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Abstract ; A leaf-scale combination model was modified to estimate canopy conductance ( G,) by introducing leaf area index
(L). The modified model used only air temperature (7') and photosynthetically active radiation (Q,) as input variables,
which can be measured directly. The G, is the product of the potential canopy conductance ( PSC), which is the L-
normalized maximum G,( Gy, ), and the relative degree of stomatal opening ( RDO), which is the L multiplying by G,
normalized with G,,.. The PSC is estimated from the maximum values of T, and the RDO is estimated from diurnal variation
of @, normalized by the maximum (). We applied the modified combination model to a winter wheat ecosystem in North
China Plain. We also estimated canopy-scale latent heat flux (AE,) by coupling the combination model with the analogy of

Ohm's law in electrics. Simulated AE, for the winter wheat ecosystem was compared with that calculated from inverted
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Penman-Monteith equitation, and estimated AE, with observation by the eddy covariance system. The combination model
yielded a quite well diurnal dynamics of G,. Estimated AE, was in good agreement with that measured directly with the eddy
covariance method. The slope and R of the line regression between the observed and simulated AE, are 0.705 and 0.79 (n
= 1526), respectively.

Key Words: canopy conductance; combination model; eddy covariance; latent heat flux; multiscale response
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BT R A AR

g, =PSC - RDO = (g, yux) * (&/8opuz) (2)
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G, =PSC - RDO =(Gy, /L) - L-(G/Gy.) (4)
ﬁ%:
G, =PSC - RDO =(G,,./L) - L + (G./Gy..) (5)
K, L M EAIEE (m’/m) 56, G e M TR BB K H B KAE AT HIE 5 G/ Ly G/ L 5
B3R B TR R S B KB A T4 B, PSC 1 RDO 43 B B 6 A A %04 (Q, ,pmol/ (m” - 5) ) VKR
(T,%C) ok (W,m’/m® ) FZ S MM (D, kPa) i H FR (inter-day ) Al H [6] (intra-day) 28 B HLRE o
ARSI R EET H B EHEAT , R 4E H BRA B8R R 5 B 3 378 B e AR B 4347
WS EHRRE LEERTERT AR FERF(REIL 5THEEA) , I LU R NHEATE 4
JH4MF o

PSC WY T %K
P(T.,) =a +a,T,. +a3T2m (6)
P,(T,) =a, +a, T, +a3T2m (7)
P, (D,,) =b, +b,D,,, (8)
P,(D,.)=(1-bD,.)/(1+b,D_.) (9)
P(Wom) =(cy +6, W) (10)
RDO BALE T R4
R(Qp) =d; +d,Q0,/Q, wex (11)
R(D) =e, +e,D/D, +e,D/D%, (12)
R(T) =f, +f,T/T,,. +/,T/T>. (13)

AH,a, ~B RHEEREK, T.DW.Q, HFIAKE(C) EEMME(kPa) 1K (m’/m’ ) A AR
5t (pmol/ (m™s) ) , “Max” F/R H B A {E
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(15)
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Kby~ by HHER
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(e,(T,) —e,)/P

E =Mpom— (19)
H AE, =) - E,, MEHOSE ) EHEGE R ] 2808 -
i ap ey (ea(T) —e) /P
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T'c + TB

A ENERKIER (kg/ (m™s)) 5e,(T,) NEERE (T,) FHEAKSE(KPa) se, H LR RSKSE
(kPa) ;P Ry SLhR RS (kPa) 51 a2 ) (EE S EMAED) (s/m) ;r BEEDF B (s/m) 54 HKEY
AL (1/kg) , A SCH 2. 45 x 10°1°7 s M, KB BE /R R, AR SCHR 18 x 10 ™° kg/molsp,, g 25°C I 2545 Fy BE
IRPEE (mol/m’ ) , A SCHL 4077,
1.4 R ZES

Xt P KL Y, BRI R R R A

. _100a (w/uy)
B 2L 1 -exp( —a/2)

Ref, o o TR R B9 BE0 R 8, Bl 2. 575 L S I AREE B (m’/m’ ) 50 S0 58 (m) , AR SCHUE K
0. 02;u, AREZRE (h) R (m/s) .
2 #wRE5RE
2.1 SEE XM

ARSCHFFTG A B P ER 2B A AR A I (36°57 N, 116°38 ', #§4R 23. 4m) , Byl F LU AR & IR
T, HA IR A B R W B R, s B, BB LB R RN ER , B RIE R 13.1 €, BN
& 582 mm, KFHEST S & 5225 M)/m®, B HEA1%K 2640 h, FLFEHA 200 d, ZusTRAREIA, Yedt. i F KB IRE
B, BEBRAG R, BRBMRAEFK FARES ERAARERE MR, HIERFYER PR
Y, RSB LA, RELERMARE P EL RETERBADEL, T EANAERSEN
1.21% ,pH {E X 7.9 ~8.0, 2R IR, , FEYFIRHIE LA/ R/ B R A BIE—ERHRH
2.2 W R AR

S 4 A SR B X R LN E YR ERK S COE &, RA4 B si/M NI AL R 20 E X
FRAR S IR IR B SRR . IR 36 R G R/ NS B I AR A TR B STk F Y R D
BB R RS E B i =4 5 R R B 7+ ( CSAT3, Campbell Sci. Inc. , USA) RN L) LI-7500 B BR4T
4 €O,/ H,0 244X (Li-Cor Inc. , USA) 41 5%, , P B HEM AR5 2 1 0 B9 =4 Xk TR I \IELBE CO, ¥ B 1Y °F
B FpReS Bk ah{E ; HR R4S CR5000 BI¥HE R & 2% (Campbell Sci. Inc. ,USA) i, BR %S HAIRE, K
HeSRZ N 10Hz, 48 30 min i H—4FH{H.

INEAEEEE M RS EE 2 E AR-100 E 3 #F X#E i ( Vector Instruments, UK) 12 JF HMP-45C BHEIE F
f£)%#%( Vaisala, Finland ) ; 65 B %485 i LI-190SB B &R 68 752 (Li-Cor Inc. , USA) Jll5E . 1EIE 8 E/R5E
PRI N 2.20 m 71 3.40 m, #ERA RGEIRE B Y 2. 80 m, BEAEYI B AR ™, 1ERERh

(21)
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Fig.1 The outline of the study for estimating canopy transpiration rate based on a combination model ( PSC signifies the potential canopy
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variation of environmental variables
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A LA PR AL Ay i 7
Stomatal response to
environmental variables
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Stomatal response to average or
maximum of environmental variables
during daytime

conductance, and RDO the relative degree of stomatal opening)

HHAEREREVITRI R T 2 om 9 2 3t HFP010SC % 4 3315 Al ( Hukseflux , Netherland ) 1 % ; 138K 43-f8 TDR
W, LB E T 10 cm 130 cm, AR5 10 cm £Z 1K, EiRUFRH 5 CR23x B REF
( Campbell Sci. Inc. ,USA) #Hi% , & 30 min i H—4HFH1E,

BRI &/ (BHE 13) ,F 2003 4F 10 A 23 H#%#,2004 46 6 H 13 HIkR, BAEMEE N 245.3 kg
N/hm®, SEB 3155 ] B R AR KA , A RTS8 — B T 8V, KB XK B 7E 200 m DL b, 3 B TS 88
MR ER ., 7ECIHAN, B0 7 B EL/ DR ERIE B S, TR IS A i itn e , IR
LI, EBAMERE TS, = A KA Z A AERR

B FARLELY “ IR O T REFEK AR R MR, AR SCEERL 2004 AFL/NERTT-EX B (4 A 2
H ~5 H 23 H)3E52 d WEERHITHR , R IR /MR A K S BR i 5, B A ARs 80 (B 4) ,
TEEAE M, K, PRI DR RSEAET 15 dORTRS ~ f8-EES) WEEETSEDE, B
37 d R FREE R IE
2.3 WEIEMITE

ABF 5 FZ T Penman-Monteith 5B TR F B (G,) #HATSHH € ML BILGIE .
GC'I:(A°£—1)ra +”761'f—]; (22)
K, A HEAKSERLRR(KPK) ;C, A TESEE LM/ (kg-K) ) , ABFFBUE 1005 5y T
FH(kPa/K) , ARBIFBUE 0. 067 ; D, 4B AL K SMAK S EZ (kPa) 50 K2 S (kg/m’) s H A
AE 535138 B RE 3607 Bk VI A SRR A Gl B (W/m’ ) 5, g KB 126 17 (s/m) o

RS , R4 Monin- Obukhov #HI3EE , # AR EM B RS R I #H A MHER N

ra:kzLur[ln(Z'ZO d)] (23)
AR¥,ZASHEE(m) , ARHTHBE 2.05;u, W B E HELARGE (n/s) 5d F Z, 535 8 ZFE A b
BEPRE (m) ;% 2 Von Karmaen %, ABF5EH{E 0.4,
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d =0.630",h (24)

ZO:(I—aa)Zb+U“(h_d) (25)

3
R, b R E (m) , R BHSTH Logistic BAVESE; Z, AR ROALAERE (m) , RBFFBAE 0.01 ;0,8
HESMALY, SHEREEE L™

7, =1 '(0.(2iL)eXp( 'L?) (26)

2.4 ERHIEAT

AT AR R (1) %02 /N LS HEAT 3 YA o LA T8 B TR P A v L
W1 (i) KR Webb Jr RS HERS S UEAT AR IE ™ ; (i) 0 T BRI TF B R AT Sh A7 X B
T K RT3 . B LV WK 0B 5 i) /N e 90 T Ak 8 M (B [ - 200,
6001 (W/m’) , LABI 8 52 19 5% %085 (v) O T 3otk P00 2t FRE 29 B O K 024, PR 7 34 B 4ok
(MDV) Sk R R B R BT D3 B, 0 T S B4 3 AR 482 , BB 10 B LA IR R
SR R B ML
3 BR
3.1 ARBHSE LHRE

BOush A FREACIT IR, EER RSN RGN, MoK S 5 BURH , iRk £ B4
FEES HBEN TR, 2003 ~2004 FA/NEE KTV RMR I BIT(E 2a,b) , 24 F PHBA Y 129.4
mm, -3/ (0 ~ 5 om) 1) H PRI B A KBS LTER K 0. 16 ~0.48 m’/m® ([ 2¢) , 3¢ EXHA/NE B A LI
TR, £k — RO ET B RAY 65% , EAR AL 5 BRI,

AN A RN R Y P Ok, — ML FRRLEE 26 ~28°C . 2004 48 4/ NEME AR B RIK
A ESEE, R 15.0 ~21.6 C, KM 0.60 ~1.20 kPa, AR /KEFE 0.28 ~0.34 m*/
m’ MR SORAE 19.5 ~23.7 °C, HHARA KR 0.25 m'/m’ 77, TTAS TR BEME, 5540
MRk 1.91 kPa,
3.2 KRERAZESENEIEL

A 3, KGR M0 T L 5 PG A T B — B FEA N A K B B, K OB B R TE
BRI P B A/ N 0 A4 R T B S, 206t B

B3 BRMRIR SR AN R B IR AL, T, &N R R S A TR, BRTR
SR BRI, SRR R 5 B TR, FETEJ W T W
3.3 BHEAHSECIRLR RO

FiY 1Y Logistic M- TR KA A1 Logistic B4/ LAL FISEE R B HOBLLSE BB A7 (1 4)
B EIHAIRA 1 0.9747 #10.9915,R*4r 5% 0. 9338 71 0.9878,, &/NEFER VTG LA EZ R H A&
FAKT . e 3 4a T, ASCERIBIAETBL (4 H 2 H ~5 23 B) WA/NERT ~ M, R
Pk K TR AR IR0, 1AL T B 4 R Bk PR RLAL A K R K 7, B D e 00
JE R P, B UM (O T LU
3.4 ERSEIEH

AT AT R ET BB EHAT, T RSB A LR R A, (G 10,00 ~ 1600 K94
BB EA . i 9 10 T, ER R A IR Bk B R S 0 R TR, 76 H R
R RRERYWERSENEERE RS EREBRE, TSR, WA £ B0
B EE S

% 1 PSC Al RDO 12 56 I 547 Ky Best R B, 71 ., PSC 1 RDO 43 SRR (6).(9) . (10) W B
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Fig.2 Seasonal variations of environmental factors during the growth period of winter wheat

a. JeAARIRS:b. K (P)YMKIR (1) 5. RKMAE (D) MEREREKE (W) SEAFRIRH BAKH B AR BMEM 50Kk S
3y H¥#{E a. Photosynthetically active radiation (Q,) ;b. Precipitation (P) and air temperature (T) ;c. Water vapor deficit( D) Volumetric soil

water content at 5 cm depth (W) ;Q,, and P are daily sum values. D and T are daily average values

(11).(12) \(13) A BT ARG R RS , B TERIR R, AR (6) & (11) /] ARG BT
BIER, AR0KRR (6) X (11) MENAH S RAE SR 3K 550(22) W BESREST T LB (& 5) &
HHRASHERNER2, TR, ASEEMURISREAZE, I RE BRI R, JF BERRRIBR

T BME S SEIE R B AR R BT — B

3.5 mRENGEERE

BB (K(6) &(11)) 5R(20) &4, TEAE ZEPER , MBHSHNE 2, ARREHERXR
G LI i 2 Bl B (IR RN AT KT 4 B9 A B B ORI R B 75 E  [RVSYI TRl K B e ) 547 3
I, R BN, EARRXIBRT , BT H AR K EZ S IGE 835 518 B RS ER e — 3k
(E 6) 1 6a(n =232) F1 6b(n =211) BHME 5 LIME A A LR BIH R (1) 53514 0. 9369 1 0. 6980, R* 4351
9 0.8783 710.9161, X tbik T -FEAKHAE] EC MMESHEAME(E 7) , 4R BA —FA BRI MK, o =

hitp : //www. ecologica. cn



5216 £ K5 % K 27 4%

20 — 7
G mmmme E - 6
15+ - §
= 4 EE
£ EZ
810 | g
2z =3
= o 2
2 o M o
3 2
2ZF 5 ®E
A I IS .
0 Tt e Gre---- il I \ \ 0
10-23 11-22 1222 01-21 02-20 03-21 04-20 05-20

H # Date (month-day)

B3 ZARERFAKRER(E)NERRE(G,)WESES AEsITIHE

Fig.3 Five-days slide averages of water vapor flux (E) and canopy conductance (G,) during the growing season of winter wheat
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Fig.4 Seasonal varations of simulated (solid line) and observed (dots) leaf area index (a) and canopy height (b)
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Fig. 5 Diurmnal variations of simulated (solid line) and P-M calculated ( dots) canopy conductance
a. WIS 5 ARRSBEASNE: 25 05 .05 05 HFGD. EER. 5 RRXUERSHE /DREE. B AL s BRL S PW
a. During the early shooting period. The weather was cloudy on April 6, sunny during April 7-9, and light rain on April 10, respectively; b.
During the early filling stage. The weather was sunny with light rain early on May 12, sunny on May 13, mostly cloudy on May 14, mostly sunny on
May 15, and middle rain on May 16, respectively

0.7054,R* =0.7894(n =1526) ,

4 Zig5itig
BEYN,CEEHSAATFANEERE, Yo" 98 EAFRRERE T, FEE TSI EEH

RN EEEAR,ZEHRRE L LRI EERR, MEH FRZEAP BFARFERE, IFHEIA
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£1 {4¥ PSCH RDO HARERRIZMERARERY
Table 1 Coefficients of determination for estimating PSC and RDO from different combination models

EE EERE R BERIRE R
Model Model expression Model expression
PSC Py ( Ty ) Py Dy ) P(Wy, ) L 0.88224 P, ( Ty )Py (Dyy ) L 0.89433 "
Py (Tyw ) Py (Dyy ) P(Wyy) L 0.85628 Py ( Ty ) Py (Dyg) L 0.85618
Py (Tyay) Py (D) P(Wyge) L 0.90253 * P (Tyy,) P(Wy,) L 0. 88008
Py (Tyw ) Py (Dyy ) P(Wyy) L 0.85655 Py (Tyy) P(Wy,) L 0.85454
Py ( Ty ) Py (Dyg, ) L 0.88195 Py (Tyy) L 0.87465 *
Py ( Ty ) Py (Dyg) L 0.85296 Py(Ty) L 0.85232
RDO R(Q,) R(D) R(T) 0.62573 " R(Q,) R(T) 0.59176
R(Q,) R(D) 0.61443 " R(QY) 0.58984
* FREAERPRERMERNASES Numbers with stars ( * ) show the highest coefficient of determination
2 PSCH#RDO ERMSH
Table 2 Values of parameters used in PSC and RDO models
EE BERIRE E- 2
Model Model expression S Parameter Remark
PsC P (Ty,) L a, 1.387617022; a, 0.250153969;a; -0.008959686 7 (6)Eq. (6)
k; 8.840104923; k, -19.06684983;k, 8.228538418 & (17)Eq. (17)
RDO R(Q,) d, 0.212907996; d, 0.706795213 7 (12)Eq. (12)
500 — 500
a
L 400
% 400
fal=
E% 300 ° 4 A 300
s < 3 4 *
ﬂ]ﬁ EJ 200 “ 200
2 = & °8 5
A 100 [ 4 100
#u g 3 ol o
= _ WP 0 Q
@] - 0
~100 1 1 1 1 I 100 ! 1 ! ! !
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Fig.6 Diurnal variations of simulated (solid line) and measured (dots) latent heat flux
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