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HHARE, HXRABR HF 046 £6 (B Fig.! Comparison of latent heat flux (AE_LI7500) by
2)e XHANEER AN T —FEE TH®EH  an eddy comelation system LI-COR7500 and that (A
ERRAERATE, HAEXHERARES E_KH20) by another KH20
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Fig.2 Comparison of latent heat flux (AE_KH2() by Fig.3 Comparison of the sum of latent heat flux and
an eddy correlation system KH20 and that (A sensible heat flux (AE+H ) by eddy correlation system
E_bowen) by Bowen-ratio energy balance technique with available energy (R,-G} by Bowen-ratio energy
balance technigue
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Fig. 4 Diurnal patterns of latent heat flux, sensible heat flux, CO, flux, Bowen ratio and

water use efficiency from com canopy (2001)
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Fig. 5§ a, b, ¢, d. Mean midday (10:00 to 15:00) surface energy fluxes in 1999 and 2000. Net radiation flux (R),

latent heat flux ( A E), sensible heat flux (H) and soil heat flux (&) were measured by BREB technigue

ZF HR ERETEXE., 4 MK GR, 7E 5%~13%, NEZ GR,VAER T EXKZ.
EXZF SU~T%HEESHHE R T HIBHES, M 10%~-13%KFEERH T HIEMNE
BEREE. 4 MEKFE B BIXMETE 0.22~0.31 Z 8,
3.4 EF EARIHEFHEHTRIME TS

o BrnTHERBUET EFE R GHIZTI TR (SR T,=20C; BAEEe ¢ =
10 hpa), HEMEFREMFELMLTH EFX R- GHHNIE. EERFFE g =0.02
m/s BAKT RPN K44 g = 0.005 m/s BRKGMBERERE. g =0.0lm/s FRED
WY (SR KFEEEME; g =0.1 m/s BREKEY (WHEK) HFRERE. RHX
INEIERE g, = 0.04 m/s, g = 0.02 m/s.

KT B4 H T ZFREDTRSMEKEZH T EF H (B 6). & AHEYE) EF B
EETEIEYY, MAPEEFRT_S20 EREMNKERSFT). £BNHRL
4 TEi®FE R,~-G KM, EF E&¥#E/DI&EHE. 3 R-G/MT 200 Wm?Bf, EF FMEE

F1 1999, 2000 EEEMTARREF NN ER R). BAHER (15).
AR (A ETRAER (6 RELE/NFESE
Tab. 1 Seasonal average surface energy fluxes and the relative ratio in 1999 and 2000.

Unit of fluxes: W m~. B represents the Bowen ratio

" T L.LX R, B H G | TR, HIR, G/R, A
Wi W m W m? W m*? W m™

AW (1999) 406.45 297.99 63.82 44,63 73.32% 15.70% 10.98% 0.31
X E¥X (1999 392.83 303.78 52.51 26.53 77.33% 15.91% 6.75% 0.25
%)% (2000) 37477 276.91 50.86 47.01 73.89% 13.57%  12.54% 0.22
W EX (2000) 381.51 309.45 51.43 21.03 81.03% 13.47% 5.51% 0.22
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TR SEMIER 2N, A TR ET 2
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moderate air temperature (7, = 20°C) and vapor pressure
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Fig.8 Response and simulation of carbon dioxide Fig.9 Responsec of canopy water use efficiency ( WUE)
flux density (Fn, ) to photosynthesis photo flux to photosynthesis photo flux density (PPFD)
density (PPFD)

HEHAERBERIIXS[PR, B AERFYEEGREFENEESE, EERENMEK
F AER, #MET0% L L. HEWE (EP) M R-GHITHLT W, EFEBRBENA IR
%4, BETTHLEER (R-0) MW KERMAARE TR, REEE® TR, BEEERD
F 1.0 MIEAE, EMEHKNESESFNYERE (2) SERERE (g) RER. EL/D
ERXHFEEAMT, HTFEALERE, EFFE R-G MK F KM, BJS EF
BEL0ILAESL. LI ERMNRERATERRERS, BRAXKEEEM HERAK
B, FERBEAEKEFHE, MRE—TEELRIVEKE, HEDER —EHEER
7K il e 00 BRAR EF, W/D/KAMEERL, WHIKEE. KaMEETEHANERE. Kok
RS ETR,

R RIES PPFD WILE R, ®EKF WUEHEGHNEE R®HE, X4 PPFD X
#1500 p mol m? s' £AR, WUEHIKE FRE. TSR KBIEZBNR
g, SR EAEMNAKSIFARE, AURAEHFREL, 2R EAELERE LR
.

BEAXHEXEABERBEA. #5 CO, BEAMAFTFERONE, mARER
LA AF, HHME XHRERPHEENREBAER (AD. BRAER (B HIIREH,
(BHFHR FRAEN. SRR PEESREHAXEARS K, RERF, HL
ZBREFNMER, HIKEBHREBA LY. BEANMAEDY —RH TR RE
KEEENLBRKWNLERE. AEERESIHLEREANZEHRE. APMAETER
XY £ A R AT DL TR 2 CO, il B e R rg w78 .
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Measurement and Analysis of Water, Heat and CQ, Flux from a
Farmland in the North China Plain

ZHANG Yonggiang’, SHEN Yanjun?, LIU Changming'?, Yu Qiang',
SUN Hongyong?, JIA Jinsheng!, TANG Changyuan®, AKIHIKO Kondoh’

(1. Institute of Geographic Sciences and Natural Resources Research, Beijing 100101, China;
2, Institute of Agricultural Modernization Research, Shijiazhuang 050021, China;
3. Chiba University, 33 Yayoi, Inage, Chiba 263-8522, Japan)

Abstract: Surface energy fluxes including net radiation (R, ), latent heat flux ( A E ), sensible heat flux (H),
soil heat flux (G ) and carbon dioxide flux (Fop ) were measured by Bowen-ratio energy balance technique
and eddy correlation technique from a farmland at Luancheng Agro-ecosystem Station, Chinese Academy of
Sciences in the North China Plain from 1999 {0 2001. Seasonal variation of a ratio of latent heat flux { A E)
divided by net radiation flux (R, ) showed that R, is mainly used to evapotranspirate by crops. A E/R, was
all higher than 70% during the four observed seasons in the two years. A E/R, above maize canopy is slightly
higher than that above winter wheat canopy. Seasonal average ratio of sensible heat fhix (H ) divided by R,
keeps about 15% above the field surface; seasonal average ratio of conductive heat flux () divided by R,
varies between 5% and 13%, and the average G/R, from wheat canopy is evidently higher than that from
maize canopy. Under given environmental conditions, when the available energy (R.-G ) is less than 200
W/m?, evaporative fraction (EF ) decreases sharply; below R-G~200 W/m?, EF decreases gradually until
stabilizing at some specific value less than 1.0. The response process of EF to R.-G under winter wheat
field conditions is similar to that under the given conditions. With the increase of photosynthesis photo flux
density (PPFD ), carbon dioxide flux (Fgp ) changes according to the curve of Michaelis-Mente. Water use
efficiency (WUE ) does not show the maximym when PPFD is the maximum at noon. On the contrary,
WUE gradually decreased with PPFD equal to 1500 pmol m? s™,

Key words: latent heat flux ( A E); sensible heat flux (H); carbon dioxide flux; water use efficiency { WUE);
the North China Plain
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