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Optimization and validation of the vegetation photosynthesis and respiration

model in a temperate broad-leaved Korean pine forest
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Abstract: Optimizing key parameters of the Vegetation Photosynthesis and Respiration Model ( VPRM) is crucial for
accurately calculaling net ecosystem CO, exchange (NEE). The objectlives of the present study were lo use data measured in
temperate broad-leaved Korean pine forest at Changbaishan ( CBS) in 2005 to optimize four VPRM parameters, maximal
light use eéfficiency /( &,), half-saturation value of photosynthetically active radiation ( PAR,), and two respiration
parameéters (a,!B),.and to evaluate the simulation results using data measured in 2006. Using the optimized parameters,
the 'VPRM was able lo accuralely simulate variation in net ecosystem CO, exchange (NEE) during the growing season of
2006. For 30 min NEE simulation, the mean bias was —1.81 pumol m™ s™', and the correlation coefficient was 0.72. In
regards to daily variation, the peak NEE value was underestimated by 9%, and the correlation coefficient was 0.97.
However, the VPRM was unable to accurately simulate NEE during the non-growing season. During this period, the mean

-1

bias for 30 min NEE simulation was 0.39 wmol m™ s™" | and the correlation coefficient was 0.10. In regards to daily variation
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during the non-growing season, the peak NEE value was underestimated by 82% , and the correlation coefficient was 0.50.
Furthermore , we also found that the VPRM is better suited for simulating NEE on sunny days than on cloudy or rainy days.
The present study facilitates application of the VPRM to studies of the NEE of temperate broad-leaved Korean pine forest

and has important significance for improving simulation of regional terrestrial ecosystem NEE.

Key Words: vegetation photosynthesis and respiration model ( VPRM) ; net ecosystem CO, exchange ( NEE) ; parameter

optimization; temperate broad-leaved Korean pine forest
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ULAEAR , BT LR SR BB (R R Rl A= 7 AR ) 28 9l R SR AR DX IR 1) SR 24 7 3 (GPP) o Herb 581t
T R i R L D L S e A R A A A A ) R O RER A A AR B R ST R R 2
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KR TS PR GPP AT Beer SFEIAT 19 275t W BT VT R R A 7 1 A6 55 12 TSt
BUSEL T XA RS ) S5 (S ) X GPP f AR ST 45 R TAT I A A A 2 BB 4 1 2 e R, DXt
NI PEAR SR, PR N T T OFFE b LIS MR 5 TR 8 S I 250l e T TR TR A L R H]
FRALZ A A — A B E (NDVI) SRS ST T8 AR I OE & A &R S 9 LB ( FAPAR) 456
REFITIR, 7625 8T A 0 0 A B ) AR L Al L SC BT GPP AR B, s — R % CASA #E#Y ( Carnegie-Ames-
Stanford Approach ) sl py Ko fl 7000 JEE AR o LI B P8 1Y CRix 451 A ( Carbon Fix) o] EC-LUE il ( Eddy
Covariance-Light Use Efficiency) """8 SR, NDVI % b i # g #5 U A e 215 5t S B R 0 U™, 3ok
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XF NEESEATHEEL, A I, Mahadevan %5 A 37 ) VPRM ( Vegetation Photosynthesis and Respiration Model ) 7
VPM LR B E 1 GPP EDLEARARSS (PAR) Z IR M W DG 2 PR 1 PAR (ARZEPEIN, BOW AR B4 G
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1.1 AFFT XIS MES
[ A L I A% ) e M B ORI 3 57 o5 AR JE i i e i TR N 2 B B A, s A K L
AR X P, HA P sl A B S A R 26 1 R,
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Table 1 The geography, climate and vegetation condition in ChangBai station

W H Projects i 18 Description i H Projects iR Description
45, Location LR RSB H M || AEEBIBOKE Annual mean precipitation  713mm

2245 Tatitude and longitude 42°24'9"N, 128°05'45"E 4>4F H FEA%L Annual sunshine hours 2271—2503h
MK Altitude 738 m ZAETEF Annual frost free period 109—141d
A Climate type R AT AET- )R Annual mean temperature 3.6°C

FEHEIERY Vegetation types TEAHTET I A WS ] Observation time 2002 4EEA
Al Dominant species EAR /NN NI 1]

1.2 BRI

FEROGE PR (VPRM ) S 56 T TLRRE I il A A RGERR 2 BB R 2 B Mahadevan 55 7EAH #
FEAHA(VPM) 0 A RER R Rk 3 BN H AN 1 BT R TR AN A 4 WL SCERTS AR SO 1A
BRI A4,

W1 7R, 72 VPRM H1,NEE (935 i /5 &8 4320 8. G RIR S5 i S A B R B8 CO, 28 #e i ( Gross
ecosystem exchange of ¢arbon dioxide, GEE, & 15 NEE AIXh7 , X L3/~ N GEE, RS cPP M[E, /554
) (31 FS AL —00) AIHSIRRN A AEB RGN (R,) (X 1 FESHBE T =), HEMAKRRRX
mr.

b

| + PAR/ PAR,
K, e RO IR LT BICREFIIA  PAR SOEE AT RS (pmol m™ s7') | PARJZIE MO AL F AT T
JCEHBARGIE (pmol m™ s™') [ FAPR,,  SEAE BRI DGE A AR SR 4 (PAV) i AT PAR (9 L], 2800
FEE EVIAT T AR EOC &

NEE =- & X PAR x FAPR,,, +a xT + 8 (1)

FAPR,,, = EVI (2)
PRI SEREFI IR & ( wmol CO,/ wmol PPFD) Hif KIEBREF T £,( pmol CO,/pmol PPFD) DL K 505
REFIFHZRA 3 MRZE (T W Pon) BB e B T, 0 W Poae TEARUNT .

=6y X Tone X Woue X Py, (3)
0 BT < T, KT >T,,
Teue = (r-T,)(T-T,,) (4)
o ;5 4T, <T<T,,
(r-r,)(r-rm,,) -(r-"7,)
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1 + LSWI
weale = T4 ISWI_ (5) TRERR
1 + LSWI l‘vl‘ﬁ
seale = 2 (6) REBART, PAR | EVI, LSWI |
Ao, T, FRE A 1R IR B s, W, F Rk 4 | |
RIS, P, FR R 3R RO A R VBt
GEIRIEE, ST (4) P T, T, T MBI EROGE | PRE R PAR ./ VPRM
AT BT B B 5 IR S, BB C | 5
BALTF T B, T‘,,,,Hi( 0°C ., K E v 2005 F4 K% |GEE= —eX1/(1+ PAR/PARO)XPARXFAPARpml—
5—0 I fy I AENE 3°C AR, 4 B4 IR B B Y GEE @
RV, 38 3o 40 BT 15 B A4 5 2 1 1T 0 A
T, N 28°C ., F5, ARWRIRE T, T S HIEEH 0°C F v
40°C  LSWI Jylis 4 /KM%, LSWI, ks sk Ky | abs-Gisr |
B LSWIE, T, W il P BB 40.0— S
1.0, | NEE |

5 VPM AHEE, VPRM B 7P, A5 RS R S8
nwu Pozars YAy = <é J %‘\ m /H\:
? & Il jtjlﬂ —MI{MEJ )% @[ Iﬁ( ax1 Tfa )_ol qia ‘( HmOI Fig.1 Schematic diagram of the Vegetation Photosynthesis and
CO, m™ s7CT) M B (pmol CO, m™ 5™ - C71) HIFIR Respiration' Model ( VPRM)
%ﬁo ijﬁ\ﬁﬁuﬁﬁﬁﬁﬂg ) En PARO ?ﬂﬁﬁf ]:UJ:H*ﬁ EVI: 3455 B FE 3% 45 %0 enhanced vegelation index; LSWI: #3& /K 4345
Mleﬁ é,l ﬂﬁ E/‘J th JD]U /J#‘SjH‘ iﬂ_: ﬁ? iﬁ _%‘AE( {jl‘: 'ﬂ.’;c é/%‘: I }:ﬂf;‘lfﬁ 4 # land surface water index; T: Ui air temperature; PAR ; Y65 4 54

Bl VPRM #HEZHRERE

VPRM /E\_Mgi}lﬂjj . AR5 photosynthetically active radiation ; &, : Fe RIGHEFI T (2l K
NEE = - £, ¥ T.svale x Wsut]e x Pscale x EVI x Jt & F AL ) the maximal light use efficiency (the maximal light
| quantum efficiency) ; PAR : YRR BRI 510 TR A4 AR S E

1 + PAR/ PARU XPAR +a xT + B (7) the half-saturation value of photosynthetically active radiation;a,8: "

W ZE o, 3, respiration parameters; GEE: BAERSE Co, A gross

1.3 @ JEEE A AR L

AT i FH B T8 0HE 2 K MODIS09A 1 ( %5 [H] 43
HER R 500 m) B Hh 4 G 3502 ORI 3t 55 1 R
IR HER R 8 d., (W€t 459—479 nm) , 4146 (620—670 nm) , I LT 51 BE(841—875 nm ) DA K S I
£TAMEEBE(1628—1652 nm ) iX 4 > B bR I R 2215045 B 3G s AR 9 20 (EVI) A 3K 7 15 B0 (LSWI)
HtR AR,

ecosystem CO, exchange; R, : B R G Respiration;; NEE . 4=

ARG CO, 28 net ecosystem CO, exchange

EVI = G x Puiv T Pred (3)
Pur + (€, Xp, = Cy Xpy,.) +1L
Puir ~ Pavir
LSWI = ——== (9)
Puir F Pavir

PG .C LG L NEE,G=2.5,C,=6,C,=7.5,L=1, p fCKMPB P B K IR FF5 nir red  blue
Flswir 73 BRI LT AN BE(841—876 nm) £T)(620—670 nm) 5 )'(459—479nm ) F%E I 2T #h % BE (1628—
1652 nm) ,
1.4 S s UL EE e NS A (R R EL

AWFFERTF I CO, 38 et B5H A2 by T 5% X 008 A DG LI A5 3] 1), I W80 3R S Ao 1 b P 1) S U 3% 40
m AL 3% 2R G0 il = 4 R XE AL (CSAT3, Campbell, USA ) Fl CO,/H, 0 £L AN A3 H14X (1i7500, Li-cor,
USA) R, WK 2002 4ETF4G , Bt REEATR N 10 Hz, 38 58 -2 0F 0] 24 30 min,  ULIIEE I 14 P40 LA
e T8 - WL 80 614 i Ak 2 2 v 5 A LI AT 58 56 B ( ChinaFLUX ) ( htp ://www. chinaflux. org ) 13k
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WA, SGIELAE T 7 2 HAA LI R G, 50 AR RGE | i R0 B SRR
FHATWM . AT PAR BUE, AL T 32 m WG FIAE R SHSOW IS 31, B T2k £\ 2002 4F 46 0
T AR PAR BUE T RECL 2 A 1 30l PRI, S R0 UL &5 — 41 BT AR A5 E50 08 B9} v i) K BRLE R 5 5
PAR ZA7 2, %F 2006 4F PAR BHRIEA74G 1, A6 E 1 A b & B FHAG IE RS A9 PAR BE40L0 NEE %4 2
SRR R A SC il 4G i PAR LI

1.5 FORIALE S EN LS Bk

28 ChinalFLUX AR 7R 7545128 3 B LN H5040 Ak B0 5325 A1 A8 (bt -/ www. chinaflux. org ) X 2005-=2006
SRR LG Y NEE it 72038, B BRALHE 3 I ARARIESSE \WPL A IE M AA 5038, Bcdia ot il 20 3%
A4 5B B3 K R B By it S 5332 (] 8 XU AL~ s SR PEE 48 X 0T 7 1 NEE %0l S 15 8 Hlsld (I S
(% X NEE s EA 748 5 05 3 fbnifE22n 5Bk . o 2005 4R (9850 1 T B8 S 800 AL ;2006 4F 11
BT VPRM BEARULAL S PRS0 IE

SR T 557 W25 55— R 2005 4F 4R E] B NEE LI (38 i S PR A BT 240 o A1 B
(PRI DCEER, BRI NEE B85 2R M A ARG o 88— FIH o 18 LI
IR ZISEIHE AR RS RGE R R, B 11K NEE % R 8% CEE, FFH VPRM
GEE B AR (B (7) FRES AL —I0) LRI T, W Pou JEVL PAR {H, EHIIA1HE &,
1 PAR, .

YSUETT S5 3 Ay, BIPRS00 20 1) NEE BUHUZE Rty b K3 (5—9 A) Y
EEKFE(1—4 H 10—12 7) WAR IS B3 TF , 5 I EAR L, GiiT B Jr 4245 30 minNEE A {E
LA ) 100 5 43 B NEE ALAUE 5 W IAE H 7 348 40 1% b DL K ImlIE 43, 55 = 3843 4% 2006 4 7 H
23—29 MR KAIFBINA 6 H 9—15 N PR RSB NEE FIBHUEUR 5 W ERT L o8 . Seit ot
J5 R 30minNEE R0 E 55 X000 {5 Bl of 18 42 £k 119 XoF E

2 ERS5HW

2.1 VPRM B S5k fk

FI K A L3k 2005 45 590000 28 LR BT ZLRA AR VPRM S EGHAT LA 0L, 45 5 sk 2 s, F#2
JE A BB 1 Mahadevan 25751025 30 X B Harvard Forest Wi £5 1220 Y54 % nb i i Ak 2000—2003 45 S0 ¢ 46t
% VPRM 25000 5382 . VPRMSBZ AL | e, FESERY 0.127 25 0.351, RS 2.8 1%, RN,
PAR, W H JE 45 570.0 wmol m™ s 728 J3 279.6 wmol m™ ™" Y/ 2 JFSE(E A 0.49 1%, 8 H1JH 2514 0.250
pmolCO, m™ s AR N 1.541 pwmolCO, m’s, AHSHEEBRNER I ESARAES RSB A4
FrPEA &, VPRM B SRl Ak S | B AR SR F 1Lyt DX G A5 AT e S AUARAIE

#2 VPRM #ERSH
Table 2 Parameters of VPRM

B8 £y/ PAR,/ o/ Lo
Parameters (pumolCO,/ wmolPPFD) (pmol m™2 s7!) (pmolCO, m™2 s7tch) B/ (pmol m™ 5
J5 i Origunal 0.127 570.0 0.271 0.250
feffe Optimized 0.351 279.6 0.246 1.541

2.2 VPRM BHSER 500 Hr

TR A I X R AR NEE 7628 £ 2 5 2R K R a0 I 5 AR [ (4 48 AR AE , 4 2006 4F NEE AR 2%
RO AEIE R Z(5—9 ) SHAEAE K E (1—4 A 10—12 A) i BB W E T3]
2.2.1 AWAKZ NEE BDUE S5 000 %] 1

FPHZE A VPRM #5558, %] 2006 4F [ LB KRR I ZEAA AR 30minNEE #EATHEHL, X H 5 29 H (4
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PyE K2 ) 30minNEE [FBHUUE 50000 7] LUE 1 (8 2) e K S8R FI NEE HR AR 8R
S R NEE 5000 E S R4 . IS EUS T AR NEE {f, FHH 5 R 0.488, 78
NEE fHK T 10 pmol m™ s™ FI/NT =20 pmol m™ ™' Bf , MRAKIE A WIL . SEURALSS  BEALXT NEE AMRA575 3
2 [ RRARRRIAF] 0.911, R IFE A S AL NEE (55000 89 F- 24135 22 4 3.19 wmol m™ s, ¥J7
HRIRZEN 6.76 pmol m™ s, ZELALSG NEE BLLLE 500N /) T35 22 7 -1.81 pmol m™ s™" ¥ i 22
7 8.61 pmol m™ s (3 3) . SEMALSEAEAUE S WM {EL Y 1y MR LRI RS AR K, (EF- B 22080 Bl 4h
SRR F S B 20T .

30 - 30 ¢
) a 1:1%k b 1%
= 20 @ a0 f
B =
fég 10 | %IE 10 b
LE O HE O i
8§ o ."*'*-';(.)488 +0.620 8§ T r
%c& S0 L RS 1 = 0.488x .62 ﬁ’oﬁ 50 0.911x~ 2.253
ge Ke
;@LH. =30 ‘%w; -30
5 2
HZ 40 #HZ 40
—50 1 1 1 1 1 1 1 ) _50 1 1 1 1 I 1 1 )
-50 -40 -30 -20 -10 0 10 20 30 -50 40 -30. -20 =10 010 20 30

HZR R G CO MMM i
NEE_obs/(umol m™s7")
BE 2 VPRM FE#ESH(a) RELESE(b) A K B 1L E 2006 FEE W EKZE (5—9 B ) 30minNEE (NEE_VPRM ) 5 3 U{& ( NEE_
Obs) HEIF 517
Fig.2  Regression analyses between VPRM-simulated NEE (NEE_VPRM) and observed NEE (NEE_Obs) during growing season ( May

to September) in 2006 at Changbaishan site based on original parameters (a) and optimized parameters (b)

KA K NEE B0 5 0000 (19 72 H A5 f3 5
XFEERT LA (] 3), VPRM 4 6 M40 H T ONEE #7 ol 2 NEE Obs

WERIY AR G NER W7 —EIMRA . R o e = NEE_Opt o

M BB NEE 188 -6.32 pmol.m? s™", AT L »g(g nnittly K fiz2zm0s

W (ETIE A (~14.66 wmol m™ ™) (H43%, AL IS S AR %ié_% ot T &

HIFI NEE WE(y-13.27 panol m™ s, IR 35 -5 ¢ o s

9 919 , SR AEHE i, BEAR, M HEPRAL 20 B0 €% | S

U 55 O - 235 2 08/ 310,06 wmol m™2 ™', 1) .l o et

JIARIRZE FREE] 217 pmol m™ s | RPFEARANAE (£ 3), .
B B 5 5I9h R ] AR AR N0 77 7 SEFEFIIIEESSE
s MR A ) TR N 55 45 I e b i O R AN R, B Time

ARSI 3 KAWLk 2006 FHEME KT (5—9) AHMM NEE 50

B DU ER TR NEE T4y 1S gL S o) EREAREL
BT 1 4)  STLLRH RSB o R i saon i
?WE«F@J Egﬁ[il%?j—: ki éﬁal}ﬁﬁo *EKZF ’ %Fﬁ}?ﬁﬁ% September) in 2006 at Changbaishan site '
B3 B AU 5 WL (E A9 [0 BR300 0497, NEE_Obs: NEE MU observed NEE; NEE_Ori JEU 2 50HE 11
PR R MR 8 22 a5 it — 20 R WL, AL J5 1 NEE simulated NEE with original parameters; NEE_Opt: {6 J 24
VPRM Bg B 4 A dUAT ) 4E K 22 NEE (1) H 28 4k LAY NEE simulated NEE with optimized parameters
2.2.2 MWK ZE NEE B 50000 1% H

V]S R K 35 (1—4 1 10—12 J1)30 minNEE FBUBUE 5000 (0T L, ih BT AR 1P
HSH VPRM FHPAEA: K 2 30 minNEE ARCRASA IR, S UG S HORMIRIL T S 5045 176 Ry AR5 S5 -5 UL
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15 - 1:14
+ NEE_Ori .
* NEE_Opt .7 .
10 .7 Yop=0.889x - 0.336
L e o= 0497x + 1377
— >
me O o 3
5(\:& + .‘.: S
| + e
gg 0 +-.; e
R E . o
Q3 Prid .
8 S W o *
& E -5 + ++'§._—-" . e // .
ﬁ & S s 2
*’5 ml - . . ’, .
a4 R . .
HZ -10 | o - 2 .
° 4 < i °
P % e o°
-15 L’
-20 | | | | | 1 |
-20 -15 -10 -5 0 5 10 15
AR R G CO WM

NEE_obs/(pumol m?s™)

B4 KB WL 2006 FEWEKST(5—9 H ) NEE HIEHE(NEE_VPRM) S AME( NEE_Obs ) T B T/ I E 3 5 4
Fig.4 Regression analyses between the simulated mean diurnal variation of NEE ( NEE-VPRM) and observed mean diurnal variation of
NEE (NEE-Obs) during growing season ( May to September) in 2006 at Changbaishan site
NEE_Ori, J5i 4 2 30K #1 #9 NEE simulated NEE with original parameters; NEE \Opt, 4 1k J5 2 $# #1 # NEE simulated NEE with

optimized parameters

HAUA TR AR ST 58 0.058 F1 0.068 , BLADIX] NEE SHfl#l /776 B & Al . RA BRI S B0 ib )G 251
BEALL NEE {85 W00 {5 £ S 24795 2% 43 50 4 - 0.86 wmol 'm ™ s ™' 1 0.39 wmol m™ ™', R* (B AL 43 %Ik 0.005 F1
0.01( % 4) MRIHURAR X |3 FEE P RLER PR A K RS A, B A4 8 RGP 5 SR Z AR
FFEERPEIL R i VPRM SRR a7 fhoh TR 26 M bR 8K, 350K 5 S0 0 £ b 4 JE A 1 Z X NEE 1945401
AR BR 2,

5+ 3. 2006 FEHEWEKE(5—9 f1) NEE #EHME SR MEZ BRIGHH7
Table 3 Statistical analysis between simulated NEE and observed NEE during plant growing season ( May to September) in 2006

-

YK RHWAR R 2% R TRER gy S

Data types Using two different parameters Average error 18 R* Valid data

squarc error

30minNEE KRS E 3.19 6.76 0.53 4115
KA R SH -1.81 8.61 0.52 4115

NEE Hf-3#47454k KA SEL 2.65 4.31 0.93 48

Mean diurnal variationof NEE R AL 250 -0.06 2.17 0.93 48

December) in year 2006

R4 2006 FHEYIEEK S NEE EINESMNME > BS54

Table 4 In 2006, statistical analysis between simulated NEE and observed NEE during non-growing season ( January to April and October to

N=1
HRAT RAFAR R S8 I Pt RO
Data types Using two different parameters Average error square error Jr{l R? Valid data
30minNEE KRS -0.86 3.34 0.005 5372
RN S5 0.39 3.09 0.01 5372
NEE HF-#725 1k FHE IS -1.24 0.98 0.001 48
Mean diurnal variation of NEE KA G 25 0.01 0.80 0.25 48
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Fig.5 Regression analyses between VPRM \simulated NEE ( NEE_VPRM) and observed NEE ( NEE_.Obs) during non-growing season
(January to April and October to December) in year 2006 at Changbaishan site based on default parameters (a) and optimized parameters

(b)

R AE A ZE NEE V-3 H AL A BHUE 5 0000 % 21 (K] 6) Al A1 28 NEE AU 141 ( 29
H=1.70 pmol m™* s7") A KFE/NYZ (UK FIEE N 129% 7 SHAIUR NEE {58 -1.60 pumol
m™ s~ SN E R R ARSUALE 1R PR A AR ™ B . SRR AT 2 1Y NEE IE(EAN
-0.300 pmol m™ ™" AH HEXRIMELAIRAY T 82% , [RIRHAE P AR A 4 ZRB (R F I AP (3414 0.993 pumol m ™ s7") 181
RTFARRECEEA 5.77 wmol m™ s7") , [iUA S BB A FEIR fF 4 11 {8, HABUUZE RA A5 . S 805
B E] NEE FT-34{E8 0.367 pmol m™ s~ AH LLULINMELRAL T 63% . #E34K I SH LG BUAEAE K 2
NEE “F¥] HASE9-F 241152 228 0.01 wmol m™ 57" 35 HiRI% 254 0.80 wmol m™ s~ , 5WLMHHE 1) R* 4 0.25,
M R GRS AR AR AR X 3 WidE AR L A URAL)S (% 4) .

XA PIAE A1 2 NEE H 7328 AU S0 I 61 7 15 43 B ol LAE (1 7) , I 2H S 8O0 AR Ak AR
K72 NEE MBLRISORERES 2% . i SRS AR AL 5 Z 80400 NEE {85 WEMIE 14 77 #2 RPRACA 0.012
F0.175, LA BRI, BARSEUA)E B 7 A0 TOb Z 0, fHJE VPRM BRI HE 4 JE A= K 28 NEE
HOEEEENE e

LA AR A 3 2 NEE AR LS5 X000 E A0 6T e T2 AR A E R S48, i I E5cH 00 1 2 8088 s
T VPRM X H il X NEE BB JEHGE A 2=, PR, SCE T T S Pl FH AR AL 2 8 40045 31 g AL
185 SLIUE 9 % B o
2.2.3 B RN 50

FH NEE UL 7T %0, B A0 BT 22 J2 A RHRS , 1R A S 281 i T 79 A PR 5 23 B A1, 31X 25 53 NEE
W/ TR [ JZ A7 AR 1) 3 4 0 25 SO i B, X T RE S S BOT AR R R3S, Btk A A 253 B
RAKT NEE BLLAY 52,

¥ 2006 4 7 H 23—29 H (DOY204-210) IR KSH 6 J 9—15 H (DOY160- 166 ) FIF K< VPRM AL
FOGESR 5B AT b (7] 8) (AR H 5 K FIAT 28058 S 40 43 5 AT 9 K 5 K> 1200 umol m™ 57", B
FIR <1200 pmol m™ s7") . AT LAFE i, B K KR T (B 8a) , VPRM F A7 MBI T NEE i 284k 3 45,
NEE LI (B 7E ;4 K (140 {H 4 - 18.32——29.48 wmol m™ s~ LU {E A I (B K —27.52——33.95 pwmol m™> s™" B4
Xt NEE [0 (AT i il , 302 PR O AR S e AT 25 18, 165 X JE A R BHEE SR A A 45 0F |, Bk s e i
FHET LG . MIAETI R 2514 T (&1 8b) ,NEE WLINE % 214 K, NEE [1RIE{H 2 - 18.45—-24.67umol m™
s O RIESUE I A —4.77—=10.14pmol m™ s™', VPRM AXBEA AL H NEE (254 i ELXF K 16
(B AEAE I B AR A  BERUSOR A 2% X B VPRM AR BHTR K NEE AR LA T Bk — A0 ple g

http : //www.ecologica.cn



20 [ S0 S Y - C S el B T SR (R N S TR ol v A RV ANSOE R S AT 6687

3 F 3
o NEE_Obs
5 4 NEE_Ori )
B e NEE_Opt oo
) = '»
ol o oo o
g ', 1 Fooo oo I 000000 0 % 'E 1
S ° .0‘08“‘3 o ﬁs( S
@) E coee, o o0® C’o %eeq, N § 0
e 0 S00e0esy, 0so*’ % o3
R . oo
‘Tq.\(, ‘\:’L o ° AQRAM 4aay, W 2 é 4
- 1 L 0
%@ -l Aa ° ‘AAA o TR W ™|
il M e v
-2 L ° Hz 2+
-3 L L L L L ]
—3 1 1 1 1 1 1 1 1 1 1 1 1 1 _3 _2 _1 0 l 2 3
g 8888888 8 8 8 g 8
S d ¥ B X S AT 8 X S A ¥ ABRGHCOZHMMNE
i T‘Fﬁl T'ﬁ - - T o s A NEE_obs/(umol'm™s™")
b ime

B 7 KAWL 2006 FEWIEEKST(1—4 F.10—12 JT)NEE B
HAUE (NEE_VPRM) 5 TE(NEE_Obs) 315 H LK E V3 5 47
Fig.7 Regression analyses between the simulated mean diurnal

variation of NEE ( NEE-VPRM ) and observed NEE ( NEE-Obs )
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Fig.6 A comparison between the observed and simulated mean
diurnal variation of NEE during non-growing season of 2006 at
Changbaishan site during non-growing season ( January to April and October to
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FEHI NEE simulated NEE with optimized parameters

December) of 2006 at Changbaishan site
NEE _ Ori/ J H 2 B 3l B NEE simulated NEE with original
parameters ; NEE _ Opt, Ak J5 Z 819 NEE simulated NEE with

optimized parameters
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Fig.8 A comparison between simulated NEE and observed NEE at Changbaishan site in DOY204-210 (sunny days) (a) and DOY160-166
(cloudy or rainy days) (b) in 2006
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