T)EE R B E(T)
(# 2 8 Rauner > 1972)
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Arain et al.(2000)7# % B 22 #] A0 H B 50 @ 69 A T 25 bk 0 BBl AR
FRE & ERE > RO EHEANA 12m~13m > FLETZF 16 m-17m &
RPERIOEHF6 22 8 —RMWEH - ERETABNFHE 10m £ 15m a9 8
bR > GREF > AHEI0m A TFTHRBET 4 NHE 15m R ey R
HEAARWES LR HE 15m A EX FURBMN P AR e es0 0 2
%o A RBRMBIER G0 R EHE A > B RIBHISHHIE > BB E 15m 2
THRBA GIARBZBERALYERR L - BlMT > ARG #1ERE LM
RBE S HIEAM > HE 10m AT &) RUBFIER REBIK ; R AR
R & A R R -

HAZE A (2008) 742 B L R AS AR I R B 3 2 RUB SR UR A 0 BRI & B R
22007 # 12 A £ 2008 3 A > 2t E A 1 lmE 4m> A TFTHA3m
ETm BERAHAZESME B3m ERFHE24m-18m-~16m~132m~8m -
52m~3.6m-2mAv 04mEZHAB UASHE24m-~16m-~132m 8m-4m -
2m -~ ImAe 0.5 m R/KAIRES B YL o & B &% > 7 KR4 % R B E R
BE LS BAIER €T REAE R B AEHER 0 445 09 1 00 AT &Y AR SRR
REBRZHAZGRSL09:00~15:00 55 BERBEFHEEHA > KEER -
ABBRAERRAREATIES BRI N ERE S EXABIEKARETEIRKR &
SRR R R R AR I R B LR AL R 5 151 00 24FEF 0 &
PR ETEFRLE  BRERABREORGAHE  BE2RTEERS > §
BRABB B EARL AR EFILB N NRE LF R > KR ERAETFARE
A H  (ERBEAKEERSESIERR 0 FTERE  RUBEAKAEE R H
RE A AR R 09 RUBRAMK ~ KRB D - B mT > G R
BRI R 2B KI5 EeymBAER » ARBIEEATRANER SRS HAER > £
AR A E BB EIKUREERR O R O N TR E R e B
Bl o LRGSR UBER THINEREELETSEBAER LW ZERRE >
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o b3k 32 B0 2B 0 ARAT AR IR 0 RUB AR 0 BB 0 ER T HIKAEE

BIEHGREMYFABERE T » NibAMEERBE S KARE
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BZF FHRRT S

£—# AREEBBA

EERETRHREZAECHRENHLALEEA RN R B - =KL > &
) 2 B3 5 B 2025 m 69 44 3R 0 By dbAEA A AR B 1696 m &) BURLL Bk 0 T AR
ABEHRF > A4 BAEAE LG EILH G REAb ey L B R L 0 S48 58 ) A AR
ABeyd R (FRIGHEE > 2011) -

FRENENWE > RhHF LT LR HERE  BERE - MEZR
PRRBRENRZ MR R BB AR R EZADE AR AL H
R (RREM®-~FRGA1987) - BHRELES A R 5 Hie) g BAibm ka8 &
1 BHBWEEEL B EFE CRHFRE SR L (FTEEF 0 1977) -

BR Ak ~ TRASH5(2009) 4314 88 A, R 96 1941 £~2005 SFe9 AL B K > 573
AR 16.5 °C» F-FEdmE 2,601.5 mm » F-F 3% F 4 523 mm » & A F3448
HREH8891%  BMREBEFNS5E9 A (EEEREN 76.5% » FHEHET
B# 167.7 RXosbdh EFBHEMN T HIKEFZHLE ST H FHHE L Liang
et al (2009)% JL & 2005 £ 4 A £ 2006 3 A2 EER > R BELE D
1,000 m BfX & A HA A 0 BRI A 320 RAAF FR L > LBEFF 2,415 /)
B > Y4B BRI E AR e ey 28% KRy o W3 AZETABREAE > H4 A
BRFIGH 184 N A FHR - RIEFQ01) L= A B Shiask - H3E 2011
F2RE01R24 1 AzRENEMMAH SREBTE22 XAF > REAHHKR
# 2,009.8 /N 8% o

I B BEQO)NEFELSHE N B EHA P00 E%16/E250x250 m*## B
BATBERAERMAREM AL - BEBMNITIREHRE T > GEE TR EME
s 1733856~ 7 ~ 10 ~ 1I5E W B E » W B4k & N ERAR 69 L8TAR M 45
TR F EAE B35.5 cm 0 FIAHS A22.54 m 0 R AFHHRE A28.47 m o gbib 0

AL My LA BE AR ¥ E (Elatostema platyphyllum) ~ #E % B (Gonostegia hirta) - ¥ € & &
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(Strobilanthes flexicaulis) % £ > LA B J& ¥ 455 % 5 ik (Diplazium dilatatum) %2 5 K4
F8Y Bk (Asplenium wrightii) % ik %8 -4 & & F K184 £ [ BH(Sphaeropteris lepifera) ~
& 4 \1) REBR (Helicia formosana) % K A M4 5 A7 o o

R R RBRIAL LB ERE FIRIELTI5R kb (E4) > £ 2815 41950
£ 3% 4k 2 P 4% (Cryptomeria japonica)éh 4k » 354k % B £93,805 # ha! (17335 kit
BHEIR) RAMBFEAT2] #% ha! (EXEHRAALEH) > @HK416.17ha >
BIRA1250m » B —Jbddk > PGB E 415° o Frak F(2013) 9 A IE5R 1735 5 k3
BEHE SRR AR RRGEABITHEHEE 0 ALABCLARR AT - 152

AT LALL2.66 m* m” o ARIEFRIBE - 1@ T8 2| 2(XT-02)F B T34 #t

\\

120°E  122°E
125°N

1

24° N

1

23°N

1

22°N

’*
170 o “
St 2 | 1509
—— Stream
N <10 160y
190018
Contour (m) 15 AR

* RBRGLE [ 1Km
B4 ZHESHEMBERBMAE (B IERE)

16



B #28m AT HIm  #E RN HELHE20 ME26 M B A KB HEARERE

ﬁiﬁﬁﬁm > % éFEJ @K%T#ﬁ%m A2 m o

F= AR

KR E LIS ARE B 3 ARIE 173 3 kb o 18 B 85 8B (XT-02) ~ % %
(XT-01)$2 £ (XT-00) BRI E A > £ B3840 0 R K 8RR 5 2o el
FrABRBRERMEwER | @ 5 ARFIBE > A A TS 8BS R -F
BBELH28mM BE TR Im #EFENBEE EH(31.0 m~34.0 m)~ £t & L& (23.3
m~26.3m) ~ B FE(17.3 m~203 m)EH FHM B L Q23 m~53m)#tm i » 3K
BRI B ERZEMwE 6T - N ESER A ERXRERBEINA—GF
BHI > BERAIEVRABUAREL W LIIEHBITERNETH > AR LRLEE
FHEG R AAREABRREE UEFE—SHERNEETRXEEANE A
HH B PETAZE XM B3 0 A P R BA R L R 15 ol BA R 6 EORE

BOF BRI AR 0 sA CR1000 225k B U & Bt > 78 5 o sdiesh— £ 3914
IR EHE > AR ES  PEAREAAZENEERG IO & — 20T
M @ ERBEE 0 pa—FHBRARTRERAEE > RiE 0 A REFRH

33

ol REEAT R B & B

\m\m
=
o
&
=
qt

R=8 AEF*®

"@E  REABEMNH EaagaBahEs ERFREEOREERA
B R RAED B FARBBYHET(s mY) BAEHRBYETXERR
HW) > ST RS EMEAWmM AT -
— - BREITABREILET X

AR 8 4T L UF ROR B 4T 00 48w o BP By ik 09 7% 92 44 38 € (net radiation flux,

Rn) » =T 24 A (1) X, % 5= (Kiehl and Trenberth, 1997; Klemm et al., 2006) » H(1)X 2 #F
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)1 RERTFHEEEBETEARSEXRME
B AR B RBEZRME
T8R4t
38m~188m~248m~325m
(LP net 07)
IR~ R
23 m~53m-~173m~>203m-
(XT-02) (HMP155A)
233m~263m~31.0m~34.0m
(HC2S3)
&t 378 40 m
1
TEHAER % 8cm
(XT-01)
E-S
R 32m
(XT-00)

B 5

%A

0 et
- FE gt
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#d g oy

(31.0 m~34.0 m)

Htd k&

(23.3 m~26.3 m)

B

(17.3 m~20.3 m)

WTFAEME L7

(2.3 m~5.3 m)

6 HEIAREZHERZHGR A
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B TR TRHAMAE g Likr@stmtA -

Rn = SW| — SW{ + LW| — LW} (1)

FEARAARFGREBRIENE s HARLAEZRA—BELE » HiF 8

HEBENHETREETREIAAK TR !

Rn = H+ LE + G + S + P 2)
QR+ > FHEER)FPEFNBREEWM)  BHES(LE) > LEHEEG)
LA G B(S)EA SR NN BP)ELARENAESL - T BRE
HARERFHMRETHRERX » LSRN E TR IEAITFRILEY

1 FRAK > B m T 29 0 Q)X XTHILAHB)K -

Rn = H 4+ LE + G 3)

AT QAN FRHEFTHALIEHBELSUNRBZARLERNTE > 847
EAEEAEMEE  AREEA PR EE  ERBIHAS C AEHE
BEALRF > AR @R E PR (B aRILZE) BTREME 2B
BENEMS HBPEEEARAREIARABRIOEMTE > BRENERENTE
KA o R 8 JE iz (Perez et al., 1999) - ,7% tb(Bowen ratio, B)&g & & 4o F

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

_ " 4
p=— @)
AF Q) K Ao (4) X EHEIR > 7T A7 2]

Rn—G

Hz(il) ©)
()
(Rn—-G)

R ©)

&By b oo ZAE— RN (20~60 448 ) BYEABGA SR MGE B B LB

B @AOX2 BB TRAE S :
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H  pop | K ot/ez K, or/er
B = = = ’Y . . (7)
LE X-s-(p/P) K oe/ 0z K oe/ 0z
w w

B 35380, ) HA P 2R A% 3y 2 AL IR X 14 3 (Kn) FE KA R 3 2 X443 (Ky)

(Verma et al., 1978) > BB AR EHREFRAN > RERE S EZ BT > T) ~ K

ARRE 0 )it £ AT=T-T,> Ae=e;—¢,* BI(7)KXTILiE % :
B=vy Ao V=T @)

Y ¢ 227& 3t % #(psychrometric constant)

p:EREE

AT : MBS EHBE 2 (°C)

Ae : W1E & B oy KAE £ (kPa)

C,: ZAAELH » C=1.013x10"MIkg ' °C'

m
5
b

\

AN FEHEB 0 €=0.622

Iﬂ

P: XA&EHN (kPa)
DK eh RS B E 20 °CER > A=2.45MJ kg

BEBAKARE ()T ENRL0 T

RH
e 9)
& - B/KRARE (kPa)
RH : 842 &
17.27T
e - A fa KB (kPa) > e =0.6108exp| ———— | —mmmmmmmeme- 10
B (kPa) e, p(72+2313j (10)

T: && (°C)
Hk o RTHABLENKAREE (ATHAe)» LB B TR RERESE
Z RRPLRAELAFE] 0 BRI T F 1R S 2 RIF B 9 E R E B rt £ 1R 5 2R
FREOEETHE  REBAREABABENEAMTREAEERREG A

ETrHREBOZEEZAR 1-2mo 52T AAEY AL T 7 1R B 628
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B 0.3 m o EH R B B R AM > RIGLAT H a9 5 LB Rt R R
0.3 m (Allen ez al., 2011)

AN BT BT SRR E N BN IE Al RE R EFE N & (Perez et al.,1999) -
ERERBEANEG  AFG LIMALBAOBIARTRS | §LBA
ARRAER > R d R R LIEGRE LIBRE > P LIBRITRBAER 5 SRR
BERBRBZERANTYELE > LA THARERETG AR L -

BB G EG T L dO)REO)XTH > Gt H ey LB LERIEL —
B R SRy BREE R EAETABRE T R ERAFIEANE
Wi GERE AN RAREEMNE > AREH30 - Fa)T34E > B

=

BA # B F 9L AGE B A 1,000 oA —1,000 s £ 0 &k Y TREMAEE

BB EEFAGTAEITHS  FEEIRXE I EXEE -
—FRHEBESW TR
EFRAEE F AN R T 0 Aok e 8 IE BUE (filtering effect) & 15 4F K 15 8 4

B R IR ~ BB RS FAEA 0 FEARI A BB B oy KIS 84 A

?Z

I

’ mmmmm 22

: 9T/oz<0 AT =T,-T,
I Ae =¢, -¢,
s ———z,

I

: R >0 AE >0 IH>0

A Sl }\ A\

7 RemtbiktRAEEH) T AR Z(LE)XEaEREREEREST S

(Perez et al., 1999)
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(McCaughey, 1982 ; 22884F 4 - 2008 ) - BN #4241 18 2 F @A E R UL D & 1F
70 A H 45 B ey BA14 0 3@ % T LA A Beer-Bouguer Law » Bp(11) R % >~ 2 (Baldocchi et
al., 1984; Hale, 2003) :

T = Il(—f) = exp(—kL) (11)
0

T ! % i % (transmittance)
I() : BT H ey $iasias
lo - Btd B Ly ey Fa4tids
k © 34 4% 4% # (extinction coefficient)
L : 3 @ #45 #(m’ m?) (L~2.66 m’ m”)
AN ET ¥
InI(f) —Inl, = —kL
3R 1% 43 2] (12) K

K = lnlo—ﬁnl(f) . (12)

FHRERENBIER L BT FE4EE EHAANN2)R TR G H#

13 (k) - kK ARPARAEBNAS AT HEHE R N F R4 B EZHRFR
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FwmE KREGH

RIFR W EFAMAS AT AR 2014 551 A 22 B E 201541 A 21 By EH -
FRERSANRE S EFERHEE - AR - BHEREFRALER  FEAMEA
IHAMAL TR TS BAERIIEHEEEH > E—FH A @BILE
HREBEHBEABRE ST AR AR D EOR IR IEN - REFRBREHRS
g & BLAR AL 0 &4 Bt & £ 77 (31.0 m~34.0 m)~ £t £ & (23.3 m~26.3 m)
#HE P& (17.3 m~203 m)E AR F%E EF7(Q23m~53m)  EHFGFH»AEZF (3
A~5SA)~RZE (6 A8 A)~#ZF (9 A~11 A)~%F (12 A~2 A) $wmZEtm

FIEATEE AL BRI -

R BRE
FAZ BN R TANMES  WE201451 F22 8% 2015418218

ZEREEAN  ERVWEK2HT - 85 48— 20 F R A THkE A% 0.5 mm &)
BRER > A TRZRAABAEAGRES  AHEABREFOREA 149 X > £
Al BRHICSR B R R 818 40.82% > 48T & & 2,232.5 mm XL E M RER G A
RUBRETRANBBOERERZEIRNEFNS AZI A AR EFKERR
201445 A 29 A ey 4ar8 & 1,871.0 mm> 45 okl 48 27 ) - 48 1% g & 4 83.81% >
Ml RBL95 R o BRARA > FRAZE(2009) 403t % 38 A, So3b 1941 5£~2005 Fe9 A L &
#Mo5SAZI AEREMLFRER S 76.5% R REA 107 R > EREBTA
R BRI E RN > TR E TR R BE RN 1941 £~2005 Fa4-F35 0 BIEM
B8 v RERE -

RAE AR P BER B R R 69 388k BRI A R =B A R LRy R
BSR4 4% 91 5 30 31 B 5 %) BonF B ReJR(2014/06/14 23:30~2014/06/15 17:30) ~
S4B 4B REE(2014/07/21 17:30~2014/07/23 23:30) 51 J&l J& R &L (2014/09/19

08:30~2014/09/22 08:30) » L3RRI H BA G R IbR E BRI FH - 55 RRR
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%2 201441 A3228%22015% 1 421 BRFAmZERERA

B fd] TR R# M5l R $4 % 7y & (mm)
1A 31 3 20.5
2 A 28 13 69.5
3 A 31 9 97.5
4 A 30 11 55.5
5A 31 29 641.5
6 A 30 23 419.0
7 A 31 13 455.0
8 A 31 17 164.5
9 A 30 13 191.0
10 A 31 0 0.0
11 A 30 5 15.5
12 A 31 13 103.0
Total 365 149 2,232.5

%

1B Re R 1 B RRE SR B R 6 BB 0 o A AR E AR 8.5 mm ~ 390.5 mm
#1550mm REHH = o
BREFRLZHEROGFREAERSEEWE 8 piow o L0 24§ 3
HAMEMOFEE  ERZRAREE - M@ FRMEMERNGFER - M B R
S0 RWEFHERGFHABETEFTFRFAROFR BBRPEE > #
REEFPIMELAEZHAERHYRE 2 AHSBEKE > LT ERM
EHERAAABERAE—BE ¥ OIEMIFE

Pt FRHEE

AR E IR R G (XT-02) R F) & B 22k iF s 43t > A& R 2014 5 1 A
228220155 1 A2l BRAZFHFRABELL > RELESEDHNABE
B L7 (32.5m) ~ 4@ LB (24.8 m) ~ £ ¥ & (18.8 m)f Ak T ALY & L7 (3.8 m)

v B & o
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]
(e)

® SUMMER OWINTER

4w 2 (mm)
N () (@) ~
S [e) [e) (e)

(O8]
(e

) ggﬁhgny

B8 EERAFzBREMRARAE

BRI ERM > B LR QA m) ey st X AR 2014 -3 A 308 2

2014 F4 417 B> #FRARIN G Y IBAFEE DL R R EER  RIF P8RS
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BEELEXBGDEBRKR  K2FFHEE - ERIN > ST LA FRHES
AR PR AR B AR A & FR > Mt F R e S
PEBF B R NG00 % A BAK 0 1B 48705 98 41 7T S da Bt i FLIR AHA BN B4k b3k
ko HAEH O HRTHEHE LY (HE38mMmE) hitd LR (HE248m &)
BB rRE (HE 188m K ) TRBKE L He0FR4E8E HKTHEME LI 8
FRAB ST LT FEAERE S 5.07%  RNEE LR ST
4.73%%2 2.29% o

A UBER (G255 meyiFEsdE s o ARTHEME L (3.8m)ayiF
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BRA BRE X RKGELEHGRAN FRABERTHEML RBET

23 HYRR&HENEEZ TR EE
) % B 2409 98 48 8 (W m”)

e THABE  325m 24.8 m 18.8 m 3.8m
A% 72 63.44 8.41 10.11 4.07
2% 92 78.84 10.53 11.85 5.84
*E 91 74.25 5.75 4.97 3.35
A% 90 60.31 2.85 1.38 3.06
T34 68.97 6.97 7.23 4.13
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AR E &2 T3R5 (°0)

a5 B (m) A% 2% *E A%
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
53 16.24 20.66 17.93 11.21
2.3 16.04 20.34 17.60 10.96
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(25 Mo REGEFHKARZmELEIL

R F) & 8 2 34 K 4 & (kPa)

oy % B (m) AF RE &S A% F34
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
53 1.75 2.30 1.87 1.18 1.78
2.3 1.79 2.35 1.92 1.22 1.82
40
35 | *F 5% K= 1%
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gzs -
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R 6 ARHRE B AT KA E 2w

) & 8 2 P 3K AE £ (kPa)

5 @ & (m) &% F s A% F3
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
233 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
53 0.12 0.14 0.21 0.17 0.16
23 0.06 0.05 0.11 0.11 0.08

36



O 1 1 1 1 1 J
0.00 0.05 0.10 0.15 0.20 0.25 0.30

KA R £ (kPa)

B 15 o R R & R UE £(KPa) 2w E 8L kP EAREME B L)

100 —————
\/ ’--”'-~\-~-\
% _‘-~—§--_-~_~~-\ ”’I
\\_a’,
S 60
1%
e
=
W 40t
—‘k-
20 r
0 1 1 1 1 1 1 1 J
00:00  03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
B i

B16 % (F4h) RAZ (E4) MER L ERER %10

37



oo B B ATHKSNOKTESG 2m & TS & RT SR
Fo AR BAR A 0 o E XK 0 RAME R 0 RAFAE 23 m RN W E A B S ek
AR o

WE 1S &T4e o LB THES 6 RERAE AR LR RS RB R ZBE
IR TSR L2 F g aEEAMER EFZ599% EATEAERS M
KR ARy NG R R A Bd e AR w R RS A 2.3 m R A BUh
t KRR £

FEH AABEREERIHARERL

MBS R EEBRRER > B ARG mbtd R L7 (31.0 m~34.0
m) ~ #1738 £ & (23.3 m~26.3 m) ~ #td & (17.3 m~20.3 m)E4k T a4 & £ 75 (2.3
m~5.3 m)EAT 33 o ARIE IR A ~ BRAZ 46 (2009) 48 3t 7% S8 R R 3b 1941 £~2005 F-89
REEM BAGEREZETNS5EI A EFHEREH T76.5%  tsb AHRE
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FloekTZ2%10 %8t BREN aNFRFAEIRS  EARBIMENORE
EIBEANRE LIEBE > AU ERRE LEQ T HEE > LERBTAR
B EAE s AR ER > AL RANFEARERD EAFRE LERE
R AW XE LEBE  RRIEOXE LIEFEAES  SULHLERAEAH
& > Bp £3E BB -

HEH(010)0 A T > B B Ib RSt B 0 I A M 0 2R
AR —HEME  BRE FRABETOAEA SN BHABRE AR
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®7 BBRLEF (HE310m~340m) £EFRIURIER

TR st R BAR TE B

&3 P 4 WE BE BE BE
(Wm?) (Wm? (Wm?) (Wm?)

BEEMA A9 R) 183 67.04 2.32 0.69 64.02

#%%(10 A~3 A) 182 59.10 -3.70 26.40 36.40

3 63.08 -0.68 13.51 50.25

(8 HELE (HE233m~263m) £RFRIUIER

TR FEs EEH B i

B RE BE BE BE BE
(Wm?)  (Wm?) (Wm?) (Wm?

BEEA A9 RA) 165 8.27 2.41 0.98 4.89

#%E(10 B~3 A) 180 3.94 -3.76 0.41 7.28

3 6.01 -0.81 0.68 6.14

29 BBTRE (HE173m~203m) £EFHREULLER

TR HEEsM BB BEHR EH

& ff A% @¥  @®%  @%  @%
Wm?) (Wm?) (Wm?) (Wm?)

BEA A9 R) 183 10.26 2.33 6.02 1.90

3.%2(10 A~3 A) 182 2.88 -3.67 2.71 3.84

F35 6.58 -0.66 4.37 2.87

10 HRTFTHEME LY (HE23m~53m) £2FRERILER

RE =
TH FEs BEB BB BHR
% A @¥  @g  @&¥g @@
Wm?) (Wm?) (Wm? (Wm?
BEMA4 A9 B) 183 4.89 2.36 -1.84 4.37
3,%(10 A~3 B) 182 3.29 -3.67 -4.31 11.26
I35 4.09 -0.65 -3.07 7.81
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11 #ER LT (HE310m~340m) EEN ML FRABEE I

e G/Rn(%) H/Rn(%)  LE/Rn(%)
BEMG A9 R) 3.5 1.0 95.5
#%(10 A~3 A) -6.3 44.7 61.6

F-35 -1.1 21.4 79.7

12 #EER (HE233m~263m) feEn 2 FRMAEEZA NI

= G/Rn(%) H/Rn(%)  LE/Rn(%)
BEG A~9 A) 29.1 11.8 59.1
#%%(10 A~3 B) -95.5 10.5 185.0

35 -13.5 11.4 102.1

13 BEFE (HE173m~203m) EEx S FRABI T NI

8 G/Rn(%) H/Rn(%)  LE/Rn(%)
BEMG4 A~9 R) 22.7 58.7 18.6
#%%(10 A~3 A) -127.6 94.3 133.3

35 -10.1 66.5 43.6

& 14 HKTHEMELET (HE23m~53m) fEEL EMLFRHABEETNLL

B G/Rn(%)  H/Rn(%)  LE/Rn(%)
BEG A9 R) 48.3 -37.7 89.5
#%(10 A~3 A) -111.4 -130.9 342.4

T4 -15.8 -75.1 190.9
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