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Abstract

The oxygen isotopes of CO, and H,O ('*0-CO, and '*0-H,0) provide unique
information regarding the contribution of terrestrial vegetation to the global CO, and H,O
cycles. Land surface models (LSMs) are powerful tools to combine the isotopic
fractionation processes of terrestrial ecosystem CO; and H,O with the water, heat and CO,
exchange in ecosystem. While the lack of high-resolution isotopic data measured under
field condition inhibited the development and validation of LSMs. With the collaboration
of biometeorology group of Yale University and University of Minnesota, TDL technique
was used to measure the ecosystem '"O-H,O and '®O-CO, exchange simultaneously in
2006 for the first time, which provided reliable high resolution data for the validation of
isotopic LSM and made it possible to validate the latest theories. In this paper, a simple
isotopic land surface model (SILSM) was developed to simulate processes controlling the
isotopic exchange of ¥0-H,0 and '®0-CO, between the land and the atmosphere. We
included the following in a standard LSM, a non-steady state theory of leaf water isotopic
composition, a canopy kinetic fractionation factor (considering the effect of aerodynamic
turbulence diffusion), and a big-leaf parameterization of the '*0-CO, isoforcing on the
atmosphere. The model was driven by plant factors; routine meteorological variables; and
oxygen isotope concentration of atmospheric CO, and H,0, '*0-H,O concentration of
xylem water and soil water. The output variables were the 0-H,0 concentration of bulk
leaf water and evapotranspiration, and '*0O-CO, isoforcing. SiLSM captured the temporal
dynamics of the isotopic composition of evapotranspiration in dew-free periods and that of
the bulk leaf water in midday hours. SiLSM prediction of the eddy '*0-CO, isoforcing was
biased high in comparison to the observations made with the eddy covariance method.
Model sensitivity analysis suggested that the CO, hydration efficiency must have been
much lower in the leaves of soybean in field conditions than previous thought; the energy
imbalance had a significant effect on model validation; the elevation of atmospheric CO,
concentration increased eddy '*0-CO, isoforcing but did not change '*0-CO, isoforcing;
the elevation of RH and 7, reduced the eddy isoforcing. Understanding the environmental
controls on the hydration efficiency and the scaling from the leaf to the canopy represents
an area in need of more research.

Key words: SiLSM model; '*0-H,O concentration; '*0-CO, isoforcing; Canopy Scale;
Soybean
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XA 5 R AR A RN LA N SRV B AH G

1.1.1 EMIERERBR

FR L, B = RRGE R (0. 0. o), Hid, Hy'*o M 12clgolﬁo(czlgoO)
FER AR S RGOk CO, EJ\FﬁtHﬁE}Fn*EﬁE%E’JaX AR SCK - E Y
B KR SR, LS RGN

HARKEER H,'*O & &1 E Br AL E bR R Vienna Standard Mean Ocean
Water, V-SMOW(Coplen %, 1996). V-SMOW [t '%0/'°0 FE/R L K-

Rysmow= 2.0052 x107 [Baertschi, 1976]

CO, F1 C"*00 & &1 H pr A A EFRHUE A Vienna PeeDee Belemnite(VPDB-CO,)
FriE, H 0/'°0 FEIREE N
Ryppe = 2.088349077 x 107 [Allison et al., 1995]

WH, H oMo RaRERMESE, PANT 2L (%)

Rsample
0= —————=1|x1000, %o (1.1)
s tan dard
/ﬂ\:l:':l Rsample %D Rstandard I DIJIE*‘:ﬁ HH %n*T{E EI/J 180/160 }*\ﬁ;ﬂ Hﬁ
(1) RMIZRATE 5 BN

a) &AL RE K R 284 03 T A
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i b A2 25 FR G KR IR K VAT 4 B, 45 2 s AR 2 R T A [ ) A= ) R A B 7
TER I 2RISR, B FA R U A R 28 R A R, I LB A TR I R 31 75
ERE TR R, XN HERR A V-5 RN (Equilibrium effect), 7] LU V-5 4318 22 2
Oeq KR, ]

aeq=R1/Ry (1.2)
b R Ry P ATV T R E R R 3R

HRGAE TN )7 PRI, PR RREL 0eq RN T H /K (H0) AT “H 7 K
(H,SO) R FI/KYE 2 b, E B e TR [Majoube, 19717,

MRIETTE, AR ., VE R P78 REL

1

&,y =(1=——)x1000 , 9, (1.3)

eq
b) CO, 5 WA 7K B AL 25147 43 P 25 .

JeE I, KA COL ¥ HIE A Fr s ¥R /K (1 CA L), TR S
ZRAR(Cs M ) B PR (Ca P R K A AR T o FE P R 173 4 Cs DA FI 52 (Ca
H2), RGN 2/3 AE5 R KR 2P JE T 1R R, COy KK R 2P 4 4 -

H,"0,, +CO,,, <> H" +[HCO," 0] ) <> H,0,, + CO™0,,, (1.4)
CO A SR 381185 53 1 ZREK o0z IR L 1T 224K
17604
Sen =~ 1793, %o (1.5)

A deegecor/dT=-0.20%0/°C, JITLA 25°C B}, &cqcor=41.11%0[ Brenninkmeier et al., 1983],
IKAITIE WA, A REXFKEVER . BRI 3 AN, B CARA 3 RO
(1)L R S A 27 I NS J (1) 2/3 [Meills and Urey, 19401 W F FACAE 4 o 28 i A7 7 Tl
RIS, A T ErEAER, CLERN L] LUBERI S8R WH A, 5 SN A1 )
IKEE CO BIRZAE, FTUMNBIHAIE 0'°0 2 /D, R Z- T4 CO, #4151
T 7K S8 R 2= LU AR ]

(2) EMIFRERIEN 1 53 1B

HARSAE T, &) )27 P Al A0 5 AN BE W6 A2, 481 A1 /K AN T SO T ) AV AN K<
BRI, FXHRE/NT 100%, EXFEM T, . Kl AR A8 S kS
T SE I, TN IR A i 2 A s = AR A R 43 o SR [N 25 b R (RN 22 4 HrS B B,
X PR BR8] 27 43 VAN, (Kinetic fractionation effect), FH 2l 1127 70 18 R 50 au R op -

ox=D/D' = g/g’ (1.6)
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W5 Cappa[2003 1% [FIAL 240 FF BURE MM, 28 F1 19 73 534 32 1 21,
Lee Z5E[20091MIMEITR, i HON e 280 J1 252 0 N WA ook, BrbAi7e b

R BER I T )2 BT 2838 2B 00 v, A AR

21" +32r)

" T % (1.8)
r,+r +r,
gW
o :1+ k 1.9
k 1000 (1)
S RNy o = a0, > 1,
il *O-CO, e 28 1152 R Kk Rm N,
5.87° +8.87°¢
gf =220 T8 g, (1.10)
r,+r +r,
B0-CO, (1) + 35N )1 H R R B RN,
8.87°
£, =—— | % (1.11)
’ ra+ra,c+rs

1.1.2 ¥0-H,0 %A 0-CO, By M 75 3L i R

T = AAEAR, WHLES Alfred Nier H13E S — G A 25 ELREAL, FFE K
FHF-15 R A7 2% EE I & [ Murphey and Nier, 1941; Nier, 1947]. BEJS 0 70 524, FOE A
frZ BRI R FFEL R, AT Z Btk R G R iRt T B2 T H [Hoefs,
2004].

(1) O-H,0 XM 3 fE

1961 4, A5 4 L (WMO)FIE Br 51 RN LM (TAEA) 7 ) 4 Bk A K R 7 %%
N Y 2% (GNIP) T 4132 17 (http://www-naweb.iaea.org/napc/ih/GNIP/IHS _ GNIP.html) .
Har A 101 NMEZEE 800 24504 GNIP AR KAEA, A5 K [RIf # th
(RVIFTA] S A R BE 2 () e A T AN AT a9 . GNIP W) R A A R BkTu [
WS R TR 2R & s B bR e s, A B PR R 2= I 2548 4k, ANIT, 7K St
FUPRHEIERI O RE . AR, KA GBI R AR SR SR B R o HEH 2
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—o RS AR ARG I RI(GCTE)AE A6 38 2 37 7 205 1 R4 22 00 0 ) &%
(BASIN). 2002 4, {ERCARMFIEG MBI, BOME8) T 5 —IEE — KRR
AR E U AR S FFAE B ST THRISIBAE) s A ERRli KR Gl 7T (GLASS) H 1)
3R S H A 75 BRI (PILPS) WK [F) 67 = 5T g A Ho b (iPILPS) o

H A AR KB R BERE A K R 25 23 20U k), AR YR EAR 2D L o 7K
VIR R 2R 250 B R KA BRI it — Lemt 7T A K GBS A I B 2245 5. 04, White
H1 Gedzelman [19841F1 He Z&[2001] AT 27 36 B AR JL ARV R AL 25 5 = 5 RS
W SEE YOG, IXRBIKIRIRN R &= 7 28R REE S L5 5 . Jacob M Sonntag
[1991]7E 45 [H Heidelberg A /K CH A2 & S BEAT MM, ALKV RIS T AHIEK
He 1 Smith[1999] WL I 134 F J2 AT B 1 K2 K E R A7 32 40 AR A AR K, HDO
AR A 200%0, Hy'O 24 30%0. Smith [1992]1H] KHLA X2 L2 (123 HURE, IF:
M R ZR L, BRIV /2 A KR 2 — o K2 ORI R 2R AT 5 R I TR 5
B, 1 HoRFEANIESZE. Jacob 1 Sonntag[1991 1% KV FIf L #EAT T 8 SE L U ik 4k
ORI, RIS [RDRG FEAAI, 24—48 /NIt

AL 48 1 K VRIS 28 M IIE AT R A AT P AN 20 3R, SRAEAN 23 A7 (1) el R S 2 bsf
W3, TVEISHESIM 55—, AR T WA /KT, X5 I B VR B [Gat et al., 2003;
Jacob and Sonntag, 1991; Riley et al., 2003; Wang and Yakir, 200015517 4 J& BRIV 4 )&
B, B KV IR S WL R [Moreira et al., 1997]. HUFEE: & 1S Fretl BN
TR BB R SR AR, SRAERCFRIM AL 60% [Yamanaka and Yonetani, 1999]F!1
100% [He and Smith, 199912 [f]. WS W ATAL, WA KV & LU KA
i, RO FA 2 A S N m e ke 56 0, Atk R &= Lt
K& — M HDO 0.5-1%0, Hy'®0 0.03- 0.1%o00 7K FIA 38 (R RLIIRS 5 E 52 21 43 W A %
PERERIREM, 52 BRAS IS FE I 520 .

FHMT P TR B0 GO o 27 AT K R 2 F9T . Kerstel Z5[19991K H
3pm DG X ) A OGS o AN TRABS KT AR S %, HIZ % = i &=
B ARAERE SR KR IR R B EAT AR, A BIRIA SR b e Sk, AT E T —A4
IR AT, PEBEH TR K & [Gianfrani et al., 2003; Kerstel et al., 2002].
Webster 1 Heymsfield [20031H] CHLI & T3 2 0 2 LR /KR EE BB Z (R & LA
Sppm), AT ISR 6.7 0m IR DX IR RSO 5 B, AR RIAL R HLI
ME . ®ATH IR R IE S HCR ] HITRAN 3528 2 5032 1100 e 4 sh 7 sh itk 80,
WL AN 52 E A 20%0 (HL'°O,  KATATAZIE).

Lee Z5[200510F 6 T /K VR 25hp € R 40, 5 Campbell Scientific T 1% M
JE(TDLYER ST XSS A, ki %0/ 0 [ R ELkAT 1 Scith . S8R
A HER I . 5 EIAWPR T BRI, X — R0 KA 35 B ACH 24 1)
Wi, [ RVEE T BT X —HRIIE R ()8 1 SEIBORE 5 U ) 05 v )
REI 8 22 s (QRAMAE MM, R T R e 30 F 2 vh /K VR RIS, 25 8 B = 5 v B
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BoE R

T3 LIRS FE (R AN IR, BT A D) iR 22, TDL ik ik 17X — i (3) 5
K R Z 5T SR FH OGO G 22 D7 AN, 1 R GEReIA 215 i ACAH T L 1)
RS o XS I 3 S0 5 5 V8 R KA I U (i T8 (Rt %, Lk FRATTRE A% AN [R5 22 1)
£ BE VIR I T R o ] TR) RO R AR R, e s IO S E R IR Z I,
g i R AR 26 7K v i i 0 2 4 B KR RIS 38 A 48t o [FIAR7 258 NF (] 77 471 R 00 s v g
7~ A KV A N 28 A TR O AR A o

20064, H [EFF2E B b BB 22 S BHIRAT ST 5 58 [ RS R 25 Rk 5 IR B 24 B fe e
Ffr ZWFCA A 1E, EE PR B —GKH, *0. HD'°O FIH, OB R &SR #r
{X(TGA100A, Campbell Scientific Inc., USA) KA FHIE T KKV 0/ OMD/HH
7 2% LB AN IE B SR W R 48, B 7 KA/KY O/ *OFID/H A7 2% Lo 2 A8
W JRALE S e 7 o ARG BRI A /N2 R B T K AR AR ZS R 8 W F0 %) G
LA A 5% 2R G AN R A7 28 AR AR, 78 AR RS T AR I 25 R 4k P0/'°0
MID/H R 28 EGARCRH A B2 1R JsU A7 3 S0 (R BRI 7, F A SR AR R 4ESPAC
IR B BTRE 4 I 5 I FE AT [Wen et al., 2008].

(2) BC-CO, 1 BO-CO, HI WM 13 R

02 2 A BB AN RS BB P O-COn A S LI T BB Y 7 R, 2 388 J5t PRl dol
Z AR N AR BT s eV AL AR — AR OR R R . 12, AR
WIERR BYE(REA) EC/AUM R 25 18 /-y ANIE /66 BE 1 [Bowling et al., 1999; Bowling
et al., 2001; Griffis et al., 2004; Yakir and Wang, 1996, 550 T VARG OL 6 5 S 248 F
JE PR o T T YRV R O T AT I AR DGTR(EC-TDL) A A5 B 400 "*0-CO, [FIAir
il & N 7] BE[Griffis et al., 2008].

a) eI RiL(REA)

REA 4% FH I = AR bR CO, AL 4 1155 A4 R 22 & & [Bowling et al., 1999]. iX
— L BB AR PR T EEH O R ETERTE DU, I BOE SG &, o5
[FIN 3R T 2e o ERIIrh, X —J5 kIS 17— 28, (R T/ 2R &MU
AR 73 A s 1R, ANIE A KD 24 T o5& ETHR R YT s s IR A L i
Z5, REA FEANHKRIIIEX (£0.80,). Baker[20001F5 HFE X (1) FH 38 i 7] LAY
/b REA T8 S AL TR 2 AR, SR R A 151507 R RT3 FE )l £ - REA
JIE R BRI A M, (RIS e B R B AT R A2 3R Rk ZEIX A 25 F R 52 i
REA WIEEHI R p BHE RO PLRRE . p RS Sl A e ok, BNBEA N
0.62 [Baker, 2000], {HSZEGHFTR A FIbR = ARFEF B B AEE AR [Baker,
2000; Katul et al., 1996].
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b) EC/AJM IR %1l =k

BC/AUMI R A, BIL A hsis Rt — Ik, e A& 6, 5 COo,
REWMIER, RIGH CO A MR, KAEH PCOo, fmi(El 10Hz)
A5k [Bowling et al., 1999; Bowling et al., 2001, "CO, fiti 84K 15 T B XGE P B (1 7
%, B4 BCO, B M HAE . BC/SMIRRYER - (DTSR A R 1) R LB
LN ERARF = B BRI, X RZTT BN EERRYE: (2)CO, 1’
£ LU IR0 I ) TR B A A e, JLAMET), 72 COL TR A LLINA FRAZATE TR Y, At i
IS EAMIE s (3)IREE (UM AT H(EC i) I ERANILES, AEARE Bt IE T,
KA BT N S [Griffis et al., 2007]; ()R E T HAN G, A& THHE €00
Il #[Ogee et al., 2004].

c) IR

T8 5 B6 VA Monin-Obukhov AHMEE 18 T84 I TR0 RAEWI K T CO, [FIAL 3
TSR ARM KV RN AL [ Griffis et al., 2004; Lee et al., 2007; Yakir and Wang, 1996] .
AT IWIURY], 5 TDL $ORMEE &, X —J5km] LURORSE i[RI A7 2% 30 B0 I ) i

(53, AHE AR R AR A RS ERRFEIR/NEE, SN AR AR R Bk -
iijéftiqj KEETTEATE) TARK G, AT NN /ANEEER R . 4h, X—T5ik
HEPNUEPINORAE %Aﬁﬁu)\m/@ﬂfﬂﬁﬂ, TR BEAR T, KR LA BE MRS 2 JRi
T HE AR, AL AT AN 3555 [Kaimal and Finnigan, 1994; Raupach, 1989].

d) P T GUE OGS AR A JSE(EC-TDL)

IR AT S PR A G ASE FRATT R FH I8 A I (BC) 7 10 R AR e [R) A7 35 A i 1) 7L
Griffis 5 [2008] 15 VK K FA % =m0 18— B 4 ﬁ%%&%%ﬁm%ﬁ&m%é
(EC-TDL), #& C'°0,. CO, F1 C™*0"0 2&[af il . %7 A 247
—, TR RS 2 2 ) Pl — KR8 2 Il b £ (1) A% 36, EC-TDL [0l 2 E i 5 — ﬁ
VI L RR B B BC/AUME L s B, wT LA IS, i [RDRS B bSO E s 3
5 HAB/NSAE T i REA T8 586 5 & 8 Monin-Obukhov AHAEEIR)FHEL, BT
i/l S, BC J7inl DU T 56 2 A i i AC ek RE I 5T, T B2 VA EIANT
S, BREEVEI AR A S R 2 AN DB RS m 2, iR R A
W LI T2 4 N, X T B AMAR R Ui LB, (HJE EC T R T2 —
B, X TR



A

BoE R

1.1.3 £ &% *0-H,0 #1 ®0-CO, T pyIB it iR
(1) k. FBEFMFKE °0-H,0 2 EitE
a) ZERIKIK PO-H0 &R

AR R IK IR [ AL 25 i, AT ASE A AN [R) A4 R385 B AN R ) B AR R 2= 45
F[Gat, 1996]. FELTHLIT, KITRIF 25 B2 T TBUKRZE K . T3 RIK NS
MKW o FRBUKTR 28 KK R 2385 B (0p) 2 LU BRI R &4
HARKVRIRIRL R B i PR RSN N BN ) o3 RN o V5 O IS — AN BRI
Craig 1 Gordon[19651H¢ H 1.

5, =la,,8, —hs, —&, —(1=h)&,)/[(1=h)+(1—h)z, /1000] (1.12)

HA R s Ev LA a 73 WIETRZERIKIT WAKERIREE 22, b W IAEE A SR T
FK T E PO AR RE o iR /KPP K 180 5 B EL 2 R KR 1R /b o 9/ (R P85 B
P KRR 25 & 5 AR EE TR 13 3 24 B o0 1 R

IRZ 5K Craig-Gordon F A Fiil + 3 /K 28 K 5k 56 25 B Wy & 8 U [Allison
and Barnes, 1983; Allison and Leaney, 1982; Barnes and Allison, 1988; Mathieu and
Bariac, 1996a; 1996b; Walker and Brunel, 1990; Zimmermann et al., 1967; Zimmermann
etal., 1966].

b) Z&MEKIK B0-H,0 Er&it i

R EP T Craig-Gordon LR, W57 [l A ) 25 B 160 [F) A7 28 41 1 (1)
[Dongmann et al., 1974; Farquhar and Cernusak, 2005; Flanagan et al., 1991]:
O Ja,—hd, —¢,, —(1-h)g,

O = (1-h)+(1—h)e, /1000 (1.13)

Horb e M geq 22BN ST AT 0 AR AR EL, BT 32 %00 EINHH IS RENE o F I e,
HE AT, 125, ARSI G, BB EE KR EN R S8
K ORI RN 2 & A . Farquhar R Cernusak[200518¢ H¥E 61 o KRN
R ARFRIK Sup (LI BREL, T O p AT LA I Bl b ot <3 e 7 A AT 2
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b R B 2 A7 18 S0 ] SILSM BFST "P0-H,0 Fil '80-CO, 284 (5L ) RN gk ik

c) Péclet R

KM Craig-Gordon B T FAEY)Z8 M I, Gl W B AR Ky A0 &
HLIRA7 255 =5 3 Afi[Farris and Strain, 1978; Forstel, 1978]. H1T- 28518 & AT
ERUK, TR KRR S AN IR A TR IRES B SLe =050 BT,
PSR R 25 K S AR AR RA AR RN B 5 &, B or = 6 H 6 AU B
HHIP) O, AT LU 0L e =01

O, 0, +&,+5+hd,—¢& -0,) (1.14)

Horp b a2 ARG S T R T RE RN MR o IS 5 v 208 /1000 T

KB 22 I TR B, Craig-Gordon B2 - Fy 7K [R) A7 25 =F B i PR i v, AN
&GV IL A W) /3 Aii [Bariac et al., 1994; Gan et al., 2002; Helliker and Ehleringer, 2000;
Wang and Yakir, 1995]. XFEZIEH TR RN EEREN . B%, FuElEEM,
Craig-Gordon AT FHUIN (1) 28 KA i K IR RIS, AL Ous 5 oup AFHEE,  JRIAE:
H P KB T, 28 AR S5 Kb Hy'®0 7807 A, AT S 80 sp A £ [F) 47
REREE, I Péclet RN . IR, Z&MEHAMKN, Péclet AMARTEE . Hik, HBAAL
Br(H A HE R R), BT HEEAAE S, SR K o AR KIRZE.

M, 5 Craig-Gordon 528! AH IC (1) — L8 57K 43 [F) A7 25 153 R 48 It ok .
Two-pool BEALEE I 7K i id ok ‘& L i 28 B /KR & SE I 4EE K M 256 [Leaney et al.,
1985]. Péclet 1842 [E~F-F AN HOVE FH AR M, vH S KR “foil” A2
t.[Farquhar and Lloyd, 1993]. String-of-lakes #74 5E-T-H- Fr /K AE 28 R 4% gk i =
£, TR AN I R B2 W A W AR [Gat and Bowser, 1991; Helliker and
Ehleringer, 2000; , 2002b; 2002a].

M TN, 78K 5 PO-H0 [FIf EZ B 0T, H0™ 4 X LEE78 & 9 i
2. TR R AR 268 BRI FAARUK IR 60 ELEE& /.
Farquhar F1 Lloyd[19931UA X Farquhar F1 Gan [200313\ 4 H FAKFUK Sy, 55 o . Z [8][F)
KEN:

B 5“,(1—6_13)

5y =

(1.15)

Ho p R 2421 Péclet $, & XN EL/ICD, E JZEMEHZE (mol m™s™), L Ei&H
PR Em), C JE/KI BRI EE(55.5%10° mol m™), D /K H,'*'0 HI¥ Bk
(2.66x10° m* s™),

W M T, Hy'0 A FAEM A I L, R R BRI K S S K
RA, IBYUE TX IR AL . Farquhar 2£[2007](%3E ) Péclet W #E41E T



A

BoE R

UEPE S HF o A LAt —2emE 5T, TN Péclet UM f5, ARHLITT oy 5 SEMIME W) A L
53| 3t [Barbour et al., 2004; Cernusak et al., 2005; Cernusak et al., 2002] .

d) RvE/ARRUEIRES

FEARBCE K O ps THAE , RMWEITEANTIZET RN, R APSAT N ARSI B 5 A
REMH AL o ITLL, AT AR RN HEAT T — LB AR IS FE [Dongmann et al., 1974;
Farquhar and Cernusak, 2005; Harwood et al., 1998; Lee et al., 2007]. Farquhar
Cernusak{200514 & T Dongmann SE[1974)//WFLTY, 518 T Péclet AN, RIS T
- F & KR AR Yakir, 1998], AFFEASBEE A R0
aa,, .1—€_P _ dWw-5,,)

o,, =0,, — 1.16
L.b L.,bs ng- P df ( )
a7 s
aa, 40 OLe) (1.17)
5L,e = 5L,es - ’
&W; dt

o O A SR I R ABUK RN, 1S Ovps AR, WM A F /KR (mol m™),
Oteq & XK (14(eq(%0)/1000)),  au 4 (1+(ex(%0)/1000)), ¢ "I E(s), g KR ILE
JERUL R Z I FEZ R (mol m™ s, wy 2 F B 1) 4% B 7K 16 B8 2K 43 8 (mol
mol ™) Oy AT Oy oo R AR 24 AU 2% F BE H S (LR R A Mo

(2) Bo.co, BEitE
a) CO, 55K i 22 P

TEIEEE COr KRN 2 P AR BER IR N Begs Bog 71 0 B 1 Z[MHUE, Gq=1 %
INGEAVAT, B COy S/KHEATFE 20 (1 10 20 s I G 40w S 36 A7 A Tk PR T Il
19 T EMHELVE, COy RK2Z 1) "0 A e JLFf LABE ) 58 . SBH N K, S 5K
AR KESE COy IR Z A%, LIRS 6'°0 2%/, AL E T CO,
WA AGHAT R M R A e, 4Al R MR (R —SURF5T R T C"®00 A2k
ATRESE N Y, BrJE Co . Bltn, Gillon M Yakir[2001; 2000b] &3k, K#7r
RO IR T B (CAVIEAUAE RIS, TCiER B 5E A 0 R A7 25 . AN DG A I xS
C"®00 HI M 225 a] LS B RATIX 4 C3 AT Cy KPR 42 ER CO, IHFR I BTHRFN S0, TS
D Beq WIRNEEMIRTI 80-CO00 Bug MIBUAE AN A 2 8] (R PR T e (1)
BEANI I COp i, (2)COr 5 HoO JATA I 2 A AT B 1K CA Wi, 1X— Pl
YER MR COL 7EM i WIS BE I I], AITTRE M RES CO, 43 5 5 K6 IR N IR IR B



[ B2 Bt 2218 S ] SILSM F5T 180-H,0 Fil 'B0-CO, A2 8 42 sl WL AN AU I

[Gillon and Yakir, 2000a]i@ 1t I & CA #51, 3% K5E 648N 0.75-1.0.

Gillon F1 Yakir[2001 0 AS[] ft R0 B CA VEPEREAT T, KL Co/EWIH CA &
AR, g [HI 0.38, 1 Helliker[2001 Xt Cy 5 Andropogon gerardii
R, A5 H R AP R ) Qg fEAE 0.6 F1 0.7 X8 F34b, Helliker i1
Ehleringer[200014% 5 T I Fy 7K [ 47 28 & S 45 i B K BE T I AR A AR, SX 4S99 237 07
WA CP OO0 AZ #2845 5 N4 2% « Cousins Z5£[2006; 200875 I FH BF &1 A= K- 4 42T Wil
[t C"*00 HIHIMIHES Ocg, LEMIFT CA VEVE T SALAR, 1M1 ELBEE S S 3 7 A ARk,
AT R IR A1 251, B9 2E 8 Flaveria bidentis TEARKEST44F F (PAR = 150 pmol m™ s™)
Ocg fE 1 1.06, RS 447 T (PAR =2000 umol m™ s™) G, {4 0.45. flfiTIA ki i CA
W PEARBEAR B (T Cy HEHI 1Y §'°0-CO fH

b) HIEREIL ) *O-CO, M it

Francey M Tans[1987]1VA . Friedli %5[1987] & X7/~ T Ftidb iz CO, X115
00-CO, MM, b T 4 HIEREIR 1) 6'°0-CO,, Hesterbug 1 Siegenthaler[1991]
TPk THEA, T8 CO, 5 H8UKIIKEREE LS T8RN RN R T R . AdAT]
[Fi B 8 B ORI 48 AN L R ) 5 4 v 2 3P CO, 1) 0"°0 {8 o Tans[ 1998144 12458
BB, A TIEAEY) N7 WEKEW, JF38] T AFEAE AT 1%
0"%0-CO, M [H COL R IMRNTHE . Miller Z[19991%] CO, M- Mg MUt %5 5h 1 2%
SMRERBOHAT T RIVVEARIIN, 487 T I s h AR R . Stern AF
[200118H] Tans[1998] IR, XS AR A RGN 13 5 KA H I HEAEY CO, AL
P AT 1A

) & tEH B0-Co, il 4

Farquhar “5[1993]1LL X Farquhar R Lloyd[1993]17F & T i-E6&7EH €00 A8 #
AR o 15 IRPIE AL, FEm SRR, CO, HKBEAT "0 [N 225 H . Farquhar
SE[19931IA K, X BeAE ik Rt 2F H ALY CO 3l 1 LS ZRAA B IR I I (C A )X 7K
B IR R, R C1P00 Ac#sz LL FIR Z#ihil: CO, 43 ik NI (¥
i, SM KR R A, DL (B, BT i 1 E sot &R
[ 52, (R "0 (R ER), FAMT —SeRl 500 B R DL e AT A e
it CO, i & 60 I 34T T KI5 [Flanagan et al., 1994; Gillon and Yakir, 2000a;
Gillon and Yakir, 2000b; Williams et al., 1996, Yakir et al., 1994].

(3) *O-CO, B =AY

FERT COy (1685 (%) (MR RE I AR e, [l AR 2 R GERA 24 o A7 £ 24y
Wl WRE ARSI AR IR LTRSS N AF AR 6, {ELRE

10



A

B i

FERER /N Ciais et al., 1997b; Farquhar et al., 1993; Francey and Tans, 1987; Peylin et al.,
19991 AR UL b, ALK F TR BRL IR 0 et S P Ay B0 S0 30 e PR AEDOS e R L o 1
WA AT R E IR BB LK R 2% N 3 3534 /T 150 Pg C yr! %o, 1
S Ve AN+ SRR F 20k 1000 Pg C yr' %o [Farquhar et al., 1993; Tans, 1980].
Francey M Tans[1987]18 ik X4 BRE S 43081 f5 I, - [l il 1255 H S8R0 7K (1) 4
BAEN], SBFFALEERZ NN 6 AFEBRBEEE . [N, Friedli 85[1987145 5 1 BT
RIS RARAL 52 21 [l bl 2 (1K) 9 20 o ol IR RS 2RE m) DK R0 CO, FIZK VR
[FIRL A1) 0 I 233k S Rl A PTG Sh K RS K [ Ciais et al., 1997b; Cuntz et al.,
2003a; Hoffmann et al., 2004; McDowell et al., 2008; Riley et al., 2002].

a) BFRRE 0-CO, il i

FEAER KR CO, 1 60 ML, Ciais 25[1997b; 1997a] ] i i i A A5 714 (SiB2)
B R RIS BAY(TM2), T T BRI 13 P0-Co, MR IH R . ek
) P0-COy AT My LASIRBHHEIBUR A= 40 R IR R A B AE o AT TIA A KB S,
CO;, 1) 6"°0 ZEHT 2RI 5 3 D8 12 [k M6 & R AR P, TV E R 2835 3h S i AR
N TEL, BRI RE NS KR 60 MILEERRIE, XA BIRIE T Francey
Tans[1987] /% Farquhar Z6[19931014518 A HAHRIIAINA G, Peylin S5[199910 5 T
BT X6 0"80-C O, i 1) 16 FEAR AR R 500 . A A TIA Ky, B2 X KK 0'°0-CO,
()27 AR A A il s AR PR AR () RS, T A R 2R bR PR e A o0t b Bk b
ER 0"°0-CO, VAL T AR, RIS HLA - 3R Fr K "0 BARIE. Cuntz
25120032; 2003b] B RKEL THHH KR 60'°0-CO, ARR =448 iR, Bl CO,.
0'%0-H,0 1 6"0-CO, (1) H A b A 4y o

b) EAFRL F0-CO, il E 5

— R ARG R WIS C4IRE, H H,0 A CO, 1 PO MIEAE, HB) T3
A IREE 5 KA COL 11 650 MEINRI 2R, K Ll K1F CO, il 5 Rl X 43
F[Dawson et al., 2002; Yakir and Sternberg, 2000]. Yakir 1 Wang[1996]F H Yt A 1F
N BRI () [ 47 32 25 5%, fE—2/EWmeh, 0 R PC 1AL IR AR 4 CO, il
T IR 5343 B . Flanagan 1 Varney[199514E KA 7L 2 9 PIAN e 2 I 77K
AT CO, 1 O &8, IRABIANT C*00 & HARL R FUIN 45 5 5 56 2 A (i —
Ho BT 2R AOK PO IR, Flanagan 25199715047 T A R 7E F
AT ot AR 2 116 6'°0-CO, MR AR (550, o §'°0-CO, AR 556 A1
C"*00 BEMZE I, et M C*00 WL FIHIMLL, KRN jE &6
JEZ A EAE R, L IERPIR R ) CO, RIf 3 A AR T HASEAE . FEFHY ARk £
Harwood “5[19981#)i# T M F REE | CO, EM 60 MR, IHobr T H5KAES

11



[ B2 Bt 2218 S ] SILSM F5T 180-H,0 Fil 'B0-CO, A2 8 42 sl WL AN AU I

BRI FL S EZ K R« Harwood “5[1999]4F UK #xbkuti s K T Keeling #h2k
SNT, RS TR KA S I §'°0-CO, 5E R, RIELAES RGUKMA MRS B
PERTBERE R T CO, R 0"°0 (A8 4K . Wang T Yakir [2000]/H Keeling B4R GK
& 0 IR, THE T AR A R G HGE R I TR

Riley “%[2003; 20021537 T [ A7 Z A A ISOLSM)RLL 56t J2 K35 /KR 38K
(1) B0 &, WA EER CP00 &, CO, 53 ARm A KBTI [RIA AT e,
+3 CO, M1 CPO0 ¥, MUIMAEZRL S KA Hy'®0 A1 C'®00 &S, 45
SR ISR P s KBS YRR R 6"°0-H0. 0"°0-CO, XA RS CO, il
W [RIAL 2  r AAR K%

McDowell Z5[2008]FH 7] 1 B O IE X (Campbell Scientific’s TGA100)%)
WA ER RGN CO, MIIRIAL 28 F s AT TOESE A MM, SR 50 = AN AT
TiPHr: B Canlsotope (canopy-isotope)fiftl 5'°Cr, SIM (simple isotope model) 4
8" 0Or, 1 ISOLSM (isotope land surface model) Fifil 9'°Cr 1 6'%0g. 455 BoRM A
REGHKA P0-H0 F1 '50-CO, (RS HARLIUAR 55 52, (H AR R 5 1 ol 13 3 8 B
HEATIRAIE .

SR N 2 R R RN, 6'%0-COy 2 5 BB G A UK R 7~ 77 (HIE,
CO, 5 HHEARIMI/K AT PO W BRI 2%, W28 bk, AR T fEb
FRMAREPCAREA K, C A Cyetrigte, M IHBEREU(LAL). B0, Cs &1
JRLIA] COL #R BE (Gl & L Cy I F 18 o COL 3B I F 3 F1 2 RS FL IR 3000 1 22 Bk
T G Tl e xR RS CO, MEM MR TR, 75, G CAEIRAESR
St Re W) B4 1 RS WA AN [F] [ Baldocchi, 1994]

1.2 ARz

[t T o FE AR TR (LSMs) e A R 45 5 Bl b AL 25 R 48 COa Ml HLO AT 4511 R 32 901
R . Cuntz Z5[2003a; 2003b]F1 Hoffmann 2:[2004]14 LSMs 48l 45k K B I '80-H,0
A1 0-CO 32 o Farquhar (19931 S 4 A T UM VA T 458k '°0-CO, 2143 KA
GRS RN, o Tt b3 R K PO-COy SR AW, AN AR
YIBAT AN S0« Gillon and Yakir [2001]/ SiB2 BEAL 4L T CO, 5 H K ) 10 P-4
FERE, AN ARERCFME S 0.8, TIANFEFEEA Cs &5 Cq R4 HIBR B A BEE PEAT TR K
ZE 5. Riley %5[2003; 2002] JF & T A Z BRI RE SR PO-H0 I
B0-CO, A2, fHIE i T-HeZ BEANEAE T R R (M [ A % g, '°0-CO, i R (1)
LSMs ({5 11E 52 8| BRI [McDowell et al., 2008]. 15 5% [ AT ety — L BRGAE 7ot J2 R
FE BTG B EE Canmt oK [, 2 3 A ARRR AN . I CO, ZKA 2 R B Al
i )2 RBERN )22 i B RS, T BEAG T R 22 A2 3 AL (1 BRI 5T

WAk, RIS AR OG(TDL) B = BRI R, Josed s 1 3AT TR e It

12



A

BoE R

2RI R AT 255 BRE AR 1 BE S [Bowling et al., 2003a; Griffis et al., 2004;
Griffis et al., 2008; Lee et al., 2007; Lee et al., 2005]. HBE K224 W) 5 24093 240 AN A
S TIE R AR B AT A 1E, T 2006 4515 RN TDL HiAR M AESZ RGN )T E
*0-H,0 Fil "*0-CO, 5 AU S HEAT 1 [ LM, I HEAT T 5 AR,
AAEAKL P COy TR, R T, AEFRGKE PO-H0 SRS, it
SRS UE H BT EAS RSN AT BE[Griffis et al., 2008; Lee et al., 2009; Welp et al.,
2008].

1.3 i B, QIFFSFAR
1.3.1 HAR B

ARSI H bw A gl ST — ] PR R A7 28 Bl [ B AR (SILSM), - 4 & s il [ A7 22
AT 1) 43 R R ) B A B 4 TR AN B8 AN o FH 28 35 B[R] A 28 DRI 1R g B ) o0 R
WA, XTFRIA7 2 LSM AT IRB ARG 56, IX @A ST 28 — AR o X S8 27
P ARG I FRAF 6, 39 P58 AR SR B 7 v i 1*0-CO, At 1*0-H,0 [Flfr %%
M. EBRGUKEN P0-H0 S &, K5 CO, (1 *0/'°0 Ll K /NS K T [Griffis
et al., 2005b; Griffis et al., 2008; Lee et al., 2005; Welp et al., 2008].

SiLSM X Farquhar F1 Cernusak [2005]11) 2 AL AEFR S S 4F i A /K i
B0-H,0 (5, ). HT 0, K TS AEBRL KT P0-CO, Ml LR 1,
Jr UL O, IREUE R4 28 LSMs [1—N KBB4 [Farquhar et al., 1993]. i 50HE A7
P25 CO, 1l &) UG A VE R AE H /N4 53 [Ogee et al., 2004; Yakir and Wang,
1996]. HIFED) i B 2H S A% [Cullen et al., 2008; Epstein and Yapp, 1977; Gray and P,
1976; Libby et al., 1976; Roden et al., 2000]. LA ) fti%E Dole % N.[Bender et al., 1994;
Hoffinann et al., 200414, 56, , LAHISEHIE)E P0-CO, B2 Bt .
Dongmann et al. [19741 XK H Craig and Gordon [19651 K KA RIIE T AERASS
PN B Rk AN 2 5y« Farquhar and Cernusak [2005]1H1F57 % R T AERRAS RN
[Wang and Yakir, 19951H1 Péclet M= 1K) 'S0 WA TR & 17 75 & 5 1 gk = 4
[Farquhar and Lloyd, 1993] ¥ b 2 28 1 [F) A0 2% 25 5 1K) S U [ Welp et al., 20081
FrARFR K 8 1) 58 23 HE 0 & [ Farquhar and Cernusak, 2005188 7~ B B 48544 F % re Ak
FaSRN AN Péclet M [ VE . Farquhar and Cernusak [2005]28 20K U6 1 & 2 M-
FOREE, EHEBATEX &Sy 2z RE.

) 125550 VA E R AR 38 RS KA R RIS 3 AT (1) g — AN B R 1« A
F RBEREFT, 325 0 4 Rl & SAL B ) Rt 3 542 B R e 3l 0 27 R B i
i [Dongmann et al., 1974; Farquhar and Lloyd, 1993; Flanagan et al., 1991]. T£E )=
JOBEE b, iy /e sl ) 52 2 e o B4 FH R RS 2 A, A 48— Ak 2

13



H[E R e 28 0 ] SILSM AFST "P0-H,0 Fil '0-CO, A8 #e i FsHIH L AU P

J7V5[Ciais et al., 1997b; Cuntz et al., 2003a; Dongmann et al., 1974; Farquhar et al., 1993;
Hoffinann et al., 2004; Riley et al., 2002]. F XHEAT AL ZE 5 EALRM &, #A TA1E
0-CO, [AIf Z YR BN Iy Rt 7K PO A B8 2% fe s A U BV [ Lee et al.,
2009]. ASCHT, SILSM 45 T Lee S5[20091FF & 17 /2 RUBE 43 1 8 BORI i [i] 497 32 9K
VAR 5 G TE

ARSI o5 —AWEGE H AR R AT U o0 A, BRA TR A2 38 LSM S8k ik 7%=
VLRI R, DL S sl [ A7 25l s 0 R~ RR,  FRAT PR ST CA R = [l i
(1) B 1 P10 P A 0 RS R 0 I i v, 0 R A DN 25 ks R i g -1 P
s gt (2)et)2 P0-COy Attt A A CO K A FEE I RUENE; (3) COLIKIE. X
TAUFI 2 ] 5% i AF 28 R G0 R R 3R B 2 R ok

1.3.2 tARbIF =

AT A A B, ARSI K PO-H0 SR A
A(Farquhar & Cernusak. 2005) H 21568 2 RE ST, H-5 R4 2% LSM B iR,
BTN BTG 56—, 78 LSM HeRH 2 RES) 120 MR E T BA
TR HUOYE, Lee et al. 2009); #5=, XM '®0-H,0 F1 "*0-CO, & & il & 1) —
B B HER PN B s, 6 R4 25 LSM 3EAT 5641 .

133 BXHAE

AL T E A AR SR R . S A R (S5 L PSR S B4k
Jiidio B DUFERABIA N AR S WA . 5 TR AR EE AL S KERRT CO, il
LK 60, ZEEK 60 Al PO-CO, R 2B R . 5N T N BURTE ST,
SFTRE R A A PE . ARSI . CO KA . &MY H. COy ik T 2%
%t 1*0-CO, [F 7 2l B T I . 55 - NI IEAIEE 8Ty, ISt 1 SiLSM
RS2 Bk 2 A ARSCHTR F I R 200000 7772 o

14



9 R AN Tk

E-F TGk SN A
2.1 iR IE ks

IXZGTE University of Minnesota Rosemount Research and Outreach Center(:]b4H
44°42'51.5", P4 93°0523.4", Kk 259 m)BEAT, A7 T-SEE W JE Jrik M St. Paul 17 PA
2 25 kmo SHPULEH], XECEOK)TMRRE R, Ja kg 78 G, 75 0.5-1.8m B
ok BE L, BUR 20 m &R 1k s AP, /N B RS DT )RR X
%17 200m LA Eo B 120 ZAEFTHFLR, AN X R A& AT A E . e
M2 W, IXHE PRI (Cy AT Cy i) (Marschner1974), 41725 &7 (Andropogon
gerardii Vitman) 1 E[] &£ % (Sorghstrum nutans) . A2 #5 % Kl ic 4% (Minnesota State
Agricultural Census Data, Dakota County Historical Society), H 1879 4F, iX B 4hFiAd
INFE(C3 Ve IRTE) . 1998—2001 4, P £ K (Zea mays L., Cy N Fig (%), 2002 45
T K 5.(Glycine max, C3 6 & 1&AE), 2003 M £oK, MIEIT K G/FKEAE. BB
KBRS GG, ERFRTRAE, JoRERE . X HIEA PSR B [RIA7 3= 0 A W,
HUIET A 0.45m ¥R I HIEA ARG, R FEALZER 5 50 -18%0 [Griffis et al., 2005a].

E 21 Rp Kk EABE SN A
Figure 2.1 Air photo of the research study site and surrounding heterogeneous landscape
AR IRI H, Hoh S0 s ANV AL B, FE S IR 200m. AT BAR G, 73 #5200 1,
I W JE 73 19 AR R B A LA B B 4 (FSA) 2003 —2004D0Qs [ 584 A FE 4 TIFF 1T $E5% 14 . The field site

is outlined using a thick dashed white line with the solid circle designating the position of the micrometeorological

tower. The tower is located approximately 200m from the edge of the field. The air photo is 1 —m resolution,
natural color imagery derived from the original uncompressed TIFF quarter-quad orthophoto, Farm Services

Administration (FSA) 2003-2004 DOQS, Minnesota Deparment of Natural Resource
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P R RS2 B 22 A7 1 S0 B SILSM ST B0-H,0 Fl 'B0-CO, 28 # 1453 AL il Fn Ak itk

TR 1 R B SO I 2.1 AN RS, il nUIAAT,  BUAR ] B S
B A%, PR30 S AR Bl e PR A 7 TR, e AN ERARRI T

AR RS T 2006 F K GAKEEER, 5 H 24 H(H DOY 144)%6#, 10
J1 10 H(DOY 283)¥s3k. 8 H 3 H(DOY 215)H I FATE% LAI i5 35 KAl 8.15, JL
62 A 0.93m (R K 1.05m). 2006 FEAE KZ SR UL T R BT /R [Welp et al.,
2008]:

* 2.1 AFHSERKR
Table 2.1 Monthly climate condition

Apr AR BK H0EAW RH O RHEHEEVWC) 2

°C mm  (mmolmol’) (%) S5cm 10cm 25cm (% of night)

SH 157 472 (58) 025 032 038  N/A(84)
6H 206 486 15.5 64 021 027 035 60(80)
7H 243 647 21.0 67 021 026 032 81(77)
8H 207 1456 19.7 80 023 028 035 84(81)
9H 144 733 13.7 78 026 031 035 54(65)

2.2 E L Z= XM

2006 FREAEKFEN, H A0l H|IE ZEBOG(TDL) 2 i (5 TGA100,
Campbell Scientific, Inc., Logan, Utah)[F] 201217, & CO, F/KAH R =& &= . H
AN M TR AN 2 KPR A 25 B (0y), B R i 5 2%
Bt 80/M°0 R Z L[ Welp et al., 2008]. 55 —A TDL 4} T4t S8 7 FH i B B A X,
1556 2 A = B K CO, 1 0/M%0 i Be/ e i E . 2006 4E 6 ] 18
H# 9 H 20 H, 3T 5 =/ TDL /#14¢ KH 1 50 A SC(EC-TDL ) =l
BT ZEWS , HENE C'®0'0 [ ZIKSN ) [Griffis et al., 2008]. TDL 43 HiiX
W e R AL %, RIS KU AR BB, b U B R E5cds Sz B, i AU ok
90—270 J& FIEE A B IF RIR X » KA IKVTRT CO, 1 *0/'°0 Es T4 SILSM (1K
HRF, 1M P0-COy A UK SR Sk (M INE 24 FH R PPN B MERE . PRAT W
DR TS AN )72 DL 5% 2

BAVR T KIRDANGE BRI AT 2 SR B o 08 . 1b 38 o B8 )5
BN KT A Ny 37%, B A SBIE BEa Bk 6 A 30%, 7
J145%, 8 J142%, 9 J132%. T RAEE WA, BOt EC RSN EN CO, il
B LT 6 2 AT 6 RS A S oKy EC-TDL 1) "80-C O, i B 3 7 10%.

AN, BRI IR SR T S KRR A S R G KR (S LK 25K R
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9 R AN Tk

FAO)I PO-H0 F Ve AR T I B Sk A Ak %0 8, fERIE
FRAEN B, ZBRHOMIK, RERNERD 4 ¥k ERGE R B 4 R, w2 R
9 F/hmbo [EINE,  AE O ZER R 10em PRAL T35, RERIEKISCAE TR K, 58 SHECHE
K AT 127 HEN30 HOME MM B, B 3 AN R — kit FAedh, B 6 /N
KARZENT A 30 5 F1 10cm PR)FES, BERKRAE —IK 20em K 58, HEA)H0 354
an B B A R, AR K2, HEASE RGIRBUK, FH GasBenchll
H 8K AE 25 F1 Delta Plus XL [/ % L i 1% {3 (Thermo Finnigan, Bremen, Germany )l &
SEHUH AP K I 17K K 0"°0 S R CREE=0.2%), XIS T AR IR EE CO, Pl
7k

2.3 BEF/ NS

b B PR /AN = 10 K, gi5 o G21, AT ARES D, & m XIRIX A
200m Zifi. ¥ LA =4 i XU TH(CSAT 3, Campbell Scientific Inc., Logan, UT)A!!
T AL AN AR5 B (L17500, LiCor, Lincoln, NE), 45 76 2 1 AR A 1 45 HAT
FH I S e Fn Hh B4R S K (Eppley Laboratories, Newport, RI)43 71 I £ A FH % 5 R 3
WA, ARE TR RS . NP BB X, CARRAI G, BR FBE K R . 7E 10em ¥
Wb 2 255 — 21 $Gl 4% (Hukseflux, the Netherlands and REBS, Seattle, WAl & 1 3 i
i, RS By g hORCE L 2 AR, TR R I HGE TTER . A B R S H(TDR
100, Campbell Scientific, Logan, UT)Mll & 382 . 554k, 2006 FF NG AKTE, 11%
PKEMEREA 5. 10 F 25cm. B T3 AR ST R -1 500 4544 30s 5% 60s,
SRJGTESEE 30 2381 W FEAH AR FIAZ 4 10HZ, 1dF 30 0Bt 7 2.
] 5 A 1) ) o T 4% QAR A T AR A T e v - FHRRHE SR8 CO, BUEVERT, H &
RACEE HaO [ HUETE ], v SRR B A A A 8 AR A i

KK G, SeAT ZYEARbRTE S, PR 2 X SRR KV B R
I Pl 5. [ ] Webb 45:(1980) )35 BEAL 1E A Schotanus 45:(1983) A i &
SRABACRAETT RE o A5 CENT ] [ra) V25175 DL (1R R Pl S I B A AT R AE A L 5 %
PR SE PSR AR TTREEAT T 3. AR, MGGl . Wi, 3 XS 4
T A B B~ 381 B g 2 3 BERR IE IR Fo

ZINA T8 S B AN T 3 G b AT R bt 2R B ] BRI o Tt O B 1) 1) 8 L R A ) i
Yo 5L AR MR AR GEdr Bl R VENL SRS g DA S, i T8 ok, IR%
Sy R I, T8 R A B A, SO B A AN R R DR () s B A (Falge et
al., 2001). FIEEHHRMALI B 21 2, BORTRIEEPERREAIBREY fi T, X AeH A2
B R B R . ANSCHESTIN BN, 1S B ORE . WRRE. HERIR R R
U RE AN RO A R R 90%, IR RE A A A 88%, il £icdls I AH AR5
HHALIES G19 1) HHi EAD
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Baker F1 Griffis[2005] 5 I s 5 £ 0 0 LRI AR 99 A B /K Bkt 45 (4 iR 5k
FEVR)N o FTLL, K PEBLRGE w*/N T 0.1m s BRI B R 98% MRIHH 4 3 531l 4t
Forp () g /N2 FHE L AR e 2 Al B S /N Barr 5%, 2002). ASCH BT
G R JEHGE TR FOUWIIME A S 93%. SR E AR b AT R e kb
A SRS Fyo FIAEEL 06 & 7E B E SN G PAR ST H A KER
Michaelis-Menten Z2%0, 115 E L0 2 25 K. R)a, HZREUG L RPN Fy
Al YT AOIEECERAERD IO, KA Sem 383 5 1 22 0K A ] Y3 R TR
IR .
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B B AA

=B ik

il

F=E
3.1 {RBIZEHY

SILSM AR |y = AN FE 4l e: (1) KM LSM T #i%4[Ronda et al., 2001];
(2)"*0-H,0 F#i%RL: Farquhar A1 Cernusak{200517F & I AEE 2 RS T 1M H /K ®0-H,0
SEIE AR (3) P0-Co, FHIR: KA 'P0-CO, [N ZIRS) J) K S5k 5 K[ Lee
et al.,2009], SiLSM R (0K /NN SRS R A AR 1 Bl 1 RS
BB RGUKA HO 1 CO, 11 0 Al it AR B H R AR BUKRIZE S K "P0-H,0
() oMts,, M, UULKEBRGS) N 0-CO, [FHr W3 J)(Isoforcing) w'd'

LSM model

Resistances

By O Isoforcing

3.1 HREIGHE
Figure 3.1 Model structure

BT HIOCR WA 3.1 Fros: LSM T8 DU RO 1#) <, 5 DA R 4 DX Dk i
AN &, TFE AN PR i — e ) AR 5, RIZKHGFN CO, &, o2 E
BT S oy A A% s PO-H0 TREBLI I 28R A PO-H0 Ei S, 1EH
B0-CO, THIM MR, 1 0-COo, TR SILSM &4 A&, Al
B0-CO, [FIT Z YRS F7 . R (i A F0 i AR B AR L% 3.1,
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* 31 WAL EHA

Table 3.1 Description of input variables

L TPNGS X LiEXiv LSM  "0-H,0 '0-CO,
TR RN TR
iy TAL ”fﬁ?‘i{i?‘é%( - v
- h ji 2 1 m v
Lwc MhTKE gm? v v
T, BEEM LR K v
T, Sem-|- 3R C v
i RH  SH%EIE A RARHE % v v
= @ Scm JRAL 13 VWC v
% Rs NSRS e e W m? v
R. NS AR I i S 0 e W m? v
I C, S 5 [E 2 AL COL BE IR UK umol m” v v
Uy, S EE EGE ms’" v
u* PR S ms’! v
0, S EE LR PO-H0 M0 %o v
5o O AR PO-H,0 1) 6 1 %o v
5, ZHEmE LR T0-COoM %o v
S 10cm & +3EK PO-H,0 (K1 06 %o v

LSM TR i NS S AL G AR LALL 762 M Ay & /K i LWC,
BH S LA Ty AR RH KT wyy BEBEESE w*. KR CO, BEIRIKRIE
Can NS B i 50 R 35 Ry R Ry DA% Sem L8R T, RS8R 0 (35 3.1);
WSRO R E. RIS T AT GEIZWLL L8 ST ras
ik WA UR AN ) raen COLITLT R ) 7 o TEZEXS COL IR TS 7°
AFIEXT HO FH ) Y« G JEXT HaO IRy 7 )\ e Z A3 COL il Fo M Fio
T FICATT ST AN M0 T ek J2 4 B (AT . REG A2 KRR S /K 2 TR P-4
EERE e o BATUH T P0-H0 528 1 i R d e, 1P0-CO, e A
TIE I E R R e Rl e o

BO-H,0 TR A4l LWC. RH. % w1k "0-H0 1 6 11 85, F
AT PO-H0 1) 6 1 8, o it AE =R I AR BUK ZE S K Fn | 28 & A "°0-H,0
1 5MHS,,~ 6, M5, HrprpimiffE Bt s, HWNMERAT I, 5, 1F
A PO-CO, A A NAS B, 20T TG 1 S B 0 2 v 37

B0-CO, TR A T IS % i 20 MK PO-CO, 1 5 11 5« KA CO,
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P BRI

i C A RS P0-CO, 1 6 18 5¢ (th L4E/K "PO-HL,0 (¥ 6 {6, 11543 51]).

ity LSM B AN PO-H,0 BB A4i AR i Fov Fov &)~ i~ e~ 6, WAL,
VAR R G50 2[R 2 K S ) (Isoforcing) w'S'

3.2 IHip

3.217K. #F CO, B2

LR LSM g2 58—, ERARMEA, RIRAEL S Farquhar- Cernusak
B PR R B L S Lee S5[200917F A 1) R 7 32 8K 5 ) KM 28tk 77 XA S5 65 56
Huang F5[2009]510 44 1% LSM 5 NCAR [RGB (LES) &S &, I8 T4 &
LES #R K D fe, B FZ K AN 2 B, 1% LSM % IE TR A
PN 58 J2 OGN AR ZePEm ., X AE HAR K LSMs A3t 4 26 . 55 Riley et al.
[2002]1) FH BH - XUH-5 %Y R Baldocchi and Bowling [2003]1LA & Ogée et al. [2007]/1 % |2
BIRUA LG, 2R A B R Ab R RE ) HE, e LSM 24 BRI,
PRI A FRAT T AT 7 J2 PN /A 0 B8040 S A 563X 16 53 e R R PR A4

fE1Z LSM A, R HARFIAS e o0 2 R vh 55 B SR ¥ #0185 5 [Beljaars and
Holtslag, 1991]. MR GRS T FEN

(1-a)R; + &R, —eoT, =H+LE+G (3.1)

Forp R AU Ry 2 il NSRBI AR T B, H SR AGERE L, LE Mg
WE, G IR, ¢ HHIRERSR, o AHIK RIS #, 6 4 Stefan-Boltzmann
W Ta AARTANRE

T, ARSI ¢ R T S AE BRI E B R . LR [ v R 1l R
MK JZ B i 37 K R [Beljaars and Holtslag, 19911, HJ,

><‘¢%

H:pacpga(rsk _Ta) (32)
% T —
LE:PaﬁgQM (3.3)
I+g, /g’

Hr pa RTTVEIE, o REIRH, g BN ETE,  g! ik EX KAL)
BRT1, T AZH G zm LR, A AZERIE, ¢*(Ta) et 2R M AT LR, g.
N2 2% B IR I
KRR EBL2E T 5 CO Il 2, S M b R S P 2 72,
4,=g,.(C,-C)=4,-R, (3.4)

;H;EFI’ Anygiﬁ]\*E%E(J?% CO2?}ﬁ%’ Cay‘jn+ﬁ CO2%§E’ C1j‘jﬂ@l\lﬂ CO2?Z\2E’ Agﬁ‘)

21



H R B 28 30 SILSM ST "*0-H,0 1 %0-CO, 28 el Fs sl L R ge kv

BRI, Ry WGP, JhAb, A, A1 Ry A2 N =1, el tafs
KRGS« TR BRI R] COL MR BE M R, PAR 2RSS R BRS 1) 50% . A FHI
R IRAED) A B2 58 Ky [ Collatz et al., 1991; Collatz et al., 1992],

4, = f(PAR,T,,C)) (3.5)

FA 1R H [Jacobs, 199411115 7 1%

A, = (4, + R, ){1—e il (3.6)
Ay = Ay {1 o T ey 3.7)
. C. -T .

C +2T (3.8)

Hrp, a BIGRERIHIZ, a0 AHIEEGRER I R ARG ), gm M ATIE, Ammax
R oA COL WKL N I KW A= 01, T A CO A R

Collatz Z5£[1991; 199215} ao MBI AT THES, ASCHUE N 0.017 mg J'. gm-
Ammax T T S HOE L) R AL

[(T,) =T(T, =298)0; "™ (3.9)

Hh T (T= 298)F01 Oy [HUE Ky 68.5 pa mg m™ 1 2.0 IR 1)y gon Al Ay max V5L
NI H[Collatz et al., 1991; Collatz et al., 1992; Jacobs, 1994],

X(Tk — 298)Q1Tk 298 /10

X(Tsk)=[1+ ST 4 3 ] (3.10)
HP X 5350 gm M Ammaxs ZHOREILHISE 1o
I PR Ry 2 20
R, =0.114, (3.11)

BN SR, A SCFH— U T J7 32 Ronda et al., 2001 K5 R 2 B8 75 732
PR RS IE RS . ¥ A R RS ERUY,

K _PAR K _PAR
[ 4,d=(4,+R,) par -\ g | AR g par |- g HELAR N 509
o f K A, +R : A, +R,

X m d m

(BB & A R B T B RO 1 B ek,
PAR = K PAR e "+ (3.13)
Horb KON R HL
M, SRR LR T g
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B B AA

LAl , a A
gé' =j gmm + 1“7g dL

o 1 1.6
(c, —F)(l + D,

>

8y gy, @, tR) 1) (aKPAR ) (@K PAR,
1.6 D, K .| '\ 4,+R, '\ 4, +R,
O

(3.14)
D, =D, (a, =1), Do AKFETEHEE, a WEK R
AR HE T K A e S R R s, AR,
A, =4 f(©0) (3.15)

Horp, A FORARZK G E R FE R, () RIRIX LB KE 0 MR, 1EY
ANZIKAT B, AEA 1, AEYIBRK B a i Z=nr, o8 0.

ARIO R LSM #HT 7 ISt . 158, WIS HEAm g R, wians
RO T35 T A DAL BN ERAR, BT DAAS SO 38K o ria v S AT T80, H 3
F£1¥) Logistic X R LT 3K Wi 244 £(0)

f(0) =1/(1+exp(-b, - b,5(9))) (3.16)
Hr g0y I E AR
B(O) = max{o, min(l, ;C__Vgpﬂ (3.17)

Horp FC H WP 43 3 B TATRE K S AR A PRI 25 R 8010 T HER S5 5, by by AAEK
R2H AR BER 5 om IR H IR .
9, JRH LSM A 8 IR, A AR AR A R SRR (FR) AN - B8R
T DU EAT Ze Pk [0] U, FFBCB A IA] T38RI 7 Fg 1) 80%, MM #4321 H IR CO,
WiE Fo Yy Sem R HIER A T, COMZMEIC R,
F, =(0.0055T, +0.16)x 0.8 (3.18)

Hrp 0.8 RARAEB ARG T 80% K 1 IEWFIR [Bavin, 2008].

5=, WG LSM WA % 184 ik B 71l uh i, [0 25 BRI GAH 2
TATHE RE LT 2% TR [R] 4 1 L = R K 28 RS IR o 5 KA T el J2 3 T
WS (RH) R T 100%00, JAsh & fe ey aghis kA, e Bcat &
JZXT HaO [BH I (7)) BR 0. 4588 B 345 T Re ORI KY & . —H RH;
BEARE) 1 LR, BE /KM ah DLKY OB B IR 2R« IR TE P Be K il & R E,
RN e
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rp [ RF R 2 S ] SILSM FSY B0-H,0 Fil 'B0-CO, A8 #8423 s L AN Uk itk

322 EAitE
(1) BEMEA

HO 5 ZFH o LSM HHEE, 5 COL it JEBR ) vl IO RN,
ri=1.6r" (3.19)

(2) LR EMRE A

k20T HoO [ 5 2 BH 72 RGE . 558 F1 LAT [F R £ (Lee, 2009). R )2 W
WO RFEEOEIR, FRREN T LAI[Lee, 2000],

a=—0.030LAI* +0.66LAI +0.70 (3.20)
7ok S22 A 38 R e A
u, = 21— exp(~a)] (3.21)
a
u,=u, In[(h—-d)/z,]/In[(z,, —d)/z,] (3.22)

R IAFEXT H,0 BIBH DY e 2)5d )2 REE N [Campbell, 1977; Shuttleworth and
Gurney, 1990],

b1, s
= ()" 3.23
S TITL (3.23)

Hor, =283 s m™, I, &M F 98 (= 0.05m). (720 CO, (i 2B St H,
re=1.4n" (3.24)

Q) =SH:A=FMA

H] Monin-Obukhov AHBLEE V1 5 7 JZ 2225 R B 2 X AKPTANAER (R BT 7,
Horb g BOR T A R w s BIEFRESE 200 ZH R 20y TR Tao M2 L
T,(Lee et al.,2009).

v, =1/u,C,) (3.25)

C, =k>/{[In(z, -d)/z,)—®,1[In((z, —d)/z,,)-D,]} (3.26)

HA uy WS G 2O 56 2 EUE 3m) ) XGH, & 24 von Karman %40, z, fl zer 7
WA EANR SR . SR B SH IS,
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B B AA

d=0.7h; z,=0.1h; z,, =z, /exp(kB™")

(3.27)

Horp h A5t )Z2 m B, BT R SUHIK)E Dalton URI%, AEb a2 B 1 P HUE A

B'=2/k [Garratt, 1992]

® F D, 5552w E [ Monin-Obukhov AR R L 1)
2 Zn “59 I},
L
o -, =529
L
w2 gy,

T+x” Y 1+x) _1 V4
® =In —2tan”" x+—
2 2 2

1/4
Hop, xz(l—ISZ'”L_dj m@zmg"mfw@&%yg-lsqo

L yMonin-Obukhov K Jif,
L=—ull[k(g/T))(H,/pc,]

2N A B BT ras BT ON,

h
vy o =—"
““  KH
Horb, A E R, KHoE o )2 100 e 5 R/ 40
* —
oy 2 Odu*(h=d)
th,c

Horp @y #45 [)Monin-Obukhov A UL bR E AR 216 /2 i LI 70 0

(ms™).

KIZWA B 7T, R r M) 222,
r, =r,—r

a t
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(3.28)

(3.29)

(3.30)

(3.31)

(3.32)

(3.33)

(3.34)

(3.35)



P R RS2 B 22 A7 1 S0 B SILSM ST B0-H,0 Fl 'B0-CO, 28 # 1453 AL il Fn Ak itk

3.2.3 FITZE B
(1) FHESHBR
IKVAHEA A Z 1 BO-H,0 7 43 180 2 B 3 25 /K 3L BE 1) o B [Majoubee,

19711,

ng = 1.137 <10° — 0.4156

eq 2
Ty Ty

~2.0667x107° (3.36)

Oteq

1
g =[1——Jx1000, %o (3.37)

Horp Ty e R 3R, A0 K, i LSM tHEIm 1S
TEARSCHILIIY B, 45 #aXik % AE [ Welp et al., 2008], Z5#IFHARE, o MR KK
IFAHFSR BRI FUE, 2B IEAR R . AT, fEgh 3R A0,
¥ LE WA PR ER ) 7" Bk 0, B Fr 728K KRN ZE NG K 5 BB 2= A ok
VORBP T, R RS R A R,
6y =0, +¢&, (3.38)
6,,=0,+¢&, (3.39)
(2) MNhERIBRE

£ HyO A1 COp MBI B ) B iR O RE - 3 ) 22 0 RO AR A3 R o
T PO-H0 1 0-CO, ¥t ietd . LA, ATAHAESRG IR L, kiR b
K3 122 73 AR T {2 Lee 55(2009) MR W], TF 5807127 00 1l A8 ity 2RI %
JEHRY BN 3 BUGE T o i 2T P0-Ho0 F1 '0-CO L (3 )12 B R 8 e M &f
RIS 2ok
v 21r"+32r)

&, w0 %o (3-40)
r,+rn +r,

. 5.8r, +8.8r’
E =" %o (3.41)
roAr T

w
w gk

a; =1+ (3.42)
1000

Horry R JZR RSB S5m0 1, ) My 2353 e 20 HaO A1 CO, I i 5
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B B AA

BT, " Fl e H,0 Bl COpIITEIZILS . R¥tay (D)ERFAMEZIE RIS 2 3T
H,0 [ 180190 4> T Ee2 b, 1 &) 358 1325 AM e 1 3 R 10 I 22 s R
AT 0-CO, MIEN 1 AR 20, H
. 8.8

Sk,s = ¢ %0 (343)
Va +ra,c +7’j

\

3.2.4 ME ®0-H,0 & 8ifarsiEit

5, JEHE KT COL 1A 10 Fr i IMOCHEN T —SURF IR, R AERMAT H AR
WHITEBL T, e KT b T ARRS RS, BIYEUK B 2% 10 7K H (] 47 3% 25 5 AN [+
[Cernusak et al., 2005; Cernusak et al., 2002; Harwood et al., 1998; Wang and Yakir,
19951 2% Rt A K& ISR Péclet 20N, AERUEIRAE TR A PO-H0 & i
6, W5 AN [Farquhar and Cernusak, 2005],

1-e”
o, 175 a0
w dt
Horpr 2 B O fE 23S i B e 2 B ) (5 S LB AL 342 Bl ) [Farquhar et al.,
1989]), W NI H &K E(g m?, Hpr AR KR, ¢ MR, PO Péclet %k
[Farquhar and Lloyd, 1993], J& 751518 (E) 1R 2L

§L = §L ,es

,€

P= C—g (3.45)

Horb, CONAIKERE: L MUE B F R S IA R 4207 K. D B PO-H,0 7
KR, e ERTE S D=119-10" -exp[-637 T, +137)], [Cuntz
et al.,2007]; Farquhar R Cernusak [2005]3 & 41, AR 3.45 2571 F /K 1 O-H,0
FUi S R B . BEACFRA R B R B 2 B O et 2 R — 20, S
WY LAT R K & s sl 5w

AN 345, 5, WEEIRE N K SUKIFA 2 S R,

5L,es = (R, / Rygon =D *1000  (%o) (3.46)
R R
Res =a,|a,(1-RH,)+RH, Rv (3.47)

ot Ryv R FI Res 23 B AM RS PRI ZEFF/RRIN )y 28R 5K 1 1°0/1°0 T
AL, Oy HAETHE COL A HoO Z IR IN RN 2 A0 e {HZ, Oy JCIR A
3o B THHATRALRS, FRATH 8, Rk S ARBUK I P0-Ho0 25 (S, ) TS S50
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B AT
O, MITFE AN
ao r 1l—-e?* d(W-5 )
S .=05 6 ——utl. : Lb 3.48
L.b L,bs i P dt ( )
Hr 6, RFRALA T H AABUK I 0'%0-H,0, 6, ., F1 P 515
_-P
@m=éﬁi%f_l (3.49)

A 3.44 F1 3.49 IEATE, AN ARXIEA IL 2 ZIRVIEE D el 0.5 Fil
02, MAXLZEMEAE /N, BT WH, AT E 30 £ 40 20
LA
ek, oy o, HHIREES, ,, FIZERT
§L,e B 5L,es
©” o, (1- RH,)

HI T4 B S A o [Welp et al., 2008], PTUIBLRXT A P58, Sigeit, r" B4
0, W7 AR SRIZEBUK I O-H0 &5t 6, F1 8, B4R RIR P,

oy =9, +&, (3.51)

(3.50)

5,,=8,+¢&! (3.52)

HeEAEHAFRAE R §, CO, 431 S5t F /KM K AT KA [NV, AR R 1o
A CO, H A /K Z 11~ 4 138 2R U U B TR BRI 4
& = #—17.93 (%o) (3.53)
Hrp CO, 5 K AT RN Z A8 2, T o HHEREE(T); S KT R =48 #e
INf, T 2k 5k S22 TR (T o

3.2.50-CO, EfIEIR#N H FIEE

Lee %(2009) I\ 4 3 EUH B 5 H delta £ R (W R4 20 B 2 AN T 25(w'S" )
& 0 MR EEIE R . W b, i 2 R KR o WM R L B2 RS L, Al BLA
KRR VES TS 5. B, B Za8 T ZEH 5 W), Fl b4 5y
(W), :

wo =(wa), +(we), (3.54)
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(ﬁ) = g {C_CC 55, ~6:)0., +(1-0, Jes Ci—e,f} (3.55)
(o) -2 {%(5; —5:)—«9;,5} 3.5

Horbt F R FyREAER RS COL A #6234 4y, 1 LSM BERSTHE A3 5. 5¢ 0
WK P0-COy it e 8¢ M 87, A3l a3 S 28 % s E 1%0- COL 1 o 18,
BRI B BE CO, 15 3K 7840 148, L 39 KRIT 25 % K K 1*0-H,0 1 6 {E Tt
o 0, RAEM i COKEMFIIRESE, REAEZRSEO,, BUH 0.75[Gillon and Yakir,
2000a].
T3 R CO,y i C M IR BIA) COL B 43l A2
C =C, +Fc(ra +r 4 rf) (3.57)

C,=C,+F,(r,+r, +r) (3.58)

Hrb ¢, WM, HAb AR S BIREAE .

RIS 1A Ca o, , IZH BRI LA b 3.0 m B E(F 5% 2).
FTEHABZ I (Fov Fou Fas Faes 5~ 750 €01 €0+ OCHIS,,) 1 LSM 1 '®0-H,0
TR, 0-CO, ¥ 5% Vienna Pee Dee Belemnite (VPDB)FRifl. /5l A
3.54 2 3.56 MU HAE st BT BEAH R ELAOW I EA T XS EE o

3.3 S AE

LSM 52 32 37 e B WSS S P J BRI B 2 b, AR i BE AT DG 7 V200 1) e e
ST AT AE AN S G, IX A AT LSM AR AL (K B0 R AL TP eI, DR A AR AR () R
J5 B v BB 2 56 UEE i KRG RS o AR SCrb 1R FEAH SCOUL I Bl vh s 1 220 i J2 A
R T S UL P B (LE) I FAGE 5 (H) AN 3 3l 58 (G) I R MU R S (R
(¥ 69%. A T ERERESFIHAM, HeM ik HEEE(R.- G) Al Bowen Lt H/LE 1)l
HAEAEAA, AR5 R BE P AT P S OR AR LE M H WL HABBTFUE il 5 T 1A
S HA NG UIE 518 B f P47 PG I 2 . R b R R T, ORI 2 502
N EAERASAL I A X 2 H [Aranibar et al., 2006]

LSM 7R 4 ANl S5 A WA S50 by F by ik L3580 KON G A 4E
P (A 3.15 F1 3.16), 5358 AL I 250k h 125 (Ronda et al. [2001]
SCEE 2 A R ZK I 5 i HE £ Do FTAH I N A CO B 22 U IR AR ar) o T2
W RO ) A 3 AR 2 2 O I S o IR e S50 AT 20, B DA AR 2 2R 48 RS 1 2al
T8l HoE, M/ Z3IEXS Do Ml ay AT EBAUA, AE AR RS CO, 1l &
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HE AL R LA S0 SILSM FST P0-H,0 Al '*0-CO, AE iy 7 HL i A1 gk vk

(BN A S S ez . SR, H LE (FGEXT by A1 by BT Sttt . Bttt
4 R EY 0<0.21 B, b=-5.8, by=-249; *40>0.21 K, b=-1.5, by=-249,

BO-H0 PRI AN A MBS Ly, B Péclet HPd AR K.
IR K 0 B (6, W AT AR Lo ERARMEN 13107° mm. X HILAD
YE& K IL A MG B, W Phaseolus vulgaris 1] Legs 24 6.25 mm, Ricinus communis
13.5 mm [Barbour and Farquhar, 2000; Barbour et al., 2000; Cernusak et al., 2003;
Flanagan et al., 1994] @ it X% bt o, , WM {E LA & Farquhar 1 Cernusak 2> 2 1 715541,
Welp et al. [2008] £33 Lo {H 24 20 mm, ABATTR I 130 ) 5 0 18 R B 20 1 23380 )
EY IR . AN L WAL, Fom KE RGN A A 0 KR BRAR.

P0-CO, [N Z BN 1) PR AT A A 25 R COy KA FERE R A
Ocq 1 HEXS COL IBH ) 77 o B KL Oeq FIERWMEI H Gillon 1 Yakir [2000a] F)HF
FEER . rRME A XS HyO [EH J13R LL 1.6 [Shuttleworth and Gurney, 1990]. Al
RS IX B AT IR, X [R5 32 9K S)) ) AR v S5 5 WL 2 T] ) 22 e e S
Bh AT E H AR A7 A HAN R AEE A AL o

FEABIN BEDOY 1958240, %N BIN, )28 70 M (LAL > 2). LHEH
MLER)TTRRIAZAR A, AERIAL TR g 2
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VY BRSSP

FEME REVIRF)EFHNE

Wi 3.1 froR, SiLSM ALY (R R AP 724 LA I TEDUIIE : (D)AEIR T, Fddi
ARFEEULAL), T2 m () it E7KE); QRSB T, AR (T)-
R FE(T) . KA SHAHEERH). HEEREEG). K (Rs) . R Kbt
(RL)~ K5 COMRPE(Cy)~ WK () FH R ATH (), FLrf ToF0 6 76 138 Sem 40
i, HAMN e DL B 3.0m 2% m A B (3)Z7% M EKA CO, FZKVA
BOo GRS MS,, ZEFFKREHIKT P0-H,0 SRS S, .

IHAE LA AT K S AR S WD K AR A 30 238 (SILSM B (125 K) o LALL A 6,
RS, IIRIANESE, HEAT T b3 . T 028 00l i) H 2R AR (18 4.3b) R4 JE 5
TR 4.32)H B I0F e W (R TR] P51

4.1 HEYEFINE

4. 1F04.2 g - T AR A (LA R 7 25 5 B () S PR B TRD 7 8100 20064 K55 H
25H(DOY 145)#F, 10 H10H(DOY 283)W#|. LA KMEHIMAES H3H(DOY 215)
HIJE, A8.15, JEI @B 40.93 me Je 5 BB KM 41.05 m,  H LN Tl w g T
LA KMH, A8 H16H(DOY 228)Hi ) -

& 7K B A RS I B KSR R BE R 1. ADOY 15942241, & il — Uil &
EAH gk (E4.3a). EKFENI], KSR 1289 g m2(FprM: ) Ui &
KRR, EM AR 2100.7 g m™, P 1112 g m™. A8 a0 3,
B3 /NI — U ek 2 T R I 5 K e ek J2 G i 7k 1) H AR AR 2 L
TR F Ko M A K B IE21479.6 gm™, B84 125.5 gm™. THHEH A, IF
KB N94.1 gm?, IAIA120.7 gm?, B A109.2 gm?.

10 T T T T T

LAl

160 180 200 220 240 280 280
Doy
4.1 MEREB(LADRMERY BB FF

Figure 4.1 Time series of leaf area index (LAI) measurement
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Figure 4.2 Time series of canopy height observation
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43 MREKERFEETK
Figure 4.3 Time variations of leaf water content
PR R 4T )5 K TR S 7K 74K In units of g of water per m* of leaf area, g m?; a, IE-M B8 /KEMZET B
Seasonal variation measured at midday; b, JI% M2 _EJZ (RSO ZEER)M & /K& H A2 46 Diurnal

variation in the upper canopy layer (dots) and lower canopy layer (diamonds) during the intensive measurement period
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S EE RO 5h BRLRL £

IR (T AW WA H AR . Ty HAFEME M ZE AR ] &, Bl
h 303.6 K (DOY 212), HARAE N 291.9 K (DOY 236), “BibilEER 11.7 K. T, [ H &
A E— I T, BARMEHIE TR R R . 1 T, HIR22(00:30 2 24:00) 15K
fHHILE DOY 196, 4 151K, Hrr 7, H & mifEoh 307.2K(14:00), H AR A 292.0K
(05:30); T, H B 2= S ARAH HEBLAE DOY 225, 3 3.6 K, Horp T, H &% i ok 295.5K (11:00),
H AR 4 291.9K(24:00) .

TR (T, Sem P)MZEARNA HB GRS T, —80 B H PR IR
FEEG To /e Ty HAP-318 (0 fe s (A U B0 DOY 212, 4 300.3K; 5% {i A 292.0K,
HILPE DOY 232, AbIEEE A 8.3K, W T k. Ty HIHZBLIEE N T To HRZERK
A 9.1K(DOY 199), H B A BARAE 5 724 302.4 K(14:00)F1 293.3 K(06:00); /)
H 20 1.3K(DOY 225), H S m{BF EBARAE 551 4 297.7 K(13:00)F1 293.3 K(24:00).

28:' L L L L L L L
195 200 205 210 215 220 225 220 235
DOy

44 SEGE LMZSIEE S NENEGR %) B EHEELZ)

Figure 4.4 Half-hourly observation (dashed line) and daily mean value (soild line) of air temperature at

reference height
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Figure 4.5 Half-hourly observation (dashed line) and daily mean value (soild line) of soil temperature at 5¢cm depth
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4.2.2 BEIKFNIRE

2006 AT 51 4.6), EARSCBEIUN 45 KN (DOY 195-239), 15 28 KiHILFF

K, AESE P KR T 10mm Y H B 6 K, /T Smm [ H A 20 K. B8R FEK

K A AE DOY200 (/K 4 31 mm), DOY 213 % 214 (MK %14 39 mm F1 47
mm), DOY 235 % 237(F#/K &3 5128 19mm. 12mm A1 10mm).

a0 T T T T T T T T

B B B

Precipitation (mm)
=

gl = 1 B . I
1895 200 205 210 215 220 225 230
Doy

4.6 BEKHIETE 5
Figure 4.6 Time series of precipitation measurement

235 240

A RE) HFRERG I, H & E AR, BEE T, H
A=A . HAFME R R 95%(DOY237), /A 60%(DOY 212). DOY
237 1) RH /M N 89%, e KAEH K 100%, ABALIEE S 11%. DOY 212 [ RH H/h
{EH A 45%, KA 80%, AGIRE N 35%. BE/KKRER, RH#K . RH HEZER
KAE N 73%(DOY 198), RH H ik 100%(02:30), HARAE K 27%(17:30); H %=
R/IMEHN 10%(DOY 229), RH Hfg il 96%(24:00), AR A 86%(16:30).

RH (%)

20
195 200 205 210 215 220 225 230 235
Doy

47 SEGE LWZSEXIRE B3N IUNE R )0 B FHE(RE)
Figure 4.7 Half-hourly observation (dashed line) and daily mean value (soild line) of relative humidity of

air at reference height

34



IR BRI DT
TZARIS HH AN St FEE , = K o SRR B K, BT DA - S8R 3 2 Bk i () 4 il
FIRBEKI R S, R BT, 40 IE DOY 201(5 K 1 AL 0.24). DOY
214 (R TIEW Y 0.32)F1 DOY 237 (B K3 0.31). Bk BFKE, T3HRE
FFECTFE, HB T — RN 1E. 78 FIRBORIE KR 2 8, #H I FAR00, o
DOY 213 1 DOY 234 (] + i L4 0.19, i DOY 200 (1) 3@ 14V 4 0.20.

D-SE 1 1 1 1 1 1 1 1

=l |

1895 200 205 210 2158 220 225 230 235 240
DOy

4.8 Scm RALIEIRE (KREBKE) B NERNE

Figure 4.8 Half-hourly observation of soil moisture (Molumetric Water Content, VWC) measured at 5 cm depth

4.2.3 g5t

R BV 5 5 S D R K e A e LA WS 1 H AR RN e AR A R B R e i L
W R HAR AL, E R RS R, AN 0, AEKFNREKRMEN 940 W m>, H
ZENT A2 R A R ) , [ R AR I B, K FH o e S H DA et/ T IE K H
W1 DOY212(TG M 7K) () 5 i i i) B RoAE 4 857 W m2, DOY 213(F47K &4 39 mm)(F)%i
WARSHRAE R 317 W m™. RAK PRS2 S 0% M6, RP=044, BALHp
BB 50 S (PAR) B AR A R B R e S S 1 —2F o

1':":":' L) L) L) L) L) L) L) L)

=]

B
S hmmaa
==z 3w
e —
S Sarrrr
—zommanm
e
Tmmm

g0ty

I >raEme -

a00 i &

= o P o
—C——

Radiation (W m™=)

ean] S Hh

|:| l.llj'i;:.::: :::':'n"':"l" BHEFETREE] 1
185 200 205 210 215 220 2256 230 2356 240
Doy
49 BESE FEWAAREIEES(EZ MR KRR (E4)
Figure 4.9 Short-wave solar radiation (dotted line) and sky long-wave radiation (solid line) measured at reference height
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424 K5 CO,iRE

S g LKA CO R C ZE R H ARG 2, i B H AR e 2 AR
SRR, B 410 Thsegh ¢ HPME, FWAREKR, BRMEA 2.3x10°
umolm™ (DOY 239), H/ME 1.6x10* pmol m™ (DOY 224), Z{E A 1.7x10* pmol m™.
Co HEmEHIE TR E% R, HEEITE N, ms/AME e N2 e, 1
HBEACRAR, Co HE sl M) /N o e kK H A 2 HILAE DOY 239(TEk/K), C,
B KAEN 4.0x10* pmol m™ (04:00), #H/ME A 1.5x10* pmol m™ (14:30), H#EZN
2.5%x10% pmol m~. /N HEZE HHIAE DOY 236(F4/K K 12mm), C, 5 KAH N 1.7x107
umol m™ (05:00), #/ME N 1.6x10* umol m™ (15:00), H#EZ K 0.1x10* pmol m™.

iq

x 10

ﬂ' L] L] L] L] L] L] L] L] F4

35}k * i
o 3k 3 i’
T - Ld L X
E : : * - : .i i .1
g 25p¢ i- § S S %
A L fe TR
w2 ¢ e 4a ar '
] L 1 - -. :. _ g

1.5 ' : ;

1
1895 200 205 210 215 220 225 230 235 240
Doy

410 BESELTSERRERF/DENEES)F B FI9EELZ)
Figure 4.10 Half-hourly observation (dots) and daily mean value (soild line) of atmospheric CO, mixing

ratio measured at reference height
4.2.5 RURFNEERE

222 e BT I O AN PR e RO AR A 3 — 3, A, HAR R RE
BN EAREK, WIEAD, HEEBET 0. HP P REE KMl 42 m s (DOY 212),
Fe/MEH 0.5 ms™ (DOY 239); JEEHEHSE H T 85 KA N 0.5 m s™(DOY 212), #/ME
27 0.1 ms™ (DOY 239).

THAMHREMEHEMFENLL, RAHEZERIAE DOY 197, Xk H
BN 6.5ms”, HARRIE N 7.1 msT(07:00), f/NXGER 0.6 m s (23:30); FEHEE ST
H#czE 0 0.7 ms™, e KPEBGHE 0.8 ms7(06:30), f/NEBGHE 4 0.1 m s™(23:00).
ifi DOY 239, —#HHKZR/A, HhRGEHKZED 1.5 m s, HAKNEHN 1.6 m s
(08:30), F/NRGE A 0.1 m s7(21:30); BEHEHE HACZE N 0.1 m s, K EEHEIHE N
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0.2 ms™(13:00), f/NEEEEHE K 0 m s™(21:30).

4

235 240

220

205 215
Doy

B 411 SESE LRRERFE/DENMEE S)F B EE(SR%)

Figure 4.11 Half-hourly observation (dots) and daily mean value (soild line) of wind speed at reference height

225 230

u"{m s'1j|

I:I L -
195 200 205 210 215 220 225 230 235 40
DOy

412 BEFE LEERERF/ENEE S)F B EHEEE%)

Figure 4.12 Half-hourly observation (dots) and daily mean value (soild line) of friction velocity at reference height
4.3 R ZEWNE

KR 10-CO i1 6 8 6 ATWI R 1F HASLAIFT2E L. DOY195 % 240, 6yl K
{Eh 1.6%0 (DOY 196, 17:30), He/ME H-5.9%0 (DOY 215, 05:30), ARALIEE H-7.5%o.

d0a HIGMEA MR 2224, B KA 0.4%6(DOY 197), S/ MEA-2.7%0 (DOY
215)0 0o MENAE N BLAEGTRE AT, S MEHHBUERCIR], 1y FE 22 B AT W] R (12104
1000 HEE 22 8 KA Y LAE DOY 215, 2 5.2%0, $5/IME H1-5.9%0(05:00) , 5t K AE N -0.7%o
(15:30); HEZH/MEHBLAE DOY 236, 24 1.3%0, ft/MEN-2.5%0(05:30), HKAH
9-12%0 (15:00). ASCHIFETEL(DOY 195 % 240), KUK 80-H,0 {8 0, 47
S H AR A4, IF HAMR AV R oy KM -9.0%0 (DOY198
03:00), H/MEA -24.2%0 (DOY198 12:00), ABALIESE N -15.2 %0. H FIIEAH A
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& (per mil)

-5 1 1 1
185 200 205 210 215 220

413 BEEELKXSH 6"°0-CO, B3/ YLMME(E =)0 B FHE(EL)
Figure 4.13 Half-hourly observation (dots) and daily mean value (soild line) of 6'®0-CO, value at reference height
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Doy
414 BEFELXSKER 0°0-H0 BE/NE VLA (R £)F0 B FH{E(EL)
Figure 4.14 Hourly observation (dots) and daily mean value (soild line) of 5*0-H,0 value of atmospheric
water vapor at reference height
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Figure 4.15 6"0-H,0 value of ecosystem water pool
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(Z=5784k, B -10.1 %0 (DOY 197), A% 4-20.6 %0 (DOY 226).

H®RZMZET BRI E. R KHEZE BRI DOY198, A 11.4%, %H d,
5 KAB H-9.0%0(02:30 % 03:00), 5/IMHA H-20.4%0(20:30 %= 21:00). /s H 8 2 HILLE
DOY 217, 4 1.7%o, %I oy 5 KAE A - 14.8%0(16:30 %2 17:00), f/ME H-16.5%0(12:30
A 13:00). H-P¥ 6, (55 HV38 L R HEAH G [ Welp et al., 2008].

ERRGUKEE, 1 F K PO-HL0 (1 6 {H oup Sk, 1T HZETARALAT H A4S Ak 5t 1]
o by FEMFIET Sup BE KA 10.7%0F1 13.2%0, e IMESY ) 4-2.8%0 A1
-2.1%o0, ABAKIE 351k 13.5%0F1 15.3%0. DOY 208 %= 210 Ay hnas Wil isf B, v LLE
BRI R oo I H AR EE L N 2 K. 41 DOY 209, E. FJZEr R oy (1 H R
KA 314 10.8%0H1 9.2%0(13:00), 5t/ MEL 53951 F3-4.5%0 (05:30)F1-1.5%o0 (04:30), H#E
ZE03 0 15.3%0A1 10.7%0. Welp “5[2008]11) 73 B &I oL KA 5 23 AR (S
R A e R R A O )

BAAE K, Al ESRGUKRM 6 0-H0 (/T 0, Horb o {f v BT I
e BEK(S,) T3RRGO ZEFFKG)F T K(6), FHARIEH 73510 5, -7.5%0 %
-3.6%0, O0s-4.5%0%2-7.3%0, Ox-5.3%0%-8.7%0, ¢ JLT-WAAEAL, HERFAE-10.0%o00
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B AR

FHE HBLR

Stk Fe 50D Y77 1% 22 (RMSD)FIE B 22(ME) B B 45 R . —3hkds

$ I [Willmott, 1981179 1
Z(pi —0; )2
[=1-5—"— -
Z(|pi _0|+|0i _0|)2

(5.1)

Horp pi ¥ 0 ZoR 35 i MEMERDINE ;. N WIEEEG o A N ASUIIME 11
B T 1IN RRBAUE S SEMME S Y &, 0 RoRs —H e AR RMSD & X
1 N

RMSD = {WZ(R —0; )2} (5.2)

i=1

ME K AUE S W IME 2 TR R~ 2 22, 3 SN

M%zigwfa) (53)

5.17k. #F0 CO,B&E

51 253 Gl s LE. EPUlE H FAES RS COylE Fy MUNES
BB I R F0 R 1 L 1 B ERHERIEY 2 1, F&ATTE 56 Bowen LL 774 4E LE
UH AL, RGeS PTG o LE. H R Fy WEINAE IR 556 KRB (B /M) 40 1 A 748
(-50) W m?. 196 (-293) W m™ A1 33 (-13) pmol m?s™ . BB GER AP ML LE. H
FNIWZEATARA R H AR, — SR 4RE0(D) 70518 0.97. 0.78 FiT 0.94, RMSD 435k 57
Wm?, 46 Wm?H1 6 pmol m?s”, ME Z}%25-3 Wm?. 1 Wm?H-1 pmol m?s™.

AL P I B TR AR R B B 22, B DOY 209-212 1 226-235, X3
FERUASGEAR AT (1) AL BE /K 43 e (R 0 (BRI 380 FE AR IS )« Xt R AR Z BIALLFE
FE P30 1) #L . AEZR—F B, LE. H A Fx [P 150514 0.96. 0.75 F10.35, RMSD 43
W 75 Wm™, 63W m™ H1 3umol m?s™, ME 4} %4 41 W m™, -30 W m™ £1-0.3 umol
m?s”. 41 DOY 211 1E4F LE U AL 7359 Ay 448 #1305 W m?, Fx by 13.7
A 8.5 umol m?s™, H >y 72 F1 144 W m>. AT, BUIEM W & 31 mm)kd
£ DOY 200, Mija, TGRS P, HEAKFHRAREM 0.19 m® m>(5 cm
K)o R LAL{E DOY 212 2924 8, {H Fx [FPIMMEARAS, 4 PAR AHIA]. -80S
B DOY 215 [ 1/3, S BB, LE 1 Py A RME WK, ME 4351 8-16 W m™
-3 pmol m?s™, H AU M=, ME & 17 Wm?. 7RI B, 084K, 4 0.19 3|
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Figure 5.1 Time series and 1:1 plot for the simulated and observed latent heat flux (LE)

42



B AR

a. SR B (H) (KDL B (S 2) A (154 50)

L]
_4':":' L '] L L L '] L L '] L L L '] L
1895 196 197 198 109 200 201 202 203 204 205 206 207 202 209 210

210 211 212 213 214 2156 216 217 218 2189 220 221 222 223 224 226

200
o
g 0
T
=200
225 22g 227 228 229 230 231 232 2?.3':3 234 235 236 237 238 239 240
Doy
25:' L] L] L] L] L] L] L] L] L] L]
[ ]
200k b ';'. -
LT Y ‘.
150F ::--.:- wt, e 7
[ ]
e b P -
1o} AN § 03 -
— . : -
o Sk - y - -
£ . . we "
E ] * .y ' .- * e
afF ., . g
T s Tee -'I; L ;-'-g :ﬂi..i‘ ‘.ll ’
i &0 - -ll - il .
E - [~ - .=’ --- - -
= " [ .
E 1o} e, & by 5 A TR .
[ ]
1 . 'h.".i_ . -;.. ™
80 . . -
) - . * ""‘: a* " "
200 * . ¢ L -
[ ]
L ]
24 - . i
'] . 1 1 1 1 1 1

_3:":' L L L
300 280 200 150 000 80 0 &0 100 120 200 280
Weasured H (W rn'Ej
5.2 RANE S (LE) B R HME RN E BR8] FF 5 (2)F0 1:1 El(b)
Figure 5.2 Time series (a) and 1:1 plot (b) for the simulated and observed sensible heat flux (LE)
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SN BRI

PR BT T = HBUR T (R 6.1). 3B A AW LA R ZH: 1 f CO,
IKE R (D) M 138 COL BT (7))o 28 — AU E D B R AR S SILSM. 1L 4 i
AL BIR L R B e P A E . ARERESRONY A B AR =y
5 AR E [FIAL 5 I8l o6 K sh AR e (gt KA COp IR AR 2/
FEs TR m R A R A

%61 #HuC,(W ') RIERBBIESH

Table 6.1 Sensitivity analysis of the modeled diurnal peak value of C, (w'J")

. C. (W &) gl -
(umol m?2 s %o)

-33% 275 -37%
% P +33% 594 37%
# . -50% 378 -13%
’s +100% 466 +7%
" AR IE BE P P 396 9%
; BAELMTISO,, 443 2%
: RN T 888 +105%
C, +100% 890 +105%
K T, +1K 354 -18%
) RH +0.02 379 -13%
63 h -50% 317 27%
& U -10% 402 -8%
0 -10% 359 -17%

i SRHBRASE, B H I 4 434 pmol m™s™ %0 For reference, the modeled diurnal peak value with default
parameters is 434 pmol m>s™' %o; XM & 4 202 pmol m™ s™" %o. Observed peak value is 202 pmol m? s™ %o

6.1 HHEISE
6.1.1 CO,/KEEE

FIR CO; [RIAL 28 IB EX Oeq M HUE AR BUK, A1 A K . SILSM HER A1) Geq
BRIME A 0.75 [Gillon and Yakir, 2000a].  WHRFATHE Oeq 24 0.5 (FHXFAE A H-33%) 5L
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Figure 6.1 The sensitivity of eddy '®0-CO; isoforcing to CO, hydration extent ( Heq)
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1.0 (XA R +33%), ) [ A7 23 8 1) W AEL 43 700 A8 2 275 (R AR A 4-37%) A
594 umolm™s™ %o (FHX 284k H+37%) (% 6.1; K 6.1). BRI 138 1 /NIE] 6.1),
/MBS -30 (0eq=0.5)F1-31 pumol m?s™ %o (Geq=1), 1M Ocq ERINELRIBLILL LG T Ky
-31 pmol m™s™ %00 MEINF Ooq (IREURAE T A AR TR 1 O e 1) 2 B DM () 5.7 &8
5.9, FHHwE),

6.1.2 TI1EFA A

XTLC S, H AR 38 18 S 7 BB SRR, (FE A R AR U . i
K, 0-CO, [FIf7 il B SEM . WRBATE 7 B hn—1%, M 800 s m™ (ERIAMH)
Tk 1600 s m™, W C,(w' 8" B H R E R /IMEAE S 466 pmol m™ s™ %o (FXT A8k
H+T%)F1-20 pmol m™ s %o (AHXFAZAL A+38%). #5704 rid HUAE A BRIAEL AU —2F(400 s
m™), W] IR IR 378 umol m™ s™! %o (FHXTAZ AL H5-13%)F1-52 pmol m™ s %o (FH%] 4%
A-65%). Bt v BE N L3S S R R e, BRI E R RGN Rl i .
{H2, LHOGYEOR 3 m, SRR COy IKE(C) Fhim, #METIX—TF
BE(A K 3.59). AT, R [RIAL 2838 5 RS A I A/ o

6.2 FIREIREEFE
6.2.1 BEETEHAGMH

7E LSM FHA 1 Je il e AT A, RS LE A0 H (ROWINE, AR5 R
HALAT S EUR A . SRR IE I, 01T 0.21 i, T3 A (A 3.16)
HIR R B by A by A-5.8 FIT 24.9 A5 -5.4 F119.3, 0 i1 0.21 i, AA-1.5 F1 0.5 25 4-1.0
H-1.5. LA R A P25 Do M a) )\ 0.44 kPa F116.2 4% % 0.32 kPa F1 8.1, '%0-CO,
[ o7 25 B ) AN IS BTS2 56 AN /], 09:00 48 16:00 [F)fo 25 A A,  JLrp H g
{ELF% 4 396 pumol m™s™ %o (FIXFAZAL J9-9%), B[] 1 /N5 oAb fa), R 67
FIWEAE T, P BRBARAE T 26 nmolm™s™ %o (HI%F 454k A1+19%) (K 6.3).

6.2.2 FEFRRTRINLL

E Hy'®O FRER h, R SR B AT 1*0-CO, Al il s A T, 45 443 pmol m™
s %0 (+2%) o GARRRASB S GE BA L, WA R A IR T (2 1.5 /ND(E 6.4)
AL WS 5 O, RS FIAERR BN 2 5 (8 5.5¢)—. M 07:30 3| 14:30 LST,
AR [ 2% 8 2 10 o0 LY AR A BB P vy, X2 T 6, RS = T
JERaAE . M 15:00 £ 07:00 LST, H50AHKR, B /ME H-36 pmolm™s™ %o (-14%).
R R 2l i (AR AN K, (H A ARSI A FE VT 5 O N =ik %=
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6.2.3 W HFERIBRE

ARG L, 815 RN 5 0 T BRI H0E 56 . LUE IRTFT A
AR AT 125N TS, 1T Lee Z5[2009](KIBF TR W], TS Heas s it )2
(K121 7 243 HUNE o AR SCRE VB3N J0 255 A0 AN I 0,55 T Sy BV o A SR A
W AR B, VA B0 10 (R 2600 A SRR 4 R N 105%, U
IEF] 888 pumol m> s %o, AHAINSE 5 I B WL INAR BRI HURSS, MR
AN BRI, FEBD S AN R BV b IO S S R O L T

6.3 IEzNEF

6.3.1 X5 COikE

Co A5 Afi 15 Ca(w'_é")ﬂ‘%@m% umol m? s %o, NS T 5 4R HE A £ B iy T
+105%, {H A [ Z YRS 7 w'e' TR AN, MR 190.0288 %oms™ TI 5 A
0.0294%oms™, 1IN T 2%(1&6.6, 118 W.7.3). Lee5[20091iA K 5K *0-CO,
WS G S LREAT R w' S, TAEC, (W) o 5 RIEF AR FR (K150, B
CATTAELL, W w's' H I PR 50.0254%0 ms™ s THi512%.

H}

6.3.2 TRREFMBEIMIEE

T, FhiAF A5 A 26l i A . T THen 1K, C,(w' &) H A M JSL IR R 25
() 434pmol m™ s™ %o F 354 umol m? s %o (-18%), HILIIAIAAS . H 2/ IME MR
TR 45 FL-3 1 umol m™ s7' %o A% 4-53 umol m™ s7'%o, AN A4 H-70% .

RH Tl 0.02, A 08:00 %= 15:30, [F)A7 530 & F#AK, Hoh HIgAE (14:30)BEAR R
379 pmol m™ s™ %o (FHXFAZAY A-13%),  H WAL H BRI IR) e 28 fh o T fih b B [ 7 2550
IR, B C,(w'0") BT i -25pmol m™ s %o (I 1L 19%).

&1
it

6.3.3 TWE S EfXE

e 2 v i B RGE FAAIG, # S BUA R 1P0-CO, [Rlfr 2l N %, mAS i,
LR 238 1 S ) R SR B 52 B0, 1T 5% W Bl ) 27 53188 28 50R i A
CO, WS MITHE, XL A NI Z . B 6.9 Bonid/2mEml, *0-Cco,
[F) 7 2230 B VA A 316 pmol m™ 57 %o (-27%, % 6.1). M 6.10 KUK FEAIL 10%,
[Fil 37 25308 F: [ IR A 402 pmol m™ ™ %o( -8.9%).
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Figure 6.8 The sensitivity of eddy *0-CO, isoforcing to atmospheric relative humidity
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Figure 6.9 The sensitivity of eddy *0-CO, isoforcing to canopy height
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Figure 6.10 The sensitivity of eddy 0-CO, isoforcing to wind speed
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6.3.4 TIERE

IR R BRAIG 10%, [1R(06:00 & 17:00), '*0-CO, [Flfr =& T, Hr Hig
H A% 359 pmol m™ s %o(-17%); FABIT B, [Ffr 2l BTF, B sl BTtk
21 pmol m™s™ %o (+32%).
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Figure 6.11 The sensitivity of the eddy 80-CO, isoforcing to soil moisture
Sk - JEAII 45 I Solid line- original model result; kIl 4%- 1431 B [ {i% 10% Dashed line- reduced soil moisture by 10%
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FEE gL
7.1 i+1ig
7.1.1 BE B R T A AR H B2 00

90 PS5 A SO v S5 3 £ 7 TR B8 P AS P 1) 5 30 LSML ASETRY ) A v A T 2
5] [ Wilson et al., 2002]. H1-T- LSM 10 5 T RE S S S J5 B, i AR P i /=
ORI (] P06 LE H A Fy RVE AT S 8L, 77 ERnR S5, pln, 35
DU LF IR, LE Ky H AR, XS5 Do ay by A by BEAT ISR, WIRLK) H 52 T CR
TEOMMIE . 4 T RS, BAMOE ERREE LS H, SEH UHHEF T
IERZE o BB BEIA R T VA RERS 0 Bowen b, FRATTRT LRSS0 H 1 LE
R LSM, X — 5 iAe 88t B IERI . Blhn, H BRI RMSD i 46 W m?, —5
PEFEECH 0.78. Aranibar ZE[2006]FFE RIS BIZRMILE 16 . DAk, 9HE e P P&
RE D IIE LSM AU 1 fiE

§ |, ceviation (%)

-8 1 1 1 1
-5 - 3 2 -1 0 1 2

T, deviation ()

E7.1 8BS, , Ty MEUREMXF
Figure 7.1 Relationship between model errorsin J,, and Ty

R*=031, 92 N AL AT 4 Solid line is a best fit regression with the equation shown

61



P R RS2 B 22 A7 1 S0 B SILSM ST B0-H,0 Fl 'B0-CO, 28 # 1453 AL il Fn Ak itk

R VA7 DA A5 P ) () A7 35 20 T B0 P S e S AT I T o 5 P A TR 3 1 e
DX LSM A RS HEAT YN S, WU 5300 [R) A7 2500 i WA BL i R 147 P15 1 By
BEA 25 FAK 9%(R 1)e AR IR S 80X — U g b, — 7w, WAy H
1 LE FEOWIE U 25 LSM, FEAEFLUN By(DOY 195-240)H, H H14-(10:00 £ 15:00)
SPE R A ERIA TR 29 W m2 B9 03 127 W m™?, F 48 LE V- MR E4 1K 372 W
m?2 /N B 264W m2, 1T Te MHILAEIF 299.9 K 45K 301.6 Ko Ty B0, ARG
RH; I, MM S, , 8. 1 LE BAREWRE R S 52001, 1% 28 (ef fe)')
$ame 8, i =8 )% KRBT s i A X 3.55 55 S i S A, T R AL
FilE. W5, W2 COylE F. 54A 124 umol m™ s 25 Hj-23 umol m?s™,
Hial, FeEER, Fo<0, G—C<0, FEEB/NYF, 00 6, Fle 7=
(1 [N 25 3R B ) 38

7.1 83— BOR T M FK I R 25 & v SR Ty R 25 iUt . i s,
S5, MIBE CIERS R RO IMEL 2 72 55 T WIBCHUEL RO IME 2 75 A7 S 3 A Gk
R*=0.31, £ DOY 212 Z 7, SiLSM X} 3, , MU K s, H AN T B (i
1%, i RE AU . DOY 224 % 234, H FASRME = FRIIME, 5, , IR i
(K 5.4 F15.5),

712 CO,/KERE

W BUBHEM (K 6.1), TRATRBUM 1 COy KT RE (Oeg) RN JZ 3D 728 23188
17 F 4 180-CO AR I A B e I BT o 01 SAE V530 ) 2% BN 22 i A
Fil, (7 i 22308 o OO RS ML 2032 5 T ORI o AFLR S % Ry 0, 7 32 00 J
WA e (€] 5.7 25 5.9). SBUBHEIM BT S Oeq IR E 4 0.75 T REK 5.
BRI Gillon A Yakir[2000a] ({5045 B, AT SR CA B HRT PRI 44
S, SR Mills B Urey[194019F £ 119 A4 308 CO, K ATRLEE

Cousins “£[2006]{¥IHFFLFE I C'500 FI M HCHHE T HIIT Oeq BEHE 53 5 1T
A o AT T I AN ST, BE AR Y Flaveria bidentis TEARSR S 444~ (PAR = 150 umol
m? s™) O M4 1.06, FHGS 4 T (PAR =2000 pmol m™ s™) g 4 0.45. FAIIISY
BT 22 W B A K (T4 COL K 2 PR I 2% LU M CA S5 A 1 i 2 S0 00 o 4 5 H 1
(HBARAR L o 1 S P P 2 )0 260 RO (E R AT AL, 1551 Gug {Hh 0.33.

B 5.7 % 5.9 T BRI —BOE A B ERE, (R R B R TE. 4F
MRS O, B e RS, BIE IR Il — B, T /r Sy, LS, WA,
HRARBAT IR I 280 B MUK A, RN ATE 10 o 505 PR 2 ) 25 3K 3 ML
I FRI AN 52 o AR SC PP ST P 0 107 25300 o i 2 05 VAP P67 Y B Bl B 25
G R PRI EIE R, B AL (R 5.7), T FLIXFEFLE KRR . (R
TRREY R, X R fr ZW AT A ST, 153 AR ST MR — BN, X%

62



HLw e hgie

W e AR GERZE N R A K[ Welp et al. @ CHER . DL, FATAXSE 5.7 22 5.9
KA — SR BB A PR A R A5 R N % B AT

71.3COKRE. iREFEE AR

h T TR COp WREEF Rt RN 2 IR Iy (5%, A7 LB TR #)
SRR AT CO IRPERENY, RIALFRIKEN ) s A ETF 2% X COL W JE T i (R4
PRI A AMAIG R B, COL WKFET R, AW o i B LRk s e &5
/b 7% W[ Anderson et al., 2001; Drake et al., 1997; Long et al., 2004; Maherali et al.,
2003; Maherali et al., 2002]. 7EFATE) 2xCOL BUBAEMR T, 76 )2 CO, il B (F ) IE
FE ETF 17% (M-24 25 H5-28 umol m™ s, 4 10:00 F| 15:00 LST [K°F3)ME), LE F%
19% (M 372 A8 300 W m™2), & J2FH J3(r" )84 hn 94% (M 1.05 224 2.04 m*s mol ™).
FIL 2 9K T ws ARAAR /N2 i T LM RAUERIVE - o 7 & re BRAR(FR T8
SE AR E )G PO-HL0 (3 1124 3B R E e, TH1 0.2%0, 6, TH 2.6 %0, 0-CO,
HE R RBTNE 0.1%0, WIEAI 3.55, A BIVE I #RAEAS T 4 2 (Rl Ar R 5
NTtiE. FFERL, Fo g S8 s asm ma 20880 . (HAE, G $Eaf A I s m,
A3 [FAL IR B Tk

AT 3 e 5 4w 7 REAEMERT COy Thim BRI N o AT, Sl
VAT RGN A F 210 95 X Fh e g N[ Polley et al., 2007; Rasse et al., 2005; Sellers et
al., 1996]. & THifl down-regulation, FKATLE COL IBERFIETE L R o B 5HIE
Fo YE¥p BT, RV F(adE )i, ATRIT A e TBET
13%.

H A A A DX R A Bk [ P 2 2 TS, DR D R X AP A B
RIS R 2R I FE I e . RH ORI T, BT PR RAL ZR0m 5, 32 Bl i PRI
0,50 RH _EFFH(H0.02)1143 5, , /T 3{E M 2.8 %0 % 1.5% . Welp Z5[2008 ] M AL
HORIEL T X R B I A R B LT, BRI RS LT A i [F A7 2508
A E] 286 umol m™s™ %o (-27%). To _ETF 1K, R4y 2538 & FAK ) 314 umol m™s™ %o
(-19%), X FERZELN N RH; (P80, , ).

7.2 45

ASLIENT T R B[R 2 T B R (SILSMY), B T Fli AR 2 7] '*O-H,0
1 P0-CO, [FIAL EZAT W i fE o AR T — ARl 1T PR LSM, —
AN PR AL 25 BN ARRR S EAE L /280 25 M B R B — A KR 1P0-CO, R %
KB R AR BRI IR AN PR ok el 5 2 2w B EIN ) S5 R

BT PO-H0 FIBERUE LT, Bl i e 4 R o 1 O I H AR LA S 4 S, 1
TR O, FIBAUTEZE S LSM et /22 3R 1l B B R 22 B V)RR . B

63



P R RS2 B 22 A7 1 S0 B SILSM ST B0-H,0 Fl 'B0-CO, 28 # 1453 AL il Fn Ak itk

DAL 2 RR AR Y UK S Lo KT SCHRAE,  JELPA AT BES2 LATT Y SCHRR FH 180 7 2%
SR RE(ANE T ra A0yl MTHE Leg I IGEAT T M3

B U T4 7R T 28 1P0-CO, A 3 BN LA . 7042 28 R GE R 2230 At
flrp, L P0-H,0 At P0-CO, 2R 8 J1H B A BN, 2 By B 2 &
KAELN . RSB I AR SR RN 2210 & H I, (HEEE B IR RI a7 T 1.5 /)b
BF o i P AH SOOI 2] 1) e 5L~ A P A A5 Rl 2 8 A R AR AN K, XoE T
SiLSMs [ %78 15 2 [AlAH S AE 8. SRSk,  SILSM ) H 7[Ry 25 4 2 AL UL b
MMAMEAR 63%. BfliRZEH = ANEAEIRA, B O, BIUAE v = RIS 25 30 5 AR A 1)
RGREER COp KA A E MRS, Horp K B/ I 2500k 2 50 mT BE IR LA
FH R A7 2230 B A X O BEAT BEARAL, 3B BARME N 0.33, RHIBFAMEK AT
R R KRG BCRRAG

64



22 3k

S 3Lk

Allison, C. A., R. J. Francey, and H. A. J. Meijer (1995), Recommendations for the
reporting of stable isotope measurements of carbon and oxygen in CO, gas, in
Reference and intercomparison materials for stable isotopes of light elements,
IAEA-tecdoc-825, edited, pp. 155-162, Int. At. Energy Agency, Vienna.

Allison, G. B., and F. W. Leaney (1982), Estimation of isotopic parameters, using
constant-feed pans, Journal of Hydrology, 55, 151-161.

Allison, G. B., and C. J. Barnes (1983), Estimation of evaporation from non-vegetated

surfaces using natural deuterium, Nature, 301, 143-145.

Anderson, L. J., H. Maherali, H. B. Johnson, H. W. Polley, and R. B. Jackson (2001), Gas
exchange and photosynthetic acclimation over subambient to elevated CO, in a C5-Cy4
grassland, Global Change Biology, 7, 693-707.

Aranibar, J. N., J. A. Berry, W. J. Riley, D. E. Pataki, B. E. Law, and J. R. Ehleringer
(2006), Combining meteorology, eddy fluxes, isotope measurements, and modeling to
understand environmental controls of carbon isotope discrimination at the canopy
scale, Global Change Biology, 12, 710-730,d01:710.1111/j.1365-2486.2006.01121 .x.

Baertschi, P. (1976), Absolute B0 content of standard mean ocean water, Earth and

Planetary Science Letters, 31, 314-344.

Baker, J. M. (2000), Conditional sampling revisited, Agricultural and Forest Meteorology,
104(1), 59-65, doi:10.1016/S0168-1923(1000)00147-00147.

Baker, J. M., and T. J. Griffis (2005), Examining strategies to improve the carbon balance
of corn/soybean agriculture using eddy covariance and mass balance techniques,
Agricultural and Forest Meteorology, 128, 163-177.

Baldocchi, D. (1994), A comparative study of mass and energy exchange over a closed C3
(wheat) and an open C4 (corn) canopy: 1. The partitoning of available energy into

latent and sensible heat exchange, Agricultural and Forest Meteorology, 67, 191-220.

Baldocchi, D. D., and D. R. Bowling (2003), Modelling the discrimination of B3CO, above
and within a temperate broad-leaved forest canopy on hourly to seasonal time scales,
Plant, Cell and Environment, 26, 231-244.

Barbour, M. M., and G D. Farquhar (2000), Relative humidity- and ABA-induced
65



rp [ RF R 2 S ] SILSM FSY B0-H,0 Fil 'B0-CO, A8 #8423 s L AN Uk itk

variation in carbon and oxygen isotope ratios of cotton leaves, Plant, Cell and
Environment, 23, 473-485.

Barbour, M. M., U. Schurr, B. K. Henry, C. Wong, and G. D. Farquhar (2000), Variation in
the oxygen isotope ratio of phloem sap sucrose from Castor Bean. Evidence in
support of the Peclet Effect, Plant Physiology, 123, 671-679.

Barbour, M. M., J. S. Roden, G. D. Farquhar, and J. R. Ehleringer (2004), Expressing leaf
water and cellulose oxygen isotope ratios as enrichment above source water reveals
evidence of a Peclet effect, Oecologia, 138, 426-435.

Bariac, T., J. Gonzalez-Dunia, F. Tardieu, D. Tessier, and A. Mariotti (1994), Spatial
variation of the isotopic composition of water (‘*0, *H) in organs of aerophytic plants:

1. Assemssment under laboratory conditions, Chemical Geology, 115, 307-315.

Barnes, C. J., and G. B. Allison (1988), Tracing of water movement in the unsaturated zone

using stable isotopes of hydrogen and oxygen, Journal of Hydrology, 100, 143-176.

Bavin, K. T. (2008), Impacts of land management on the greenhouse gas budget of two

alternatively managed ecosystems, 123 pp, University of Minnesota, Twin Cities.

Beljaars, A. C. M., and A. A. M. Holtslag (1991), Flux parameterization over land surfaces
for atmospheric models, Journal of Applied Meteorology, 30, 327-341.

Bender, M., T. Sowers, and L. Labeyrie (1994), The Dole effect and its variations during
the last 130,000 years as measured in the Vostok ice core, Global Biogeochemical
Cycles, 8(3), 363-376.

Bowling, D. R., D. Baldocchi, and R. K. Monson (1999), Dynamics of isotopic exchange
of carbon dioxide in a Tennessee deciduous forest, Global Biogeochemical Cycles,
13(4), 903-922,d01:910.1029/1999GB900072.

Bowling, D. R., P. P. Tans, and R. K. Monson (2001), Prtitioning net ecosystem carbon
exchange with isotopic fluxes of CO2, Global Change Biology, 7, 127-145.

Bowling, D. R., D. E. Pataki, and J. R. Ehleringer (2003a), Critical evaluation of
micrometeorological methods for measuring ecosystem-atmosphere isotopic exchange
of CO2, Agricultural and Forest Meteorology, 116, 159-179.

Bowling, D. R., S. D. Sargent, B. D. Tanner, and J. R. Ehleringer (2003b), Tunable diode

laser absorption spectroscopy for stable isotope studies of ecosystem-atmosphere CO,

66



22 3k

exchange, Agricultural and Forest Meteorology, 118(1-2), 109,doi:110.1016/S0168-
1923 (1003)00074-00071.

Brenninkmeier, C., K. Kraft, and M. Mook (1983), Oxygen isotope fractionation between
CO; and H,O0, Isot. Geosci, 1, 181-190.

Brunel, J. P., H. J. Simpson, A. L. Herczeg, R. Whitehead, and G. R. Walker (1992), Stable
isotope composition of water vapor as an indicator of transpiration fluxes from rice
crops, Water Resources Research, 28(5), 1407-1416.

Campbell, G. S. (1977), An introduction to Environmental Biophysics, Spring-Verlag,
Berlin.

Cappa, C. D. (2003), Isotopic fractionation of water during evaporation, Journal of
Geophysical Research, 108(D16), 4525-4534.

Cernusak, L. A., J. S. Pate, and G. D. Farquhar (2002), Diurnal variation in the stable
isotope composition of water and dry matter in fruiting Lupinus angustifolius under
field conditions, Plant, Cell and Environment, 25, 893-907.

Cernusak, L. A., C. S. Wong, and G. D. Farquhar (2003), Oxygen isotope composition of
phloem sap in relation to leaf water in Ricinus communis, Functional Plant Biology,
30, 1059-1070.

Cernusak, L. A., G. D. Farquhar, and J. S. Pate (2005), Environmental and physiological
controls over oxygen and carbon isotope composition of Tasmanian blue gum,

Eucalyptus globulus, Tree Physiology, 25, 129-146.

Ciais, P, et al. (1997a), A three-dimensional synthesis study of delta O-18 in atmospheric
CO2, 2, Simulation with the TM2 transport model, Journal of Geophysical
Research, 102(5873-5883).

Ciais, P., et al. (1997b), A three-dimensional synthesis study of §'*0 in atmospheric CO,. 1.
surface fluxes, Journal of Geophysical Research, 102(D5), 5857-5872.

Collatz, G. J., J. T. Ball, C. Grivet, and J. A. Berry (1991), Physiological and environmental
regulation of stomatal conductance, photosynthesis and transpiration: a model that

includes a laminar boundary layer, Agricultural and Forest Meteorology, 54, 107-136.

Collatz, G. J., M. Ribas-Carbo, and J. A. Berry (1992), Coupled photosynthesis-stomatal

conductance model for leaves of C4 plants, Australian Journal of Plant Physiology, 19,

67



rp [ RF R 2 S ] SILSM FSY B0-H,0 Fil 'B0-CO, A8 #8423 s L AN Uk itk

519-538.

Cousins, A. B., M. R. Badger, and S. v. Caemmerer (2006), A transgenic approach to
understanding the influence of carbonic anhydrase on C'*00 discrimination during C
photosynthesis, Plant Physiology, 142, 662-672.

Cousins, A. B., M. R. Badger, and S. von Caemmerer (2008), C4 photosynthetic isotope
exchange in NAD-ME- and NADP-ME-type grasses, Journal of Experimental Botany,
59(7), 1695-1703.

Craig, H., and L. I. Gordon (1965), Deuterium and oxygen 18 variations in the ocean and
the marine atmosphere, paper presented at Proc. Conf. Stable Isotopes in
Oceanographic Studies and Paleotemperatures, Laboratory of Geology and Nuclear

Sciences, Pisa.

Cullen, L. E., M. A. Adams, M. J. Anderson, and P. F. Grierson (2008), Analyses of §"C
and 'O in tree rings of Callitris columellaris provide evidence of a change in
stomatal control of photosynthesis in response to regional changes in climate, Tree
Physiology, 28, 1525-1533.

Cuntz, M., P. Ciais, G. Hoffmann, and W. Knorr (2003a), A comprehensive global
three-dimensional model of §'0 in atmospheric CO,: 1. Validation of surface
processes, Journal of Geophysical Research, 108(D17),
4527,d01:4510.1029/2002JD003153.

Cuntz, M., P. Ciasis, G. Hoffmann, C. E. Allison, R. J. Francey, W. Knorr, P. P. Tans, J. W.
C. White, and I. Levin (2003b), A comprehensive global three-dimensional model of
§'%0 in atmospheric CO,: 2. Mapping the atmospheric signal, Journal of Geophysical
Research, 108(D17), 4528, doi:4510.1029/2002JD003154.

Cuntz, M., J. Ogee, G. D. Farquhar, P. Peylin, and L. A. Cernusak (2007), Modelling
advection and diffusion of water isotopologues in leaves, Plant, Cell and Environment,
30, 892-909.

Dawson, T. E., S. Mambelli, A. H. Plamboech, P. H. Templer, and K. P. Tu (2002), Stable
isotopes in plant ecology, Annu. Rev. Ecol. Syst., 33, 507-559.

Dongmann, G., H. W. Nurnberg, H. Forstel, and K. Wagener (1974), On the enrichment of
H,"®0 in the leaves of transpiring plants, Rad. and Environm. Biophys, 11, 41-52.

Drake, B. G, M. A. Gonzalez-Meler, and S. P. Long (1997), More efficient plants: A

68



22 3k

consequence of rising atmospheric CO,?, Annual Review of Plant Physiology and
Plant Molecular Biology, 48, 609-639.

Epstein, S., and C. Yapp (1977), Isotope tree thermometers, Nature, 266, 477-478.

Farquhar, G. D., K. T. Hubick, A. G. Condon, and R. A. Richard (1989), Carbon isotope
discrimination and water use efficiency, in Stable Isotopes in Ecological Research,
edited by P. W. Rundel et al., pp. 21-46, Springer-Verlag, New York.

Farquhar, G. D., and J. Lloyd (1993), Carbon and oxygen isotope effects in the exchange of
carbon dioxide between terrestrial plants and the atmosphere, in Stable Isotopes and
Plant Carbon-Water Relations, edited by J. R. Ehleringer et al., pp. 47-70, Academic

Press, San Diego.

Farquhar, G. D., J. Lloyd, J. A. Taylor, L. B. Flanagan, J. P. Syvertsen, K. T. Hubick, S. C.
Wong, and J. R. Ehleringer (1993), Vegetation effects on the isotope composition of
oxygen in atmospheric CO,, Nature, 363, 439-443.

Farquhar, G. D., and K. S. Gan (2003), On the progressive enrichment of the oxygen

1sotopic composition of water along a leaf, Plant, Cell and Environment, 26, 801-819.

Farquhar, G. D., and L. A. Cernusak (2005), On the isotopic composition of leaf water in
the non-steady state, Functonal plant biology, 32, 293-303.

Farquhar, G. D., L. A. Cernusak, and B. Barnes (2007), Heavy water fractionation during
transpiration, Plant Physiology, 143, 11-18.

Farris, F., and B. R. Strain (1978), The effects of water-stress on leaf H,'*0 enrichment,

Radiation and Environmental Biophysics, 15, 167-202.

Flanagan, L. B., J. P. Comstock, and J. R. Ehleringer (1991), Comparison of modeled and
observed environmental influences on the stable oxygen and hydrogen isotope

composition of leaf water in Phaseolus vulgaris L., Plant Physiology, 96, 588-596.

Flanagan, L. B., S. L. Phillips, J. R. Ehleringer, J. Lloyd, and G. D. Farquhar (1994), Effect
of changes in leaf water oxygen isotopic composition on discrimination against
(C00)-0-18-016 during photosynthetic gas exchange, Aust. J. Plant Physiol., 21,
221-234.

Flanagan, L. B., and G. T. Varney (1995), Influence of vegetation and soil CO, exchange

on the concentration and stable oxygen isotope ratio of atmospheric CO, within a

69



rp [ RF R 2 S ] SILSM FSY B0-H,0 Fil 'B0-CO, A8 #8423 s L AN Uk itk

Pinus Resinosa Canopy, Oecologia, 101, 37-44.

Flanagan, L. B., J. R. Brooks, and V. G T (1997), Discrimination against
(CO0)-0-18-0O-16 during photosynthesis and the oxygen isotope ratio of respired
CO; in boreal forest ecosystems, Global Biogeochemical Cycles, 11, 83-98.

Forstel, H. (1978), The enrichment of 180 in leaf water under natural conditions, Radiat
Environ Biophys, 15, 323-344.

Francey, R. J., and P. P. Tans (1987), Latitudinal variation in oxygen-18 of atmospheric
CO,, Nature, 327, 495-497.

Friedli, H., U. Siegenthaler, and D. Rauber (1987), Measurements of concentration, Be/te
and "0/'°O ratios of tropospheric carbon dioxide over Switzerland, Tellus Series B-
Chemical and Physical Meteorology, 39, 80-88.

Gan, K. S., S. C. Wong, J. W. H. Yong, and G. D. Farquhar (2002), '*O spatial patterns of
vein xylem water, leaf water, and dry matter in cotton leaves, Plant Physiology, 130,
1008-1021.

Garratt, J. (1992), The Atmospheric Boundary layer, Cambridge University Press.

Gat, J. R., and C. Bowser (1991), The heavy isotope enrichment of dwater in coupled
evaporative systems, in Stable Isotope Geochemistry: A Tribute to Samuel Epstein,
edited by H. P. J. Taylor et al., pp. 159-168, The Feochemical Society, St. Louis, MO,
USA.

Gat, J. R. (1996), Oxygen and hydrogen isotopes in the hydrologic cycle, Annu Rev. Earth
Planet. Sci., 24, 225-262.

Gat, J. R, B. Klein, Y. Kushnir, W. Roether, H. Wernli, R. Yam, and A. Shemesh (2003),
Isotope composition of air moisture over the Mediterranean Sea: an index of the

air-sea interaction pattern, Tellus, 558, 953-965.

Gianfrani, L., G. Gagliardi, M. van Burgel, E. R. T. Kerstel, and E. R. T. Title (2003),
Isotope analysis of water by means of near-infrared dual-wavelength diode laser

spectroscopy, Optics Express, 11, 1566-1576.

Gillon, J., and D. Yakir (2001), Influence of carbonic anhydrase activity in terrestrial
vegetation on the '*0O content of atmospheric CO,, Science, 291, 2584-2587.

Gillon, J. S., and D. Yakir (2000a), Internal conductance to CO, diffusion and C®00

70



22 3k

discrimination in Cs leaves, Plant Physiology, 123,201-213.

Gillon, J. S., and D. Yakir (2000b), Naturally low carbonic anhydrase activity in C4 and Cs
plants limits discrimination against C'*00 during photosynthesis, Plant, Cell and
Environment, 23, 903-915.

Gray, J., and T. P (1976), Climatic information from '*0/'°0 ratios of cellulose in tree rings,
Nature, 262, 481-482.

Griftis, T. J., J. M. Baker, S. D. Sargent, B. D. Tanner, and J. Zhang (2004), Measuring
field-scale isotopic CO, fluxes with tunable diode laser absorption spectroscopy and

micrometeorological techniques, Agricultural and Forest Meteorology, 124, 15-29.

Griftis, T. J., J. M. Baker, and J. Zhang (2005a), Seasonal dynamics and partitioning of
isotopic CO, exchange in a C;/Cs; managed ecosystem, Agricultural and Forest
Meteorology, 132, 1-19.

Griffis, T. J., X. Lee, J. M. Baker, S. D. Sargent, and J. Y. King (2005b), Feasibility of
quantifying ecosystem-atmosphere C'*0'°0O exchange using laser spectroscopy and

the flux-gradient method, Agricultural and Forest Meteorology, 135, 44-60.

Griftis, T. J., J. Zhang, J. M. Baker, N. Kljun, and B. K (2007), Determining carbon isotope
signatures from micrometeorological measurements: Implications for studying
biosphere-atmosphere exchange processes, Boundary-Layer Meteorology, 123,
295-316, doi:210.1007/s10546-10006-19143-10548.

Griftis, T. J., S. D. Sargent, J. M. Baker, X. Lee, B. D. Tanner, J. Greene, E. Swiatek, and K.
Billmark (2008), Direct measurement of biosphere-atmosphere isotopic CO,
exchange using the eddy covariance technique, Journal of Geophysical Research, 113,
D08304, doi:08310.01029/02007JD009297.

Harwood, K. G, J. S. Gillon, H. Griffiths, and M. S. J. Broadmeadow (1998), Diurnal
variation of A*C02, AC'"0'°0 and evaporative site enrichment of sH,'*O in Piper
aduncum under field conditions in Trinidad, Plant, Cell and Environment, 21,
269-283.

Harwood, K. G, J. S. Gillon, A. Roberts, and H. Griftiths (1999), Determinants of isotopic
coupling of CO, and water vapour within a Quercus petraea forest canopy, Oecologia,
119, 109-119.

He, H., and R. B. Smith (1999), Stable isotope composition of water vapor in the

71



rp [ RF R 2 S ] SILSM FSY B0-H,0 Fil 'B0-CO, A8 #8423 s L AN Uk itk

atmospheric boundary layer above the forests of New England, Journal of
Geophysical Research, 104(D9), 11 656-611 673.

He, H., X. Lee, and R. B. Simth (2001), Deuterium in water vapor evaporated from a
coastal salt marsh, Journal of Geophysical Research, 106(D11), 12,183-112,191.

Helliker, B. R., and J. R. Ehleringer (2000), Establishing a grassland signature in veins: '*O
in the leaf water of C; and Cy4 grasses, PNAS, 97(14), 7894-7898.

Helliker, B. R. (2001), Oxygen Isotopes in C3 and C4 grasses, University of Utah, Salt
Lake City, UT.

Helliker, B. R., and J. R. Ehleringer (2002a), Grass blades as tree rings: environmentally
induced changes in the oxygen isotope ratio of cellulose along the length of grass
baldes, New Phytologist, 155, 417-424.

Helliker, B. R., and J. R. Ehleringer (2002b), Differential '*0 enrichment of leaf cellulose
in Cs versus Cy4 grasses, Functional Plant Biology, 29, 435-442.

Hesterburg, R., and U. Siegenthaler (1991), Production and stable isotopic composition of
CO; in soil near Bern, Switzerland, Tellus, 43B(197-205).

Hoefs, J. (2004), Stable Isotope Geochemistry, 244p. pp., Springer, Berlin.

Hoffmann, G, et al. (2004), A model of the Earth's Dole effect, Global Biogeochemical
Cycles, 18, GB1008, doi:1010.1029/2003GB002059.

Huang, J., X. Lee, and E. G Patton (2009), Dissimilarity of scalar transport in the
convective boundary layer in inhomogeneous landscapes, Boundary-Layer
Meteorology, 130, 327-345. DOI 310.1007/S10546-10009-19356-10548.

Jacob, H., and C. Sonntag (1991), An 8-year record of the seasonal variation of *H and '®0
in atmospheric water vapour and precipitation at Heidelberg, Germany, 7ellus, 43B,
291-300.

Jacobs, C. M. J. (1994), Direct impact of atmospheric CO, enrichment on regional
transpiration. , 179 pp, Wageningen Agricultural University, Wageningen,
Netherlands.

Kaimal, J. C., and J. J. Finnigan (1994), Atmospheric Boundary Layer Flows: Their

Structure and Measurement, Oxford Univ. Press, New York.

72



22 3k

Katul, G. G, P. L. Finkelstein, J. F. Clarke, and T. G. Ellestad (1996), An investigation of
teh conditiona sampling method used to esitmate fluxes of active, reactive, and
passive scalars, Journal of Applied Meteorology, 35(10), 1835-1845.

Kerstel, E. R. T., R. van Trigt, N. Dam, J. Reuss, and H. A. J. Meijer (1999), Simultaneous
determination of the 2H/1H, 170/160, and 180/160 isotope abundance ratios in
water by means of laser spectrometry, Analytical Chemistry, 71, 5297-5303.

Kerstel, E. R. T., G Gagliardi, L. Gianfrani, H. A. J. Meijer, R. van Trigt, and R. T.
Ramaker (2002), Determination of the H*/H',0'7/0'® and 0'®/0'® isotope ratios in
water by means of tunable diode laser spectroscopy at 1.39 um, Spectrochimca Acta,
584, 2389-2396.

Leaney, F. W., C. B. Osmond, C. A. Allison, and H. Ziegler (1985), Hydrogen-isotope
composition of leaf water in C; and C4 plants: its relationship to the hydrogen-isotope

composition of dry matter Planta, 164, 215-220.

Lee, X. (2000), Air motion within and above forest vegetation in non-ideal conditions,

Forest Ecology and Management, 135, 3-18.

Lee, X., S. Sargent, R. Smith, and B. Tanner (2005), In situ measurement of the water
vapor '*0/'°0 isotope ratio for atmospheric and ecological applications, Journal of

Atmospheric and Oceanic Technology, 22, 555-565.

Lee, X., R. Smith, and J. Williams (2006), Water vapour '*0/'°0 isotope ratio in surface air
in New England, USA, Tellus, 58B, 293-304.

Lee, X., K. Kim, and R. Smith (2007), Temporal variations of the '*0/'°0 signal of the
whole-canopy transpiration in a temperate forest, Global Biogeochemical Cycles, 21,
G3013.

Lee, X., T. J. Griffis, J. M. Baker, K. A. Billmark, K. Kim, and L. R. Welp (2009),
Canopy-scale kinetic fractionation of atmospheric carbon dioxide and water vapor
isotopes, Global Biogeochemical Cycles, 23, GB1002,
doi:1010.1029/2008GB003331.

Libby, L. M., L. J. Pandolfi, P. H. Payton, J. Marshall, III, B. Becker, and V.
Giertz-Sienbenlist (1976), Isotopic tree thermometers, Nature, 261, 284-288.

Long, S. P, E. A. Ainsworth, A. Rogers, and D. R. Ort (2004), Rising atmospheric carbon
dioxide: palnt FACE the future, Annu. Rev. Plant Physiol., 55, 591-628,

73



rp [ RF R 2 S ] SILSM FSY B0-H,0 Fil 'B0-CO, A8 #8423 s L AN Uk itk

doi:510.1146/annnurev.arplant.1155.031903.141610.

Maherali, H., C. D. Reid, H. W. Polley, H. B. Johnson, and R. B. Jackson (2002), Stomatal
acclimation over a subambient to elevated CO, gradient in a C3/C4 grassland, Plant,
Cell and Environment, 25, 557-566.

Maherali, H., H. B. Johnson, and R. B. Jackson (2003), Stomatal sensitivity to vapour
pressure difference over a subambient to elevated CO, gradient in a C5/C4 grassland,
Plant, Cell and Environment, 26, 1297-1306.

Majoube, M. (1971), Oxygen-18 and deuterium fractionation between water and steam. ,
Journal De Chimie Physique Et De Physico-Chimie Biologique, 68, 1423-1436.

Mathieu, R., and T. Bariac (1996a), An isotopic study (*H and '®0) of water movements in

clayey soils under a semi-arid climate, Water Resources Research, 32, 779-789.

Mathieu, R., and T. Bariac (1996b), A numerical model for the simulation of stable isotope

profiles in drying soils, Journal of Geophysical Research, 101, 12585-12696.

McDowell, N., et al. (2008), Understanding the stable isotope composition of
biosphere-atmosphere CO, exchange, Eos, §9(10), 94-95.

Miller, J. B., D. Yakir, J. W. C. White, and P. P. Tans (1999), Measurement of O18/016 in
the soil-atmosphere CO2 flux, Global Biogeochemical Cycles, 13(761-774).

Mills, G. A., and H. C. Urey (1940), The kinetics of isotopic exchange between carbon
dioxide, bicarbonate ion, carbonate ion and water, Journal of the American Chemical
Society, 62, 1019-1026, doi:1010.1021/ja01862a01010.

Moreira, M. Z., L. D. S. L. Sternberg, L. A. Martinelli, R. L. Victoria, E. M. Barbosa, L. C.
M. Bonates, and D. C. Nepstad (1997), Contribution of transpiration to forest ambient
vapour based on isotopic measurements, Global Change Biology, 3, 439-450.

Murphey, B. F., and A. O. Nier (1941), Variations in the relative abundance of the carbon
isotopes, Phys. Rev., 59(9), 771-772, doi:710.1103/PhysRev.1159.1771.1102.

Nier, A. O. (1947), A mass spectrometer for isotope and gas analysis, Rev. Sci. Instrum.,
18(6), 398-411, doi:310.1063/1061.1740961.

Ogee, J., P. Peylin, M. Cuntz, T. Bariac, Y. Brunet, P. Berbigier, P. Richard, and P. Ciais
(2004), Partitioning net ecosystem carbon exchange into net assimilation and
respiration with canopy-scale isotopic measurements: An error propagation analysis

74



22 3k

with ®CO, and CO™0O data, Global Biogeochemical Cycles, 18, GB2019,
doi:2010.1029/2003GB002166.

Ogee, J., M. cuniz, P. Peylin, and T. Bariac (2007), Non-steady-state, non-uniform
transpiration rate and leaf anatomy effects on the progressive stable isotope
enrichment of leaf water along monocot leaves, Plant, Cell and Environment, 30,
367-387.

Peylin, P., P. Ciais, A. S. Denning, P. P. Tans, J. A. Berry, and J. W. C. White (1999), A
3-dimensional study of delta-180 in atmospheric CO;: contrbution of different land
ecosystems, Tellus, 51B, 642-667.

Polley, H. W., W. A. Dugas, P. C. Mielnick, and H. B. Johnson (2007), Cs-C4 composition
and prior carbon dioxide treatment regulate the response of grassland carbon and

water fluxes to carbon dioxide, Functional Ecology, 21, 11-18.

Rasse, D. P., G. Peresta, and B. G. Drake (2005), Seventeen years of elevated CO, exposure
in a Chesapeake Bay Wetland: sustained but contrasting responses of plant growth
and CO, uptake, Global Change  Biology, 11, 369-377, doi:
310.1111/3.1365-2486.2005.00913.x.

Raupach, M. R. (1989), Stand overstorey processes, Philos. Trans. R. Soc. Ser. B,
324(1223), 175-190,doi:110.1098/rstb.1989.0043.

Riley, W. J., C. J. Still, M. S. Torn, and J. A. Berry (2002), A mechanistic model of H,'*0
and C'®00 fluxes between ecosystems and the atmosphere: Model description and
sensitivity  analyses,  Global  Biogeochemical  Cycles,  16(4), 1095,
doi:1010.1029/2002GB001878.

Riley, W. J., C. J. Still, B. R. Helliker, M. Ribascarbos, and J. A. Berry (2003), '*O
composition of CO, and H,O ecosystem pools and fluxes in a tallgrass prairie:
Simulations and comparisons to measurements, Global Change Biology, 9, 1567-1581,
doi: 1510.1046/j.1529-8817.2003.00680.x.

Roden, J. S., G. Lin, and J. R. Ehleringer (2000), A mechanistic model for interpretation of
hydrogen and oxygen isotope ratios in tree-ring cellulose, Geochimica et
Cosmochimica Acta, 64(1), 21-35.

Ronda, R. J., H. A. R. de Bruin, and A. A. M. Holtslag (2001), Representation of the
canopy conductance in modeling the surface energy budget for low vegetation,
Journal of Applied Meteorology, 40, 1431-1444.

75



rp [ RF R 2 S ] SILSM FSY B0-H,0 Fil 'B0-CO, A8 #8423 s L AN Uk itk

Sellers, P. J., et al. (1996), Comparison of radiative and physiological effects of doubled
atmospheric CO, on climate, Science, 271, 1402-1406.

Shuttleworth, W. J., and R. J. Gurney (1990), The theoretical relationship between foliage
temperature and canopy resistance in sparse crops, Q. J. R. Meteorol. Soc., 116,
497-519.

Smith, R. B. (1992), Deuterium in north Atlantic storm tops, Journal of the Atmospheric
Sciences, 49(22), 2041-2057.

Stern, L. A., R. Amundson, and W. Baisden (2001), Influence of soils on oxygen isotope
ratio of atmospheric CO,, Global Biogeochemical Cycles, 15, 753-759.

Tans, P. P. (1980), On calculating the transfer of *C in reservoir models of the carbon cycle,
Tellus, 32, 464-469.

Tans, P. P. (1998), Oxygen isotopic equilibrium between carbon dioxide and water in soils,
Tellus,Ser. B, 50, 163-178.

Walker, C. D., and J. P. Brunel (1990), Examining evapotranspiration in a semi-arid region

using stable isotopes of hydrogen and oxygen, Journal of Hydrology, 118, 55-75.

Wang, X.-F., and D. Yakir (1995), Temporal and spatial variations in the oxygen-18 content
of leaf water in different plant species, Plant, Cell and Environment, 18, 1377-1385.

Wang, X.-F., and D. Yakir (2000), Using stable isotopes of water in evapotranspiration
studies, Hydrological Processes, 14, 1407-1421.

Wang, Y. P. (2000), A refinement to the two-leaf model for calculating canopy
photosynthesis, Agricultural and Forest Meteorology, 101, 143-150.

Webster, C. R., and A. J. Heymsfield (2003), Water isotope ratios D/H, '*0/'°0, '70/'°0O in
and out of clouds map dehydration pathways, Science, 302, 1742-1745.

Welp, L. R., X. Lee, K. Kim, T. J. Griffis, K. Billmark, and J. M. Baker (2008), §'%0 of
water vapor, evapotranspiration and the sites of leaf water evaporation in a soybean
canopy, Plant, Cell and Environment, 31, 1214-1228, doi:
1210.1111/5.1365-3040.2008.01826.x.

Wen, X., X. Sun, S. Zhang, G. Yu, S. D. Sargent, and X. Lee (2008), Continuous
measurement of water vapor D/H and 180/160 isotope ratios in the atmosphere,
Journal of Hydrology, 349, 489-500.

76



22 3k

White, J. W. C., and S. D. Gedzelman (1984), The isotope composition of atmospheric
water vapor and the concurrent meteorological conditions, Journal of Geophysical
Research, 89, 4937-4939.

Williams, T. G, L. B. Flanagan, and J. R. Coleman (1996), Photosynthetic gas exchange
and discrimination against (CO2)-C-13 and (COO)-0O-18-O-16 in tobacco plants
modified by an antisense construct to have low chloroplastic carbonic anhydrase,
Plant Physiology, 112, 319-326.

Willmott, C. J. (1981), On the validation of models, Physical Geography, 2, 184-194.

Wilson, K., et al. (2002), Energy balance closure at FLUXNET sites, Agricultural and
Forest Meteorology, 113, 223-243.

Yakir, D., J. A. Berry, and C. B. Osmond (1994), Isotopic heterogeneity of water in
transpiring leaves: identification of the component that controls the delta-180 of
atmospheric O, and CO,, Plant, Cell and Environment, 17, 73-80.

Yakir, D., and X.-F. Wang (1996), Fluxes of CO, and water between terrestrial vegetation

and the atmosphere estimated from isotope measurements, Nature, 380, 515-517.

Yakir, D. (1998), Oxygen-18 of leaf water: a crossroad for plant-associated isotopic signals,
in Stable isotopes and the integration of biological, ecological and geochemical
processes, edited by H. Griffiths, pp. 147-168, Bios, Oxford.

Yakir, D., and L. d. S. L. Sternberg (2000), The use of stable isotopes to study ecosystem
gas exchange, Oecologia, 123,297-311.

Yamanaka, T., and T. Yonetani (1999), Dynamics of the evaporation zone in dry sandy soils,
Journal of Hydrology, 217, 135-148.

Zimmermann, U., K. O. Munnich, W. Roether, W. Kreutz, K. Schubach, and O. Siegel
(1966), Tracers determine movement of soil moisture and evapotranspiration, Science,
152,346-347.

Zimmermann, U., D. Ehhalt, and K. O. Munnich (1967), Soil-water movement and
evaporation: change in isotopic composition of the water, paper presented at

Proceedings of the symposium on isotopes in hydrology, IAEA, Vienna.

71



rp [ RF R 2 S ] SILSM FSY B0-H,0 Fil 'B0-CO, A8 #8423 s L AN Uk itk

78



Bf 1 SILSM BRLFT 54k

i 1 SILSM #REfF SR

VZanl ™=

(s SE N

Azc S

Fhrw KA

* KOG 2R %, =022

%o IR ERERIHIZ, =0.017 mg !

leq WA K 5KV L R L 2 P A B R, TR
a; IRV M )2 58 6 K37 BB 0 S R L A, I k4
p(O) TR RE B, TN

r CO, #M5, mgm?

I'(Ta=298) 298 K i Z N ¥ CO, #Ms2 4, = 68.5p, mg m™

0 FIREZE L, %o

S, B iz K6'%0-CO,, %o

Ok HE P EAE R 00" O-HLOM, %o

0L I P AR FK O-H,0M01E, %o

O 4 5, , AL, %o

Opc I 25 K065 0-H01H, %0

Opes S, , (RS, %o

OLe I 2 A 5 ACE R LR 0 COM IS, %o
S, + 5K 6'°0-H,0 1, %o

N A 10000~ COLE, %o

S, B B 2 KT 06S0-HLO0, %0

S, 2K 880-H,0 {1, %o

€ HARER SN %, =097

Eeq RACO, AR Z P PAT A E R %o

Eeq SAKHIAKZ 1 (PP A0 R L %0

& BO-COL IR Z N 12 MR REL %o

Eis 80-CO, 133N 124 BREL %o

79



Hh [ RF eI 22 A8 S0 ] SILSM ST "F0-H,0 Al '80-CO, A2 #e i F HIN LRI A AU

i e
2 SO-H,0 TSN 1A I FAL %
0 Sem HIEMARIEGKE, VWC
Ocq MR CO KGR R EL, =075
A IR, =2.45%10° T kg!
Dy A5 Monin-ObukohvAHALL & BN HLER 21 225 = AR 4y, e
Dhe #iEMonin-ObukohvAH AL & Z M M2 3] 7k )2 i FE AR, Tem e
P zJ) - Monin-ObukohvAH ALl & EU MM B 5 2% & FE IR, o
Pa WP A, = 1.23 kg m?
o Stefan-Boltzmann 7%, =5.67x10° Wm? K*
W' A RE0-CONBN ) AN E IS ST, %o m s
(wa)’ 15 R O-CON Y ) SRS, Yo m s
(o)’ ARG 0-COMERE I LA, %oms’
C,(w'é") A AL 0-CO, I 2, pmol m? ™ %o
a NI IR AL, LN
@ g~ ER AR, =162
Am WIZAE ), mgm?s!
A max SEYCAIE COL WRIE T I KHIZE 1), mgm™s!
Amma(Ta=298)  yapir oy 208K, #OLFI G CO, WREE e K#IRE )1, =22 mgm™s”!
An YEW) CO, ¥l e, mg m™s™
Ag MEALZE, mgm?s!
A, KBS LR, mg ms
b HREH RS, =283 8" m!
by FHER G AP LI R R =-5.8(0<0.21), -1.5(6>0.21)
by R A A A U IR R, = -24.9 (0<0.21), 0.5 (8>0.21)
B GG Dalton 3, 4
Cp S EE A, =1004 TK ! kg™
Cw WASKII L, =4218 TK ' kg'!

80



(B3

1 SiLSM FiRIFF

L

g e

c K EE IR %, = 55.5%10° mol m™

G L IICOBE /RS, umol m™

Ca B H B 2 A I COLBE /R, pmol m™
G TS HICOSBERIK I, pmol m™
Cu BRI RE, RN

d VIR, m

D PO-H0 EKF P R, m’s!

Do AKYUR T HH R, =044 kPa

D; BH YL 2 LIOAUKICEE %, gm®
E KM Z, molm?s!

/0) B(O) KL, Tt

Fe 5t 2 COL M, pmol m™s™

Fx EBRRGHFCOZH:, umol m?s™

£y +4CO, i, pmol m?s”

FC M KR, =036 VWC

&a SRS G, molm? s

g jk 2% CO, 1%, mol m™s™

&m A 5%, molm?s!

2un(T=298)
g rﬁin

g ;in

G

h

KH

W 298K RIS,
B/NVSALSE, molm?s!

CO, A= T IE,

SR R

von Karman'y 3¢, =

HIERE, =

W m™

=7.0mms"’

=0.25mms’

TR Y #URE, sm!

81



P R RS2 B 22 A7 1 S0 B SILSM ST B0-H,0 Fl 'B0-CO, 28 # 1453 AL il Fn Ak itk

(SR N

- 5%, =0.05m

L Monin-ObukhovK: %, Jo=4

Legr P PR KY BU A 2R S, = 1.0638x10™" m

LAL I RTR R, oA

LWC - RO P K B CRRARE AR 5 K e 40, gm™
P Peclet®, L&

Pa WET ISR, =99 kPa

PAR SRS, Wm?

q*(Tao) Job J= R P LRI RS, e

qa S E K L, TEHN

Q10 (gm) O 18, =20

Q10 (Am) O 18, =20

Fa R T, BS54 ), s mT' Bim? s mol”!

Fac itk 2 NSRS 2B, s mT Eim® s mol™!
Ty COLMIIFEM ), s m!8im? s mol™

r 62X COL P S, s m™ 8im? s mol™

ry LHERFCOLMIB )y, =800 s m™

Ty U GHERMHLOMBLY, s m sim’ s mol!

r” 56 ERTHLOMIBH 7, s m™' 8im? s mol™

"t B2 B 2 MKV S ), s mT 8im? s mol”
Rq 5 FEIGH K, mg m”sT!

Ru RAEKPAREGHERHE, Wm?

Rs KBRS pAR ST R B, Wom™

Rvepp VPDB i T "f0-CO, I "#0/'°0 /KL, =2.088349077 x107
Ryvsmow VSMOW #5#E F "*0-H,0 (¥ *0/'°0 JBE/R L, =2.0052 x107
RH SH I LA AIRREE, %

RH;

SR FR DR T R AR L, %

82



Mk 1 SILSM HiI #7534

P Y

Ry WIS, mgm’s!

Res 2602 KK P00 H, e
Ry B ARV PO/ PO BE IR B, TN
Ry AR K50/ COBE IR L, TR

t IfIE],  hr

T (4w) B EAGE, =281K

T (gm) W EAGE, =278 K

I (Am) WEBE R, =311K

75 (gm) W BB =, =301 K

I, SH g LA,

T TR, K

T i AR I E, K

u* PEEEIE, ms

Ue RN XGE, ms!

Un LA THRGE, ms™

U S FRGE, msT!

w P E X, ms”

Wi A3 G KV R 404, mol mol™!
W ek R K& CRR i BB S K e 0, gm?
wp HZERH, =0.15VWC

Zm SH %, =3m

Zo Zy R IKREE, m

Zot W FE AR IHRSE, m

83



rp [ RF R 2 S ] SILSM FSY B0-H,0 Fil 'B0-CO, A8 #8423 s L AN Uk itk

84



Bfs 2 [RIALZIN T i

MR 2 RHALEMNAGE
A2.1 TGA f&4r

TGA100A JE =S 445 11X (Campbell Scientific, Inc., Logan, Utah) X v i 18 — 4%
E WO % (TDLAS), 3l % LERE i AR 225 SR (2 AN R 255 &) IR 20 4h
WG vl e Il SR i R R AR S . R Ry, R, R
TGA100A & 4 BFAME FH BT (9 5 [ (R RT A B o —FBOFH A AR K[| A7 3%
F e i — SR A 20 A9 0 e FEEAH ST I, TGATO0A. FAJ3 52 0 I He s v A
103 E Campbell Scientific ZfiRAEAS L, DB EFIE il , siArg T H bl
EiR

Al JRESIKSH{L(TGAL00A, Campbell Scientific, Inc., Logan, Utah)
Figure A1 Trace Gas Analyser (TGA100A, Campbell Scientific, Inc., Logan, Utah)

(1) ANSIERFZNERESHKESE

TGAT00A A:3 3G & T /AN URBAN R R A R . B, fefm AR
JEERR B IAET SN, FEEFAN AT T BETTAE AR, BRILZAN, Eibhe s — SRR A
PEAER, AR . O 1 AR AR OQ(EC) ik R Rl &, TGA100A
(RIRAFIEA . W WA . RO R PR AT T 0. BN —A> CST i REE S

85



P R RS2 B 22 A7 1 S0 B SILSM ST B0-H,0 Fl 'B0-CO, 28 # 1453 AL il Fn Ak itk

F—11 CSAT3 i KGETH G, {H R 5231 EC R4 . TGA100A 37 F5¢ A6 B 712
MR A AIE . o] DUV LB S R AR S = F U e i, vF R — R s 2 %
FE R

(2) AR ESIRFRZE

W IEPEAIEMBOLE . IRNAS TS5 4K, TGA100A n] LU w2k 75 3
210 oK Z AR . B Eh T I AR EBOCER M T Ia R AN, —f— IS
W P W 2 2= 0 1 2 3 em™ o FELEREILR, [R]—B0% 8 1T LU 2 R4k,
{0 B R AR T B RO 8s « WOLE A AOG R — AN IE O
JE, SL 4 ANBOEAT), FeZ vl LLINE 4 FhASE] SR, AS[A] SR 4 T B oL =,
AN LR, BATR RGN, VIS S0k.

T I ZE AN B = AN RORCS 2 2 )22 B i 44, TGATO0A st m] DA ] i) 58 py
B SRR X BSOS IR BT (R0 1 em™), LG HATZERR BT 0
AT . ZEDIE AR 80C A 810 M E b, B KV 80 A1 8 D[R
R RS, TR P R SH#EA, AR BIA S 1 R A2

TN BT AREA DR AR, SR A A 2, A A &R
Fpe, (2 e 2 b I — P SRR . s — PS4, vl PR Pz S ik i
R VAT Bl 28 PR A o T [ S 3000 R i AR 75 54T 8, A T RO GRS B/ B L Y
HENVRERI AR MSCE 2, F5alh T BT IE WIS 26 AN 2 B i 1Y

3) EITIME

TGA B[4k 5E, fijf. B K2 v B iR e HERAS, AT SE e Rr 4h
AT o G E RN T LR A G ) B T Y B, BEXS G HL PR IRGE S Jol /ML AR AL
URAETF IR IS 4T TGAL00A, F Uf# 1] TGA100A 452k 541 TGAT00A i 4
o

TIHTACRRE A I 2 2B AR UIOIRAS R TARGEFAIR T 75hPa), L BRI
T 1R B PR SR fpe R PR PSE R AR TP UM R lic . PR R BRSO S L, i AR
) AU 2 DR i 2 B2 el e, T BT A (R I () 5 %, TDIL 414
HMF 'S 500 Hz, Z)HroGit 34 10 Hz, 4 GE S ppby AKEARSEE, S s LIk
B HHGE A S T R AR K SN 3 Hzo

(4) HHBAEFE
TGAT00A [FIGY 2 EhiotHs, BT EAE 80 3| 140K 2 [0]. A WP k434

FIAHIBOER: TGAL00A WA MG S A TGA100A HIA B HOL R4

86



Bfs 2 [RIALZIN T i

TGAI00A WABICEAL TIXARE N, BEARY 104 FHRER, HF—MNHOLEE, o
JBCEPANEICE . M — AN RO EE, tnl DU e e AN oA . IABHOL =R
IS TR R T IO AR B AT IS R], LSO G BRI SUE 2 TR ) 2 A . SR T
oAk TARIR S, XA i E, DMEft s> 5 RAE T R i 1)

TGA100A #4200 R G0 R H A % PR B0 RGEAR HBOGE , AT H A .
ZAGOFE—NHTEEOTGEN), —DNRAGPLEEINF 3.1 KK RS
(BATBABEK) . TGA100A 23T EiA Zgnr DLk sk T4F, HFREwifiih=, LAMEgE
R R A% . 5 TGA100A WABOLEAHLL, TGA100A HIVAHLIEOE RS R AT LA
LI AEPINEOEE, WA DY R ANEOREE, e 2 Ao . R HL
WO, i 10 2 35°C, AL E EREAE 5°C LL . TGAL00A HlAHLIEOL RS
AT K5 TGAT00A 14 2.5¢m.

A2.2 @R ®0-H,0
(1) X%t

ARG, EHETE IO %8 (Specdilas IR-1500.8, Laser Components,
GmbH, Olching, Germany), H,'°O 1 H,"™O Wi 2k 23 5% & 1500.546 F11501.188
cm’, J5V%[A] Bowling £5(2003), X SUIL I L (e R AL T LU R ARUE: 1) X Hy'*0 i
LRI 2) Hy'PO (RIS 2k 5 H, 00 WIS 4B, XAERETRft 5 [ R [F 2%
FEAH YT, B TR RS 3) AR e At AR AR B B
4) W LR BT AT 4738 (1 HDO W% £E(1501.116 em™), IXFELTH L, R4
BN A] ) 3] HDO/H, O #6528 o O t i A 30, 15 12 U7 91.2K . 1% 4% 1501 em'(6.66
wm) BT (IR IS 2, A T S B TR AU IR R A (MCT) i AR ER I 2%, & LubR
[P H MCT BRI 28 19 s K K, G5 %] 5 pme.

REAT & i R v RO 2 1) BE 28 e 1 ZE AH ORIt CARR ' i B i P 1 2 A B
o R TREIRFE B RS B B AR, FRATTEE A B U8 E — NS AN FE N, RS RS2
B, FHAPE R RE S S E AR HERE SR HE RS, M TR AR S AR HEAE i A [F] —
WPE, FEFE R E AR T, B A e N 2B KN E IR E . WX Rk, K5
B IE IR 1) H AR AL 5 [ A28 122K « CO, [R)A 2500 5 28 Gt 1A 36 28 W 1% 4 BT
70K A I fE 5 9256 % TP AR ] o MeManus 25(2002) F 4 F ) 437 2% 114 5 1 2 11 58 % 1)
FEF R (CO) I, KA REE EWIAHILAL, (H45 R AU Bowling %6(2003)
K FH IR 1] B VA AS S 1 45 R dy

SINTASCA E R RO A, FERE I TAE SR L LA 12 hPa A, DU#EIE
— D AR 2 11 s T 2 58, IR S DI 3 . S22 SR A B P 5 PR R
AUKIEHE(E A2)o H— AN BT R £ I MO TO Bl B 2l /K v R AU T LB IR
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H R B 28 30 SILSM ST "*0-H,0 1 %0-CO, 28 el Fs sl L R ge kv
IMAF/KIRRS Z %A%, WIS ETIE, SRR 2= N B,
PR IS L B 45 THIHE 40°C, B 7KImE K Z) 0.35 v/ K. EFEAES 2% K+
AT Hy'°0, HIRFEERSHRFFLN 4 52647, S BEINS H A 24(H, %0
1 10%, H,'80 K 13%).

FEMAFK 153.08cm, HBUN 400mL. Z%4E K 4.35em, A 10mL. fEHTX
Ahie b T —ANUIERE RS, Hoh — NS S A . AR I E A Rl
PIEAFELIgERrm e, N TR o REFE B T E M Im ALK
3 0.0178cm), Jiidihy 0.25 FH/4380(STP, FRMERLERISIER). 0/ 8 B4 5
W, XA TIRFRREE, b SRS Z IR R, IR i A S 1
MEIEI 8] o $LA )47 R RAE AN D HURE 20 #6, P A TS, bR FAA
WEEA o — NI EEEA AL TR, DAAMEE I SR N TR] 5% 22— HOR PR AP ) 3=
2 V) 8 14 ) 3 8 PR/ 22 S 5 S iR 22 o FELL R IV TP sk b4 s 3 31 7
TN (R £ s 20

ambient
air bypass Mow
; spare +
N | 3
dry air ‘ 2 sample cell
I
manifold -
== reference cell
dripper Ny gas Y
enriched pump

waler

A2 KARMETDLAGENE
Figure A2 A schematic diagram of the TDL system for water vapor isotopes
bR R Al UK T PN FL IR 40.25 Lo min' STP,  Hillfi F/hfLEHl. 3R145 3 10
AR ARAN R o B B 2 ORe iy, A9 B[R 38 3 BB, JE T SRA58 B R A2 %K e [Lee er al., 2005].
Ultra-high-purity nitrogen gas is used for zero calibration. Flow rate through the four intakes is 0.25 L min"' STP
and is controlled by a critical orifice at the inlet. Intake 3 and 4 can be used to sample ambient air at different

heights to give the vertical isotope gradient and therefore the flux isotope ratio [Lee et al., 2005].

N T PR AKYRAERE: St TR BET 20 BT AR AN AT o B I 2R e . D I
P15, A3 A ] DLAE 3 FPINIA R 99.8%, AR HLIWEE ML, DR 2=k
DT 15 . T AT SR AR SR RE R R 2 4 R — Bk S B 23 (Synflex 1300,
Saint-Gobain Performance Plastics, Wayne, NJ). 5% EEANER BN JE R
ME B, A%E RA AR IREE .
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H,'°0 M1 H,'®0 &8 0 I IRy 10 Hz e 7553 5120 % 2ppm Al 8ppb, H,'°O £
4 12 mmol mol™. H,'"0 % &4 45 umol mol™ IN43 %1341 % 23ppm F1 45ppb.

(2) BEFE

I3 Mt DA R ab /U SAE N 2 i 8 R HIEARE AR - C0 R 229K 2 (-6.66%)
[RIZK AN #TF 78 T2 28 R o T IE, XFEI R S R KR
A LSBT RA A Y, 75 10%LL A PR OMEREE S RRA Lh i,
H,'°O0 Fike . 398 Hs 5 M R 2 e 501 m B A 38 d /N o 3 LAk AP P K I ) 7%
Ko XFE, A S A AR P R 2 B Re— . MR I & Rgn]
DA B A AR ) ) A7 25 L A5 4: A 0.8 %] 30 mmol mol™ .

R x; M ES i AN D (=1-4)%F N ¥ TDL % H CGRASHE AR FRIR & L) o 35 1040
A A2 frs, FAMERIE RS ROEARE T 5

R=R,
() =) (x)" = x%)

CAESRUCAESHD (A1)

Hodr, R ABENEE 4 DN DN IR 2SS R 28 BRI, _Bbr 16 A1 18 433
7R Hy'%0 F1 Hy'®0 23 1o [ 25 LU ASHEAS T BE B b [F) 47 K M 25 X 1 (TDL &
A LU 55— B UE LR A UE ARV IR A E) o [ 2R JRIR ST 6 55 80

(3) #Z%hE B0-H,0 &8 oeT BIITE
22K BO-HO & & Oer MIINE TV Pt WA 1 mT 3% — B O R i

I B K VR FA 25 B0 36 L BR L [Griffis et al., 2005b; Lee et al., 2007], #X & il
18— BRI i i 2 Spr[Brunel et al., 1992; Wang and Yakir, 2000; Wang, 2000; Yakir
and Sternberg, 20001, faj S i, F TDL PN w5 E 110 Hy'°0 Fi Hy'*0 T BLRRE
IRE s B A AR KT 4 008 75 A 185em,  Jm WARE VED) =y BE 3 n, - 439 7 =i 21 108
1 198cm. VAN ET (1 °0/'°0 BEIR L Rers

x;,62 _X;i xL11,81 X

18 18 16 16
xs,2 _xs,l xa,l _'xa,2

18

Ry =R,

(A2.2)

Horp Ry FEMFARE KT B0/1°0 BEIRLE, x AE RS ZA KR A, EFr 16
F18 435I 1°0 K1 %0 JRT5 51+ 52 FRIEATIE AR E KIS ais a0 g 11
ORI 2 RN S IE . MAKVIR G LI E A 0 B, Rer WA € X
o [Lee et al., 2005; Lee et al., 20061/ 2811 “BhaSkre” R4, AT LU 47K
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rp [ RF R 2 S ] SILSM FSY B0-H,0 Fil 'B0-CO, A8 #8423 s L AN Uk itk
P RN TDL WA AR P ) @ AT E . R 2 L 6 fF9 387, FRiEKEEA
V-SMOW #5#fE . M 5, IR LN 0.2 %, Jer HIKSEL R 1.4 %[Lee et al., 2007].
FIIR, (x) —x ) Nx)% — x.) LR AR ETRE, AWM= NI Y 1.10
% 1.35,

A3 BRERE °O-H,0 BIABIE R E WA R FIBE —HEEEZN

Figure A3 Photograph of the flux-gradient method and tunable diode laser system for canopy scale

¥0-H,0 measurement

T8 W e 2 I Oy, AE VTS0 S[R3 LI, BRAT 1 e eI e sl 1F
BT Griffis et al., 2004] o PRI TRHRJZ SOAAE i 11 [R] 407 2230 5 G R AR A A el J2 A7 i
T (Ostorage) e 2= WM R B, Opr M Storage L TAIFRAAFAE G ZE . FATHIBR T IR
DGR KR e AN B S5 I BT Or 200

A2.380-CO, BE VNN E
(1) £¥B—X5EB CO, FMuEX Ry REFIERN

EERGN COy (PN MO R AR RGBS (Forp) FIAES RGE IR
(Frer) I 2 5% 5
Fy = Fopp + Fp (A2.3)
€00 A (AL B LA T B
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Fy' = Fogp + Frp (A24)

Hrp Fopp A Fpe 0 AR AR RSSO A RS PR I [ A7 25l & SEPs N, A
IR RE R JE S EAEH (F, = Fope + F)FEAEM J 3050 4225 R 480 R AE A
(Fp = Frp — F)), Ay B R R FBOE —#90 F 1 (Lloyd 55 1996; Zobitz 55 2007),

F,=F,+F, (A2.5)

F=F'+F," (A2.6)

HAETA L, X F I AR A W, DR R R 15 21 5 KA 90 R () 47
Y [ A] FEIR [RIA 25085 EL[Bowling et al., 1999; Bowling et al., 2001]
S Ry 2 5 &Pl ] LA AR 7 A [Bowling et al., 2003b]

RJF, =RF,+R;F, (A2.7)

Horf, Ry REFIRS M AERIRIFESRYE CO 28 AR RGOCAER AT F
MRS RGEWPIAR FH IR (R 25 L i 4 i, B R'8="20/"0="0/("0+"%0). szfr i,
i 6'°
[ 2 i S R il LASUS R
FPP=8F, +0°F, =0 —A*)F, + 5, F, (A2.8)

Hp F =0 F, A 2l E, EEEMEN ZKRERRM. 5.0, My 2l
HERR . WESRGOEEEENAESRGWGE R RN £ 558, A ElEENE
e 26 A VER A F R RN 55 v, EWAEKTFERAMARBRE RN
iE, RIS 00 H&, WimEAEA K, FM a1, b KA
CB0'%0 4.
(2) ‘REMHEKERNMNZBEHE

N TR LebR AL e mAL, W K R A O (Leuning and Judd, 1996).
#5 Reynolds 7 fEFI-35 7778, vl L B U E

Fy=p,wWc'+S, =p,[C.(f)df +85, (A2.9)

Hd p, TS BERIRIE, w HTEEHXE, ¢ HE CO, BERIEBELL, we' b w il c
PR 25 o AR, w] DA 8 B RGE R 3 1) R 1% 5 FE R CO TR A LB (Cwe) K vh 5
Fno frelnimiRigiicg, S, k5 BEC & & 2 0] 5 CO, fifi & 1 AR IH 1 .

WU e R B Bk S A R 260l Y

F¥=p we'+8%=p. j C . (f)df +S" (A2.10)

Horr o™ 2 w i C0™0 FBERIBE 722, SI° M 3] EC W& & 2 6] 1
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HE AL R LA S0 SILSM FST P0-H,0 Al '*0-CO, AE iy 7 HL i A1 gk vk

C"*0"0 kiR ., C . JEIEERKGHI SN C'°0"°0 A L [
BA& R mEd o WIEAL 25 5 R WA B R A D RE . ASCH, ml U
EC kI Fy IR R AES

v 181

RS =2C (A2.11)

we '
o, R Ry WA EE [ 32 AR SEA DRI A4S oK, T AR 4k delta SRARIA,
5;:=1000[1f5—é11f51—1J (A2.12)

FELAERSMT, WHREE L) B AESRETRW MR, 6 =6y .
NEIETTE, FH delta £5 S AIFAAL KB R(F; =6y Fy), (EMMRLEAR A2.9 [KIERE
AT . 752 A International Union of Pure and Applied Chemistry, Commission on
Atomic Weights and Isotopic Abundances #E17% ) VPDB br#E(E1 2% %) it 8544, NBS19)
Xof [V 3% JBE IR VR A LB A T i e

F] TDL (TGA100A, Campbell Scientific Inc., Logan, Utah, USA) 777l & C'°0,
Fil C"*0'0 I A H: . Bowling %£[2003b] 1 Vet H % R e BB IAA 68 Bk, AR SCR
FHF 9 N EC 1 e AT+ 3 T SCRSRAE R G o AN TR 2 4L CO, HAT Y
SE IR 2, AT DU P 20D R AT IE PRI o AR 2R, TR AE A=A
Ji B (1.6kPa), AT/ K 738 562 . AREe T, C'°0, Fil C'°0"°0 LT Al i
2524 2311.756 F12311.972 cm™, AFRIEFEN 2 ms(EEHHR N 500 Hz). WG4
X 2 ms WIRFEARALARER, X 2 ms (G S 51 LR IR 25 . gt S i A n) 8,
FECTIE O M B HAT RIZE, MR A AL R 5 2 C'°0, 746 ms. C'*0'°0 742 ms. 1
HRE T, A T ARSI, SRAH 5 Hz (1) EC JEUR a8, WIS, Hmid
SRR 20Hz. IXFfE, fEFEABREY, wT DU TR IR, Rl S R R
TR 2 [ A A L

(3) =SHEF. tREARIMEHELIETTE

EC 3EA B il MR T 0.1 2K, BUREER D 25.0 L min™', A MAKE &L —A
10 KRN ML JE 8% . — A 47mm i JE 45 (Pall Corporation 1235, NY, USA). —/
ZEET 143 (PD1000, Perma Pure Inc., NJ, USA)F! Synflex % (Synflex Type 1300, 6.,5
mm O.D. X1.0mm wall, Aurora, OH, USA), RGNS HA % (RB0021, Busch Inc.,
Virginia Beach, VA, USA)FHIE {5 MKAE RS KA RGiAE EC HEA 2R i Fll =
MRHESHEH P HRAE o H 5548 Busch B2 RMCRAE RS H 34T —IREUEE, IFF%
FESA N TDL, H s i &5 4 8 (16M Series, Alicat Scientific, AZ, USA ) It & 4 il
3 Lmin'. fERERELEHIZA TDL 2 (84 8/ 2k T4 4% (PD625 Perma Pure
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W2 R EAIT

Inc.), LABRAS S FIRRUERE i (U BE AR IR . SHz (50T UE IR 5 0.744 s, WIFEEUREN
FIE 0.66 s, [RIULF 3 RS VAT TDL (15 5 Z [0 1.4s IR A 5 (FH 24T 20HZ 1)
PR R4 28 ANFEAN) .

4 A Z He ] . W8k 300, 450 F1 700pumol mol™ [ CO, HHAT = sikriE, I
(ITRIRR A S o0l FEAS 5 2RI, Sibs e SARIURE 10s, AR a0 IR IURE I 3K,
WEUEE 27050 ik b —F S RERR B 5 ISR 22, B IR DI 5 (1) 4s(20Hz A% R 80
ANREA) 20 o T TR BHRAC 2 0 20Hz RPARAE I & R AT 26 1 B — Vo, ok
ff e S SR A .

TSR (R S IR, S0 EC R G0 2 (1) CO il 1 LU FF % =03 B AH ¢ R GLIE,
A SC o EC-TDL S ) '%0-CO, 3B A2 10%.

B A4 REEXFRIAE ZRE M (EC-TDL RS
Figure A4 Photograph of the eddy covariance and tunable diode laser (EC-TDL) system

R B3 £ University of Minnesota, Rosemount Research and Outreach center, '*0-CO, il £l & It i) 24 2006 4F 7 F
18 H22 9 H 20 H, K&K ZE, Experimental site was at the University of Minnesota, Rosemount Research and

Outreach center, during the 2006 growing seaon. Isotopic flux measurements were made over a soybean canopy from 18

July to 20 September 2006.
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SO AT B ok B HB SR AR AR S IR 2 Bt AR SR AU AN JE JRas R A
T8 KGR R RIR WA SAEDIIT, Rl U IS K718 L5 Lisa R.
Welp 144 Kyounhee Kim, LLA& A JE 7ik K242 F| #4% Timothy J. Griffis 7RI 4t
SEAE S TR R B R SR

SN TR = A7 e o R e s R 5 BEURRIE ST T 9mAE 9T 01 . PNBEREIE AT
SUNISE [ HRE R 22 AR S PR BT 2 e UM R, AT e #ofs, &z ai &t Hy
ML, AR SCAEZNREE I B R S T e, BRI BT TR Z 0. Fon fr]
PRI WA E 2R, Yot M H G I CAE BSt m R A AT )5 5%

SRS T % W SCE TN R AR oo R SR PN A SR
W VE 22T

S T [ERE A2 g 2 BERL 2 5 B URAIT 90 T R R A5 R R AT G 8 ) AL 52
FAREIZENIAT], R ATT T 2 B8 T IR EIRIEAL o R b R B iR
GHERT IR AE B BT B 55 S A5 0 FRN AR TG AN 2% ) SR A 3 B (¥ 2 A ] o Jek
TR AR 2 & 4 [ 2 AN VRS AR GT B 3, DA ST A DR A ke Do F i) 35 31

KUFTRIIATAT WI0h. Ee. Wi, BUR. M, R4 NG, DU R
NXAZ AR TSI T o R T I AR A ] — e F) s A R 5 o
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