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Nonlinear effects of forest landscape patterns on carbon storage and their
driving factors in Hunan Province

Feng Yixing', Dai Meigi', Chen Yuanyuan®, Luo Fen'

(1. School of National Park and Tourism, Central South University of Forestry & Technology, Changsha 410004, Hunan, China;
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Abstract: [Objective] To explore and evaluate the nonlinear response relationship and driving mechanisms between forest landscape
patterns and carbon storage in Hunan Province, and to optimize forest management and enhance regional carbon sequestration capacity.

[Method] Based on land use data from 2000 to 2020 in Hunan Province, forest landscape patterns were assessed using the Fragstats
and moving window method. The Invest model was used to evaluate the spatiotemporal variation characteristics of carbon storage.
On this basis, the random forest machine learning method was applied to clarify the nonlinear impact of forest landscape patterns on
regional carbon storage. Finally, the XGBoost-SHAP model was employed to analyze the driving intensity of natural and socio-economic
factors on carbon storage. [Result] 1) From 2000 to 2020, forest patch density in Hunan Province increased from 1.2 to 1.4, while the
interspersion and juxtaposition index increased from 55.7 to 59.5. This indicates intensified forest landscape fragmentation and more
pronounced spatial interspersion among different landscape types; 2) The total carbon storage in Hunan Province decreased from 2.097
billion tons to 2.086 billion tonnes, with the spatial distribution of carbon storage being extremely uneven, concentrated mainly in the
southern and western regions of Hunan. The total carbon storage in the Changsha-Zhuzhou-Xiangtan urban agglomeration continued to
decline; 3) Shannon’s diversity index, patch density, and contagion index positive correlations with total carbon, aboveground, and soil
carbon storage; 4) GDP, temperature, and population density are the main factors driving the changes in unit carbon storage, with GDP
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having the most significant positive driving effect (SHAP = 0.61). [ Conclusion] This study emphasizes that optimizing forest landscape

structure and increasing economic investment can sustainably enhance regional carbon storage capacity. The findings provide a scientific

basis for understanding the dynamic relationship between forest landscape pattern evolution and carbon storage, as well as for forest

management practices.

Keywords: Hunan Province; forest landscape pattern; carbon storage; machine learning; driving factors
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Fig. 1 Evolution of land use patterns in Hunan Province from 2000 to 2020
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190

Bk

B, S R AR SO R X B i i 1 e s e A LR B R 3 A3 A

o508 W

% TSI Pixel frequency

% TSI Pixel frequency

% TSI Pixel frequency

% TSI Pixel frequency

250 000} f1#3 . A
5’ 150 000
Q
200 000 =S
&
150 000F . E 100 000~
[\ ~ N\
100 000f [\ D A\
1\ o 50000- [\
50 000 [\ 8 AR
/ \
o | |\\ ! ! I I ! ol | N I I 1 I 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
BAr T AR i B BAr T AR i B
Carbon storage per unit area /(t-hm™) Carbon storage per unit area /(t-hm™)
A oAbk
500 000 = 300 000
5 /\
250 000 /
400 000} n s [\
[\ & 200 000 [\
300 000F [\ 3 / \
[\ £ 150 000 / \
200 000 [ £ L \
[\ i 100000 / \
100 000 2 s0000- |/ \
/ \ e A N\
(4] =1 L Z 1 L 1 1 1 1 1 1 0 L), 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 20
BAr T AR i B BAr T AR i B
Carbon storage per unit area /(t-hm™) Carbon storage per unit area /(t-hm™)
b b ARG E Mo AR R TIEBLRGEE FET AR GEE
5 2000 FARERM LB B ERKEIEEE
Fig. 5 Mean carbon per unit area of different forest types in 2000
kit Gk
250 000
g
200 000} § 1500001
I g
" =
150 0001 I 3 100 000
[ £ M
100 000 ‘J | # ! w“
I £ 50000} |
50 0001 [ I I
0 1 1 1 / “\ 1 1 1 1 1 O 1 1 I/’ \l 1 1 1 1 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
BAr T AR i B BAr T AR i B
Carbon storage per unit area /(t-hm2) Carbon storage per unit area /(t-hm2)
HEAHK N Stk
500 000 - g
% 400 000F
400 000 |- f 2
[ “ 'E 300 000
300 000 |- I £
[ # 200 000
200 000 |- [ B
| 1
100 000 - [ & 100000
0 1 1 1 /“‘ “\I 1 1 1 1 1 0 1 1 L | 1 1 1 1 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
BAr T AR i B BAr T AR i B
Carbon storage per unit area /(t-hm2) Carbon storage per unit area /(t-hm2)
b | ARG Mo AR R TIEBLRGEE FET AR GEE

6 2020 FARREFARMIEH BRI R RGEEIE
Fig. 6 Mean carbon per unit area of different forest types in 2020



%46 & A2 S A s AN e O 191

1%%%%& RS N B, TR T B ik i = U A BT

SHDI | 100 . BT XU SRR Z FE . WA, &

CONTAG | v | 1 Y e R R TR, BT SR ALY
I v e SR e MR, AR TR B

. 2 CONTAG MU Rl Hh b HF 554 5
o - 0 MR AR 2R TS, (LSBT BB i
e il 02 BUT B o X —BLRERVFTTARRES9: PR3 S5
ca o | o | 1 s BORERER, EERGETEER, HEEH
o e 06 ARG, BUEMNBRRBEZND: RN,
05 RARMBEHEA FIT A A RS R R S

CH A s e o 10 BERREN, REUBIRMHRE B 1, HETT Rk
- PD 550 4% Bk e 20 0L T BB B T A 2

S W, 2 PD SR, b Hb R e

*,wE | RRR SRRISERIE 0,05, 0.01 F0.001 ACE R, fEEPEZE PD &g, (HAEAS—E RE G
e SEHE T W, VS 3 105 R 1 T
5;7 ﬁ@fﬁfﬂfiﬂ;@fffﬁff}i;ffflﬁﬁﬁﬁ 92, T S5 UL B TAE A 350 3 T A 11 55 2 M P T
: TERE ST, BE TRk B ) 5 WA [ p i S K,

patterns and different types of carbon stocks
% PD BT S e N RSN, X T B S AL
NI IRFARMSIE R IRBOT AT 95 5 FRBIET . RN K 4 i RS L
SO, AHT TN BB R R T SO SRR 56 D, % 4 Sk U T R R g B %, A DG L
O 2 AL AR A I LB W 8 O, o {7 7 4 S e R R S KA B B
Wi SHDT (TG, Mo by SR UASCHSRRAIIRE Aok, S0 BRE A 2 A o o PR 30 20 0

o o 0.025F L P
T 5 o0 TE ' 020 g~ 000 AV
e € 020fF 5T 3 /"

B 008 Bs £E LI s‘
g E 3 S 015 =g
s} = 3 /
25 = 4 0015 == g3
2E 006 2E 23 28
g i £ 0005 |
i W5 ook .S o0k 2 E
E & oo gl EE B3 /
5t 5t %g Blowl
] - =2 0005 ksl =i
5 2 00 o % £ & 005F ﬁ&“ )
A2 L2 e 52005 S
ECI ®g or H % -
o 1 1 1 1 1 < 1 1 1 1 1 0 =l 1 1 1 1 J 1 1 1 1 1
0 05 10 15 20 0 05 10 15 20 0 05 10 15 20 0 05 10 15 20
Shannon’s % £ 45 % SHDI Shannon’s 4 £ & SHDI Shannon’s# #f {448 ¥ SHDI Shannon’s 4 £ & SHDI
010 o ) 0.005 -
TE TE 0.20 - £
R £ .2 0020 EE g
ZC L 2 S': 018t =5
&5 008 s £ 8 2: ol
b8 : £y | <
z: E 2 oush =5 016 23
=g 006 &g n}@ 2 014 1 2 0005}
i g i 32 B g
B omb a2 00101 EE onf £
xg O = *ﬁ g B S-0010
g & g &g oo S
B = 002 & 7 0.005 ® 2 ool 1 E
HE g 5e S %0015
AT 2E L 006 |
i 1 1 1 1 153 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
BILEF CONTAG BILEF CONTAG BILEF CONTAG BILEF CONTAG

o - E 002 0.03
k=] [~
gE 0051 | %\:j 001k o 01 CEN
= | BT 25 tE omp
£3 o | £ of B2 O o
) | \ -1 = = ER
55 / M /S &8 01} ol
< 5005 \/ % -0.01 n}@ g mﬂzj 001 F
" EE Hs 0} 3 E
gl || & 002k E £

©-0.10 B # o g
fé g &5 & & 03 & oF
= 2 - L o a5
m%—o.ls—/ fﬁﬁ 0.03 T8 4,0 A 2
g 2 ook & 2 22 oo}

£ 2L 004 e g
HE-020 g -05} /

[+ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 02 0.4 0.6 0 02 0.4 0.6 0 02 0.4 0.6 0 02 0.4 0.6
PEHREE PD BEREE PD BEREE PD BEREE PD

B8 SAIEEX & A B BLIRLAE B AILPRB 554

Fig. 8 Analysis of the marginal utility of landscape patterns on carbon storage per unit area for different land cover types
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