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Evaluation of SHAW model in simulating energy balance, leaf temperature and

micrometeorological variables within a maize canopy

XIAO Wei' y ZHENG You-Fet' s, YU Qiangz* (1. Department of Environmental Sciences, Nanjing University of Information
Science &Technology, Nanjing 210044, China; 2. Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of
Sciences, Beijing 100101, China). Acta Ecologica Sinica,2005,25(7):1626—1634.

Abstract ; Yucheng is a typical city in the North China plain, which is one of the most important growing districts of grain.
Research on it will benefit to the agriculture of the whole region. Furthermore, energy balance is the basis for simulating heat
and water transfer in crop canopy. Temperature reflects the condition of plant objectively. Meteorological factors such as air
temperature, humidity and wind speed as well as soil temperature are the ambient conditions that affect the activity of plants.
Canopy temperature reflects the overall plant health. Understanding and simulating canopy conditions can assist in better
acknowledgement of microclimate characteristics and management solutions.

The Simultaneous Heat and Water (SHAW) model was used in this study to simulate the surface energy balance, profiles
of leaf temperature and micrometeorological variables of a maize canopy and underlying soil temperatures using data collected in
Yucheng.

The results indicated that the model well simulated air temperature, relative humidity and wind speed in the upper layers
rather than the lower, with model efficiency falling from about 0. 95 to very small. Since poor simulation occurred especially
for wind speed, modification was made to the model, and the simulation was improved accordingly.

Energy balance of canopy surface was simulated throughout the growing season of maize using the modified model as
above. The simulated net radiation mimicked with the measured, with model efficiency equaling 0. 97. The simulations of

latent and sensible heat flux were reasonable with model efficiency 0. 81 and 0. 78 respectively. But the bias of ground heat flux
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was obvious, which may due to the lack of measured energy balance closure. In addition, the simulation discovered that the
precipitation influenced measurement significantly.

The coefficient of simulated and measured radiometric temperature reached above 0. 9, when the temperature was higher
than 30°C, the simulated temperature was 0. 34°C bigger than the measured. The leaf temperature above the 2/3 of plant
height was simulated better than the lower layers with model efficiency equaling 0. 85. The soil temperatures near surface were
simulated well with model efficiency above 0. 80. The simulated temperature was higher than measured value near surface but
lower in the deep depth.

In conclusion, the SHAW model simulated variables above of maize canopy in typical region of the North China Plain
reasonably, and some weakness of the model were discovered, which will be the reference of improvement of the SHAW model

and the development of others.
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L E-KSARAMEFHNTHR BEXF FUERK. EAMBEIS KRR LTHES . BE.CRABRKABS,
BECZBNGFLEABAEHER. W B-HE-KSEZE SPACOKK . AERMAENT TR/DMUVEFIEFHEFBAIR
FHER., ERFEHATEBRPREERDEN SRR EHGER W LH DL RAEE WL, B R K% 5 oy B 6k f1 R
Hik REANBIRF HEEFHNREESR-RAHEE/FEANBERWERERER BB ERMAKT O ENERENEHE SN
HRRBEXRENSE IR FGEEEREYNAEGES (WA EGER . FFRER  ZBERMEOREBEXNEVRRE), e
BHREBSEWMCE BB . SILSE KREGEIMENMEY B EXREZWMEYHEREIE. WREBFPERERG THRNS
Pro BB FRATEMEAS T ML H P R /PEREE, A S FRAERAEHEE . A RXRI-EYRZGEE MY B H 7 | ©
BB &R 402" gy T — Y, REARLTENERARERE 20 4 80 £V H.E4LIF KT CCSODS %
— EHNMAL, SHAW # B Flerchinger 1 Saxton" 18 37,1991 2 Flerchinger I Pierson B UM A TEY X B A{EY o
BY, RAEBREHNAES . S /AEDI LENRE KoM RERUFRNIEARBERN LB K . FRA. L8R
B KSR EE ERERMEEBEMNEWE LB FIEES; ot R R R FZA4 T I8 & YRR LXK
RABOEWHBERRIE" . AN, ZEMEENEEFKRBEERLKNENHFEEELEE. 2 LW EHWEKLK SHAW 21
EBUT S5 AFTEMEN :(OBRFE; OEERERENEE; OMREBLE; (D/PREERE S (ESEE AR E R
HOMEOLBEHEmBERL., PIABRSESRREEAEET B EE, B L 5 TSRS LOMEFETI 2.

1 REAHE
1.1 KB

RBEMAEELFRPERERBBEG SRR AL 36°50' , K& 116°34" , K FEE 28m)#4T, BB REF B HE
FENSE, BEFEHRF13.1C, BFEFLHEKE 528 mm, BEHEE N 300m X 300m WEBR B FH EXRBEABA G4, HE B
JHEAERBENAE T RKSUES 8 ERE, [ 09 E S RAET Skm . & T 7B X8 B X452 3] A % 78 1R 36 [ 2L g A9 3 58 4 1 B2 o
AR HMEEES T AU I AREK,

1.2 BRI

1999 ERE N 4B/ BER SUR . REMAEXNE B B EYWEE RS2 N0 ;2003 £MSREE KR RE R
XHE B )4 5 B B 30 & #E Gl & 1% B4 (HFP01SC, Hukseflux, Netherlands) . X # 71 (A100R, Vector, U.K.) I8 & &4
(HMP45C, Vaisala, Helsinki Finland) | &, PR Y BB EZEEEH TEZ AL, ’

THRBEMKSEEH T EHGERE B (TCAV, Campbell Scientific, Logan, UT) K 4 & B & 41X (CS616_L,
Campbell Scientific, Logan, UT)YEFEERE MG,

4R 5 AR BH B AR 5 | VY on 5 48 81 3T (CNR-1, Kipp&zonen, Delft, The Netherlands)Ji|18; B /KA BE B HHELE
1E 5L )2 T A9 = 4 75 3 I XL 4 (Model CSAT3, Campbell Scientific Inc. Logan UT)F F B L4 SAR 3 7L (IRGA , Model LI-
7500, LI-COR, Inc., Lincoln, NE ) E; + A F EAZTEEHET LY T Smm B # A & & B 28 (HFPO1, Hukseflux,
Netherlands )15 .

TR Z 69 3% IR SR B R 7E 2 TSR L 45°45F R A Y 21 5 2% A 8 % s (TRT'S-P_LSOIRT, Pogee, USA)WI & .
ARBRKEZ 0 B i F R SME 5 K28 JRT, Minolta/Land Cyclops Compac 3)#li78 , %A RSN BB IZBURE N
AHz ML F R 8°, ¥Rl 8~14pm MBI ST ; M Eji N F Tk Everest BAEER ;BN B ENHEEA S KFHEHUFIE.

1.3 MM AFEMEELE

p 441

..I\..




A

FlaT s

25 &

A

¥ ®

1628 "

19994 8 A3 HES HUEKH 215~21D) WA TEEFHARB AN EEMRAE. & 1h WM 1 K.EDRHEKRY 220cm,
SSEEREEME 40.90.140cm Fl 230cm FHEAN R, BEHE 230cm WE . FEREHEZ KB 100m £ZH KRR
B, THEEMEENEREEN B FHRK AMFE.5.10,15,20,40,60cm Fi 100cm,

2003 4EVF KL, B Th MW 1 K. SB XNEMHNBE . LEH EETFEERBESFEH BARERNBERERNREHETR
B4 7E BE MU T 280cm B EEALMIFE . HIEEE B E AR FE.2.5.10.20cm M 50cm HEEAL WG, FEK KR & R 1999 £, b
BUAHIE] 8.00~18.00 45 1h VLW 1 Y AHIR, 0 &F 4 & 40 9 9 BE #1 3% 60.80.100,120,140,160,180cm 1 200 cm. fEPHR K HE K
24 260cm,

1.4 HAEFRARNRE
SHAW # % § Flerchinger 1 Saxton*1 7}
BEMNEYEE . SH.AEYI L8 —4E,
FRAEAFRUEHXREABHEIUER X B
B ENA BRI, ZRESE.BEH T ARIE.
BAXBRARETAER.
BERNELZOREROAN LR,
wmAE R

=

%91991 AE |

— H

B R ZRE

R, R TMAEYD A, Flerchinger Fi Pierson* X X ¥t 3
EHER., ERZXBENEZE . —-BRNERHMIHTEARES.
B KBS AMBEAOMTHARUTH L ERAKEXLRZE PR KFRER,

FANEHHBESE T RAEMNER. BEMFER, ST ARG

IH-II

L

SERPEHEEFESE XEAFEEMRKEBRMDHERE RAREET

R,+H+LE+G=0

(1)
SR RGE R (W/m?), L, AR RER

A H,R, W ESEHW/m®) ,H HEHER,LE BB EEW/m®),GH:

(J/kg).E R+ BEREAEMETEN 2K AR (kg/(m® » s))

HEititE RS &R BEMAKREE 5 B b iy R IR B AE)
BFOR % (B RN K-Bi8) , B 2R AEEPRE KRER T BENERBE
BxTREBRMY AR RBEST T IFHEE.

1999 E 8 A3 HZES BUEK B 215~21EA T EZ PRHSIR TR

FIF 2003 FEWER EBABER TN THEE:(1)6 A 15 H~10 A4 9 B (ff#% H 166~282) &)
H~10 8 9 HUEMHE 187~282)d 2R EBEHIBE; (38 A 17 H~9 A 18 H(FM H 229~259)
H1s HZ 10 A 9 H(fErE H 166~282) 1 . BRI KA 1h,

3}
2 ZERoH |
] 48 7 % & (Model Efficiency, ME)!M) #Rr# 22 (Root Mean Square Error, RMSE) fil ¥ ¥]{& 2= (Mean Bias Error, MBE)

Ik ERBAKKER. SEFHIERN AR
kit BHRER M. Flerchinger %Ez 48

FEMAE. 2KH 1h,
=R ERER L& (2)7 H 6
BEABREXHEFME6

H,

%iﬁﬁﬁﬂﬁmmﬁ% Al RAWME
N
DY, — Y
ME = i (2)
2 (1’,‘r - Y)Z
i=1
1 < ,
1 < ;
MBE = ‘J\TZ;(Y*' —Y) (4)

RH,Y, HEHME; Y R NE Y, A SEXME; N AR AR,
2.1 Xt 1999 40 Mot Bt f9 A L M ke B

AT H 19994 8 H3HE S HUEERH 215~21D KK =R
H5E MHMEEAREGRESEE, RAEE L BEEERNENESSHEYSHEAT T TH. SR REHRURTR
BIF , ERME Y 0.96, ATEEI, SEMERRERET 0. 55, 1 1 ERHEBRRBEMB 0. 52, IR FIA XTI 5 79 085 F1
ERENERBETESFLEGNE 1la i RMSE i), MBE MERALZRBBE G BB EE 230cm 4
BEMG.EEMEEE AT, MRENENSEEAES, REREBNRER\AERFXTXEMEEREEBEHARKRE
AEH,

Kt 55
FEAMEUEEBMHERNLER, XA

P62 H % 40,90.140cm 1 230cm M/NSIEER. W

I ME.RMSE fl MBE {H4r BI7ER 1b.c.d Fle G H XL
ZFERIEH ME K., BRI N 3 8t

12.3.3.5 f 4 EEERNEFBEPRIEE,ME
ZHHNRREREEBUSERTAKR, T
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Table 2 Average measured values, ME, RMSE, and MBE for the simulated micrometeorological variables from 3 to 5 August (day 215 to

217) of 1999

A Wind speed

£ IR Air temperature

H X118 B Relative humidity

RETCEN Twmmw  mmE  PHRE  BREKE  WEE  THRZ  BRORE  hEE  FORE
ME RMSE(m/s) MBE(m/s) ME RMSE(C) MBE(C) ME RMSE(Y%) MBE(%)

a 40 —0.13 0.12 —0. 07 0. 55 3. 54 2.15 0. 52 12. 05 —10. 20
S0 —0. 60 0. 57 —0.41 0.74 2. 81 1. 41 0. 83 7.76 — 2. 36
140 —1.28 1. 15 — 0, 97 0.91 1. 77 0. 56 0. 93 5. 32 —2.09
230 0. 96 0.19 —0.16 0. 95 1. 20 0. 08 0. 97 3.75 1. 34

b 40 —0. 31 0.12 0.12 0. 58 3. 43 2. 06 0. 94 11. 83 —9. 83
90 0. 52 0. 31 —0.13 0.75 2.76 1.33 0. 84 7.55 4. 97
140 0. 02 0.75 —0. 62 0. 91 1.76 0. 53 G.93 5. 28 —1.95
230 0. 96 0.19 —0.16 0. 95 1. 20 0. 07 0. 97 3.76 .37

c 40 —8. 68 0. 34 0. 31 0.59 3. 36 2.03 0. 52 - 12.08 —9. 96
90 0.71 0. 24 0. 08 0.76 2.71 1. 31 0. 84 7. 61 —35. 00
140 0. 50 0. 54 —0.43 0. 91 1. 74 0. 52 0.94 2. 21 —1. 97
230 0. 96 0.19 —0.16 0.95 1. 20 0. 07 0. 97 3. 74 1. 35

d 40 —14. 60 0.43 0. 39 0. 60 3. 32 2. 01 0. 49 12. 47 —10. 12
90 0.63 0. 27 0.16 0. 76 2. 69 1. 28 0. 83 7.76 — 9. 05
140 0. 62 0. 47 —0. 36 0.91 1. 74 0. 50 0. 94 5.12 —1.91
230 0. 96 0.19 —0.16 0. 95 I.21 0. 06 0. 97 3. 82 1. 39

e 40 —20. 95 0.51 0. 46 0. 61 3. 30 2. 02 0.49 12. 47 —10. 12
90 0. 50 0. 32 0. 22 0.76 2. 67 1. 29 0. 83 7.76 —95. 05
140 0.71 0.41 —0. 31 0.91 1.73 0.51 0. 94 5. 11 —1. 97
230 0. 96 0. }3 —0.16 0. 95 1. 20 0. 07 0. 87 3.J78 1. 3?__

a JFE SHAW BRE 4 2 simulation of original SHAW model;b.c.d fle B4 H A 2.3.3. 5 F4 BRERF XN A T BPEFEHEALE

£ b, ¢, d and e are simulations of modified SHAW model by dividing the exponential in wind speed function with 2, 3, 3.5, 4 respectively
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Fig. 1
a: H B Air temperature, b: X F Relative humiciity,
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Micrometeorological simulation of modified SHAW model of each canopy layer

c: A Wind speed

9 H (EKBFAM) (FHE H 166~282) KT RK
CEAEBRAREMENSMERN LR NE 2 BT

BRERELESMHITREER), MEET

0.81,MBE 3 —9.1W/m?*; BRI B g R AL i (BN A EE /M), ME 5 0. 78, MBE )5 6. 5W/m*; T PE R KRBT LB E

ME {77 0.17, AREBRBRBEUEMELNENZRBERRK(RMSE # 42. 0W/m?) , B E # K/

N(RMSE 7 24. TW/m?) , B
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unﬁeﬁrmmmmﬁm BH,8 H15 BE 9 H 18 HEH

KEFDERXPBER Y ME.RMSE 1 MBE 73 3
DEEEX, SEFNMELERTAAEBEAFEEN ME §
+ EERE B

0.59 F % 0.69, W AEH 0.52 J+ £ 0. 69,
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Table 2 Average measured values, ME, RMSE, and MBE for

components of the surface energy balance from 15 June to 9 October

(Day 166 to 282) of 2003

F¥{E bR iEE -1 1w 2=
Average ﬁ%[§$ RMSE MBE
(W/m?) (W/m?) (W/m?)
8 Rn 86. 4 0. 97 30. 0 —0. 4
EBHEE LE —64. 8 0. 81 42. 0 —9. 1
B E R Hs —23.9 0.78 24. 7 6.5
HWERER G 1.3 0.17 31. 9 0. 0
A EBAN Y W/ m?2, 3 E X m & E AR A IE All fluxes are

in W/m? and assumed positive toward the surface
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Fig. 2 Comparison between simulated and measured net radiation, latent heat flux, sensible heat flux and ground heat flux from 15 June to

9 October (Day 166 to 282) of 2003
a: RS ,.b. B EBR . RREE. . TERER

HAINHFE 3T

K. A 227 HE 261 A XBAER, H ME 53] 0. 40,H 8 5 7

B7E AT IR IR G .
2.2.2 WEHEE

e, AE 6 AU B R RWIMEMEDEVESRET MRAECEF 0. I UL . AHEIER
BIRE 4 0.34C,H ME 38 0. 91({nFE 1),

E T {8 bk s

e . B :-"L

LAE i, +HEHGE B 7E BT A KB E 9 {E D IE , i 55 X & /Y -F 33

SEBART 200347 H 6 HZE 108 9 H(ERH 187~282) XX /E X il #8318 E F B
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£3 2035E8H15SHAZIHA1ISHUEKRH 227 Z 261 FFERXEEMEXER EHEH S G147

Table 3 Analysis for simulated components of the surface energy balance in all days and in clear days respectively from 15 August to 18

September of 2003 (day 227 to 261)

Fr B X All days i X Clear days
W18 Average HEIE  FR¥EE RMSE ¥i#H{RE MBE VIl Average HAEIKE  15HEE RMSE V¥ {WE MBE
(W/m?) ME (W/m?) (W/m?) (W/m?) ME (W/m?) (W/m?)
HRS Rn 75.6 0. 96 32.2 2.0 108.7 0. 96 38. 6 2.9
WHERELE  —66.8 0. 59 55. 5 —12.6 —75.5 0. 69 54. 3 —31.4
BHER Hs  —18.4 0. 52 30. 2 15. 4 —67. 1 0. 69 27.0 19. 3
MEHERG 1.0 0. 40 20. 4 —2.5 —1.0 0. 54 17. 9 3.1
#8H17THZEO9H 16 HUFHE H 229~25D K IF R+, B 200
BT AR EEEENTR. B R R R O % % 700
LI BCHE T I B 6 AT O 1 12 H(EMEE 2508 T O
S e B B AN 2% R B SR RO B ] R B, R 5 A T B W £ 400
BB B 1 (IR M 25, AR ME 22 B/ 0. 15, B A 0. 46, o 300
3 9 L0 7T 45 . ﬁfﬁ
AU ATRBTR 2/5 B KA 150em WFBIE TR ©
b R FIES. #£ER 2/3BEUT,ME{HH 60cm E -100
-200

#9 0.76 2224 160cm Ky 0. 86 1 180cm Ky 0. 85, AWM 1 C 2200-100 0 100 200 300 400 500 600 700 800
24 ,200cm BRI, ME 45 0. 38, 5B 388 i1 36 1R AR MR HetLE(W/m?)

R RER SR TRIRGIE: (1) —SBERI K RBEIR 0 oy wa g £ AR 2 2 558 A A B 2 T80 L 42
2s Ja) A~ n) P, Wilson 2008 31 K #ig S R A BT EE (200345 6 515 HE 10 H 9 B /K H 166 & 282)

BATREL; (D ABWRER, WEZHERKOKBBHEINF £ 3 The comparison between net radiation + ground heat flux
TR|EWHBRITFER. LB TRRPFEMEDW IR BRI 54 the sum of negative latent and negative sensible heat fluxes from
BAXRBgAR, MBEAMTREHZRS]EBFTHRERT 15 June to 9 October (Day 166 to 282) of 2003
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Fig. 4 Comparison between measured and simulated components of the surface energy balance of matze canopy in Yucheng from 15 August

to 18 September of 2003 (day 227 to 261)
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MRE; OQOFRMMHREHH FREFEHITESER]

B B BE AR (O R — R, T8 A% K i R
GZJRRERIEEZ A EHB) . |

2.2.3 FHIEE THEEMBEDMENEMEERWE DR F4 BEERTDERFABEORITTH
BRI TR HEBEERER B, H ME #£0.80%00. 91 Table 4 Analysis for radiometric temperature of canopy surface
B AL (% 6), ERERBREREMMBEE, 2cm #y ME I FHE REME RS T

_ Average(C) ME RMSECC) MBE(CC)

30.48,5cm H30.65. T X H B EE AWK, X MBE 4
—0.18 C,MEMBERERIEIRE . RMSE HiH 50cm Z X H ¥
SZAREAEDINREEBRRERE .

23.02 0.91 1. 73 0. 34

£5 MHEUMFNHFHENRESE

Table 5 The mean value and standard deviation of time series of the leaf temperature observation

8:00 12:00 16:00 20:00
& E Height = = — _
(em) S {E bR F3{a mEE F¥E WHEE - ¥1{H PRHEE
Average('C) RMSE Average (C) RMSE Average ('C) RMSE Average ('C) RMSE
60 20. 15 0. 22 27. 05 0. 15 26. 88 0.19 17. 74 0. 27
100 20. 04 0.17 27. 3 0.16 26. 7 0. 23 17. 38 0.23
140 20. 23 0. 25 27. 46 0. 46 25. 91 0. 41 16. 68 0. 45
180 _20.23 _0.28  25.99 0. 32 25. 56 0. 36 16. 57 0. 42 N
F6 LMERENHELINE
~ 45 i
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Fig. 5 Simulated versus measured radiometric surface temperature
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Fig. 7 Comparison of simulated and measured soil temperature ('C)at different depth from 15 June to 9 October (Day 166 to 282) of 2003
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