W34 % 454 F= V11 RS Y 1 S Vol.34, No.4
2014 4.7 4 QUATERNARY SCIENCES July, 2014

doi:10.3969/j.issn.1001-7410.2014.04.06

NERS

ETmEHEXBESHRENER
BRAJLEEF HRREMR

o o®Y w2 TEH” #HEA® FEs”
wmmEs mEA” EERY OMEE" k-1 Es4”

(O E Rl B B R 2 5 IR 8 B0, 2B A R G0 M4 W I 5 A8 0L o5 S0 30 %, dbat 1001015 @ [ RR 4 B ot B S FH A A8 9
EH 1100165 @ A B RR 2 B 74 b o B A 95 B, P57 8100085 (@ [B Bl 2 e K2, Akt 100049 & o [ B} 24 B 75 B 44
Py, BW 650223; @ EREpEmEEYIE, M 510650)

HE YA A3 R 500 i b 2 28 R G R 16 B B 2 AR 1 2 0N S AR Ak Y B A, 2 R A RS AT 5 dh
HERWATFIIZ — BIOCRF A E (e,,,) BB AR AES REMBE W RESHZ —, KAHFRETF
CASA ( Carnegie-Ames-Stanford Approach) #i5Y | % ] & /R Bl 55 - 52 #5 K & (Markov Chain Monte Carlo, f&j i MCMC)
J5 i, A e AR S 2R 3 S LI IF 5% 90 4% ( ChinaFLUX ) 8 A~ 41 & 3l 1) 363 8 A DG 38 1 WL D0 280408 * &, 34T
S, A E e, IR ARG THE R EVE, I AL G Y e, X 2003 ~ 2008 AF 45 A 25 R GE WA
(Gross Primary Productivity, fAjFR GPP) B AH & PEHEAT TR, 2 R R 8 MAEBRLR o, JoRAGIE R 2
W ER A, bk, REAMEAESREG ¢, 20 %4 0.737+0. 026 ~ 0. 850+ 0. 035g C/MJ - PAR, 1.056+0. 090
g C/MJ-PAR F1 0. 199+0. 068 ~0. 469+0. 043g C/MJ-PAR; &, il (A0 & S BN 5 . Yl FG A6 2 A4 &
F B GPP AF Rt B BHUE ™ 42 9. 17% ~ 14.20% (iR 25, Kl Sl . THATTE SUR 9 4 S HRMAES R 5

1001-7410(2014)04-743-09

GPP AE G HYER 2N 3.52% ~7.79% , WK M A RS CPP 4 BB REN 8.52% . X ¢, AT, GPP
AR R BEDLE A AR N R 22 B AR, A R 1 ISR NS N 5 R M AR AN AR ST GPP AR B Y i A A B 2 M i A
RGN 6 MERGE CPP 4 B A RAG

3! CASA Bifll  HyRBLREE-SAF R ik GPP SHfliil

hES %S Q148, TP79 S ERARIR RS

Fili 3t 2 25 2R GERRAG PR 4 BR AR AT B ) T 2R
W, AR P A H TR R R . ERR AL
TR TN i i A 25 28 G0 W A0 B I 2 A8 A T <k
ALY, 0 H AT BERAE LA 5T vh o Y
RIS 2 — o L4k, B RITE AT
IR E R | B | B AE RS
R PR R R AE 2 0 T BOT R R AR S R 5
BRAEFR Y RE T IT o AR TRURRUURE T Ji R RO fili b A
A5 A GERRAR R IF 5T A TN R A A AR A 1§ BT fili
EBRGEHRIGIH AR E R, Hh, BETOLRE
i 6 5 B f G KBS R, 4 CASA™ | GLO-
PEM" | C-Fix'*' | VPM") | EC-LUE'® 4 5 %1 %

A

FH Al Bl 2 25 R e oA it T

R IOCREF I (&, ) & G REH) A AR B v fiz
R RIS E . B RAEIRAE S T A LA A AL
i S ) P, % DAL AL A S L 4 AN (] T AT BT
2RV IFA BN ARG R, A
FHARER 17 A 5 0 48 80 90 4 77 J1 (Net Primary
Productivity, faj# NPP ) WLl %% %}, Potter a2 52 /1
B/ AL Al B CASA LR oo O 0.389
g C/MJ-PAR, X — HUE N & BRCF 2 ME, ok
BB AL X ol BN ROBE R A A 7 T 2 7 A AR
i, Running %" 1 Ji] Biome-BGC # 7 f4i 1)
M4 BRAE . NPP 5 R w0k 1Y Ot A A BRI

E—EERA: Kk W & 27% WEHEA BRI L E-mail:zhangqiang1228@igsnrr.ac.cn
w [E R IS LR ST & R AR (973 1 H ) (S :2010CB833503 F1 2010CB950603 ) Fl Hh [ A} 27 B il s M e SR F £ W0 B (S -

XDA05050600) 3 [7] % Bl
2014-02-26 Yk, 2014-04-22 W & ek

WIREH . Tk B A S R AE B R BRI G A& P E-mail :li.zhang@igsnrr.ac.cn



744 & my

i Ei 2014 4F
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o BIRBFTERZ R MR/ BT E &, S5l
i, REERTS &, S0 R i m i, XAl 1145
AT EVE R ATERE .
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(Normalized Difference Vegetation Index) (i . K. &
B Uk R K AT OR BH AR ) L R e M R
o WFFEIT B Ry 2003 ~ 2008 4, BF[E] BN 8 K.
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NDVI %% # 5 B MODIS ( Moderate-Resolution
Imaging Spectroradiometer ) NDVI y= iy (MODO09A1) ,
23 [8] 73 HE Sy S00m A BIF 5 ML 4f AIF 5 3 50 i B
FRTER 226 B, 4 BOHS 4% 38 i ol iy 7 4% A9 NDVI
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Table 1 Basic information of the eight sites
U A4 KEm T S L PG RN FES AL HE A 4 1 R
AT (eBs) (QYZ) (DHS) (XSBN) (NMG) (HB) (DX) ¥e)
HEERG i g i WS WREEE Al T S 7R i FEHE EN YA I 1
B3] Rk B Ak FrRR AR R Ak iR i fi) i fi) A< H
ZJE(E) 128°05" 115°03’ 112°34’ 101°15’ 116°40' 101°20' 91°05' 116°34’
i (N) 42°24' 26°44' 23°10’ 21°55’ 43°33' 37°40’ 30°51’ 36°50’
R (m) 738 102 300 756 1189 3327 4333 28
EAN /AN 2 8 2 N T 1 /NI B | N W SR FrLOKE, S NEE, 2 e
%Y SWbE. KM KRR DR OESEHE. A ”L/T\éff TR EFFOWE . MM ®E P % \Ef/{(
LEIECR A * - BOOREFRTR OB RHEE nhH '
EHIRE(°C) 3.6 17.9 20.9 21.8 0.4 -1.7 -10.4 13.1
LERE K (mm) 713 1542 1956 1493 350.9 580 476. 8 610
TR (L) Wt 5 R WL WL 52 4 B+ B+ KA+
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DUAHSESCHR ™ o v, AR AS T sl A 52 B I8
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MIAE ) (1 GPP SE B Xt &, EAT RE, HAR AR
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TR R A 2 1.

1.2 CASA ##!

CASA 7Y 2 b 38 BN . R . Bk K
AT, DM gAY | a5 28 A IR ) 3K B i i b A=
BRGHIGHER Y EaIFIHE NPP [y TR
K G TR RURN - AR A TR 3 A FRIR, X
THE WG A 7 T 7 BB R 2 T Ot R R
RJF ) NPP LR

NPP J&: M WU i) APAR FIJERERI F % () 1Y
PRI,

NPP = APAR X & = PAR X fAPAR X ¢ (1)

JAPAR 248 R AT X 6 A A 50 S 1 W i kb 7]
W4 & 5 A B AE % SR I NDVI 22 0] i 4k 1 % &
CASA HERIth X} fAPAR Wi E 7 EWF .

fAPAR, + fAPAR,,,,
JAPAR = 5 (2)
SR(x,t) - SR,
SR - SR, .

JAPAR(x, t) = min , 0.95

(3)

NDVI-NDVI,..

NDVI, -NDVI, .
+ fAPAR, .. (4)
TE CASA BB, SERERI K (&) BIRH £,
AR B8 R BT, A T,,) Ko hia RE(W,)

R, THEARXT

£=6,, X T, xT,y xXW, (5)
Uk BE W38 RBC(CT, A T,,) . K5k Wi &R 8K
(W,) 19235 3E W Potter 2512 A BF 58 R I 1Y
CASA BITRIFRJT Ky 2003 B, %2 )7 824t e, 19
BRIAE K 0. 435 C/MJ-PAR, £ 18 Zhou 257 | A3
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X (JAPAR, - fAPAR,,,)

et eé/]?[il%lﬁ'jy 0~2.76g C/MJ-PAR,

FEF CASA BURIBLHLAY NPP, F LI F
P4 GPP Ryl {E, H) GPP = NPP/¢. #R 1%
Zhang 4" ¢ F NPP 5 GPP [ RMMEH, A5
5K T L TR A T R TR 5 D 5 1L B 44
WASHR I b (K 0. 5488, TG XU 49 % 4 b i Ak
(¥ b (H % Hy 0. 4125, T 0 P 4 G5 it bk 1) o (K
9 0.5853; P92 WAL B ME R A S RS o 1
BEh 0.5523, WAk M AESRLEN ¢ MHikH
0.5399,
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K (6),
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B, XFRAZSHE p ALK BRE BB BEHIL i 22 ik A
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AW S b€ Z8UG 5 o A 2 oA, AR M-H
LU AL 20000 W, AR B Z M REAR TR S 8
MIEJ5 22 cov(p) , HHRE S BUG 350 1 S E S48
i, 4T MCMC 40, SRAER B 20000 7, T4
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2.1 g, REHZER
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Fig. 1 Posterior distribution of ¢, in the CASA model
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K 90% EEEIEﬂ(ﬁ 2), It e, JE AL I BE
fENEEH. NERMESRE e, K, N
0.199g C/MJ-PAR, W] AL F CASA %l o B
INE; 4 DS RAREDS & TE 0.737 ~ 0. 850
g C/MJ-PARZ [u], & FHAI G o BRIAEH., 4

/\/L

vy s D ) i L R FETE A R B e, S
CASA 17 BRI AE 3230, 43 31 0. 413g C/MJ-PAR

#10.469g C/MJ - PAR., & i 4 FHA4E 2 e N
1.056g C/MJ- PAR, &y CASA *%ﬂ%j(ﬁ\{ﬁﬂ@ 2.46
fio 8 MEBRGEMW e, Ja BT AREZLE 0. 026~
0.090g C/MJ-PAR Z i e, M EHE N ES RS,
HOJE B v R A E PE R R .
%2 ChinaFLUX {J 8 Bh S AKX BEF AZE (£, ) K
UL R (g C/MI-PAR)

Table 2 Simulation of the maximum light use efficiency(e,,, )

for the eight sites of ChinaFLUX(g C/MJ-PAR)

JETF MCMC )5 56 4l 45 31—

i A il
1L R THE AREE 90% FAE KN
CBS N =R 0.796 0.062 [0.694, 0.898]
QYZ T 45 0.841 0.049 [0.772, 0.909]
DHS L 0.850 0.035 [0.798, 0.904]
XSBN [LpsEE| 0.737 0.026 [0.695, 0.778]
NMG NE 0.199 0.068 [0.162, 0.227]
HB T AL VE DA 0.469 0.043 [0.398, 0.539]
DX 21 0.413 0.059 [0.351, 0.472]
YC & ik 1.056 0.090 [0.912, 1.201]

2.2 e, HITHABEMNEN GPP &KL R

FIGH 0 e, )5 5 Al T 25 J 0 A o Pk
— A e, ASHG E P X CASA B GPP A4F 1
AT B E RS AR, NS Y A 2 AR
WAESRSG GPP BIHIE &AL, 24k 183+30 Al
215433 g C/m’/a; KTl ST 0 Y4 A7 32
WRAH 4 A FRARA S R G GPP BLHLE 43 5 O 1236+
96g C/m’/a, 978+39¢g C/m’/a, 1269+ 74g C/m’/a
Hl 2678+96¢ C/m’/a; @A HE S RS GPP i)
L5 RAE B R BT 5 SR 1508+ 134g C/m’/a, 545
ARG GPP AR B MU Z5 SR EM L, T
& T IOANH E P, ¥ S BONSE . YN JL R
A7 R S8 GPP A B & (A HUL (e ™ A4 9. 17% ~
14.20% PR 25, K il bt o 40 o A0 vE LR
PMaPrHmMEES RS GPP A4 R %E@ﬁ%%%
3.52% ~7.79% , kA HAEZS &5 GPP A B &
WZEH 8.52%

2.3 GPPHEMERSXMELR

53R €, BRIE T SO AS B e, S 0 1E
Xt 8 A2 & 45 2003 ~ 2008 4E 4 8 K1) GPP 1}
BALL, JFHFI U GPP WL I &5 4 X 45 401 45 SR 47 9501
H5ET e BHIMEWBEMZ LML, S80I E
GPP BLAUL{E 5 52 I A #H 56 REC(R) Rk AEA2 1k,
R PG BLRR 44 5 Sk i i bR (R = 0. 30) i1 I AR AR 25
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Fig.2 Comparison of modeled GPP with default and optimized ¢, and observed GPP(8-day GPP in 2003 ~2008)
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Fig. 3 Observed vs. modeled gross primary productivity( GPP ) using optimized parameters for each site.

(a)Modeled GPP with inversion years; (b)Modeled GPP with non-inversion years. The hollow points are

modeled GPP using default parameter while the solid ones are modeled GPP using inversed parameters

#y GPP Bl Al ST A 30 . WMIRAR SR 25 SR KM, e,
AL JG GPP 4F B By A xR 22 0 3% ~28% , 3t
F o, BRINE W25 AT AS R R B A B AR, 24 I ey 9€
Bl A S FR G R L e SETE A R AR S R G A X R
2207 N BEAIG 1% A1 7% , 4 A FRARAE TS R 50 S @ ok
FE A 2 2R R X 152 22 AR 35% ~ 55% , TN 52 it AE
5 RGN R 25 AR 134% o b 7 A I 285 SR R B,
&, ALJE GPP 4F S it A AHXT 1R 250 9% ~63% , 4
T 5 FE R AR 28 R G R AL = FEE N A AR S R G
FART IR ZERRAR 1% F1 7% , 4 D RRARAE S R S8 K 3 I
PRHAS RGN AR 21% ~50% , N 525 AE S &R
SRR 2E BEAIG 149% o WK E, i1k e 5 A
BB T RS X N 5% B M A S R Gt GPP AR i

F14) T ik R I8 24 M o b 2 S R G AN HAL 6 ME RS RS
GPP 4F F B il .

BEAL ., X 75 UURR 44 % 4% B 1Ak GPP i 8
WRCRAG 8 2%, FEAE BT S Al T 2003 AR 43S
FLEH GPP . 24F 750U 44 3 % B b O 45 4 %
SR T H I H 24P H R 28% , WK IR 4 B
i 30% , FHOZXH PR GPP B 241w = 10% ,
i GPP 85 08 ) He 2 4F F 34 0 % 29% . L 51,
CASA BRI LA T T T4 0y 19 52 0 M 2 25 R 45 11
GPP, P58 85 4k 25 3 45 2005 ~ 2006 47 T 545
35K A 1 e 7K ik He T 4R (2004 45 ) 43 B 70% Fi
45% | STBR GPP 4F JA 5 4% B 1L £ 45 O ¥ i 1%
60% Fil 39% , i GPP 4B AL A% T F- # (i 10% Fi

3% o BKULHT CASA K51 X 4 4 6 A A5 F R AL 4
HE K6 K 53 T W B SEALR AEAE AR
3 itig
3.1 ¢, FELERSEMHARMLE

2 34 T AW 5 HARRT 50 Bt i KO RE
FIFIR AL 45 9, 355 GPP 1 i Kb RE A
% (e, ,) Ml 8 NPP & & ¢ fg F I %
(8. n) o HTARFBESE BB 5E 10X % . SR A A9 462
B, LR TFIRAL o, OB A& A AR, S 508 A
BFFE X4 AW o, BT SS RA R A2 R, 5
GPP [f e, fE0.604~3.266g C/MJ-PAR Z i, i}
# NPP ) &,.. . fE 0.203 ~ 1. 66g C/MJ-PAR 2 Ji],
AT 00 J5 % 19 2 % . Dorman Fl Sellers"™" f) Hf
T, & T 3 A T A 2y 3 B A BT 5 1 45
Heo 5 Zhu S UHEGUEE FA L, W 4k R AR R R
LM e, WK W LA MK e, (0.699
g C/MJ-PAR) & T H: 455 (0.389g C/MJ-PAR) ,
W] RE R th T A TR 5 7 2 9 3 4% B I b Sl AR 7 20
SELEAT IO T AT bR, HOG & R B sk, it
Oh, HEM o, B Zhu SV RS G L e AR TS B
% e, B ET Zhu & SR, HE Chen 41
AL EFERM 12 A REEBRSE o, RS
Lobell 25" %t 3¢ A& ANEY) e, WFF8 45 B+ /083
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xI3 FAARGHPERALEFNAXREEMARERAXIEL " (g C/MJ-PAR)
Table 3 Comparison of ¢, in this research and others(g C/MJ-PAR)

£ s DNF ENF DBF EBF MF SB GL CL ik
1.490(C3) 1.490( C3)
— ) 1.242 ) 1.032 — s
. 0.856 0.795 03 1.352( C4y 1.352( C4y [12]
s, & — 2.438 2.576 — 3. 036 — — — [13]"
e, & 1.103 1.008 1.044 1.259 1.116 0.768 0.604 0.604 [16]
Emax. & 2.668 1.932 3.266 — 2.944 1.242 1.518 2.76 [19]®
Emax, ¢ 1.086 0.962 1.165 1.268 1.051 1.061 0.860 1.044 [31]°
Emax. n 0.485 0.389 0.692 0.985 0.768 0.429 0.542 0.542 [17]
0.85¢
1.66°
Ema — — — — — — 18
0.775" [18]
1.15%
Emax. n 0.28 0.284 0.255 0.354 0.283 — — 0.242 [29]
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Abstract

Accurate estimation and forecasting of terrestrial ecosystem dynamic carbon cycles and its spatial-temporal
pattern are crucial for climate prediction in the context of global change. The maximum light use efficiency (&, ) is
one of key parameters of remote sensing models to estimate primary production in terrestrial ecosystems.

Based on the CASA model and eddy covariance flux observations at 8 ChinaFLUX sites ( Changbaishan temperate
mixed forest, Qianyanzhou subtropics evergreen needle leaf forest, Dinghushan subtropics evergreen broadleafl and
needle leaf mixed forest, Xishuangbanna tropical evergreen broadleaf forest, Inner Mongolia typical temperate
grassland, Haibei alpine meadow, Dangxiong alpine steppe-meadow and Yucheng warmer temperate dry farming

cropland) , we used the Markov Chain Monte Carlo (MCMC) method to inverse g, and calculated the optimum

max

values and uncertainties from the posterior probability distributions. Using optimized values of & we modeled the

gross primary production ( GPP) and uncertainties for each ecosystem in 2003 ~2008.

The results show that estimated posterior probability distributions of g at eight sites followed approximately

normal distributions. Estimated values of &, were 0.737+0.026 ~ 0.850+0.035g C/MJ PAR at forest sites,
1. 056+0. 090g C/M] PAR at cropland site, and 0. 199+0. 068 ~0. 469+0. 043g C/MJ PAR at grassland sites. The
ranged from 9. 17% to 14.20% at three

grassland sites, 3.52% to 7.79% at four forest sites, and 8. 52% at cropland site.

uncertainties of modeled annual GPP caused by the error of estimating &

max

The relative error of annual GPP was reduced after using optimized g, values. The optimization of &

max max

improved the original model that overestimated annual GPP in Inner Mongolia grassland ecosystem and

underestimated in the other six ecosystems except Dangxiong grassland ecosystem.

Key words CASA model, Markov Chain Monte Carlo method, GPP, parameter estimation



