HEYESSIR 2018, 42 (12): 1131-1144 DOI: 10.17521/cjpe.2018.0231
Chinese Journal of Plant Ecology http://www.plant-ecology.com

Biome-BGCHR A FR2 Ll [T ZL A MR iR /K B = RIS £
BRI FI AR EE S
Arede I

el K2 pk B, kst 100083

8 B ARSIESRN R RO I E R 8] 5 4R X8R BE (A T B (i TR, R R RN I A 2 B R | S
K SRR SHUGTHE R R RS . BUBE 2 T R % 8 B EUE PRI H BT AL A S K M BUR S L, R SR HE
IR EE TR, MR SRR N e . &S AR LM MO T N G, SR 4 R US4 A O v —— A8 B g B
RPERIEY JI%E(EFAST) A Biome-BGCH B ¥ AE 3R A S S HGHAT T HURME 4T, 73900081 T L4088 (Pinus  koraiensis) FIR#E I
WS R AL T JI(NPP) ZEBUEDX SEUSA I BURYE . 45 R (DB AANPPI A 8 s T R i, (2 2
ETHIANHE MY N o A FINPPFIETAH AR BEAE S S BN BUB M Sk BN T 2088 . Q)RR AR A B AR R
B, BHUNPPYJZIL R R B . ANARBR AL . U AR (SLA) M e 2 3 B 3R B R, I 4 250 R A 2 22
HHI B ST oOE Y, SREESEATR A X FCRB/N . MRETT S, 4IRS Fiamitt. #2555 ra it
FUISLAE) FE& 5% W £ AA KN ) B ETR UK S50, BLLMMET E 252 280 5 2 80R I Z B 82 B 58 BAE F ) (A1 ), 17 ] Pt A
ETN] 3 552 52 B URS B E BN 52 o (3)BR T 3 52 0 £ R4 i) i Bk /K GE = I 3R S 8000, Wiz FapE-1,5- B R
R RS B A SRR T AR S R AR LA R X A R () B FE S, (R R HBURTR
BEDIFPAS R A S X AN RIS R], i AR RS 00T DRSS B AR IS AT SHCAR AL, X T H AR A BUB S HOU T LLR A B i
HiE-

REEIA BURMES AT, IR R BUERIY R, WIS AETT 1, 2 Biome-BGCHAZY

ZEBAE, PNVEEHT (2018). Biome-BGCHR B AL UL ] I 21 44 MR B 7K 388 £ 1) 2 B0 14k 4G 36 R0 AN B o 1R o0 b AE A AR A 22 4R, 42, 1131-1144. DOL:
10.17521/cjpe.2018.0231

Testing parameter sensitivities and uncertainty analysis of Biome-BGC model in simulating
carbon and water fluxes in broadleaved-Korean pine forests

. .k
LI Xu-Hua and SUN Osbert Jianxin
College of Forestry, Beijing Forestry University, Beijing 100083, China

Abstract

Aims The emergence and application of ecosystem process models have provided useful tools for studying car-
bon and water balances of terrestrial ecosystems at large spatiotemporal scales, but the accuracy of model simula-
tions is affected by the parameterization of key variables among many factors. Sensitivity analysis is commonly
used to screen the critical parameters that have predominant influences on model simulations. The objective of
this study was to identify the critical ecophysiological parameters in Biome-BGC model in simulating annual net
primary productivity (NVPP) and evapotranspiration (ET) of broadleaved-Korean pine forests in Northeast China.

Methods We simulated carbon and water fluxes of broadleaved-Korean pine forests with the Biome-BGC (ver-
sion 4.2) at a daily time step based on site- and species-specific parameters. Daily meteorological data for the pe-
riod 1958-2015 was obtained from the China Meteorological Administration. Initialization parameters such as
geographical position, soil depth, and soil texture of the site were obtained from field measurements. Among the
43 ecophysiological parameters represented in the model, 30 were derived either from field measurements or from
published data for the study sites in literature, and the default values were used for 13 of the parameters. The
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modeled forest NPP was compared with the tree-ring width index to test the model’s ability to simulate the in-
ter-annual variations in forest productivity. The modeled NPP and ET were also compared with existing remote
sensing products for the period 2000-2014 for validation purpose. Sensitivity analysis was conducted using a
variance-based sensitivity analysis method—Extended Fourier Amplitude Sensitivity Test (EFAST) to acquire the
first order and total order sensitivity index of the parameters.

Important findings Our locally parameterized Biome-BGC model well simulated the carbon and water fluxes of
the broadleaved-Korean pine forests. The uncertainty of simulated NPP is higher for Korean pine trees than for
broad-leaved trees, while that of ET was small for both tree types. Both NPP and ET of broad-leaved trees were
generally less sensitive to ecophysiological parameters than Korean pine. Leaf carbon to nitrogen ratio, fine root
carbon to nitrogen ratio, specific leaf area (SLA), and water interception coefficient were among the highly sensi-
tive parameters affecting the modeled NPP; while fine root carbon to new leaf carbon allocation, new stem carbon
to new leaf carbon allocation and SLA were the highly sensitive parameters influencing ET. In addition, fraction
of leaf N in Rubisco, leaf and fine root turnover, ratio of all sided to projected leaf area are also critical parameters
affecting the output of Biome-BGC simulations. The degree of sensitivity of the critical parameters varied with
species and sites, highlighting the need to adopt local parametrization of Biome-BGC model in simulating re-
gional forest carbon and water fluxes. For other non-sensitive parameters, model default value can be readily
used.

Key words sensitivity analysis; extended fourier amplitude sensitivity test method; net primary production;
evapotranspiration; Biome-BGC model
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(Abies nephrolepis)~ 7K MINI(Fraxinus mandschurica)-
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Table 1 Parameterization for Korean pine (PK) and broadleaved species (DB) ecophysiological parameters
ZH e AR /78 T L N X A Fe
Parameter Symbol HEAE B Unit Source

Basic Basic

value of  value of

Korean  broadleaf

pine species
K HAEKZFM LG Transfer growth period T; 0.3 0.2 - Biome-BGC V4.2
JATE IR & A K= EL) Litterfall period LFG 0.3 0.2 - Biome-BGC V4.2
i F 5404 JE %% Annual leaf and fine root turnover fraction LFRT 0.32 1.0 a' Liuetal., 2014
WA 2 Annual live wood turnover fraction LWT 0.7 0.7 a' Biome-BGC V4.2
BRREYIPET % Annual whole-plant mortality fraction WPM 0.0090 00213 a' Sang & Li, 1998
KKFET % Annual fire mortality fraction FM 0 0 a' Set by us
AR B Be Lk New fine root C: leaf C FRC:LC 1.2 0.9 - Yao et al., 1986; Mei, 2006
HZESHHBAH L New stem C: leaf C SC:LC 1.4 2.4 - Li, 1984
WAL A AL New live wood C: total wood C LWC:TWC 0.379 0.1 - Wu et al., 2017
FHIR 58 228 S BL L. New coarse root C: stem C CRC:SC  0.29 0.23 - White et al., 2000
HHTAK ] Current growth proportion CGP 0.5 0.5 - Biome-BGC V4.2
A BRELL C:N of leaves C:Nigsr 34.30 17.55 kg'kg"  Measured by us
T TATEYIRAEL C:N of falling leaf litter CNiw 965 411 kekg! | “ Z; 38(1)3 Mao et al., 2016;
ARAKZE L C:N of fine roots C:Ng 56.4 474 kg'kg' Liangetal.,2018
TESLARBRE L C:N of live wood C:Nyw 97.4 97.05 kg'kg' Wueral, 2017
FESIARTEALL C:N of dead wood C:Ngy 398 212 kg'kg!'  Zhang & Wang, 2010
R R 55 oy P ST 5 L Leaf litter labile proportion Liap 0.45 0.53 - Jiang, 2013
- PHTE A 4E R BT 5 H Leaf litter cellulose proportion Lea 0.25 0.22 - Jiang, 2013
R FETE AT Z T & B Leaf litter lignin proportion Lig 0.30 0.25 - Jiang, 2013
AR 5 4 AT & LG Fine root labile proportion FRis 0.34 0.30 - Biome-BGC V4.2
AR EF4E LT 5 L Fine root cellulose proportion FReq 0.44 0.45 - Biome-BGC V4.2
YRR AR BT L Fine root lignin proportion FRy, 0.22 0.25 - Biome-BGC V4.2
FESEA R EF4E R BT 5 He Dead wood cellulose proportion DWeq 0.73 0.76 - Zhu, 2013
BESLAH AR Z T & e Dead wood lignin proportion DWiq 0.27 0.24 - Zhu, 2013
jik )18 B8 241 Water interception coefficient Wi 0.045 0.033 LAT"-d" Wuetal., 2017
)2 H I R 2L Light extinction coefficient k 0.50 0.58 - Zhou et al., 2008
B A TR S5 5 M T AL 2 LE Ratio of all sided to projected leaf area LALyj1.proj 2.6 2.0 - White ef al., 2000
JEbJ PRI L TIAY Average specific leaf area SLA 16.4 54.2 m*kg' Measured by us
B 55 B L AR LG Ratio of shade SLA : sunlit SLA SLAgmdsun 2 2 - White et al., 2000
RubiscofH 4% & Fraction of leaf N in Rubisco FLNR 0.080 0.075 - Su et al., 2015
K SSLSE Maximum stomatal conductance Gimax 0.0060 0.0065 ms’' Su et al., 2015
R FJE Cuticular conductance Geut 0.00006 0.00001 m's'  Sueral, 2015
525 % Boundary layer conductance Gyl 0.09 0.01 ms” White et al., 2000
SILFFURIR/INT I /K34 Leaf water potential : start of g, reduction LWP; -0.65 -0.34 MPa  White et al., 2000
SALEE LR /NE I K34 Leaf water potential : completion of gg reduction  LWPs 2.5 22 MPa White et al., 2000
SELFFUEIRN AT K 2 Vapor pressure deficit : start of gg reduction  VPD; 610 1100 Pa White et al., 2000
AL LR AT KR R 2 VPD; 3100 3600 Pa White et al., 2000

Vapor pressure deficit : completion of g reduction

(Tatarinov & Cienciala, 2006; Yan et al., 2016).
1.6 BRESH
WS R—FZ Gt 7k, ERES

T I8 R R K 1 AR 5 TR A R A T B 5% SR L
OB BB R BN B A R AR R
fE— B RS AR By 2 [\ B R R = x
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F2 S 5HURIES I LR i R AL AR S SR IUE Y
Table 2 Value range of the crucial ecophysiological parameters of Korean
pine and broadleaved species used in sensitivity analysis

SRR ZLRA AV ] P Y A 3 CE A
Parameter Value range of Value range of Unit
symbol Korean pine broadleaved species

LFRT [0.256, 0.384] a!
LWT [0.56, 0.84] [0.56, 0.84] a!
wPM [0.0072, 0.0108] [0.017, 0.0256] a’!
FRC:LC [0.96, 1.44] [0.72, 1.08] -
SC:LC [1.12, 1.68] [1.92,2.88] -
LWC:TWC [0.303, 0.455] [0.08, 0.12] -
CRC:SC [0.232, 0.348] [0.184, 0.276] -

CcGP [0.4, 0.6] [0.4,0.6] -
C:Niear [27.44, 41.16] [14.04, 21.06] kgkg™!
C:Niiter [77.2,115.8] [32.88,49.32] kg-kg™!
C:Ng [45.12, 67.68] [37.92, 56.88] kgkg™!
C:Niy [77.92,116.88] [77.64, 116.46] kg-kg
C:Nyw [318.4,477.6] [169.6, 254.4] kgkg™!
Leel [0.2,0.3] [0.176, 0.264] -

Lijg [0.24, 0.36] [0.2,0.3] -

FReq [0.352, 0.528] [0.36, 0.54] -

FRiig [0.176, 0.264] [0.2,0.3] -
DWyg [0.216, 0.324] [0.192, 0.288] -

Wint [0.036, 0.054] [0.0264, 0.0396] LA -d™
k [0.4,0.6] [0.464, 0.696] -
LALproj [2.08,3.12] [1.6,2.4] -

SLA [13.12, 19.68] [43.36, 65.04] m* kg
SLAsnd:sun [1.6,2.4] [1.6,2.4] -
FLNR [0.064, 0.096] [0.06, 0.09] -

Gimax [0.0048, 0.0072] [0.0052, 0.0078] ms”
Geut [0.000048, 0.000072] [0.000008, 0.000012] m-s"
Gy [0.072, 0.108] [0.008, 0.012] ms”
LWP; [-0.78,-0.52] [-0.408, -0.272] MPa
LWP; [-3,-2] [-2.64,-1.76] MPa
VPD; [488, 732] [880, 1320] Pa
VPDs [2480, 3720] [2880, 4320] Pa
BTSRRI

See Table 1 for parameter symbols.

HyZ M @R R + xSy aEEas
F2E. Hrh, BEEaERREEDA Z oL kRN TR
AR AR S [ VA SR 30, 1A — B S B 0y Y ()45
WERE = WETHMHELERE () < HEER
RE(Py) . AXHIER TR T S i ik
SPSS 17.0K 58 .

2 RIS

2.1 Biome-BGC1&ZY LG 1F

SCHAE S HAR AL 5 I Biome-BGCHE R, X
B 5 DX P9 TR P ZAA AR HEAT 7 B /KO8 B AL . A5
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Fig. 1 Comparison of modeled net primary productivity (NPP)
with tree-ring width index (RWI) during the period 1958-2015.
A, Time series of modeled NPP and RWI. B, Correlations be-
tween modeled NPP and RWI.
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Fig. 2 Comparisons of modeled net primary productivity
(NPP) and evapotranspiration (E7) with that of MODIS NPP
and ET (mean + SD), respectively. A, NPP. B, ET. Different
lowercase letters indicate significant difference between mod-
eled values and MODIS values.
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Fig. 3 Uncertainty analysis of modeled net primary produc-
tivity (NPP) of Korean pine (A) and broadleaved species (B).
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Fig. 4 Uncertainty analysis of modeled evapotranspiration

(ET) of Korean pine (A) and broadleaved species (B).
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F3 BRI FI(NPP)RIZE B ET) A & P BT 1 HE B
Table 3 Summary statistics of the uncertainty analysis in simulated net
primary productivity (NPP) and evapotranspiration (ET)

[# - Broadleaved species

21 ¥x Korean pine

NPP ET NPP ET
(gC~m’2~a’]) (mm-a™) (gC~m’2~a") (mm-a™)
SEAE 498.4 677.6 656.1 678.0
Mean
P2
D 76.9 0.013 63.5 0.19
o 154 0.002 9.7 0.03
1.0 -
A
5
20.8 -
Iy
06} .
&
Q
%7}
£ 04
o
Eul
# 0.2
B
0 N i
fr s § 54 2
E’ © 5 R 3

A B 25250 Ecophysiological parameters
0.5r
B

U First order
0.4} O RMgURME: Total order

03r

BURMEFE R Sensitivity index
s o
(=) —_ N
RCLC p———

| Bl
IQQ § 3 EENSSFEE
S a2 EZ Z O x =
%) = 2 < & &z
8U S x© N O
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A B 25280 Ecophysiological parameters

ElSs AR S SHON IR J1(NPP)(A)FIZE L
(EDB BRI ABAESSHF TR

Fig. 5 Sensitivity analysis of the ecophysiological parameters
of Korean pine to annual net primary productivity (NPP)(A)
and evapotranspiration (ET7)(B). See Table 1 for ecophysio-
logcal parameter symbols.
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Fig. 6 Sensitivity analysis of the ecophysiological parameters of broadleaved trees to annual net primary productivity (VPP)(A) and
evapotranspiration (E7)(B). See Table 1 for ecophysiologcal parameter symbols.

R4 FHBUES LR FSHIH T JI(NPPYRZEB(ET) S W AR R 5L

Table 4 The path coefficients of sensitive parameters on net primary productivity (NVPP) and evapotranspiration (E7) of Korean pine

BHHE NPP PERBR | BHIES ET e RHR
Parameter "G FIC AN HPOBREAN MBBERR Determina- | Parameter “EIEFEZN ARBGANK MBGERRK Determina-
symbol Correlation Direct path Indirect path tion F;oefﬁ— symbol Correlation Direct path Indirect path tion f:oefﬁ—
coeffficient coefficient coefficient cient coeffficient coefficient coefficient cient

LALj:proj -0.459 -0.474 0.015 0.901 SLA 0.210 0.168 0.041 0.481
C:Ng 0.252 0.204 0.047 FRC:LC -0.113 -0.117 0.004
Wint -0.513 —0.476 —0.038 SC:LC —0.051 0.029 —0.080
LFRT 0.422 0.493 -0.071 C:Nicar -0.018 —-0.086 0.069
FLNR 0.117 0.065 0.052 Geut 0.141 0.204 —-0.063
SLA —0.389 —0.446 0.057 Gimax -0.370 —-0.359 -0.011
C:Niear 0.035 —-0.039 0.074 k 0.429 0.421 0.009

wPM 0.008 -0.045 0.052

C:Ng 0.308 0.229 0.078

G —0.128 —0.064 —0.064

C:Nijtter 0.114 0.103 0.011
S REL.

See Table 1 for parameter symbols.

RS BBUERSEO MBSV T (NPP) R ZEEL(ET)S2H 138 12 2 4L
Table 5 The path coefficients of sensitive parameters on net primary productivity (NPP) and evapotranspiration (ET) of broadleaved trees

RS NPP WERMR | SRS ET YT RER

Parameler fpMIXAY ABORAN MEMERY oo | Paameler CEEHAE ARDERE FERORAE Do

Y Correlation Direct path  Indirect path cient Y Correlation Directpath  Indirect path cient
coeffficient coefficient coefficient coeffficient coefficient coefficient

C:Nicar —-0.385 -0.436 0.052 0.749 CGP -0.367 —-0.300 -0.067 0.706

SLA -0.526 -0.483 —0.043 SLA 0.416 0.409 0.007

Gimax —0.334 —0.259 -0.075 FRC:LC —0.288 —0.202 —0.086

C:Niitter 0.362 0.306 0.055 SC:LC —-0.409 -0.321 —0.087

C:Ng -0.175 -0.117 —0.058 Gy 0.388 0.329 0.059

SC:LC 0.215 0.195 0.020 FLNR 0.215 0.179 0.036

Wint —0.333 —0.203 -0.130 LWP; -0.271 —0.257 —0.014

ZHSREL.

See Table 1 for parameter symbols.
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(Rubisco M) B 4% 52 1 21 A 4% [ 2 KA CO. 156 —20
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