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CLM vegetation state variables (pools):

€ and N pools for each tissue (structural poals):

+ Leaf

+ Stem (live and dead)

+ Coarse root (ive and dead)
+ Fine root

Each structural paol has twa corresponding
storage pools:

+ Long-term storage (> 1 yr)
+ Short-term storage (< 1 yr)
Additional poals:
+ Growth respiration storage (C)
* Maintenance respiration reserve (C)
+ Retranslocated nitrogen
Total number of pools...
Carbon: 6+12+2=320
Mitrogen: 6+ 12+1=19
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g The World Climate Research
g~ Programme’s phase 5 of the Coupled
. Model Intercomparison Project (CMIP5)

CanESM2
GFDL-ESM2G
HadGEM2-ES
IPSL-CM5A-LR
MIROC-ESM
MPI-ESM-LR
CESM1-BGC
NorESM1-ME
BCC-CSM-1
INM-CM4.0
MRI-ESM1

Land carbon flux (PgCy")

W EE TR E (CLM-CN)
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1860 1900 1940 1980‘ 2020 2060 2100 (Friedlingstein et al 2014)
Year

d®ANONMOO ®O

Annual land flux (PgCyr')
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Modeling Uncertainty
Uncertainty

Component Source
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/ Structure Formulation
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(Li and Wu, 2006)
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CBS Zhang et al., JFR, 2012
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(Luo et al., 2003; Xu et al., 2006)
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Table 1 Description of site characteristics 2 \
Unit Value \
CBS QYZ DHS X h
Latitude N 42.45 26.73 2317 S L (DHS) W#vi & SrETRTR AR
Longitude E 128.10 115.06 112.53 7
Elevation m 736 102 300 Sae
Mean annual precipitation® mm 695 1485 1956
Mean annual temperature® °C 3.6 17.9 21.0
Canopy height m 26 12 20
Age yr 200 21 100
Soil type = Dark brown  Red soil Latosolic
forest soil red soil
pH value of soil = 5.8 4.8 4.5
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MCMC (Markov Chain Monte Carlo)

DU S R 2

Zlc C p(c) - prior probability density distributions
p(C | Z) = p( | ) p( ) p(2) - probability of observed data
p(Z) p(Z | c) - likelihood function for parameter ¢

LER R 2
P(Z|c)ec exp{—z 21 > 2, (ZO-Y,0) }

i €0 teobs(z;)
Y;(t) - the modeled value at time t

Z;(t) - the observed value at time t
o;? - the measurement error variance of each data set

Metropolis-Hastings algorithm

Prior | Anewpoint [ R=P(Cp,)! P(C,.)

A

C=Cx-1

A

Posterior Ci=Crew
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Estimated Carbon Transfer Coefficients at CBS by inversoin

Zhang et al., JGR, 2010
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Table Estimated potential carbon residence times in eight pools at CBS, QYZ and DHS sites (unit: years)

CBS QYz DHS
Pool 90% confidence 90% confidence 90% confidence
mode . mode . mode .

interval interval interval

Foliage biomass 1.79 (1.55,2.01) 2.57 (2.05,3.07) 1.08 (0.95,2.07)
Fine root biomass 1.25 (1.08,1.41) 0.95 (0.93,1.06) 2.97 (2.65,3.27)
Woody biomass 101.33 (75.59,108.65) 38.95 (33.59,47.54) 107.67 (64.63,108.21)
Metabolic litter 0.17 (0.11,0.34) 0.46 (0.34,0.49) 0.25 (0.15,0.37)
Structural litter 0.24 (0.14,0.43) 3.8 (2.22,4.73) 4.69 (1.06,4.76)
Microbial biomass 0.28 (0.15,0.43) 0.6 (0.42,0.85) 0.64 (0.50,0.85)
Slow soil organic matter 11.35 (8.46,15.96) 97.05 (57.60,115.61) 108.20 (57.16,116.08)

Passive soil organic matter 508.80 (322.08,1396.04)  767.13 (323.73,1472.26) 897.45 (339.47,1590.09)

Zhang et al., JGR, 2010
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2.2 RORBRAICRER|

- FIF2003~2008F ChinaFLUX 8/NE74h & bR EHE X BENNHIE, RADREX
WH-FIFFT RE, MNCASAERPRHARLERFIRAER (e, I TRE. FK, KEF
EhESRSe 7F90.737£0.026~0.850£0.035 g C/MJ-PAR, 1.056+0.090
g C/MJ-PARF10.199+0.068~0.469+0.043 g C /MJ-PAR.

¢ EaAITHAHREMRESENER,. HEMEILEMESREGPPEREEHENIEST

49.2%~14.2%iRE, KA. 8L, FEMFENARAINFTRESRGEGPP

FRERIREN3.5%~7.8%, BRKHESRELEGPPELEERIRE 798.5%.

v XSEN ChinaFLUXFI83 B A BRI R (£ HMRILER (g C/ MJ PAR)
T MCMC 15 % flii 45 5
o AR 3 1544
5 . EHE FriEZE 90% & 1 [X [
CBS KA 0.796 0.062 [0.694, 0.898]
QYz F-JH 0.841 0.049 [0.772, 0.909]
0
N 0.75 1.00 DHS S 0.850 0.035 [0.798, 0.904]

R (%)

XSBN PEXURRAA 0.737 0.026 [0.695, 0.778]

NMG DE 0.199 0.068 [0.162, 0.227]

YC
HB HEACHE 0.469 0.043 [0.398, 0.539]
DX i3 0.413 0.059 [0.351, 0.472]
0 i 0 YC EI 1.056 0.090 [0.912, 1.201]

(ikomss, FIULHTE, 2014

=)

BOOBRERI AL THE (9 CMIY)



GP P S WMMERI B

3000

n
o
o
o

GPP HHME (g Cm™a™)

() S I R4y GPPAR UL 45

1000

® CBS o CBS

(@)

v QYZ v QYZ
» DHS > DHS
* XSBN # XSBN
A HB A HB
<4 DX < DX
1 NMG O NM
¢ YC <& YC
— L1 %
[m]
[m]
T T T
0 1000

GPP W (g C m” a™)

GPP MM (¢ C m>a™)

3000 —

N
o
o
o

=
o
o
o

® CBS o CBS

v QYZ v QYZ
» DHS > DHS
* XSBN # XSBN *
A HB A HB
< DX < DX *
= NMG 0O NMG N
¢ YC <& YC N
— 11 %
* *
P3¢ #
L 2 v I
(]
o> 7,
>
O o v
: o oo
s
<
(b)
T T T T T T r
0 1000 2000 3000

GPP MIME (g C m” a™)

(3Kkoms%, FIYLHTTT, 2014

(D) ARSI A GPPAR AU R o a0 I I ARRK
FHIERASZGPPELIME, S0 BB K A S 38 e 1 2 B UL GPPAH




=ME

 BNDV IR IR X €0 SR ZE R HI 2

Maximum light use efficiency (g C MJ™)
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Sites
Zhang et al., Ecosphere, in review

vl Tﬁfl]%@NDVIi&TEXﬂ“ PR 4

I 2 6 P A K 2 S
Ji FE7E2.6%~49.6%, 10/ 113573 57 918.6 %

U 5 TRE2H(%)
CBS 16.6
BN 2.6
DHS 12.9
QYZ 4.1
TKY 16.4
TMK 49.1
HB 13.4
NM 4.0
DX 49.6
YC 17.3
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FREVGEIUN B E [ 7 T ESS

S AXOAT (one-at-a-time) S#EUXM 75 7A. MCMC(Markov Chain Monte
Carlo)&#ifit 7555, MC(Monte Carlo) N EMENX FEUR BT ERBEE, ¥
S T ESER AN HEM T HTHEZE

Determination of
the key model
parameters

Meteorological

data
\_/_

Eddy covariance
flux data
\/—

Literature data

.

Estimation of the
uncertainty in key
parameters

Evaluation of the
prediction
uncertainty of
outputvariables

Tracing prediction
uncertainty to key
parameters

Sensitivity analysis
method (OAT)

Model-data fusion
technique (MCMC)

Uncertainty analysis
method (Monte Carlo)

Variance decomposition
method (Sobol’ method)

Zhang et al., (2012); Ren et al. (2013)
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« Monte Carlo analysis ——7ffi '8 Z % '] o1 ik
e 16000 simulations for 16 sensitive parameters

* A standardized multiple regression technique (Hamby 1994)
F: BUBMESHCTHHINEE. GPPHIRES S &AW R DTk (%)

== F FE S NEE GPP RE
W HH 8] 7 7K 5= 75.35 90.55 25.69
Km i 55 WA SR 7.45 0.03 35.21
e He R - B FE 4.36 0.04 22.03
Kw o = = S 2.96 3.39 0.8
Ry H H& |~ B BsREHAZ 2.08 2.42 0.61
Cpsom W uts ME T e LB R 1.49 1.85 0.58
C i ] a5 AT MHEAR UE 5542 1k 0.97 0.05 2.19
f A RN FREL 0.95 (0] 3.79
Ny T 427 HR A =S == 0.81 0.02 4.48
Cassi ] ufs Hh 2 a5 44y T YE Y 2 ok 0.79 0.57 o
Com ] Utz Hh == 5= 422 ok 0.69 0.04 1.42
W = e O RN S oK 5 0.58 (0] 2.07
Cssom ] a5 e IR P LR 0.53 0.63 0.19
Csn FI] ats &5 Ko MEAR UF e 4 ok 0.48 0.1 0.44
S FL S AT =8 0.3 0.3 0.03
Wt 5 WL 5 fiFies B -3 55 /K& 0.2 0.01 0.46
H o554 5| REINEEF & & 7 % 29 & RIR Z 8992%

(Zhang et al., JFR, 2012)
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