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Abgract Three nodes were congructed for edimating water and heat trander in the Sil-Hant-
Atnogphere Gontinuum (SPAC) in different gpatiad and temporal scales. Three kinds of experiments have
been conducted for the modd s a two Agro-ecosysem Sations, Chinese Academy of Sciences in the North
China Hain, dnce 1998. The fird nodd is the Couwpled canopy Photosynthes s Conductance
Bvapotrangpiration (ET) Mode (CPCEM) , which was applied to smulate GO, and water fluxes above
plant canopies well , compared with the measurement. The second one is the one dimendon and three
layer Qil Water Baance (SAMB) nodd , which was succesfully used to smulate il water deep
percolation and ET under different irrigation schedules in 1998 —2003. The third one is the regond
energy fluxes and daily ET nodd , which is based on renotely sensed and synchrorous surface data. It
was succesd ully used to edimate surface energy fluxes and daily ET in a regond scde.

Key words  <il-plant-amogphere continuum ( SPAC) , water and heat tranfer mechanics,
evgpotrangiration (ET) nodel

CLC dgI6l.21

Egtimation of water and heat trander in the Sil- Hant-Atnmogphere Gontinuum (SPAC) is very inportant for
qudying il water balance , water trander in plants, water and GO, interaction between plants and atnmogphere,
water and energy balance in the farmland , eddy trander in the atnogpheric bound layer , and irrigation planning,
etc. Severa internationa projects are being focused on the water and energy fluxes, which include the Biogpheric
Agects o the Hydrologca Cyce (BAHC) oore project of the Internationa Geogphere-Biogphere Programme
(IBP) and the Goba Energy and Water Cycle Experiment (GEWEX) program by the World dimate Research
Programme (WCRP) . Severd hot topics of these projects are being focused on nodeling water and energy fluxes in
different ecosysems, experiments in different gatia and tenpord scales, and scaling schemes on fluxes from field
to regional scale and from regona to goba scae.

In this sudy , we analyzed the water , energy and GO, fluxes, and il water balance based on the long-term
fidd experiments. Then, we congructed three independent nodels, including a Goupled canopy Protosynthed s
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(onductance: Evapotrangiration Mode (CPCEM) , a one-dimendon and three-layer Soil Water Baance (SAB)
model , and a regiona energy fluxes and daily evgpotrangpiration (ET) node. The experiments are conducted at two
Agro-ecosysem gations in the North China Hain (NCP) . One is L uancheng Agro-ecosysem Sation , the other is
Yucheng Gonpodive Sation, both belongs to Chinese Academy of Stiences. Totally, three experiments were
desgned for the three nodd's, regectively. The experiments include the experiment of water and energy fluxes in
the SPAC, the exeriment of SAB in different irrigation schedules, and the synchronous surface evgpotrangpiration
experiment with satdllite data from LANDSAT-5 and LANDSAT-7.

In the firg experiment , two kinds of methods, the Bowen Ratio Energy Baance (BREB) technique and the
eddy ocovariance technique, measured latent, heat and QO, fluxes above crop caropies in 1998 —2003,
repectively'™ . In the second one, a neutral probe was measured il water content in a 20 cm step in 0—200 cm

il layers under different irrigation schedules, 1998—2003%"% . In the third one, we synchronoudy measured
surface tenperature , surface albedo, vegetation index , and other relative variables, e. g. air temperature, wind
geed , and vgpor pressure ddficit on the satellite overpass time, 2001.

The CPCBEM , based on the water and energy fluxes experiment , was edablished to dmulate water , energy and
Q0, fluxes in the SPAC. The nodd is conposed of a twolayer evgpotrangiration subrmode based on the
Shuttlenorth-Wallance method , a two- ource multi-layer radiation submodd , a multi-layer photosynthes's subnode
which diginguishes shade and sunlit leaves, and a coupled photosynthes s carnopy conductance submodd .

The SAB nodd , based on the SAB experiment , was edablished to smulate the seaond variation of il
water content in the three il layers, il water percolation (including capillary rise) . The modd condgsof a two-
layer evapotrangiration subrmodel based on the dua crop codficient method and a il water novement subrmodd .
The il layers from 0—200 cm in the nodd were divided into three layers: the surface layer , which is mainly
oontrolled by il evgporation, the midde layer , which is controlled by the crop trangiration, and the deepest
layer , which is controlled by il water percolation or capillary rise.

The regona energy fluxes and daily evgpotrangiration nodd , based on renotely sensed and synchroroudy
surface data, was edablished to edimate regona surface noidure, regona latent heat flux and regiond daily
evgporation. There are two methods in the node gpplied to egimating the surface moigure which is caled surface
TerperatureVegetation Cover Index (TVCI) ,“ Universa triange” method and“ Actud triange” method.

“ Univerd triange” method is referenced acoording to Carlon , et al. ;* Actud triange” method is esimated TVCI
acoording to the trgpemid corrdation between surface temperature and fractional vegetation cover. Daily

evgpotrangiration in the node is edimated acoording to an inproved Sne cunv a

Principal Results

Astold aove, large numbers of experimenta data were acquired for the three nodes. And, the data
succesd ully eval uated the nodd's. There are many valuable results based on the experimental data and the nodel
smulation. Here, we only draw out ome inportant results as follows.

(1) Different methods measured plant canopy water and energy fluxes. The results show that the eddy
covariance is a geady method. Whereas, the measurement with the eddy covariance was easly low even if it can
accurately measure senshle and QO, flux, which causes non-energy badance albove the plant caropy. BREB
technique edimated latent heat flux well , conpared with the measurement of a Large scae weighing lysmeter. The
main problem of the method is that it is evidently irfluenced by advection™ ' .

(2) Seasond variation of the energy fluxes shows that latent heat flux is a main component of the energy fluxes
in the NCP. Over 70 % of net radiation was evgpotrangpirated from wheat and maize caropy in 1999—2000 , which
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showed that water on the land surface of the NCP was meinly exported by evapotrangpiratior® " .

(3) Seamnd variation of evaporation fraction (EF) was accorded with that of ledt area index (LAI) , which
proves that LAI is one of the nog inportant factors controlling the evgooration fraction on a scand <scale.
Influencing opening of the dometa, il noidure inpacts latent heat trander and water losses in the SPAC. And,
evgporation fraction is changed with the il noigure. A theoretic analyss between il noigure and domata shows
dometal conductance is gradudly reduced to zero with the decreae of il moidure bdow a il moidure
threshold’® . Evaporative fraction can be expressed as a function of plant status and atrmospheric boundary layer
oonditions (Fig. 1) . The relationship between EF and available energy under noderate air tenmperature and vapor
pressure deficit conditions was exami ned for five combinations of aerodynamic and caropy conductance. Although the
theoretical relaionship indicates that EF should be highly correlated to il water content , the correlation has been
difficult to identify under field conditions. However , we observed that there exids a thresold vdue of available
energy , aove which EF islessthan 1.0, and that the thresold value is lower under il-water deficit conditions
than under abundant soil-water conditions.

e* —e =10hPa; ,=20C (4) Slar radiation is one o nog important

6 . . .
8=0.1m/s. £=0.02m/s meteorological factors dfecting plant photosynthes' s

5t o £=0.01m/s, &=0.02m/s and evepotrangpiration through irfluencing sometal
al &=0.1m/s, g&=0.005m/s oonductance. On the fidd scde, a rectangular
&=0.01m/s, &=0.005m/s hyperbola was succesfully goplied to dmulate

e £=0.04m/s, &=0.02 m/s canopy photosynthed's rate which is depending on
Dlar radiation. Srong olar radiation can inhibit
crop photosynthed's rate and reduce crop water use
= e : eficiency (WUE) not onlyon aled scde, but do
0 ‘ ‘ , o e \ on afied scale” .
0 200 Rn_“g(()w/mz) 600 800 (5) The OO, flux with the CPCEM was
ocorrdlated well to that by the eddy ocovariance
All curves represent noderate ar terperature ( T,= 20 ) and vagoor pressure system. Whereas, latent heat flux with the CPCEM
deficit (e - .= 10 hRa) conditions. was dightly higher than that by the eddy covariance
Fig. 1  Reationship between evaporative fraction ( EF) and even if the scaond trend of latent heat flux with
available energy ( R,-G) under a range of aerodynamic ( g.) and the o mettods is smilar. The ratio of il
evaporation (A E.) to total evapotrangoiration (A E)
with the CPCBM showed a dmilar seaond pattern to that with the measurement. And , canopy conductance with the
CPCBEM was cormpared well with that by the Penman-Monteith method. Canopy WUE with the CPCBEM was higher
than that by the measurement owing to lower A E by the eddy covariance. Caropy photosynthed's rate is sendtive to
the nitrogen content coefficient of plant leaves because it determines the maximum photosyrnthes's rate in different
caropy layers. Al , the enpirica curative factor (0) and led inclination ange (X ) evidently irfluence the
photosynthes s rate. il evgporation in the CPCEM is senstive to the attenuation codficients of wind geed and net
radiation. Whereas, these codficients inpact little on the total canopy evgpotrangpiration.
(6) There gppeared a Smilar seaond variation and a good correlation between the evapotrangiration in the
SAB nodel and that by the Large-scale weighing lysmeter. Seasond variation of il noigure in the three il
layers with the CPCEM followed well with that by the measurement under different irrigation schedules (Fig.2.) .
il moigure in the top il layer was smulated well except for the overwintering sage because the SAMB nodel
negected the impact of sow cover in the winter ssaon; il noigure in the midde layer was Smulated beg ,
compared with the measured ; il noigure in the loweg layer was underesimated under il water ddficit conditions

Evaporative Fraction
w

canopy conductance ( g.) values
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ingead of rorma irrigation condition. The underegimation was probably caused by the underegimetion o the
capillary water rise or by the erroneous Smulation of root depths under il water ddicit conditions. In the SAB
nodel, growth of root depths for winter wheat and maize was referenced the results under norma irrigetion
condition. The SAB node totaly smulated evapotranspiration , il water novement , and il water peroolation
etc. , 1998 —2003. According to the smulation, severa conclusons were dravn as follows: inputted water by
irfigation and precipitation is mainly evaptrangirated by il and crops” ;  evident il water deep percolation
was produced under rormd irrigation schedules on the farmland of the North China Rain; in il water deficit
conditions, il water degp percolation and capillary water rise both act on the loweg il layer. And, capillary
water rise can exceed the il water percolation under severe il water deficit conditions.
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R.OT8 is an experimenta plot (5% 10 n?) ; Layer 1, Layer 2 and Layer 3 are three layersin the edtimeted il depth
(0—200 cm) ; RVISE represents the root mean square error.
Fig.2 Seasonal variation of soil water content (cni’/cm®) at three dynamic soil layers: soil evaporation
layer , crop transpiration layer , and soil water percolation layer , between the simulation with the SWB
mode and the measurement with a neutrat probe

(7)“ Universa triange” and’ Actud triange” methods in the regiona energy fluxes and daily ET nodd are
applied to edimate regond surface noigure and latent heat flux. Latent hest flux , based on thé Actud triange”
method , conpared well with that by the BREB technique, while it based on the Universa triange” method is
underestimated, conpared with the BREB techniqué™® . Smilarly, daily ET based on the® Actud triange”
methods was conpared well with that by the Large- scae weighing lysmeter , while daily ET based on thé Universa
triange” methods was underedimated. Thus,“ Actua triange” method is better than the* Universa triange”
method in the North China Hain even if the method was goplied under different climate conditions. Variation of
minimum somatal conductance evidently impacts the latent heat flux. Inour gudy , it was given as a number50 s/
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m acoording to our measurements. Surface variables, vegetation height , wet bulb temperature, vgpor pressure
ddficit , tota lar radiation and wind gpeed can evidently inpact the latent heat flux. Thus, the precise edimation
o latent heat flux and sendble heat flux mug depend on the renotely sensed data and synchronous surface
experiment. The' actud triange” method can edimate the surface Temmperature-Vegetation Qover Index (TVCI) and
nonitor suface dryness stuation well in a regional scale , which can provide a theoretic base for nonitoring drought
in alarge regona scae.
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