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F IR BRI A F 4, A XGBoost f7 LightGBM 2 #45 42 A LA A 5+ 2000—2023 4 B (b A A& A % L3R F
e RS A, TR AT PERRASRAALERF AT RN ERA>ALER LT EZH AR £,
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Prediction of soil heterotrophic respiration in China’s terrestrial ecosystems
based on gradient boosting machine

ZHANG Jinwen', WANG Wenlong', NIRongyu', ZHANG Binmei', ZENG Aicong', GUO Futao', SU Zhangwen'?

(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China; 2. College of
Petrochemical Technology, Zhangzhou Institute of Technology, Zhangzhou 363000, Fujian, China)

Abstract: [Objective] XGBoost and LightGBM models exhibit differentiated advantages within the gradient
boosting decision tree framework. This study aims to systematically compare the performance differences
between the two in estimating soil heterotrophic respiration (Rh), which will help to explore the potential of
gradient boosting machines in ecosystem carbon flux prediction and promote the optimization of such models in
large-scale carbon cycle simulations. [Method] A database of soil Rh and environmental factors in China’s
terrestrial ecosystems was constructed based on the Global Soil Respiration Database (SRDB). XGBoost and
LightGBM models were used to estimate and compare soil Rh from 2000 to 2023. The spatial pattern and main
influencing factors of soil Rh in China’s terrestrial ecosystems were further investigated. [Result] (1) Both
models demonstrated high predictive accuracy (R* = 0.91 for the test set). XGBoost model showed strong fitting
ability on the training set, while LightGBM model performed better in controlling the error on the test set.
(2) The annual average values of soil Rh estimated by XGBoost and LightGBM models from 2000 to 2023 were
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299.57 and 294.60 g-m7-a’', respectively, with interannual variations of 19.51 and 32.43 grm?*a’,

respectively. (3) The spatial distribution of soil Rh was high in the south and low in the north, mainly influenced
by soil properties and leaf area index. This spatial heterogeneity reflected different responses of soil Rh to
environmental changes. [Conclusion] The gradient boosting machine model demonstrates good adaptability in
the modeling and prediction of large-scale soil Rh. It can effectively capture the spatiotemporal variations of
soil Rh and demonstrate strong predictive ability. [Ch, 4 fig. 3 tab. 33 ref.]

Key words: soil heterotrophic respiration estimation; terrestrial ecosystem; XGBoost model; LightGBM model
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(RF) MR+ 498 S g2 0P b AT A 5, e S 7 B8 42T SR, X SERIFTE AR AR N B A 78 0%
JEIREE T M A B BRI 25 R i i — 25004k, BRI TR R AR I iE— 2B 4 0, AHELZ R, R
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SO TR FE e L R A DG SCHR S 78 L A X A BR - IR FE AT T 2P e, BT T
2022 4E 10 A 9 HE#r, FREUM LN https://github.com/bpbond/srdb/, £E4 TANG % 1 HE %17 ity 45K
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e AU BAL AV E A 2 D7 T o ARl (MAT) FIARFE K (MAP) BB R I T 0% [ 7R A%
FE R 2SR5 HP LAY CRU TS v4.07 #4f (https://crudata.uea.ac.uk/cru/data/hrg) . 125040 4 FE A HORS 40
23 [a] 3 BER . B[] P A R A BR) 2 B 55 SRR AL, BRBHERR L X U SRR R AE . B T B AR
SCHY AT 54580 (DryMonth)!'", 2P 4R 1AM B X 58 S5 32 R sh A A By e B BE T . MR A
T 113K (Elevation) FHE e U8 T rb IR} 27 B 1H 5L I 45 15 8, rh o b 3 25 R 50HE = °F & (http://www.
gscloud.cn)!"™, Bk B2 4 SR HIE B8 I AT SR L 7 AT 5 SRR o A R 2 R i T AR R OB R R T
ERAS FL43HT 7= i (https://cds.climate.copernicus.en)™™, 1ZH G ELA w5 BF 25 o HER AR 22, REWS U
B S B DX SR ) Bl S AR AR o AE RIS B S 98 DX R R BV A5 2 i SR AR, e SRR
R RGeS A R ZS B3 A A% SR s AT SA (RO e - TR RRHG 2505 A 24 AR g o TR RS Koy AR 3R
TR )R SR ZAE I 52 FE S A 77 07, R A A [RIAE DY 2 2O G O RNtk [ 7 08 77 1 s AR R 2
Xof A 1 S FE 0 I R LA B R R AE o S Bk S RS A YR PR AR R 2 (HWSD
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Table 1 Overview of environmental factors

9 f?ﬂ PP ﬁﬁ TR Bty it/ HHERHE A . A LR/
R/K FEki/m W % % % Heht/(cmol-kg ™) (g kg™
FHE 276.24 0.02 58.44  41.07 32.63 22.54 12.89 6.27 11.8
i/ ME 249.67 0 10.00 2.90 5.00 2.10 1.10 0.78 1.1
EEIN:] 296.74 0.14 190.00  89.00 50.00 56.00 32.00 8.40 30.7
LREDR 276.51 0.01 50.00  38.00 36.70 22.00 12.00 6.50 113
s AR 271.21 0 11.00  29.00 24.00 20.00 8.55 5.10 7.4
A A 284.73 0.04 70.00  44.00 41.16 25.00 17.00 7.30 14.6
5 +HEEA TR MES RIERE BRIy — AEIRAERE AR R B
(kg A ki #EEmo o 4IEH (%-kg™h RS =y QR TR AT =3
M 14.1 11.48 0.53 -0.01 21.84 136.2 790.23 1.62 2.01
i/ MHE 22 9.00 0.15 -0.02 8.07 52.7 4.00 0.20 0
RKAE 38.9 18.00 0.89 0 38.24 362.5 3780.00 3.43 491
LRTIA i 14.0 11.00 0.53 -0.01 20.84 122.8 437.00 1.48 2.00
LG E e 11.3 10.00 0.46 0 16.29 96.6 154.00 1.05 0.73
LR R 15.4 13.00 0.59 -0.01 28.66 16 300.5 1329.00 2.10 2.73

Ui AR ERROKE . DIERARE . DIEBRA L . DR . IR T AN ARG 0 BER N 0.50°, AE Y
FIR UG R 0.05°, &WbH . Bib . Btk BIEBIR T AR . R pH. I HUBRAGELG 2R 250 m, t
B KRR JRUG 0 B 0.25°, IRk U B RYJRUG 0 B0 1 km, TR ARG 0 B0 30 m, AR5 IR 1 i TR AR
B, AR O AR RS B SR BER O 0,083,

1.3 #iEabiE

ARG I T AR A HENT IR PR 07 1 1 467 AWM A5, FFARHE BN AT ARy, T ArcGIS
10.8 Wiy “ ZEFRINE 07 SRS 2% 1 rA (MR AR A, A B DX A S R I e A TR
TRAGE, T @B b T A AR R Y 4 8 5 R P W b Rcdls , (] “ B0t AR5 T 10 kmx10
km B R DX B RS 58 (29 14 TASMIRS ERT), IR “ DLRIS R X Seit ", 3R 1 i i As i
& BE S ER A A RS BRI, TR A 3R SR U B P2 A5 ST i B DU AL A5 G AR B, A5
358 S R T WA A AR A
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2.1 BRERFN

BB EE R B — R R AR S, BB A I 2R 25527 2 28 DA TR 1 F0PE s . A
PR B $2 B (XGBoost) Flli% i 246 FE 42 FHHL (LightGBM) S 46 242 ML 2 A BA AR L S nd i |
SEAE T By ) o3 2L 0 R e B PR i BE R RE 7, AR T T ECR AT R B PR
AWFFEPE XGBoost Fll Light GBM AR T 4] g - 18 57 57 WP (g TR AR 7R

XGBoost it £ TN i A g 2B A i AR, Sk AU X B —Je i sk 22 04T 405, AT
AP FNE 5 LS Z (B iR 25, SETEE B AR (0 SRS B0, teAh, AL | AT IE AL LA
TR AT R, I i 1 5 U R AORS A R 2 R IE 3 R RO I e B SRR 28, s — DR THE Al
,l»éE ﬁg [24-25] R

LightGBM #& T H 5 KI5 (histogram) T 4% fe 4324, JF 38 o 580 2 RAE L (GOSS) FIH %
FRIEZEE L (EFB) SR BRI ZR2% ) i B8 P A A AR B i 07, X BB AT fiff LightGBM H 451l
SR AN R0, AT A5 A 3 v A s RN RS 4

ARWFFE R R 4.4.1 5P “xgboost” 43F1 “lightgbm” 403K 52 XGBoost I LightGBM A5 % ) 1)
., A xgb.cv BREL. 1gb.cv FR%LS rBayesianOptimization {4 #E 1738 UG HE A DL -6 4k, DLy
RIZHL
22 EENEESIGE

ABEFER I E R B (R, #7718 2% (MSE). ¥IT7RIR2E (RMSE), “FEIZEX 1R 2 (MAE) ! Flgk
A5 B A HEN] (AIC) XA L5 45 RSEATIEAL . Do REU ML T BB BE 48 S i fie R e ), HYE
BN 0~1, (BT 1, RaRBRIELE RBORMRGE; Y07 1R 25 F T IPA AL 0 25 3R 5 S PR 2 R 22 a] Y
SERPE DT 25, (BN, RUTERI R 28N WO iRIR 2 R IR E N R, il TR
PO 45 SR 5 S PR AR 2 1) () O 22 PR T 5 1 349 48 X 15 2 T T 8 e A5 18 9000 (5 S o 1 2 ) P - 22 4 0k 2 S
HBE B/, SR AR Y SRR FE B 5 AR s B N 25 8 T B B S AR AR RE T IPAN A
RUARX i, (EER/DN, ARG . XGBoost 1 LightGBM 57 [ T IRS 55 A 23 52 B RE A B A5 K
N S S 200 (2 SR 2 S AR A i O Y (AT RT e 23 1 B FOLA ARG I S R A (R R, A
PRSI AR PR A TR B2, i 80% %48 T4k 4E, 20% FH T A i) 4307 =X, Jfadad 5 bl
BRI o3 A AN TN R AR, IR S BRIz AR JT o eAh, SRR - 498 S 5 P R 5 i) i 25 1) A5
AT, AFFRIET UL LightGBM Fil XGBoost #5271, 43513 i 1gb.importance F1 xgb.importance PE%{
AR F SR, AR R O e R 15

4z AL XGBoost Fl LightGBM & Fl Hh [ il i AF 25 2R 8 1 e 59 3R R O7 IR PERE , ASBIFSE 1B
T TANG 4%, HE & ok g 400 3 I HATACFRME B9 A MR 31 o 3 BB A 57 9 531 R FH B L AR AR
FUESR G Ik A B R IR 0P, S5 2 PR X ek, Hirp, TANG %5 fil HE 517 i 508 LA %
KIZIEATE SCRERHAL T 282, sRAAEDY B9 N AR TE LA SCR R o i Xy e ARWEoE 5 iR iF5E
MIZER, AT S5 Uk Fr Al A AU A A 50, 3 REHR 7R AN [F] 7 VA TERAE 8 S SR P 25 S A T T 1 25 5

3 RGN

3.1 HEEBESERIEMR

F2HRT SR ILE STMEER . NIIZERT, XGBoost Fl LightGBM HIRI ) P &
B 0.9, R RIFAIGRET) . MIE IRZETEIR FUT7IRZEN 8 602.76~10 833.86 g-m >, V34
XFiR 22N 52.86~64.54 gem 2, HITARIRIEH 92.75~104.09 gem?) ML, 1H XGBoost 5K Y 75 b {5 &
HEMEREAR , RBLXN MBI ERE I B gs . SR, EMNASE [, LightGBM FAIHE bR 20T
XGBoost 5 8, g REAN R FFAE 0.8 DL b, P46 X5 12 2% O 80.74~108.18 g-m >, ¥ iR %N
5467.00~30 514.14 g-m2, B HIRZE N 124.37~167.75 g-m 2, FRithfs BRAEN K 1 138.18~1 176.23 .,

Sy A PG AR 2 A X RIPERE A s, AR SY LA 18 N IREE R TN SRR, A AR N 1~18 43
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% 2 XGBoost #1 Light GBM #& B 5 HFERIUES R
Table 2  Fitting results of XGBoost and LightGBM models for five sample groups
AL A2

ESUROE S S 5 B PR e RbfEE B B PSR e AREE
RE/(gem?) ®E/(g'm?) WE(gem?) R wHEN  RE/(gem?) RE(grm?D) WE(g-m?) BRI EEN

g LightGBM 10 833.86 104.09 64.54 090 4483.09 10617.39 103.04 63.96 090 4471.22
VUER
XGBoost  9467.11 97.30 57.48 091 444799 10707.57 103.48 65.29 0.90 4467.09
i LightGBM 17 668.85 132.92 96.37 0.83 1148.12 15467.00 124.37 96.31 0.88 113991
P 1
XGBoost 17 070.74 130.66 94.23 0.84 1149.85 15768.83 125.57 97.12 0.87 1142.06
HAR3 HeA4

B ¥y PP N R RefsE By B Pt deE RfEa
B2/(grm?) B2 (grm?) BE(gm?) AR RN iR2EA(gm?) (g m?) RE(g m?) REC HHEN

1t LightGBM 8 602.76 92.75 55.33 091 440546  9321.87 96.55 57.19 0.92 443645
VIR XGBoost  9321.09 96.55 59.88 091 442338 8715.14 93.35 53.65 0.92 4418.05
o LightGBM 28 140.85  167.75 108.18 0.82 117028 1664490  129.02 98.81 0.85 1150.71
P
XGBoost 30514.14  174.68 110.16 0.80 117623 17520.18  132.36 100.95 0.85 1156.04
BEARS

LECSSE S S ¥y BT Pt R RfEA
REN(g-m?) RE/N(g-m?) REN(g-m?) RE =AEN

JZite LightGBM 8 737.64 93.48 52.86 0.92 4428.41
PR XGBoost 8 841.29 94.03 53.37 0.92 4429.43
. LightGBM 15611.71 124.95 80.74 0.86 1139.56
Wikt C

XGBoost 15741.19 125.46 81.21 0.86 1138.18
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Figure 1 Flowchart for key influential factors
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LightGBM #7I ({) e 5 A0 0.88, £ R4, {H XGBoost FHEIBE L T Light GBM KEHL | P34 4 % 15
0 72.09 gem”, HJriRZEHR 1309328 gem . MHHLZ T, LightGBM £ 7 75 I3 4 v i) 22 B0 58 h
f, HoeE ZEGK 091, FILaxtiR2E N 68.64 gom™2, K JiR% K 838833 g-m >, HJHHRIRE N 91.59
m”’, JRHEEEENCY 108735, L6k E, E LR FRIFRAGE . LightGBM #2448 i Firl)
R WAL T XGBoost £ 8Y, 1] XGBoost # B FE Y 2 4E H A7z AL BE 1 77 T e 0 s 42

x3 FAXBEMETASHITERENER

Table 3 Results from modeling with key influential factor combinations

BT e B iR B AR PR i Yo A Rt R
PZitE LightGBM 13241.05 115.07 73.06 0.88 4568.84
VLESS
XGBoost 13093.28 114.43 72.09 0.88 4564.34
N LightGBM 8388.33 91.59 68.64 0.91 1087.35
Wit &
XGBoost 8768.15 93.64 70.10 0.91 1091.89

3.2 HEEFNER

M R R W R T 25 R R (] 2): RS TR X 8k SR IR KA R 22 . Hi, 4R
LW . ) ARSERMEGE ESR IRT RO R R X S DR A LT R TR R, R RE SRR
MR B SRS N AR e A G PO SRR VLSRR BRI, I R SRR K AR
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RO R ) R SR AR KT, AT e S R R AR A R G K o SR AR G
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Figure 2 Spatial distribution of soil heterotrophic respiration
N T BT RIS e T IR 5, AHFFEXT 2000—2023 4F 2 FvRe 8 T it AS ] £ 3t 1) 25
B (BFHb . ARAK . ML Wb IRTT R FLA) A b IR W A A T — 20 A (K 3). S5 AR
2 iR IR A AN [R)AF B 2 R0 194 - 4 19 000 (L AR A mmﬁfe%§ﬁ0ﬁ¢,$ﬂ%¥wﬁWﬁ%
7, XGBoost Fl LightGBM #1735l &y 607.39 1 548.78 g-m2-a'; 15 M it - 44 T3 I {8 £ /& , XGBoost
5j LightGBM #4351 2y 528.47 Fl 514.18 g-m 2™ BUAh, 2 Rl AT i) 5 K T 24 H B 76 o b 0 7
AR, S5 /I T 0 D0 4 o 7R T M IR T X . BAOR R, XGBoost 155 7 7 b X I 1 T % =

LightGBM #1171 75 35 s AL T DX DU AH X 45841

AHE 5T 38 1 X AT S AR T 2000—2023 A 4 [ 4 8 R SR I A AR PR AR AL B, A T XGBoost .,
LightGBM . FfiHLFEMK (TANG %51 Fil HE 450 DK [m] IS A5 (5 g 45 00 B A 345 51 (181 4). TANG 45
[ BEHL AR S S 2 . 439 B FE IR IR AE 2008 1 2016 4543 13k 510 1 (348.80 1 356.71 gm>+a™"),
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