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Effects of Microbial Model Parameter Optimization on the Spatiotemporal
Dynamics Modelling of Soil Organic Carbon
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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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K HIMCMC 532 %R Y 9 U S B e A7
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 &= e
P Gelman-Rubin Median
Parameters
ik ik 3 FOX AR Heab JERopL
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 LBy R0 A5 a5
T AL Vslope  Vint .ak \Kint #1 Kmod_a r_coeff
B I 3623 A A4 0 0R 0.13 1 0.11.,12.48 F112.73
18.22 1 15.73, 5.95 f14.01, 0.53 f10.42 (F2),
Hirf Vint,aK Fl Kint 5 Shi 2EP7R It ab By ¥ 1E
EPRREE LML R A (Vslope =0.14, Vint=
8.09, ak = 16.97, Kint = 5.38, Kmod a r coeff =
0.42) HAWE2ZR, KU MIMICS fATE X R
JE N P, XSRS R AT AR TE S T o b Y
AN, HEAL Ty AT S E R AR, CUE m_k )5
5543 A HFE R 0.03, T A6 5 LAY CUE_m_k
JEEA AT E R 0.27, AL TS R 9
¥, U] CUE_m_k 125 [a] 55 PR X F9E IX 3R )2 SOC
WS EM R, B, SRR AT X
VIR R AL BT SR A R S — 28l T g 3L
RSS2 K

DLEEANRE S50 MIMICS #5535 S50 S i
Hindes, DAAME. B . - BE AR 4 MR 45
22 ANPplEl AR BN AR i, SR RF T A5E 75 %
ZRURPUERN ZS 85040, FT3K 5 MIMICS A 11y
B, RF BER 47 238 LIS UEZE R B, ARBUSES
Bas [\ B K R> AT 0.77~0.89 Z 6], HUSS s

VE1] A T (10 A 26 8
23 AESEMAFTET MIMICS BT K

SOC Bt == iEH T 4F1E

ARZBBAACTT T MIMICS A5 75 #4555 g 4
H3KJZ SOC %A a LR (K 3), Bk
SRS ALSETM G SOC H B2 24K, H
AL BN XTSRS BLAL LT, SOC % 3
AL AR AL BT, BRIASHCR,
MIMICS 8 Fi I (1) 75 /e 4 HH 22 2% SOC % 2 M\ 1980
AERY 3.39 kg'm 2 HEHNF] 2015 419 4.33 kg'm 2, SOC
AL RN GRS ke # . o, 2000 4F SOC
TR AL N 410 kgm?, B 2000 4F W0 (E
(4.25 kgm?) ik 3.6%, 1 2015 4F SOC %% Ji fit T3]
54 433 kgm™?, #2015 AEWMIE (3.81 kgm™?)
1 13.7%. AR BURS R ST, SOC %
JESEN 1980 4E(W 3.39 kgm 2 HME 2002 4E(H
426 kg'm?, P/ E 2015 4EHY 3.68 kgrm™2, A
SR E AR S, Hrb, 2000 450 2015 4
SOC % B (M UM 4 34 4.22 kg-m > 1 3.68 kg'm °,
EEWRIAE (4.25 kg'm 2 Fl 3.81 kgrm ) 3B 0.7%
M 3.3%. SR SRR USRS B 4T, BFSE
[X SOC % £ 5 D 1980 4114 3.39 kg'm ™ 34 /i & 1999
AERY 4.18 kgm*, FREZE 2015 4FAY 3.87 kg'm 2,
ISP E AR R s, Hrb, 2000 4 SOC %
JETUME S 4.17 kgm?, BWMEN 1.7%, 1fi 2015
4FE SOC % REFMAE N 3.87 kgrm 2 | BOWINE S 1.7%.

MAGH 2 SOC %5 J A8 1 3 2 1) 25 [R] 43 A o
F (E5), NRSHEA ST s a2t
HI B E 2R, MIMICS #RIBGAS &MU T,
1980—2015 4F[H], AFFEIXPEER . Hg S AL v 1T 1
X SOC % W, HAFHHHX SOC Ha ik
RET 0.02 kgm >a'; WX KB SOC %F %
i, EiREERMT 0.01 kgem>a' (Kl 4a), #Htabp
J7 AL MIMICS F B BURS B F T, 1980—2015
AEIR IR A B SOC % B B iR S s, Hor ) f
FEXPEHE SOC % & W1 i (&l 4b), (ABE R
B AR T EOAS SO AG T 45 3 (K 4a), BFSEIX
H SOC % BEmS A BN, (HH8 WAGAIE , TR 5T X AR
HaECEAT, HAKREA SOC % 8 MK X 8, (&
4b ), T ER S SEAATT T, SOC % A8 1k
B2 (8] 53 S o B B, e, PR SOC %
S8 o % DX S50 R B o A B S A s i T
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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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Fig. 4 Spatial distributions of the rate of change in topsoil SOC den

sity between 1980 and 2015 derived from the default parameters (a ),

one-batch optimized parameters (b ), and site-by-site optimized parameters ( ¢ )

ME5 5L, A58 SOC %5 B AR A DX 33 Rl W 54t Ak
FESEAR AL i i B a5 SRR /N (& 4b, & 4c ).
24 AESEMRUFTETEENTNSEE

M MIMICS #5&5 F50I0 A% B2 (1) 0 37 B ik 25 Rk B
(£ 3), RABEBBIASEER B RBIR 2E ok,
Hrr, 2000 4EF1 2015 4ERZ SOC % fil il RMSE

43519 0.99 kg'm 2 Fl 1.43 kg -m 2, {LAEMEEE 2000
A 2015 4ER)ZE SOC %5 FE VLI E A2 S PERY 31%F1
3%, R AL AL B 5 A Ak MIMICS BT SRS L
J& ., 2000 4FEH1 2015 4ERJZ SOC %5 FE #ii (1Y) RMSE
MR 2 0.81 kgm 2 Fl 1.25 kgrm ™2, %R FERIA
SHRUA BT 52 22 3 IR T 18.2% 1 12.6%. [
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%3 AESEMRUTET MIMICS AT FEE
Table 3 Prediction accuracy of MIMICS model with different parameter optimization methods
R RMSE/ (kgm?) MAE/ (kg:m?)
A
Year  FRIAS% it BMWA NS e pa JEPa gt HIASHL Ak JEPa st
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

i, AP ALBUSRSEOT T, MIMICS BLAYff
FEMY 2000 4, 2015 432 SOC % B WL IAE A2 Sk
S3EE = B 37%H1 7%, 4K FH 6 s A AL MIMICS
KRR S5, PRI RF BOAL S 0 i 2 80l
2% [8) 43 A5 B8 9K 5 MIMICS A&, 2000 4F 1 2015
AERZ SOC B A RMSE 43k — L2
0.77 kg'm > fil 1.22 kgm 2, 5RFHABRINSEUEA
AH, RMSE 73 B T 22.2% (2000 4E ) F1 14.7%
(2015 4F ), MIMICS B AL fi B 2R 2 SOC %5 B UL
(B8 S U] 5911 2 255 1) 43%( 2000 4F ) FT 13%( 2015
F ), R AT USRS HOT FAE 25 0] 55 oM fig
A B = MIMICS 52 F 3¢ 2 SOC % Ji i 233 Jif A%
K B

3 1 ®

30 REVERGRSHAKHLES

R RS B S T R AR R T R A
B, BRI AL S BRI K A SOC B 25 1 AR
A RE S BUBHU L, S = R B A e v R
FEF L0 FH o A SR A T AR AR E 2 R
T AR AIBHL SOC s 253 Y A AN i 1k 1 BB
MABFR LR, RHBIASEELKS) MIMICS
AL, (U RERS FR L5 X A AT 20 4F (1 1980—2000
iE) BFRIZ SOC HEEHmEH., (HARE R Bk 5
15 4F (2000—2015 4F ) BY5R)Z SOC %5 B BRI B 3,
77 SR FH Atk A R 6] s RO i AL RS B
MIMICS R e 2 e 55 W B4 45 — 20 SoC
AR, B 1980—2015 4E[AHF 5T X 4R H £ )2
SOC # e )aw A (B3, £1),

UEAh, SR LA 35 B Ak MIMICS A5 70 %
ZHU5 ,2000 4EF1 2015 4E3R )z SOC % B2 il Jl] RMSE

I3 EER BN S BUE T R AL 18.2% 1 12.6%,
I MIMICS A5 50 i B¢ 1) 22 )22 SOC %5 B 748 S 1k - 3o i
2] 37%H 7%, 2R WK P A BROL AAR AY BUR 2 8
AR A S TN RE S, O R T
B S H 25 T S B B 25 A ek, X5
Hararuk 25 HIF 5% 45 5 — 250 A AR N 82 80
REZNFEESE, HHEESET BEXE LA RAE XL
R, AR RN b HERRAE 3 3h A 1Y B3 25 1A
SRR TR SOC it 25 Jai A8 TR B 72 A T
ZIM ., e, Ge ZPYHFST A, DALEC ( Data
Assimilation Linked Ecosystem Carbon, DALEC ) &
U v FAE Bk 122 T8 3 ol R 1) 2 0 Sty AN ) T 2L
B2 5. AR REN, 2RSSR
1k MIMICS BRI S4L, JEFIA RF BRI
SHAE 2 8534, 2T AR L3R 3 MIMICS #52
RIS, ATERFFEIX 2000 4 H1 2015 4E3R 2 SOC % &
T RMSE 43 MR 22.2%F1 14.7%, LIS B
BER FHAEAL 3 )5 B A AL S B0 TORS B2 o = ( £ 3),
HIBE AT 0L, BR T AL U S B T AR A , T
2 SRR S B A (E A 2 1) S 5P R afE — A
i MIMICS #E AL T SOC Hif 2 8 745 19 0 152 2% 1)
TIRE
3.2 WEMEREI SOC MR M

JUE R AT S EARA 7 ik RE U A — e R
FRRARBIE X AR R JE SOC %5 I 23 5l 2% 1 Fi
DR, BRI, AR PR R X I R AR F SOC %%
JE o 23 VAR AR AR LA — 2 1 SR BR A

e, RESXSRIESHOTE T MIMICS
R TR FE e, H 2015 4E SOC % FE (1 i
RMSE 134k % 2000 4 SOC # M RMSE
58%. W, SEALILHY MIMICS BRI 5051 K
TG BB 1) 5 BE AR 5 SOC B BE AR SR KK o 3 AT
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fie 5 MIMICS BEAURN 8 58 4 R B N R i 8% SOC 1Y
SRR e, N, Xie SUSBRRREN, A WIE
B2 1980—2000 4F 75 B A% H 3 V-2 fh sk %2
HEAE 0.028 > pH B, il 2000—2015 4F 0 ik
£ 0.035 4~ pH A o H3ERR fhad B 52 + e A P
T, P SZN SOC 43 %, {H MIMICS A&7 K
% 1 1% pH AL AYFE I, [FB , Xie SE0OF I & B,
FERFIO . ARREIE T . LA B 1 ) F A8 Ak 2 5 i
A H 22 SOC ARk EZ AN T fEFFEH S
A Bt AR IE A RT3 B 3R A, kR
P - 398 [ S 200, )R AR Ak D) e A - g
BEALJE M T s V) A K R E B - SR s
PR R L3RRS A R SOC 28 1980—
2000 48] 75 FE B T RRIS D T 5.6% , BRI FILAR
b RS M TR WSS TN T 4.5%, 1 2000—2015
AR 5 B AR T R D T 9.1%, S E RN S
F o M i ROV 0 T 8.7%, RN, HRTHYHAEY)
AR AN R LA B iy A5 Fh ok 2 e - b AR FH 78 Ak i ] 22
S, e DL B 2 A FH AR fE X SOC BB 4 fifk
SRR B, XA RE RSB 2015 4 SOC Titill
B A A B RN 2 —

HWK, AR X 1980 4E ) 1 SOC &4t .
it IE f R RS FF AR . = ORI AR AR Y A e — 2
X322 S EPO Hk, AR X SOC 28 fk i #aR
AW R 22 50, 1980 AFEMFFE X A (VIR )
tr, Bl E . PR IR KRB WAL K
€. B, JBE. R ML W7 RRI) A
s (PHE. PHH . &3n . B, RdE . KT Bk
BALFE ) AR RZTFE SOC % 4k
3.60 kg'm > 1 3.01 kg'm 2, RAEELFHIX SOC % JF
PR, B TR AR K. P, 4
B A B3I B T2 8 SOC (1 REL, #il4n, 2000
SRR, BFSE IR 3R )21 SOC %5 B2 1 i 5]
4.55 kg'm*, TWHFFE X PGS NE] 3.96 kgm 2,
2000 4F J5 B FT IX RS AT 48 B B0 A i AL )P, Sk
FIEE, R W& AT E R AR L, 2R
B A A FE TR A | Sk B O P M 1 AR RS
I, JEFLIRFZE X AR A R BT SR, 2000 4F:
2 Ja = R R0 AR Ak S 300 - S A AR
Al © 2 LAERRIE Y X8 = 9 SOC /KF-, M=
H SOC B, Hlin, 2000—2015 4F, WFFEIX ARH
SOC % B - Xy M 0.72 kgm 2, T PU#RH#BIX. SOC

BEEREIERE /N, H 0.18 kg m™2, U S X M SR
{7k i MIMICS A URS By 25 0] S k%
5, NHRAE T 26T 98 X A H 36)2 SOC sh 75 XI5,
225V 2 R R AT E B, H MIMICS A58 i i
PL4x T ik ERR A A . AR A5 B it A £ R
AAE HARE X SOC shamysgmt 2, Hit, i#F—
AU A: PR T (R 254 N R Rk B v R A
RYTI SOC B} 73 A0k FE BT 18 1 Ay = 2Pk 1 -

AL, MIMICS T A A 18 ok HH B Yk B ke
PE B K Q3N 725 7 BRI - HERR (0 20 i, XX 45
T SOC X3 B ARk i i 1oz {E 5 A5 25, {0 H AT #E X
Sl RUBEE 1 AT 4 9% K U K i T 371 = 9 7 5 40000 114
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