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Simulation of CO, and H,O fluxes over temperate mixed forest and sensitivity
analysis of layered methods: stomatal conductance-photosynthesis-energy balance

coupled model
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Abstract: A stomatal conductance-photosynthesis-energy balance model developed by Leuning is used to estimate CO, and
H, O fluxes of temperate mixed forests. The canopy is divided into multiple layers, using both Gaussian integration and

average- layer method. The fluxes are calculated layer by layer and then accumulated for the whole canopy. The model
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calculates CO, and H,O exchange between atmosphere and canopy based on the input of meteorological variables. We
compare the modeled fluxes with those measured by eddy covariance system, and analyze the influence of different layer-
methods on the modeled fluxes. The energy balance ratios (EBR) of CBS, GDK and MMF sites are 0. 76, 0.66 and 1.07,
respectively, which is reasonable according to the international reported range (0.34—1.2). The results of the Gaussian
integration method agree well with the eddy covariance fluxes, showing the diurnal CO, fluxes as bell shaped. The CO, flux
(Fc) is negative and stable during the night, which suggests that forest ecosystems release CO, to the atmosphere. After
sunrise, Fec increases gradually to positive values, peaking at noon, and decreases in the afternoon to the negative night
values. The diurnal cycle of H,0O fluxes (LE) is similar to that of Fc, and the modeled LE agree well with the measured
LE. The estimated fluxes are influenced by the different layer-methods. We compared CO, and H, O fluxes from dividing the
canopy into 2, 5, 10 and 20 layers averagely with the fluxes from Gaussian integration method. Larger numbers of layers
produce lower LE and higher Fc. The fluxes from different layer-methods are sensitive to the vertical profiles of absorbed
radiation, temperature, humidity and wind speed. Furthermore, the leaf photosynthesis responds nonlinearly to the

radiation.

Key Words: CO, flux; energy balance; evapotranspiration; photosynthesis
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06'E, 154K 738m , A V-2 3. 6°C , 4E V- [ K it 695 mm , ARIE Ay iR &1 e TR S 4K, - Y8k 8 29 26m, e K
RIS 2 6 m®/m”; GDK ufi Hh4b Jb 25 37°45' N, 7R 48 127°9'E, 4E XS0 11. 5°C , 4R SE S foK &2
1332mm , MRAL R T £ RS AR, SEXIRR R 20 18 m , S K T ARFE A0 6 m®/m® s MMF 3 #bAabdb 26 44°19”
N, A28 142°16'E , RIS TR IR SR, SRR 5 24 25 m, Fe KM RT R 2020 3. 44 m®/m® , WF5T 0k A 34 20 4
IR S R G AR LGOS (1) o ARSI 3 Al s B mief a2 5 1 HZE9 H 30 H(CBS

F1 GDK ¥4 2007 4F , MMF 3}y 2005 4F) .

®1 UNRGEERE

Table 1 Study instrumentation

pURIRTYE| &

Variables Instrumentation

LI e
Level

IR R SE Automatic meteorological observing system

£ YR R
jtj‘(mﬂk; . HMP45C, Vaisala, Helsinki, Finland
Atmospheric temperature and humid

A100R, Vector Instruments, Denbighshire, UK

XL
;VL,J“d e 034A, RMYoung, USA
1ne spee 010C, MetOne, USA
SR CS105, Vaisala, Helsinki, Finland

LI-7500, Li-Cor, USA
LI-7500, Li-Cor, USA

Atmospheric pressure

SIS A sl B B

REARES LI-190Sh,, LiCor Inc. , USA

Photosynthetic active radiation

g T Net radiation CNR-1, Kipp & Zonen, Delft, The Netherlands
CS616_L, Compbell Sci. , USA

+HEVRE Soil moisture CS-615, Campbell Sci. , USA

CS-616 ( Campbell Sci. , USA)

107_L, Campbell Sci. , USA
+ BEEE Soil temperature TCAV, Campbell Sci. , USA
C-PT100, Climatec, Japan
HFPO1, HukseFlux, The Netherlands
A BEHGHE H Soil heat flux HFP-3, Campbell Sci. , USA
PHF-01, REBS Inc. , USA
TF & iR s A1 2248 Open path eddy covariance system

CSAT3, Campbell Sci. , USA
CSAT3, Campbell Sci. , USA
R3-50, Gill Instruments, UK

7 LAY

Triaxial sonic anemometer
CO,/H, 0 £LHMARSMTAL
CO,/H, O infrared gas analyzer
I #GE i Sensible heat flux CSAT3, Campbell Sci. , USA;

Li-7500, Li-Cor, USA

60m( CBS), 40m(GDK) , 32m(MMF)

60m( CBS) ,
30m(GDK)
32m( MMF)
2m( CBS)

40m( GDK)
32m( MMF)

32 m(CBS), 20m(GDK) , 30m( MMF)

32 m(CBS), 40m( GDK) , 30( MMF)

R 20cm ( CBS)
HF 30em( GDK)
B 30em( MMF)

HF Sem(CBS)
HF 10em ( GDK)
HF Sem( MMF)

B 3em( CBS)
}#BF 10em( GDK)
R Sem( MMF)

40m( CBS)
40m( GDK)
32m( MMF)

40m( CBS) , 40m(GDK) , 32m( MMF)

40m(CBS) , 40m(GDK) , 32m( MMF)

2 HFROMEITR
2.1 REEFAHS T

AR AR ) 27 55— E RIS Sl RH DL B S AR, B b R V- DA 6 B mT LA Sy 0L 2R ek e A Hie
PP Y — AR AR RESEPA P 5 245 T S 5C 28 58 T LI A P AR S 4 i Yl e 2 A (LE+H )
5] IRE R (AR AT 2R S R Gt A, I AR S 2 e IGE  (R, - 6) Z AP, AWFTE R Ry
PR BLEAT AT | 3K AR 7 0k 158

T ek MIAE A7 LR ( Energy Balance Ratio, EBR) ! {75 %} fig &
AR
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Fig.2 Diurnal cycles of modeled (line) and measured (dot) CO, fluxes ( Fc) for ten days
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Fig.3 Diurnal cycles of modeled (line) and measured (dot) H,O fluxes (LE) for ten days
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20 EMAEBINEE,R* AEX RS, n AT R

Table 3 Linear regression of fluxes from different layered methods, with x of Gaussian integration and y of average layered methods. R and n

were correlation of determination and available data, respectively

CBS site FHR Slope FREE Intercept R? n x ¥
LE 2-layer 0.91 1.36 0.99 " 6911 97.37 90.45
LE 5-layer 0.88 4.07 0.99 "~ 6911 97.37 89.71
LE 10-layer 0.8 7.53 0.99 " 6911 97.37 85.28
LE 20-layer 0.71 10.58 0.98 ** 6911 97.37 80.02
Fec 2-layer 0.38 -0.44 0.78 " 6911 3.83 1.01
Fe 5-layer 0.71 -0.1 0.98 " 6911 3.83 2.61
Fec 10-layer 0.73 0.3 0.98 " 6911 3.83 3.12
Fc 20-layer 0.79 0.15 0.99 " 6911 3.83 3.19
GDK site
LE 2-layer 0.89 -0.63 0.98 " 3194 157.77 142.51
LE 5-layer 0.87 5.77 0.99** 3194 157.77 139.83
LE 10-layer 0.77 13.37 0.99 ** 3194 157.77 135.35
LE 20-layer 0.67 19.86 0.98 " 3194 157.77 124.8
Fec 2-layer 0.45 -1.61 0.68 " 3194 5.81 1.02
Fe 5-layer 0.73 -0.37 0.96 " 3194 5.81 3.87
Fec 10-layer 0.8 0.48 0.99** 3194 5.81 5.12
Fe 20-layer 0.74 1.08 0.96 " 3194 5.81 5.36
MMF site
LE 2-layer 0.94 1.15 0.99 ** 7029 49.79 48.19
LE 5-layer 0.93 1.5 0.99** 7029 49.79 47.91
LE 10-layer 0.87 2.82 0.99 ** 7029 49.79 46.16
LE 20-layer 0.79 4.41 0.96 " 7029 49.79 43.57
Fec 2-layer 0.67 0.15 0.93** 7029 4.66 2.98
Fec 5-layer 0.68 0.2 0.96 " 7029 4.66 3.38
Fec 10-layer 0.85 -0.01 0.99 ** 7029 4.66 3.94
Fec 20-layer 0.82 0.11 0.99** 7029 4.66 3.95
3 Hig

WA ESOG AR AL AR A R, 2 2B RRAE LI AR R th R — R K ) o, AT H,0
W, ARBFIEENNT 3 MRAFIRASMAE S R G, A H HU GBSV B s A R )2 5 KR
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()BT 3 AR TR A 3k 18 S 5C R A RE s 5P & B2, CBS .GDK Al MMF 3 s () RE =
EAF LR (EBR) 431120 0. 76 ,0.66 F1 1,07, J& F E bR [F 205 (0. 34—1. 2) Ay EoKSF, R, i sliAE ¢
BRI B €SI T

(2) M\ CO, it (Fe) F1 H,0 i & (LE) 1 H ALK, H Gaussian F s B4 968 2 40 12 AL 7Y R
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