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BIOME-BGCH% A 5 ], 78 £k F8 ot Ak % ol #E Ak (C3 B 3 PR AR # R AT, 38 s My B R
HAlfe 8, A M ERNRRSY, AR R TERA ML A, EAENRKEHE
EEESNAEREME T B SRR AE S SRS KE A R RIE, & 5 MR E R
SR A A 38 B, 2 18] 3 B A A 4 B i R R M R A B A A O S R A B B B R
S HEAT R . 2 R R W BIOME-BGC A% AL £E 3 A A 26 AL T 3k 26 ) o 0RE 5 3k 30
DR OBEER, BESRNBRE MR G AT F LR T oy kI R M E ; BIOME-BGC
MAGRSHNRRBE, ABEAFRARENHE RIS, EFARMEEERT &S HK
REIER R R RERAE R, BRSE T SHB AR AXHRNSHK, LM 2R M
BN, T G MEARE S AR R RS R A E3MERH XA T ERURSH
T Ph B B DB SR R G 2 R R M R B B3 00 S M A R e R R R B B B R R R
¥, 77 % BIOME-BGC #£ 2 g & & Bt AT R B X 4, DUEAE 5L B A oF RBUT [/ oy 5 Bk 2 5K
W B SRR B T AR A A S AR A S BURE M KR R B 0 AR T O LR MR P
BEBMeBRARKE - HEBRMEE

X BIOME-BGC # A, Gk, &M, HERRME

Temporal and spatial heterogeneity analysis of optimal value of sensitive parameters in eco-
logical process model: The BIOME-BGC model as an example. LI Yi-zhe, ZHANG Ting-
long“, LIU Qiu-yu, LI Ying ( College of Resources and Environmental Sciences, Northwest A&F
University , Yangling 712100, Shaanxi, China).

Abstract; The ecological process models are powerful tools for studying terrestrial ecosystem water
and carbon cycle at present. However, there are many parameters for these models, and weather the
reasonable values of these parameters were taken, have important impact on the models simulation
results. In the past, the sensitivity and the optimization of model parameters were analyzed and
discussed in many researches. But the temporal and spatial heterogeneity of the optimal parameters
is less concerned. In this paper, the BIOME-BGC model was used as an example. In the evergreen
broad-leaved forest, deciduous broad-leaved forest and C3 grassland, the sensitive parameters of the
model were selected by constructing the sensitivity judgment index with two experimental sites
selected under each vegetation type. The objective function was constructed by using the simulated
annealing algorithm combined with the flux data to obtain the monthly optimal values of the sensitive
parameters at each site. Then we constructed the temporal heterogeneity judgment index, the spatial
heterogeneity judgment index and the temporal and spatial heterogeneity judgment index to quantita-
tively analyze the temporal and spatial heterogeneity of the optimal values of the model sensitive
parameters. The results showed that the sensitivity of BIOME-BGC model parameters was different
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under different vegetation types, but the selected sensitive parameters were mostly consistent. The
optimal values of the sensitive parameters of BIOME-BGC model mostly presented time-space
heterogeneity to different degrees which varied with vegetation types. The sensitive parameters
related to vegetation physiology and ecology had relatively little temporal and spatial heterogeneity
while those related to environment and phenology had generally larger temporal and spatial
heterogeneity. In addition, the temporal heterogeneity of the optimal values of the model sensitive
parameters showed a significant linear correlation with the spatial heterogeneity under the three
vegetation types. According to the temporal and spatial heterogeneity of the optimal values, the
parameters of the BIOME-BGC model could be classified in order to adopt different parameter
strategies in practical application. The conclusion could help to deeply understand the parameters
and the optimal values of the ecological process models, and provide a way or reference for
obtaining the reasonable values of parameters in models application.

Key words: BIOME-BGC model; sensitivity; parameter optimization; temporal and spatial

heterogeneity.
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Table 2 BIOME-BGC model parameters
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Table 3 Sensitivity judgment index of different vegetation
types

ST BRI B D, (%)
arameler R ORI AR C3 ity
0 Evergreen broad-  Deciduous broad- C3
leaved forest leaved forest grassland
0.0 1.0 2.7
0.0 2.2 0.3
21.8 0 0.0
10 1.9 0.4 -
11 0.3 0.4 0.5
12 0.5 0.5 16.0
13 7.8 5.8 4.4
14 6.4 4.4 -
15 1.3 1.9 -
16 1.6 1.7 -
17 1.3 19.4 17.0
18 2.9 12.2 15.3
19 4.6 6.2 2.2
20 13.9 3.9 33.8
21 1.1 1.6 -
22 1.2 0.7 -
31 0.2 1.5 1.3
32 6.5 3.5 0.3
33 0.2 1.6 1.4
34 4.0 8.7 12.2
35 4.4 0.4 0.5
36 8.6 8.6 12.6
37 9.6 9.7 13.9
38 0.0 0.1 0.6
39 2.1 2.0 0.1
40 0.2 1.5 4.0
41 0.9 1.1 2.1
42 0.1 2.3 0.8
43 0.2 1.3 0.2

- RSB C3 ROBAIHERANT B E , Joms 2 AT #ugk oA
These parameters’ values in C3 grassland vegetation type were deter-

mined, which didn’t need sensitivity analysis.

PR/ B 1b) SEURR AT . 2808 A f it
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% th, BIOME-BGC 15 R SR 4 i) e D0 (LA L
FEAES 25 5 Btk O HLAE ] — AR BT | A [ AUk
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TR ] — U S B, HEde DG I A A [R) R A 2 2
AR B K INA [ F ) S S o P AR A v BRAE AR
W AN Rubisco WM T & 0 BOX S50, 18 3 Fhdd
PEEAYT A R Ay U, (HL R e I S 1 B
25 S ST P AAH O A0/ ) 5 AR A R 5 R i [ s
S PEBUE B 25 S B A R M S8 (8] 1a Bl 2a
Kl 3a).
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SINGYIVAN
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[ Y,

=3
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\ g

0.07

BHBALBUE Parameter optimal value

1 2 3 4 5 6 7 8 9 10 11 12
H 13 Month

B 1 ES RS R eSS
Fig.1 Optimization result of sensitive parameters of evergreen
broad-leaved forest.

a) YIKRAR S5 MBS0 TC L) New fine root C/new leaf C; b) Rubisco Ff
MR UFE /%X Fraction of leaf N in Rubisco.

40 q
4
g 20 \
i W
g 10+ —e— K AL Changbaishan
& —a— Harvaed forest
8 —— 44 {E Default value
Q 0 L L L L L L
:!g 0.10 b
=%
2 009 |
&
# 008
0.07
0.06

1 2 3 4 5 6 7 8 9 10 11 12
A 4 Month
2 MR AREURS B R
Fig.2 Optimization result of sensitive parameters of deciduous
broad-leaved forest.

a) M BRA L C:N of leaves; b) Rubisco H M5 Fi /3 %4 Fraction of
leaf N in Rubisco.
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100 [ g

A YY

N
20

SHEEUY Parameter optimal value

0 oy
020 b
0.15 4 m
0.10 —o— Y4/iff Dangxiong
—a— 3]t Haibei
— 4K Default value
0.05 oy
1 2 3 4 5 6 7 8 9 10 11 12
A # Month
B3 C3 RIS R as R
Fig. 3 Optimization result of sensitive parameters of C3
meadow.

a) MM E L C:N of fine roots; b) Rubisco H M % it & /3 %k
Fraction of leaf N in Rubisco.

A ARSE S e SCHU IR R SO A5 R B <0.2 Rl
RS E B AN 3 )2 ) S O Y XD R
[0.2,0.4) W& IS ECEA W2 a] 25 0] 5 v )
DX [6] 5 K < .44 5 S ZHCR AR 35 1 1A] | 25 ] S+
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Jo P B DX [
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Pk f i, R AR 0.6803 ;31 42 5 A AL HUE
FIRY IS TF1) e i 1 0 2 ] S o P 2 e R S0 416 084 oy
0.0028. 7 7% - & - RAE 4 T, 200 AR Bk L L 1 e 1 B
{ELISS 17 S T P i e, )6 45k 0.5801 , AR B 5 it
T T L 481 9% e A BB 225 ) S5 Jo P e v, 140 ) i
3K 0.7763 5 e R AL T B S5 0 UM %) ) S Jo 2 A
23 [ BT PR B B A1, 4 51196 #5539 o 0.0001 1 0.7E
C3 FEHAERE T, Ll T RR g I B %) Bk ] S o 14 A
23 [ S 0T 1 349 o v, L) 48 B oy LA 0.5404
0.6488 ; 47 FEAH ) K] K 1 LT 238 85 It HRUAA 1) B[]
S TP A3 8] S PR H e AR, S il 6 H5GET 4 0.

3 AR ZE AL T, Rubisco I AR & 030 I
KRAALTE PR TS SR PR S AR G Y
S, BRI BURSE (AU LA ) S o 2 i)
TS PRI 38 /)N T A AR B 5 i 4 TG B 491 I i A
L 20 R A LA TR ARG — 2K S5 R EE Wi i s
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Table 4 Temporal and spatial heterogeneity judgment indices of different vegetation types

SR R 1) S T L FE K D e ZS [ S B EFUINE R D,
Parameter s 4k DA C3 At R i Ak C3 il
: Evergreen broad- Deciduous broad- (0K} Evergreen broad- Deciduous broad- C3
leaved forest leaved forest grassland leaved forest leaved forest grassland
7 - - 0.1657 - - 0.1433
8 - 0.1052 - - 0.0706 -
9 0.1942 - - 0.2559 - -
12 - - 0.0000 - - 0.0000
13 0.5550 0.5061 0.2588 0.6803 0.7763 0.3444
14 0.3070 0.0336 - 0.4515 0.0374 -
17 - 0.2243 0.2546 - 0.2586 0.2347
18 0.2920 0.2791 0.1558 0.2543 0.3505 0.1498
19 0.3087 0.3948 0.2829 0.2334 0.5906 0.4530
20 0.6454 0.5801 0.5026 0.4610 0.6724 0.5786
32 0.0928 0.0370 - 0.1122 0.0290 -
34 0.4446 0.3880 0.5404 0.6145 0.3899 0.6488
35 0.4430 - - 0.6242 - -
36 0.0475 0.0332 0.1371 0.0668 0.0400 0.1562
37 0.0064 0.0001 0.0038 0.0054 0.0000 0.0041
39 0.0028 - - 0.0028 - -
40 - - 0.0490 - - 0.0582
41 - - 0.1292 - - 0.2153
42 - 0.4313 - - 0.5284 -

- EHUEYES S Nonsensitive parameter.
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Fig.4 Correlation analysis between temporal heterogeneity and spatial heterogeneity of sensitive parameters under different vegetation

types.

a) HWEEMM MK Evergreen broad-leaved forest; b) %M FEM#K Deciduous broad-leaved forest; ¢) C3 HHi C3 meadow.
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Table 5 Temporal and spatial heterogeneity judgment index calculation result and parameter class division

SR R B AR 5 -] R C3 Hilh
Parameter Evergreen broad-leaved forest Deciduous broad-leaved forest C3 grassland
No. 2 S o ) Eiesi| s S BT R el 2 S B ) Esiesil
BED,_, Parameter class RED,_, Parameter class D, Parameter class
7 - - - - 0.0237 b
8 - - 0.0074 b - -
9 0.0497 b - - - -
12 - - - - 0.0000 b
13 0.3776 a 0.3928 a 0.0891 b
14 0.1386 a 0.0013 b - -
17 - - 0.0580 b 0.0597 b
18 0.0742 b 0.0978 b 0.0233 b
19 0.0721 b 0.2331 a 0.1281 a
20 0.2975 a 0.3901 a 0.2908 a
32 0.0104 b 0.0011 b -
34 0.2732 a 0.1513 a 0.3506 a
35 0.2765 a - - - -
36 0.0032 b 0.0013 b 0.0214 b
37 0.0000 b 0.0000 b 0.0000 b
39 0.0000 b - - - -
40 - - - - 0.0029 b
41 - - - - 0.0278 b
42 - 0.2279 a - -

a) R H B P BUE T 25 S5 B8 K A B 4L Sensitive and large temporal and spatial heterogeneity optimal parameters; b) SURH & P BUE AT 45 5 5
T4/ NEIZEL Sensitive but small temporal and spatial heterogeneity optimal parameters.
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b2 35 50500, TR Y s S L g .
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Xt T ARSI A3 o I U S B AN R 6
TR SIS T rp B AT — 5 A 48 T8 S AR A
A AR AR R 5 22 POV AT R R AR R 3 2 R
AR AR, SR IBCAN [a] A Ak B , 245 A5 2805 0L
ADLH, B — 20 P vy 17 A 2 TR e e A 4L )
P R 2 S 13 N

S 3k

[1] Reay DS. Climate change for the masses. Nature, 2008,
452. 31

[2] Qi Y-J (B EW). Estimates of Forest Aboveground
Carbon Storage using Remote Sensing in Daxing’ an
Mountains. PhD Thesis. Harbin; Northeast Forestry
University, 2014 (in Chinese)

[3] Wang X-C (E%E), Wang C-K ( £1£7%). Funda-
mental concepts and field measurement methods of
carbon cycling in forest ecosystems; A review. Acia
Ecologica Sinica (*EZZEM), 2015, 35(13) . 4241-
4256 (in Chinese)

(4] HuH-Q (#¥#3%%), Wei S-J (BLF4E), Sun L (Fh
), et al. Climate change, fire disturbance and
ecosystem carbon cycle. Arid Land Geography (51X
HiE) | 2013, 36(1): 57-75 (in Chinese)

[5] Chang S-L (‘HMWiF]), Yang H-X (#HtE), Ge J-P
(381 ). Research progress and problems of produc-
tivity of net ecosystem. Journal of Beijing Normal Univer-
sity (Natural Sciences) (JLEUIHE K224 HRBL
2FRR) , 2005, 41(5) : 517-521 (in Chinese)

[6] Alexandrov G, Oikawa T, Yamagata Y. The scheme for
globalization of a process-based model explaining grada-
tions in terrestrial NPP and its application. Ecological
Modelling , 2002, 148: 293-306

[7] Cramer W, Kicklighter D, Bondeau A. Comparing Global
models of terrestrial net primary produotivity ( NPP) .
Overview and key results. Global Change Biology,
1999, 5. 46-55

[8] Wang P (T ). Forest carbon cycle model: A
review. Chinese Journal of Applied Ecology (W FHE 7%
2F3R) , 2009, 20(6) : 1505-1510 (in Chinese)

[9] Ruimy A, Saugier B, Dedieu G. Methodology for the
estimation of terrestrial net primary production from
remotely sensed data. Journal of Geophysical Research .
Atmospheres, 1994, 99. 5263-5283

[10] LiH(Z
Forest Ecosystem Net Primary Productivity and Net

£%). On the Spatial-temporal Simulation of

Ecosystem Productivity in Fujian Province. PhD Thesis.
Fujian: Fujian Normal University, 2008 (in Chinese)

[11] Song Y-Y (RFMEHE) , Wang J-G (FHE), Qi X (3¢
#%), et al. Comparative analysis of terrestrial carbon
cycle models. Gansu Agriculture ( H 7 4 lk), 2006
(5):291-292 (in Chinese)

[12] Wang Z-M ( E5%8), Liang Y-L ( Z24RW0). Progress
in vegetation net primary productivity model research.
Journal of Northwest Forestry University ( P8 AURZERE
#2), 2002, 17(2) ; 22-25 (in Chinese)



92 VAR N NS R O ¢ 29 %
[13] Tao B (Bg %), Ge Q-S (H4 M), Li K-R (ZFwn the simulated annealing algorithm for optimization
il), et al. Research progress of carbon cycle in terres- involving continuous variables. Computers & Operations
trial Ecosystem. Geographical Research ( i PR 5Y) , Research, 2002, 29. 87-102
2001, 20(5) : 564—-575 (in Chinese) [24] Shi L-P (A F]F). Research on simulated annealing
[14] Beck MB. Water quality modeling: A review of the algorithm and improvement. Information Technology ({5
analysis of uncertainty. Water Resources Research, 1987, BHAR), 2013(2): 176-178 (in Chinese)
23. 1393-1442 [25] Henderson-Sellers B, Henderson-sellers A. Sensitivity
[15] Carlson DH, Thruow TL. Comprehensive evaluation of evaluation of environmental models using fractional
improved SPUR model ( SPUR-91). Ecological Model- factorial experiment action. Ecological Modelling, 1996,
ling, 1996, 85. 229-240 86. 291-295
[16] Gardner RH, O’ Neill RV, Mankin JB, et al. A [26] Majkowski J, Tidgeway JM, Miller DR. Multiplicative

[17]

[18]

[19]

(20]

[21]

(22]

[23]

comparison of sensitivity analysis and error analysis
based on a stream ecosystem model. Ecological Model-
ling, 1981, 12. 173-190

Gentil S, Blake G. Validation of complex ecosystem
models. Ecological Modelling, 1981, 14. 21-38

Xu C-G (#:£2H1) , Hu Y-M (SAiE#) , Chang Y (&
&), et al. Sensitivity analysis in ecological modeling.
Chinese Journal of Applied Ecology ( N FHEZS2E4R) ,
2004, 15(6) : 1056-1062 (in Chinese)

Zhang T-L (3K3E), Sun R (i %), Hu B (¥
), et al. Using simulated annealing algorithm to
optimize the parameters of Biome-BGC model. Chinese
Journal of Ecology (EF¥Z47E), 2011, 30(2);
408-414 (in Chinese)

Chen M, Liu S, Tieszen L, et al. An improved state-
parameter analysis of ecosystem models using data
assimilation. Ecological Modelling, 2008, 219. 317 -
326

Liu Q-Y (XIBKF ), Zhang T-L (3K#EJE), Sun R (Fh
%%), et al. Sensibility and time heterogeneity of
BIOME-BGC model parameters. Chinese Journal of
Ecology (4752428 &), 2017, 36(3) . 869-877 (in
Chinese )

Kellershohn DA, Tsanis IK. 3D eutrophication modeling
of Hamilton harbor; Analysis of remedial options.
Journal of Great Lakes Research, 1999, 25. 3-25

Ali MM, Térn A, Viitanen S. A direct search variant of

(27]

[28]

(29]

[30]

[31]

[32]

sensitivity analysis and its role in development of simula-
tion models. Ecological Modelling, 1981, 12. 191-208
Ratto M, Tarantola S, Saltelli A. Sensitivity analysis in
model calibration; GSA-GLUE approach. Computer
Physics Communications, 2001, 136. 212-224

Saltelli A, Chan K, Scott M. Sensitivity Analysis,
Probability and Statistics Series. New York: John Wiley
& Sons, 2000

Jorgensen SE. An improved parameter estimation proce-
dure in lake modeling. Lake & Reservoirs: Research and
Management, 2010, 3. 139-142

Shen J, Kuo AY. Eutrophication model calibration as a
coupled inverse problem. Estuarine and Coastal Model-
ing: Proceedings of the Seventh International Confe-
rence, Oak Brook, Illinois, 2002. 585-599

Ng AWM, Pererab BJC. Selection of genetic algorithm
operators for fiver water quality model calibration. Engi-
neering Applications of Artificial Intelligence, 2003, 16:
529-541

Nelder JA, Mead R. A simple method for function mini-
mization. The Computer Journal, 1965, 7. 308-313

EE R

ZE—7 51993 A g AR NS AR

BaZ B 9E . E-mail liyizhecn@ 163.com

REHRE B Gl

B, KT, XIRKET, 45, Al A USRS BRI U YN 23 53 PR 20 A —— LA BIOME-BGC BRI, )3 FH A= 2527
%, 2018, 29(1) . 84-92
Li Y-Z, Zhang T-L, Liu Q-Y, et al. Temporal and spatial heterogeneity analysis of optimal value of sensitive parameters in ecological

process model: The BIOME-BGC model as an example. Chinese Journal of Applied Ecology, 2018, 29(1) : 84-92 (in Chinese)



