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Effects of Microbial Model Parameter Optimization on the Spatiotemporal
Dynamics Modelling of Soil Organic Carbon
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(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [ Objective ] Soil organic carbon (SOC) forms the basis of soil fertility, food production, and soil health, and plays a
key role in climate change via mediating greenhouse gas emissions. Consequently, accurate characterization of SOC
spatiotemporal dynamics is extremely important for the sustainable management of soil resources, ecosystem stability
maintenance, and mitigation and adaptation to climate change. [ Method ] A total of 399, 413, and 407 cropland topsoil (0 ~
20 cm) SOC data in 1980, 2000, and 2015 were collected from the southern Jiangsu Province of China, respectively, and the
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microbial-explicit SOC model MIMICS (Microbial-Mineral Carbon Stabilization) was used to model the spatiotemporal
dynamics of SOC. The Sobol global sensitivity analysis was applied to identify the sensitive parameters of the MIMICS model,
and then, two-parameter optimization schemes, one batch (using all SOC observations in a batch mode to optimize the parameters)
and site-by-site (using SOC observations at individual sites to optimize the parameters site by site), were used to optimize the
sensitive parameters of the MIMICS model through Markov Chain Monte Carlo (MCMC) approach, respectively. The coefficient
of determination(R®), root mean squared error (RMSE), and mean absolute error (MAE) that were calculated from the
independent validation of SOC in 2000 and 2015 were used to compare the performance of different parameter optimization
schemes. Result Results show: (1) The net increment of SOC density between 1980 and 2000 was 0.89 kg'm 2, while the net
decrement was 0.44 kg'm > between 2000 and 2015, representing a net increment of 0.45 kg'm™ over the period of 1980-2015;
(2) The MIMICS model with parameters optimized by either One batch or site-by-site method can represent the overall trends in
topsoil SOC dynamics during the period of 1980-2015, but the model with parameters optimized by the site-by-site method
presents more local details on the variability of the SOC change rate; (3) Compared with the default parameter values and the
One-batch optimized parameter values, the MIMICS model with site-by-site optimized parameter values had the best performance
in modeling the spatiotemporal dynamics of SOC in the study area, with the RMSE decreasing by 22.2% (the independent
validation in 2000) and 14.7% (the independent validation in 2015) in comparison with the MIMICS model with default
parameter values. Yet, its prediction accuracy in 2015 was still relatively low (R* = 0.13, RMSE = 1.22 kg'm™). [ Conclusion ]

The optimization of sensitive parameters can improve the space-time SOC prediction accuracy of the MIMICS model, and the
representation of local details on the spatiotemporal patterns of SOC dynamics. Although the MIMICS model with the spatially
heterogeneous parameter values optimized by the site-by-site method had the best performance, its prediction accuracy in 2015
was still relatively low, which indicated that the MIMICS model still has limitations in representing the responses of SOC to
anthropogenic activities such as changes in land use and agricultural management practices. Thus, further improvement of the
MIMICS model structure and enhancing the spatiotemporal resolution of model input data are still significant challenges for
regional scale modeling of SOC spatiotemporal dynamics through microbial-explicit SOC models.

Key words: Soil organic carbon; Microbial model; Sensitivity analysis; Optimized parameters
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Fig. 1 The topography and soil sampling sites in the study area
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Table 1 Descriptive statistics of topsoil (0~20 c¢cm) SOC density (kg'm?) in different sampling date
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2015 0.51 7.66 3.81 3.73 1.27 —-0.09 2.85 34
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1, MBERIZ B0 B /R B R B S 2 45 ok B
(% 2), ftabAfLFn S st tb ik, 2T 3
FIATHRBHREETAM G-R Git&AT 1.00~
1.06 Z 8], TR SEANA T 200 SRR R AR
WS TR s A2 SRS ER AR I J5 56 43 A vh
HS 45 K F |, Vslope . Vint .av . ak .Kint . Kslope_a
Ml Kmod_a_r_coeff ¥R THIASHEINE, 5
CUE fi % VI3 9 CUE_m_k 1 CUE_m_r JU] . 3%

280 Parameters

K2 MIMICS BRI SR 4 Jr U R S d b
Fig. 2 Ranked MIMICS parameters based on the total sensitivity indices
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Table 2 The Gelman-Rubin convergence diagnostic and the median
of model parameter posterior distribution

G-R #iit &= EE G
S8 Gelman-Rubin Median
Parameters Heab FOX AR HALH XA
One batch Site-by-Site One batch Site-by-Site
Vslope 1.01 1.00~1.04 0.13 0.11
Vint 1.03 1.00~1.05 12.48 12.73
av 1.05 1.00~1.01 1.2x10°  1.4x10°°
Kslope_a 1.06 1.00~1.04 0.02 0.03
Kint 1.01 1.00~1.02 5.95 4.01
ak 1.02 1.00~1.03 18.22 15.73
Kmod a r coeff 1.00 1.00~1.02 0.53 0.42
CUE _m k 1.02 1.00~1.02 0.03 0.27
CUE m r 1.00 1.00~1.02 0.48 0.42

TR BRIME (£ 2) o HLARBR 5 2R A5 s
I AL Y Vslope . Vint .ak Kint fl Kmod_a r_coeff
) J 36 A B 3 91k 0.13 F10.11.,12.48 F1 12.73
18.22 FI1 15.73, 5.95 M1 4.01., 0.53 F10.42 (£ 2),
Horp Vint . aK Fl Kint 5 Shi 25271 FE AL 37 B 75
SRR FE S R A (Vslope =0.14, Vint =
8.09. ak = 16.97. Kint = 5.38, Kmod a _r_coeff =
0.42) HAW R 225, FIU MIMICS FATE X R
JE N P, RS R SR T AR TE S T o b Y
A, HEAL BT R AT SEUR ALY, CUE_m_k )5
55 /A H B R 0.03, 1M1 A5 X 5 AL R CUE_m k
JRS AP E S 0.27, AL BRI AL E R 9
%, U] CUE_m_k Y75 i) 5 B P % i 58 X % 2 SOC
WS BB MR, ik, R X
BIR LA BT AR A B B — S8, W] B3
RS AR 22K

DLEEANRE S50 MIMICS #5535 S50 S A
Hinde s, DAAME. B . - HER0R 4 R 4
22 ANPplAl AR BN AR i, SR RF T A5E 75 %
ZREARE R ZS B34, T 3K 3 MIMICS #5248 (1)
B, RF BRI 47238 LIRSS R B, AREUSES
Bas [\ e R AT 0.77~0.89 Z 8], HURS Bz
V) 473~ 7 300 1140 4 A v

23 AESHEMAFTET MIMICS =3 FNHY

SOC HtZ= iE T YF1E

ARZBBAACTT T MIMICS A5 75 245 55 g 4
H3KJZ SOC %A g LR (K 3), Bk
ZREEGMALS A SOC BFE B2 RE K, H
AL BN X S PIF S BLA LT, SOC % 3
AL AR AL BT, BRIASHCR,
MIMICS A Fi I ) 75 1 e FH 6 J2 SOC %5 M\ 1980
AR 3.39 kg-m 2 HENE] 2015 4EAY 4.33 kg'm 2, SOC
AL RN AR ke # . o, 2000 4F SOC
BRI AE K 4.10 kgm ™2, #2000 4E WL
(4.25 kgm?) ik 3.6%, 1 2015 4F SOC %% Ji fit T3]
54 433 kgm 2, #2015 EWMI{E (3.81 kgm?)
= 13.7%. AR BUR S T, SOC %
JESEN 1980 4E(W 3.39 kgm 2 HME 2002 4E(H
426 kg'm?, FRIH/E 2015 4E19 3.68 kgm™>, Bk
SEAEINE R S Hrb, 2000 4EF0 2015 4F
SOC % B (M HUME 4 #4 4.22 kg-m > 1 3.68 kg'm °,
EURIAE (4.25 kg'm 2 Fl 3.81 kgrm2) 43 B 0.7%
M 3.3%0 S SR RIUR S BN AT, 5
[X SOC % £ 5 D 1980 411 3.39 kg'm ™ 34/ & 1999
AR 4.18 kgm 7, RIS/ 2 2015 411 3.87 kg'm ™,
ISP G AR Rk, Hrb, 2000 4 SOC %
JETUME S 4.17 kgm?, BWMEML 1.7%, 1fi 2015
4F SOC %5 WG A 3.87 kgrm ® . BEULINE =5 1.7%.

MACH 2 SOC %5 i A8 A 3 8 1) 25 [R] 43 A o
E (E5), NEASHEA TS o fmsit
AU EA2ZS . MIMICS BRIERIAS AT,
1980—2015 4F[H], WFFEXPUHS . il S AL R VT
X SOC % WEH I, HAKH/HX SOC Ha ik
KT 0.02 kgm>a'; BFSEIX KT SOC % ¥ [
i, EikEEEET 0.01 kgem>a' (Kl 4a), #tabp
Ikt MIMICS AR BURS BT, 1980—
2015 4E[E IR SOC % JF PR fnkasy, H
H, BFSEIXPEHS SOC % &3 m (&1 4b ), (A3
T R AT RSB TTER (F 4a), BFFEIX
Tl SOC W EERg A YE NN, (EIGHAAR, WA ARER
R AR, HA KR SOC % FEFEARIX 1R (4] 4b ).
A S EA T, SOC % A8 Ak R iy 25
i) 73 S AU S W e, Horpr, S SOC %% FE 3 fin i
X330 R I 5 T A R S B Ak T ek 1 T &%
F, MARHS SOC % F AR A DX I3 Bl W) 45 b Ak 2 2
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Fig. 3 The dynamics of soil organic carbon density between 1980 and 2015 derived from default parameters, one batch, and site-by-site
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BARA 7 B S5 R RSN (& 4b, [ 4c ).
24 AESHBMEAFTETEEMTNEE

M MIMICS 55 F500R B ) 37 S0 ik 45 3R ok &
(£ 3), RABAIERIN S B E I I RHLR 2 R
Hop, 2000 4FH1 2015 4E£ 2 SOC % & Hiill RMSE
394 0.99 kgrm 2l 1.43 kgm 2, {LAEMREFE 2000

AEL 2015 4E3RJE SOC % MM AS 7 PE Y 31%F1
3%, 2R AL AL BT VAR AL MIMICS A5 R S50
J& ., 2000 4EH1 2015 4FE 3R SOC %5 FE #iil () RMSE
I IR E 0.81 kgrm > F 1.25 kg'm 2, %R I 2A
ZHUE R T0I52 22 73 IBEAR T 18.2%F1 12.6%. [F]
BF, Stab PR AL BURSEOT T, MIMICS BEALf#
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Table 3 Prediction accuracy of MIMICS model with different parameter optimization methods
2 -2 -2
R RMSE/ (kgm™) MAE/ (kgm™)

1
. HASH Habnt RO AR NS EjR B FOW R NS 4k 3 FOW

ear

Default  One batch Site-by-Site Default One batch Site-by-Site Default One batch Site-by-Site

2000 0.31 0.37 0.43 0.99 0.81 0.77 0.80 0.64 0.61
2015 0.03 0.07 0.13 1.43 1.25 1.22 1.12 1.02 0.98

FEM) 2000 4. 2015 -2 SOC % B WL I A% S5
AR B 37%M 7% 2R s SR MIMICS
RO SR, JERI RF BB 0 B A 2 80l
2% 6] 43 A B 3R 3 MIMICS #5UF, 2000 4E 1 2015
ERE SOC HE WM ) RMSE 43 3l if— 2 JF R &
0.77 kgm > fl 1.22 kg'm 2, 5K BN S HUEAIY
A, RMSE 43 B T 22.2% (2000 4F ) Fl 14.7%
(2015 4 ), MIMICS AL B 1) JZ SOC %5 B2 Wil
(B8 S U] 591142 55 1) 43%( 2000 4F ) FT 13%( 2015
AE), RLAB IR S HOF RAF L2 0] 55 BT GE
A R R MIMICS #5820 T ¢ 22 SOC %% i i 233y A%
F i

3 3 ®

3.1 HEVMERGRSHACHLER

R AR A B T R AR T R AR
I, R IR A S HORIME R RS SOC i) 23 i A2
A R S HUSU L, SR 7= A R B A v R
FE T OIS X AR SR A T AR AR AR GE, SR REAR
T AR SOC i) 73 Yo A8 AN i 1k ) E B F B
MATFFR LR KR, RABRIASEEIKS) MIMICS
B, AV REAS PRI 55 X 4R H T 20 4F ( 1980—2000
i) WFRIZ SOC HERmEH:, (HRER Bk
15 4F (2000—2015 4F ) AY3R)Z SOC % B [ 34
T R FH Ak 3R g % 3 RO ISR AL RS HU |
MIMICS ##1 E0% 2 e 5 W0 04 45— 20 SoC
A A B, B 1980—2015 4E TS X A K2
SOC # el mfsmib (K3, £1).

WAL, SR AL A 7 VAR b MIMICS A5 7 sk
ZH5 ,2000 4FF1 2015 4F 3R )2 SOC % FE il RMSE
I3 MR BN S BUE T R IL 18.2% 1 12.6%,
1 MIMICS 5% AU ff ¢ 1) 26 )2 SOC 25 8 A48 534 43 il 12

o Bl 37%H1 7% , F WA R AL AL BLAR A B 70 SRR 2 5
A R4 A (Y s T RE L O W E R T
B 2 80 I 2 T S B L 25 SRR e b, X5
Hararuk 25U R BIF 58 45 50— 350 A MR R ) S 450
KREZNFEESE, AEESETGEME LA RAE XL
B, R R T 4 A 26 sh 25 1) 35 25 )
SEREAENST AT SOC 23 38 728 T A FE 7= A=
ZIsEm, b, Ge ZPYHFsE &M, DALEC ( Data
Assimilation Linked Ecosystem Carbon, DALEC ) f&
TR A A PR JR) % 3k AR 1) 2 R S Ay AN TRl it 2 A
B 225 . AWFFRES R, YR A s SO
b MIMICS BERVHURZSE, JFAIH RF BEAME 5 5
S BUE Rz | 5340, R K 3 MIMICS £
RIS, Bl EAFSEIX 2000 4F 1 2015 4F £ )2 SOC % E
T RMSE 43 BIFEAR 22.2%F1 14.7%, LIk 2
BER FHAE AL 38 )5 B A6 S 00 TOORG B 5 = ( 3 3 ),
HOE AT L, BR T X R U S Bk AT A A, T
% B R S B A 1 2 1) S o P R O — 2
ik MIMICS AT SOC i 23 8 A T 152 22 1)
PR,
3.2 MEMEEEI SOC M= 3SR B R

SR AT W S EUR AL 7 iR RE U A — e F
RRARBF ST X AR BT 2 SOC %5 JiE I 25 51 285 1) 7 )
TR2E, SR, b s AL A X I R A HE SOC %%
JE o} 25 AR OR B — 2 1 R BRE

T, RSSO T MIMICS %
IR S BE e, H 2015 4F SOC %5 Ay T
RMSE 138k #% 2000 4 SOC % £ R il RMSE =
58%. W, SEALILR MIMICS BRI 5051 K
T BB 0 AR e SOC BRI B AR SRR AIC . 3 AT
fit 5 MIMICS 5 BUAS G 58 42 I e R i 3% SOC #Y
AR e, N, Xie ZPIWIREN, A KIE
BEEC 1980—2000 4F 75 FE AR H 4507 418 fh sk 52
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MR 0.028 4~ pH B, T 2000—2015 40 & ik
FEAF 0.035 4> pH 7 o 3R 1k i A i+ e ik
YiE e, ETR M SOC 43R, {H MIMICS £ A
K44 pH A ke, W, Xie SCHT &
B, FEAFISH . ARAEE FH LA K A 3 ) F AR Ak R 5 i
TR HRZ SOC By EZA KT fFFi4 H
5546 Pt AR NE A RT3 e e mse A, A ik
A A S A 200, e b AR P AR T ) 3 A AR -
geAvJE N M2 e A Kk B K A Ui
PEAE R A A AR A & SOC i BT
1980—2000 45 8] 75 g B 1 1 BUR D T 5.6%, H
W AR BB M AU O T 4.5%, i
2000—2015 45 8] 75 g B i AU D> T 9.1%, S
PEFIAAT J3 P o M B S i T 8.7%, 4R, H
T 8 A A T S e i A A8 T ok 2 e+ b 1 FH
ARR A TRIRE RE A, 3 X LA Sz e+ R AR fE X SOC
SRR itk B2 00 B, X T RE R S8 2015 4R
SOC TG B A A% 1) 22 22—

Hk, AR X 1980 4E1#IHh SOC &
Jit A e R R A O o = iR AR AR Y A A — 2 Y
X 22 SRR H ik, AN XA SOC AR fbita R
AW B2 5. 1980 4E0F98 X 43 (Y. 8
ey Bl W, BRL R, KR WAL K
. B, R R M. WAL R
# (FHE. PHH . &3x. B, RiE . X7 Bk
BrALFE ) AR B RZTF SOC % E 5k
3.60 kg'm > 1 3.01 kg'm %, JRUERIHLX SOC %
VRS, AL T A AR K . R, 3
Wk A B B TR 3F SOC i B8, i, 2000
AERE, WS X AR AR R 271 SOC % B 14 hin 5]
4.55 kgm 2, TAFFE X PR N E) 3.96 kgem 2,
2000 4F J5 B 5T IX s AT 48 B BCSR A T AR B, S
[FIEF, SR & A T o R A A, FER
B Ry A P TR R /D | kL 1A ) b T AR 4
o, R I X A S B B, 4R, 2000 4F:
Z I ) R B AR 1 S 350 R A B A
A, BN DRI IX 42 R ) SOC 7KF, M &
| SOC [k, Bhn, 2000—2015 4=, WFFEXAH
SOC -2 F MR 0.72 kgrm 2, 11 75 &R0 [X. SOC
WRERRIRAY /N, 4 0.18 kg m 2, S BN S S HE
b5 538 2k MIMICS A5 ffUsR 2 85 1 2 [ S Jo e
ik, IWIERAE T 6 FFoE XA R 2 SOC 34 X

25BN TE Z R (E B, (H MIMICS #5281 i
P4 TRk - ER i A . A AE B it e - R
AEE HAEFIX SOC g mit fe, Fit, #F—
AP MR R A S5, R AR AR R A A
RITGI SOC 25 Bl A4 B2 BT 18 I 9 31 22 Pk %

AL, MIMICS A Py A >k FH B T AUk
PR K QN 71 2% 5 FERG IR - 3ERR 0 20k, XX 45
T SOC X T B2 AR Ak i o 1z I E 8 A £, (0 H AT AE X
I RUBE AT G 9% R IR A s [ 3 47) - S8 30 i 1
23 (0] 73 PERATSRARRT AR . Hoan, ABFsErh R
FEBRZS (A0 B 0.125°, 16 MIFSE X 4 49 IR
JIE 11 Jm 8 2 ) A Sk T BT — I R BR I, i
WAl BEL X ARMIFE A SOC i 23 Vi A5 A 40 25 oL 7
A —E IR

4 4 g

BRINSHL . HLAR B LA K s % b i R AR 7 2
O MIMICS i A 4 B 75 A 575 o 1 IX A R 2
SOC B %5 hAS X Lo TR : (1) RAERIASH
B 1Y MIMICS 5 AUAN 8 56 4 S e 21 (1) SOC 284k,
SRS, HEURSEILE 1) MIMICS B AR S
FELS AR L 3R)2 SOC 4% J3 Je B N Js vk /0 B4 A&
AR (2) SRABRASEEMLL, KAt
5 AL MIMICS #EAVEURSHUS , 2000 4F Al
2015 4 SOC #E Wil RMSE 43l A% 18.2%A0
12.6%, it — 2% JEA R AURR S B0 23 o) 5 o
K e MIMICS #E U S BUR
2000 4 H1 2015 47 SOC % & il RMSE W% Rk
BEOE BIFEAR 22.2%F1 14.7% , HHUKS B e e
(3) 4 S S SE TN MIMICS #E ALY 1
TNAS JE e 5, (HHE 2015 4 SOC % 15 Al TN B2 A< 9%
PRfi%, P, oE—25 sodb i PR ) 2540 | 4 A
R ABE DRE BE S o3 HEE P2 AR A i T A
RITHIN SOC B23 Sl B2 T il () S 2Pk %
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