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measurement errors of net ecosystem exchange of CO,( NEE) by the eddy covariance technique follow a normal distribution.
However, recent studies have showed that errors in eddy covariance measurements closely follow a double exponential rather
than a normal distribution. In this paper, we compared effects of different distributions of measurement errors of NEE data
on estimation of parameters and carbon fluxes components. Daily NEE measurements from 2003 to 2005 at the
Changbaishan forest site were assimilated into a process-based terrestrial ecosystem model. The Markov Chain Monte Carlo
method was used to derive the probability density functions of estimated parameters. Our results showed the modeled annual
total gross primary production (GPP) and ecosystem respiration (Re) using the normal error distribution were higher than
those using the double exponential distribution by 61 —86 ¢ C m > a ' and 107 —116 g C m > a™', respectively. As a
result, modeled annual sum of NEE under an assumption of the normal error distribution was lower by 29 —47 ¢ Cm > a™'
than that under the double exponential error distribution. Especially, the modeled daily NEE based on the normal
distribution underestimated the strong carbon sink in Changbaishan forest during the growing seasons. We concluded that

types of measurement error distributions and corresponding cost functions can substantially influence parameter estimation

and estimated carbon fluxes with data assimilation.

Key Words: NEE; ecosystem model; parameter estimation; error distribution; Markov Chain Monte Carlo method
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T 2E B, B A T S AR AT REAS [A] T IEASBENLIR 22 0 AU A TH45 R . toan, BT A S RT3 Fh
FLZ 557572 , Richardson 1 Hollinger' " Xt 34T T NEE BfiALi5 25 43 31 A 1F 2550 413 XS S04 A BRI T
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PLBERCRY I 5, 1222 50 A 2R AN [R) 22 X S 8000 11 DA K B 3 o A BE 4003 J 22 K2 S i N T A o Xk — (]
LR SCHE X NEE. SIS % il A 285 R G LIS S 0 29 A T BE T[] 53 A1 i WL DN 35 22 1 2 A 1
DA K i AU ) 28 S A TR o X — (R RBP4 i B 50 20 R T2 220 7 /Y NEE %l , O B
Ui b S B0 22 ST R AR Y £ A AR v il b AR S R G RRAE PA TR e T B9 B
1w %
L1 #F5eHmtol

WFFE RO T3 A K T L E R G B AR DR A X PN AR [ I LA AR, b Ab 42°24 N, 128°06" N, i 4k
736m , J& T3 2 KU MR AR ORI T, & THRIEVS AR 1R 3.3 ~ 7. 3°C AR P 2 %
7K 600 ~900mm , 3= FLAR Fl A L1 ¥ ( Pinus koriaensis ) | 52 17 £k ( Quercus mongolica ) | f&, K (Acer mono) | 25 #k
(Tilia amurensis) 7K I ( Fraxinus mandshurica) 2%, 3BTRS AR 180a, IS 26m,
1.2 BFsesds

WF 58 B A0 AR B i A0 A NEE 0 52 %508k , IFE IR Bl 2003 451 A 1 H £2005 412 H 31 H, Y
 NBHR ARG H AR R (UK AR RS O G A RGRS) 5B DL ih 24 (- T AR AR
(LAY (3K I3 IR E AR R/ ) o BIFFEI BEN 38 H AR BER AN NEE UL 4 25 78 2 /) kg
Bl el EyHRAT . 2/ N RS S i T AR i 0 T A SRR A AN b S, B F T R L S
Bk NEE iR E R RGN KR RIL CO, , o IR RE A RGBT CO 0t AR e
TR SR TS0, A G H SR AT 50% (BN H Bk B IR T 24) 19 NEE £4f (3a 3
TH728) X BRI S HEGHATAG T DA B b [ Rl A 25 3R G0 i R G0 R 2% ( ChinaFLUX) Flrp [E A 28 &
ST M 2% (CERN) #2448t
1.3 AESRGEEBIFI AT S5

%] CEVSA2(Carbon Exchange in the Vegetation-Soil-Atmosphere, version 2) N Y i BTy i p
T AR A I R ) A W M 3R AL~ B A R AR B | 1 R KR Z K sS # AT AR 40, & 7E CEVSA 5
TR SER b 0T WA 0 T A O LAT ShASBEL O A B DR L S SR O A | B P e ]
A BRI ECR B A B AR DU ) AR AR S R G B sh A AR AR

CEVSA2 BEHISLA A Wy Wy B R A0 B8R R - S AU A 3 D L, 48 T R RS E R 2
B ARBFSKAE NEE AF S BHBUE R 45 A S50 A8 L ) SRR, A CEVSA2 5570 1 B A5 5 40 Hh e B
MR SRR o GO 3 BT 5 R AR GE 1) Jm B R BURE 73 Hr 12 (ome-at-a-time ) , 75 HAB S ELH A
IO T 15 CEVSA2 BRI 5 — Z B fE 53 S AR 10% \20% F1 30% I NEE 42 S i AP Y 22
A 535, LB 73 B o REHE RN IZ S B BUREE o | ey B U Al S8 & 1 s, IR
P SCHR TR L SAH DA e FIS B WLIN A5 L, i T 45 MU S B BUE L
1.4 SyRu]REE-SER-R B T

IR A RBE-S520 R 2 J5 ik (MCMC) LA DT 307 38 S Bl , K A T 2508 U A6 S R e B A 28 00 1 1)
BEALAS 5, AR DLt e B, A IS8 Se s iR 50 IE B 2 280 5 3 o A (2 1), SR 5 KR IS 39 4y
A RAEWT AR N SHL

_p(Z1p)p(p)

Kt ,p(p) o (p1Z) 5350 0 ZH) et Aa B3 3 BE 00 At ,p (Z2) S LI O ER ,p (Z 1 p) S SR RS9 7
SRS RUE T AR, RS H p W UIR eR B LR RS R IR AR T LN 8l Py 2 22 70 A
RAE,

HEEPLER 2 IR FBE R IEZ A i, RPIEZS W% 25 (Normal Measurement Error, NME) , JHUEFHISR b
HEIESVE
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Table 1 Descriptions of CEVSA2 parameters allowed varying in the optimization

28 X g RieNi KR
Symbol Definition Range Source

Y6425 Photosynthesis parameters

Ty A B AR Optimum temperature for photosynthesis(°C ) 10 ~30 [22]

S SFLGBEN N S 4L Stomatal conductance response parameters(g g™')  0.997 ~1.219 *

Ry H [A] 5618 T B IE % Dark respiration at light daytime(p mol m~2s~') 0.7 ~0.9 x

M2 2% Respiration parameters

f A K IEI, L 3] Fraction of growth respiration 0.18 ~0.22 *
Lo B E A4S %L Maximum leaf area index(m? m ™) 5.8~6.2 CERN
K, 1 2 0 1% 2 %% Maintenance respiration coefficient (s ') 0.3~0.4 #
W A3 B A - 6B Optimum moisture for decomposition (% ) 60 ~ 80 [23]
K, HFE A W) 9 T AE 43 iR % Potential decay rate of surface microbe(d ') 0.007 ~0.019 [24]
N %% i Nitrogen content(g g~') 0.0046 ~0.0096 [25]
+ 3K LB L Moisture parameters

L& M A+ 458 5 7K & Soil water content at saturation( cm® cm ™) 0.4~0.54 [26]
w. FH [i] 37K & Soil water holding capacity(em® cm ™) 0.22 ~0.36 [27]
YI4A 56 Initial conditions

Liyi WIHE T FRFE %K Initial leaf area index(m? m ™) 1.0~2.5 CERN
Cn WA TE M 1187 HLTR PR Initial carbon content of active SOM(g C m~2) 1100 ~ 1500 CERN
Con WA F AR PR Initial carbon content of surface microbe(g C m™2) 600 ~900 CERN
Conl WG TS YRR Initial carbon content of surface metabolic litter(g C m =) 600 ~ 800 CERN
Ca, W8 118 LT PE Initial carbon content of slow SOM(g C m™2) 4000 ~ 5000 CERN

x FIRZSEBUETE BRI N ERIAERI[1 -10% ,1 +10% ]  represents the range of the parameter is from 1 —10% to 1 +10% based on its

default value

Y FEAL R 2 IR MRS B o3 A B, B AL O % 22 ( Double exponential Measurement Error, DME) , JlJ{p)
IREBAR R
- 1

p(Zlp) = H @e

Soft, B AUHE BRI, B = 3 1 x, =% | 0 NEE WUHEAHO T4,

ARICR 2 08 9 Metropolis-Hastings 35" (faifk M-H ) #E4T MCMC #40l, H E 20T

(1) FEBUE TS BBl A B LA B S50 0 aa A 1

(2) PP BE S EUE Ko A P A S EUE poe s

) IHHEEZME p=min{l ,p(p,. N 2)/p(p, 1 Z) |

(4) F#HE[ 0,1 ] IX 0] A B34 59 53 A i BEH LS U

(5) % p=U, W2 S50, & WIFE 26 5 S 50E ;

(6) TR 2 ~5, HEE B ZHEEA , AR SHI G R

AT SR E SEUGE 1050 A 51 A, R M-H 3L B 20000 U, MR 48 8% 42 32 I FEAS T S50
W7 % cov(p) , FEHERT MCMC 5481, R BUE 2805 30 045 R IE A0, B SR NARIE AR poy =pisy +

xj-uj

B

(3)
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N(O,cuv<p)) F,:QEDIJ o

I BRS R AT X MCMC SRAEESS A 00 MCMC B4 T84T 5 U, 7551 S 4> MCMC SR pt
R3], A I ALEG 20000 SRR, HUAT MCMC SREER 51 REAR Bt i 88— A A2 0 A Bt , A BB T 28
JEWAGH G0 . ASSCR A Gelman il Rubin'™ 1992 4E48 H BSOS Wit G, LI SR AR B B 50T
PEEAN 5 22 B8 AR I MCMC SRAE R 51 il S5t , I8 52 90 44 AL 7 BE (bumn-in period ) . I 82 WS 4R G,
HHE IR T -

W.(k-1)/k+B./k
qu’< % Ml (4)

AP b RAEFFIIANE(R =5) , W, R k ASRAEF S5 2200 BE, B/k R kA RAE 5P S (6 1 5 2%
BSOS WHESR G 3RIET 1 SRS 8 B E AT 22 FA AR E I, YO R ER AL B Be 4 o, B 7R n] R BRI 8k
B TR R A

2 #ERE5HH
2.1 MOMC bE 91 B S e

I MCMC Jrit Al TSRO e, BB 5 1 | Tk e
MCMC SRFEFF 912 TCSUE RS o el Bkl 515
SCHITT I PRI 250 A6 F MOMC RBEIF Ay g o ™
KREMS, UBBR, L. W, T C. W, Bl REER f\é" 20 iy E - ) “mJ
BRI, % SRR G, U BEIT, SRR S 15
YHK T 10000 B, 4 28000 G, REREET 1 514 —
HORLAE E (P 1) 36L& SR TR 2 ksl O o k& """""" T sknsnsons :
B, S BEITECH S MCMC 5 BE 511 R e ot Y e e
ST RS, oAl 2 By MOMC SRRE 2 61 (o 46 1
BB, Fo, BT 10000 YR BE 1) 16 b B B I o GHPIEREERAE

o 5T \ " . X Fig. 1 Evolution of the convergence diagnostic index

;;‘2; ﬁﬂj\*ﬁ*( JEIF 50000 ) T ZROREATIMIT i b s o 255 5004

a. normal measurement error; b. double exponential measurement

2.2 BRUEK A error; the symbols are listed in Table 1

A5 S8 50000 45 BAG A, 0] A i 2
B Ja AR o A o AR FOR AR T DB Al 2 5008 45 R 29 3 ( Well-Constrained, WC ) AN R 249 3
(Poorly Constrained, PC) PiFIZEARL, 405 540 AL T IEAS A A E T R 2R XSS fgwk NEE 52
MBAEBIF AR . REBSHBATX—A(E2), LUDES RACIRE T, ([ 2a,e) KA W, ([ 2b,f)
I as T AFE R Ly, (B 2¢,8) o R R R AT (B EATHY G 50 A3 T8 1% 25 5lOR B AN i B2 AN S AR ] o
SHUGE BRI AU I 5] 43 A R TN R RS, & & i V([ 2d,h) .

bR T SEW, Hb, ST R R 2250 15 20 S 505 B0 A0 B TR BEAR AL, 3 150 BH P i3 22 40 A
T, NEE %5t} CEVSA2 BRI S KR A ki1 F A — 8. (HILTF BRIR 2204 15 20 1 S B A A T HEH R
A . 22 5t T AR ZE /A N CEVSA2 SRS HUS 1Ak 11 A AEL T3 (E Abr o 2=, b A S84
M THE . ATLAE 1, 36T NME A5 S80h , BREAE R PRI HL ] £ RS GBI T, 00, A S5
A A THE S THT DME §flii45 8.
2.3 BRI ALY

B ES UM THE > B4 A CEVSA2 57, 2% H B4 2003 ~ 2005 474 [ 11 2100 AR i ik Ui 32 1o
o PARMETLLES R AE il 4 SVE B AAAEARRIRRBE 25 570 35T NME Bl £ 4F B A 7= 71 (GPP) FiA:
BRGIT(Re) BhEM 1 IET DME AUBLE R 61 ~86 g Cm " a "M 107 ~116 g Cm 2™, FEHIH
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BiZ Frequency (%)
>
T

10 15 20 25 30 0.26 0.31 0.36 14 1.9 24 5 6 7 8 9
To (C) W, (cm3.cm™) LALy (m>m™) N (X1073)

Pl 2 R 22 0 A BB T 1 BB S80S S 3R 43 A
Fig. 2 Typical histogram of parameter posterior distribution for two types of error distributions

a,b,c,d: IEASWIMRZE e, f, g, h: BEEEWMi%Z  a,b,c,d: normal measurement error; e,f,g,h; double exponential measurement error
*ﬁ?ﬂﬂg NEE ﬁg“;é\iﬁ}a%'{& 29 N47 g C I'n_2 a_l ( % 3) o %IEHE@L%B% Re E‘E;E\EEP ’ E?EFH%ZHK( Ra) ﬂ:ﬂﬁ‘%
W (Rh) 4351 5 1 46% Fi1 54%

R2 SHERERSHHEITER

Table 2 Posterior statistic of parameters

IEAWI %22 (NME ) BB 15 22 ( DME )
e Normal measurement error Double exponential measurement error
Parameter MK T AR A M T £ ARAERE A
Mode Mean + SD Constraining type Mode Mean + SD Constraining type
T, 15.7 15.9£2.6 wC 17.7 17.4 £2.8 wC
S 1.156 1.115 +£0.057 wC 1.097 1.106 +£0.058 wC
Ry 0.76 0.79 +£0.05 wC 0.75 0.79 +0.05 wC
f 0.20 0.20 +0.01 PC 0.20 0.20 +0.01 PC
L 5.95 5.99 £0.10 wC 5.86 5.93 £0.07 wC
K, 0.35 0.35+0.03 wC 0.33 0.34£0.03 wC
W 69 70 5 wC 66 70 5 wC
K, 0.008 0.013 £0.003 PC 0.007 0.012 +£0.003 PC
N 0.0062 0.0070 +0.0014 PC 0.0047 0.0069 +0.0014 PC
W, 0.49 0.47 £0.04 wcC 0.43 0.47 £0.04 pPC
W, 0.30 0.29 £0.04 wC 0.29 0.29 £0.04 wcC
Ly 1.4 1.6 +0.4 wC 1.2 1.6 +0.4 wC
Ciout 1280 1297 +107 wC 1213 1299 +107 wC
C.. 745 745 +79 wC 675 739 +80 wC
Con 703 698 +53 wC 683 700 +53 wC
Cyy 4550 4482 +264 wC 4383 4475 +265 wC

WC: B3 Well-constrained ; PC ; A/~ B ZJ5 Poorly constrained

http : //www. ecologica. cn



734 HKE A NEE LI TR 22 70 A1 B 0T il th A 25 R GEHL BB R S 4 T i i

3023

F3 NI 2003 ~ 2005 £ K AL AN LR HKBEENERE(gCm 7 a')
Table 3 Modeled annual Carbon Fluxes at the CBS site from 2003 to 2005 (g C m 2 a')

H‘ AW RO 2
e A R Normal measurement error Double exponential measurement error
Annual carbon fluxes

2003 4 2004 & 2005 4 2003 4 2004 4 2005 4
BRIRAE = S GPP 1184 1239 1198 1123 1153 1127
HRRE T Re 966 975 956 859 859 846
H =0 Ra 681 695 679 632 641 629
SIRIENE Rh 285 281 277 227 219 217
R S R G it NEE -217 - 264 -242 - 264 -293 -281

PE—E X OO T PRPER 225041 H NEE BEUE Y 22 50— 55 S A AF 5 R BE R B R], B4R
5 SEME A PR E R E 0 0. 49 B R LB R (1 3) o EAE 2R E 23 0] ) 5 AR MRAE 25 R G0 A B0 10 T
WEASCRE I, PIRPER 2220 A P AU NEE 77 EBORZE S0 Geit NEE ST E A bR SULE 1 R o0 A A BEL
NEE SEUAHR /N T -4 ¢ C m ™ d 7 {40% R 6.3% , 16T NME fORLZE N FIZ AN 1. 6% , B

AR T,
DME fREIEE -5 S I D0 S04, ML AR N 4. 2%

i ©® WLl Data O i Model N

y=0.65x+0.19
R*=0.49 LIS

.g.
i
i

-4 —4
= L4 ry
afe < p ‘ ’
£ ¢ g st 7 )
= g
g ¥ . % Pr
0 et
o0 4 ® Data O Model 2! 4 y=065r+032
= = R2=0.49
Z <
=
=]
= 0

0 365 730 1095 -8 -4 0
H /% Day of year WL Observed NEE (g C-m™2.d™!)

B3 KA Lok NEE AR DUE S 0L (EL A LA

Fig. 3 Observed vs. modeled net ecosystem exchange of CO, (NEE) using optimized parameters for CBS site

a,b IEAWIRZE ¢, d: BEBEOWIM % a,b: normal measurement error; c,d: double exponential measurement error

3 g
3.1 NEE WLIMEHE XS 8000 299 e A

,UUHHEET NME AUBLIARARAG 1A RIEF K 3 I ARMAE S R G e B 1o 3T

SR HERA Al T2 Rl A 25 AR GUHL AR TR ASDL AN T A 25 2R e 2o e AR A 4 3l 2522 A i T 24T . A
Bli b A 25 R GRS B AR RS NEE SRR 2R, P A B UL A2 B0 A AN R 2 E o A
AL T 2800 NEE SR BURYEAFE22 5%, OF H 22 MW A AR AR B A S, N e AT 2
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i et AR s S8 s vk vERR AL T, Holn, CBM #55 (the CSIRO Biospheric Model ) 1 R A5 3 £ 4 65
FNZEIE S 500] Ly b 22 30 5 00 000 %5 3 ok g 2" . SIPNET 4 784 (the Simplified Photosynthesis and Evapo-
Transpiration model) ] 23 NS AR L RV IGE T, A 13 DS BEER NEE SEIBHE 7E4T R 2000, A 46 R
ERIHCA R SR L S ) 0 e e 25

AT LA 12 DSHEEE L NEE WINEEE Ir 200K, X RS BUETEIR KPR F2mi NEE f#i
PUE . WA E B IRIREE T, , =06 1E 5 R w7 ek B i 240, BRI TRV & 3R 5, O
S NEE A5 R, 76 NEE MG, BRI AE — & F2E b IHE iz R S8 U . AR5 bl iR
SR PR R B AF A X W BB SR FH T CEVSA2 BB T HIE RS X G E g, HIER & = X
SR - SR RIB R L Y RS, R I R) 4 - S R A A e RE N NEE SE B8 Hh (Rl BRUE B o X T 388K
XBHW, AR SE S FIRFR S K, N, AU NEE UL S J6 2060 53X e SRR A T, 75 2 oA
AASCHIE 1 S, a0 3K o) RSN TR RIERUE IR S AR . R ARBER T BB AL T 2
BN FEA AT AHEE RAHA —E BAHRIE , BRI BEAH SCHAR N E 19 NEE £ JA 20 bl A= 25 &
GRERI ST ) (AR % HAEUR ) R 3 280
3.2 NEE WL ER2E S0 A5 R0 S R T LR e e AU ) 32

BRZEM T RBL A RE R 2 0 S B TR 45 3, T H st — 20 A 38 R ol = L. T
n, 5T NME A5G 280 T, KT T DME (£ 1H45 4L, 1 S & T2 T DME Pf5THE (R 2) , X &P
BRIESMG PR GPP AL 25 ) FZE R A o — 5 0, DA e U I B2 18 AS ] SBU(EL 25 3 B P 016 3 38 X Ui
JE I 075G 2277 A 28 S, TR G LR 2 AR AR K R IR R Y L (s AR AN B 2 25°C) | B TR EE R
15. TCI ISR A (V) R K T3 A (., ) Xl B e 7 B K, K 2478 T B IR o 17.7°C
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