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ERAETME IRr AL, )2 F T il 2= R 25 40 A A S A
B FC o TIN5 - R o] FH 28 e 6o Tl i 8 140 35 i 6 £ 7 A=
BT REAEEZ . Hil, HEE. WANG 7,
e AP Ml AP Ay 5 2P 4y B Bk SD-
PLUS £, MCE-CA-Markov %, CLUE-S %!, FLUS
BT ANN-CA HE BT AS [5] b X A RAS [R5 5 F L
FIHARAL . SIX SRR L, BEBR S 4 B o) A 7Y
(Patch-level Land Use Simulation Model, PLUS) 1131
FEREFTA R R R R 98 77 77 T 2 UL LR L0 1) B AR
By B, W B ORI AR AN R SR B i B ) AR A .
PLUS #8548 8 it H i & 7347 5% (Land Expansion
Analysis Strategy, LEAS) 5 A 2L 2 Fp -t A FH HI
A, RN B L R AR 5 IR sSh AL, W]
DA BE AR iy 1t S Bl 2R SR IR SR 5 R R R FH AR A AR S R
GRS IR, B0E F 1 0% A B4 R R S SRR
RGBT 2 B 7R R PLUS AR Y B -3 7 5547 B X
IREE, AR — Se KR R A 2 DX RN AR 25 WU X 3k (R T A
M AR XD o 5 RIS, 2T R FH AR 4 A FE 1)
ok A 52 P 8 T 4031 1) T o A SRk it B AT 24 B,
X T it 5 SR B ) 43 B A AT A M L R R FH A A A B2
Wk, s BRSHSZTH X T ks =2 .
DAL, A SR e i 2 DX S ATL ) (%) BF 9 P 75 28 R L i R
AR AL 5 B SRR 2 2 55 R 7 I P [R5

R X B T ARSI X R STEmE, 1% XN
B 5 AR AE 2 [A)_EAgf oA, W) EAHEES, £H
SRINF AN AT F 55 A 178 K 1 A S UK 55 (X B0
KPEZWe AR XA T ARACE G HAT, % XA 2
e ] e i 2 P B SEE X3, (] A v ] R AR A
Ridh, HinEAESRP 525 KREIXERkS . LR
TP 55K 22 o BEAN TR 22U b IX /K YR At 25 0 A 15 ot 5 i 55
IhRE B AS TP 7 AR SGH 700, (BB 5 RN 2 Id ok
PRAZ i DX i i = B 5 AR AL RRAIE A 3K B0 77 AL ZR A
B, ASSCEE AT 1990—2020 5 7] 1% X 48 ) - 3o ) A0
it B EAE, 46 BAREEMANHE R, 5T
AN TR B B PR X0 Bl s B 2 B ) 0 e ME R A RE RE 0 ORI
I PLUS #ERY TN 2030 HE A [F] A J A7 5t T HOBR it B 224K
B, DLAZ XS AR R A AR DL S 3L
T H B 10 2] i A AR 22 AR A
1 BBSERE
1.1 REXER

KPR X (46°~52°N, 121°~128°E) fif
T E RN kAR (D, FEAS T EE
TLAWBILT . 55 ia/R T E hi/RZEX . HEE . kit
B BEERE T, R XA S B R X AR
DURTIRIZRTE. TR T, FLdmm . M BALkRE.

2% DX 3R R ] AR I g g R PR AT A DY, R TR AR
£)87.33 hm®. %X @I KFEFRARX, XFHES
T, EFERERE, FFHWRIER15C, FFYE
IK &N 360~560 mm. 3 EAE 4 Y AL HE DL 22 I AL

Fefha. A mi2%; ILHESSERR, HATEE AR,
R 113~1706 m; T IELIMIE - 5 0 o 3.
T IX AR 255K 38.4%, RAEYFEFIE A 51.4 77 hm?,
Mol 540k BRIk .
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Fig.1 Schematic map of study area

1.2 HUERIERTIE

AL K VBRI AR BORIE WL 1. X E s
P A AR 1) SRERAZ AT LR IE . SRR
By, BRI A, BRSBTS AR RO
WGS1984 UTM 50N, FELREFHFEIRATIIS 5K 2) A
T EXAS A ) 4y S AN B A B AR TR R B AR ROR, it
177 2 UGRE AN S B IR 1)~ R BT A S R R
SRR 60 mx60 mo

x1 BEER

Table 1 Data information

Data type Data name Data sources
bR A b B AR Al Earth
Land-use data (1990—2020)  (https://engine-aiearth.aliyun.com/)
DEM
W HhRHE R IR FR S A A
R T iégﬂ (https://www.resdc.cn)
Natoral factor sy TR BRI
i i’/J 5;}‘7J< (https://www.resdc.cn)
o (1990—2020 4F)
Sl 2 VR B B 2
¥ GDP (https://www.res cfcn)
(1990—2020 )
P pe i A B B
B AL A
HERTRET EEEEE;F Ef‘ig?%% OpenStreetMap
Socioeconomic factor N = Chttps://www.openstreetmap.org/)
SRR TSR ArcGIS BRUER 3 43#r
PR PR PR 5 =
PR 7K I8 25
P K B B
%% NPP-VIIR 4T Al Earth
HeEE (https://engine-aiearth.aliyun.com/)
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1.3 #ARGE
1.3.1  E3bA) A BALHHT

AL FH 1 R R 7% B SR FEIX 1990—2020
A SR AL SRR, Fera . B i AR R B N T
FRABT8 23 Hr He A R FH IS 25 AR A A AL
132 BAitESfH

ASCiZH InVEST 8 1 [ Carbon AR THE T #F 52
X & Fp mmiE s, Hootr 7 HM S BRRE. H Ak
HESHOEN I RE Y, I A% A ik
LT, RAWEEEEARM #17BIE. HEE5
WX A L HOR SRR E R (R 2).

*2 MRXELHFALBKREE

Table 2 Carbon density by land use type in Hohhot t-hm >

h A1) FH 2 70

Fitviiston Came  Cotm Cas Coud
Bt Cropland 3.94 27.43 104.15 0
A Forestland 64.42 39.41 152.58 0
4 Grassland 12.01 29.41 96.53 0
7Kk Waterbody 1.21 0 0 0
#4th Bare land 4.62 0 20.78 0
ANiE7KIH Urban 428 9.35 0 0

i Wetland 13.66 6.49 181.94 0

H: Copover Cretows Cuoin Cueaa M BRI LAEHERREE . M0 FAEBEBREE . L3EH
BB P AN BE A WU PR 2

Note: Cypoves Crelow represent carbon density of above and below ground vegetation
carbon pools, while C;, Cy..q represent carbon density of soil and dead organic
carbon pools, respectively.

1.3.3  JLF PLUS A2A! 44 B4k = T

1D SEm R FEE . AW FEARYE BT AN 2256 St A X A
KMRIBUR, KRB 73 N B R R A = R =TT
W, AR KR, ERE. . RS
GDP{H. A, PREIEREEE R, FEERESIE 25 AR i BE 25
1By R AR AL B SR BN R

2) FEFERGAE. A PLUS #LAIELT 1990 £, 2000
SEFN 2010 4F [ - 30 FH E0HE X 2020 4F bR AR G0 2
ATTI,  FEXT 285 R AT A FERT S o

3) ZHERRE. RIERKMNZIERIP S KRR,
AW AARIEK. AESRY . FE ORI A T K R 4
FOASE R S, K38 1990—2020 4 1R R AR,
454G PLUS B DL 10 a J 2B KT 2030 K 2% 220 1) +-
A R HRKEE S EEEARNBOE TR,
TR R B YT E SRR, AXHE AT L A e B
e PR B, IS FE N T IS TE AR IR R R 4 5T R 3
Jita B LT, R R kg R SR AR,
Tl 15 BRI BB IEAL SRR R . AR SR P IS B AR BURE
X, AR ERES RS, b AESHH (o
i, BEHRES) ARSI (WORIEKE . BEHE) #1k,
HL il AR ) L M A O RS . B 2 i R
HlAE A L T R F ek, RIAES RERITIEE. i
TRy 1 SR B R AR BB L, SR P Pl

il R Crg % A s D =, B
B R ). FEHEST, PRSI R AER R AL,
FHTIRBIIR Y 5K A2 B, R VRS o JE R S
B 3T R R SO @ S R IR T R A A
VM, T I . RO B DL M AR R )
TE W REMETIRT, Uk avrHm2E A n i
Cansth . B EE) [ & F sl i I A% AL, SR
WX EY K. BEZERT, ASHMEZH—E
FEREROBRE, AR R EA e 4= 5 AE A Th g,

4) RNEE =T R TS 2T 2030 EAFHE
NP HOR AR R, T R T X B i T
134 BAEZIRZHE F 547

AHIE TR FH b BRI 25 Hp 7 PR PR AN 22 HLAE R
U R 7 2 U 9 DX i 1) 2 T 4 S e % BIK B
IR 7% B A U8,

D TR 70038 a7 BRI R AR & Y (125 (8] 4y
S DR R IR 7 XY 25 8] 43 S AR R 0 B

2) R EAEFERM . 22 FAE FH 2 i i b s e R
T X M X, SRR Y g (X)) q (X)) SHLHE
HEI qXiNXy) Ko, SRVHAE X, F1 X, St R B 2 15
SRk 55 X R R Y IR

2 HBREZH

2.1 1990—2020 FixfifE RS TIEHE
2,11 ExA AR A

KM W R X A 7 Fh 28 R (B 2),
Horp FEMSONHE S . B A 2020 45, F A
i EE A 51.4% A1 38.4%. 1990—2020 4, HF A X H
MR A B N %2, A 5175.74 km?, MM %,
N 34825 km?®, JuILRAERT T X ALHE 1 BT T T
DL P9 22 iy VA X B 0K FLIE B R R IR TR AR AL 35 P
o fEStiE], HAb SR Ak AR AR AR E K T H T
R TN, M 5 9 0 T AR A Ak T IR

I 1990—2020 4F L bR H AR AR FE AT A1 (& 3D,
W FC X R S B A R B s, B 7 BF RS Akt 2
Ah, EH AR AR B

1) 1990—2020 K M 22 W AR AR A2 4 X % HE 220y
B, 1K 97.51%, FEF L, AR, 3
AN P TR B %, IR H R TR 59.8%:
FLR sy FAR R A SR 3R OK B MR IR
K KA (31.09%). Mt (17.38%). ANiE/KIH (13.4%),
HEb L =g, WA 11.74%, FEE YT, bR
Je ANiE KT . 2) 1990—2020 EHF 55 [X % F i 28 A ) 4%
NBARH &, 18 75%, FURCONKARRURZE /KT itk
AL, 1990—2020 A 7T X & F Hb S8 24 i AR AL BB o i
BRI BE . AR DL R Bt . FErhobkath 5 5 4 o B
MAREZ, 73914 5836.47 5 3759.01 km?.
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Fig.2 Spatial distribution map of land use changes from 1990 to 2020
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| ™ ) B TR (B4
MBS 2 AT Y, 2R RS A X AR 5 Bkt
A B R R R IX IO A B AL B o R, L
1990—2020 4 JH (A1 7t X B fifs B S Ak b o Horpr, 5T
DX G5B an e T T DA S B 0K BLIA B R R VA T B i
BEWD, ALK RIS FRFES; Ml T,

19904F
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Fig.3 Land use transition matrix from 1990 to 2020 Ffash, b7 6.08x107t (£ 3).
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Fig.4 Spatial distribution and difference map of carbon storage from 1990 to 2020

=3 19902020 B HoF| B AR 2 BEHLIE N T 7.01x10"th it i, o5 S R 96.29%,
Table 3 Carbon storage of different land use types from 1990 to MM B kD B2, N 8.93x107t, (S ERfiE BB ER
2020 t o 79.03%, HIKEHEAD T 3.89x107t. RIfH &R /N K
f:i*ﬂifﬁ 1990 4 200045 20104 2020 4F b SRR, SE e A B E A AT DO DX IR AR AR
HHih Cropland 538x10°  6.02x10°  5.94x10°  6.08x10° AL
#i Forestland 9.50x10® 8.63x10° 8.51x10° 8.61x10° P
%t Grassland 1.25x10° 1.06x10° 1.12x10* 8.64x10’ 22 WAEEWENIN
KK Waterbody ~ 5.33x10°  437x10°  9.44x10*  9.49x10° 221 3B FIEN 5
¥4 Bare land 6.65x10" 3.88x10" 7.28x10" 1.01x10° s < STl 4 — 1 2 = =
Bt R U T UG AR R T R RO
Wit Wetland  437x10°  7.27x10°  343x10°  222x10° M FESE, 1990—2020 = HAME, 9 ALK K7 X ik g 12 =

St Total 1.62x10° 1.57x10° 1.56x10° 1.56x10° )48 Sk AR SR : DEM (0.640). AT (0.596).
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YW (0.542) . GDP (0.492). +3E (0316) . 1
WA 02710« FHFEK (0.182) « Hfa (0.037) .
Wt (0.011). Hrf DEM. A, 3% f GDP X i fi
8- 2L 5 NIRRT S
222 BFREAERIEN >

THFM S R DR (E S5, ARE KR E R A
ER XA A BRRAER, B BRI e+
BRI, 3R B2 IR X ik i R PR RE AN R AT
T2 AR L R FEAH W FE ). 3k RO
BEAT H AN oM ON 0.74, HJE DEM ML %
5 LA K DEM FI3 B (1 22 BN 355 0.70, 3R B 7EIX L
DRI 2% PRI IBG 25 11 F G ik i 2 110 2 i Sk 25 16 0

qftiq value
Tmp 0.7
GDP £0.60
‘ 0.6
PoP
0.5
Pre
Soil +0.45 0.57 0.63 0.43 0.4
Aspectr0.29 0.51 0.60 0.21 0.33 03
Slope FOI67 505 61 0.59 0.55

DEM

NL

$ N > ® N2
&@Q OQ {° Ra e yv%Q@ %\QQ Q@ S
JE: DEM: fifE; Pop: AHI#EE; Slope: #(ff; GDP: £/ & fH; Soil:
THERAY; Tmp: F3SUE; Pre: F¥IFEK: Aspect: H{Ial; NL: BOBEHE.
Note: DEM: Elevation; Pop: Population density; Slope: the Slope; GDP: Gross
domestic product; Soil: Type of soil; Tmp: Average annual temperature; Pre:
Average annual precipitation; Aspect: Alope aspect; NL: Luminous data.

BS5 REZFKMNERHA
Fig.5 Interactive detection result
2.3 2030 FARERREETEIEE
2.3.1 2030 FARF) o A R B
T 1990 4. 2000 4E A1 2010 4 F) -+ Hu R A $ 4k
i PLUS BERL TR 2020 4F - HuF AR 5L, Kappa R %X
N0.821, AL R A SCHEFLE K . 2030 FEAFTE 5 T
AFF 50 X b R R T 25 SRAR I T A () 4 O St - i )
M (R 4),
F4 2030 EAEER (BRER. #RP. £5KEP.
WHAR) HRXEHEER
Table 4 Area of different land classes under various scenarios of
natural development(ND), cultivated land protection(CP),

ecological protection(EP), urban development(ND) in 2030 km?
R IR

Land-use type ND cp EP upb
#Fh Cropland 44532.68  45011.73 4447878  44481.82
M Forestland 3381242 33231.64 3381242 3381242
i Grassland 6435.49 6536.83 6486.01 6432.55
7Kg, Waterbody 782.29 78225 784.24 782.31
#i4h Bare land 39.75 39.75 39.72 39.74
ANiZ KT Urban 1715.68 1716.12 1717.32 1769.49

2 Wetland 10.99 10.99 10.82 10.99

TEERR BTG RCT , 12 AMRACEE DX AR R T A48 o
P A, BARR: BFFCIXAE 2030 AEHHL AR Tt
EL 2020 43k /b 356.57 km?®, MR T B T EL 2020 4E 3
N 240.92 km?, 4% Al S AR A 5 W IR R itk
AR ERH AR Y E SR, BF 70 XA b T AR 0 238
s T bR b AR R D, BN B A Y 1
122.48 km?, IR 339.86 km?®, 4z 2R A AR
e B 5ORE K A L BN R RS 5
T, HFFCIX A b P O A T R A AR AS A I
4P, X PN S IALE 2020 ) 2030 4 [AE R %R A
X B R T Mt 2, MO AR B . BRI
SR PR R R b T AR PR KR R I, 4 K T 240.92 A
22225 km?®s [AJIF, BEBAURE K A BT TR,
ARk T 410.47 F152.16 km?; EIRTT R B ST, B
FUX AR ARG I, B TR
232 2030 SFARRHE RS EKA

MAEAS T o R 2R M cfig ARk E (RS,
TERE LR A1 b, MR B B (8.521x10% O,
HR B (6.10x10% ), B Hb B fif B A X AR
(9.02x107t) , {HA1G B —EFEEHRY . EAEBHEY
TG 5erh, ML RR ik B, N 8.67x10°% t, B HuBR fik
B EWTE RS ST, 48 6.03x10% t, iR Bk
5P Ml PR AR i AR X B, R 8.95%107 to fE AR KRB
5N, BT R 28 it 5 AR S R I B
L, B A ASE K B N, 4 BA 6.035x10%,
2.339x10° t. fEITTREREST, AT f Tk ik
Pk, ANE K A R AT W AN, N 2.412x10° ¢,
ERR B R L (0 B SR B, 40 R 6.028%10°,
8.67x10°% t, {H5 Al Ml LLIE A T [

RS5 2030 FLRIERKREE

Table 5 Carbon storage under different scenarios in 2030  t

1| 2 7

fjfi E f’f; ND CP EP uD
#Hh Cropland ~ 6.035x10°  6.100x10°  6.028x10°  6.028x10°
M Forestland ~ 8.670x10°  8.521x10°  8.670x10°  8.670x10°
idh Grassland ~ 8.880x107  9.020x107  8.950x10"  8.870x10’
JKI Waterbody ~ 9.470x10*  9.470x10*  9.490x10*  9.470x10*
#iHh Bare land 1.010x10°  1.010x10°  1.010x10°  1.009x10°
AiEKIE Urban  2.339x10°  2.339x10°  2.341x10°  2.412x10°
1B Wetland 2221x10°  2221x10°  2.187x10°  2.221x10°
J47F Total 1.562x10°  1.555x10°  1.562x10°  1.561x10°

M 2030 AN [F] 15 Ak fifs 5 25 (8] 20 A 5 2020 4F ZA{H
BIkE (Kl 6), TEMHRYIE ST, Wikt &
2020 4Ek /D> T 3.36x10% t, R/ BN I B A X SR AE 3L 2
T, IR L KR X Sk g R R AR
A SRS SR B R HE N 3.61x10%t, EEH N
X 38 7E 25 0k TR 8 R R ER TR, FLIRFr it A /> R
I, BN RE D, HAH X EIEAR R
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Spatiotemporal changes and driving forces of carbon storage in the
forest-agricultural interlacing zone of Greater Khingan Mountains
using PLUS-InVEST model

LI Sijia’ , WANG Bing?* , WANG Zihao! , ZHANG Qiuliang’*

(1. College of Forestry, Inner Mongolia Agricultural University, Hohhot 010019, China; 2. National Field Scientific Observation and
Research Station of Forest Ecosystem in Daxinganling, Inner Mongolia, Genhe 022350, China)

Abstract: This study aims to analyze the spatiotemporal land-use patterns in the forest-farmland ecotone of ecologically
sensitive areas, together with their effects on carbon storage. Effective approaches were proposed to enhance carbon
sequestration. The PLUS-InVEST model was also utilized along with the Geodetector. A systematic investigation was
implemented to assess the impacts of spatiotemporal land-use patterns from 1990 to 2030 on the carbon storage of terrestrial
ecosystems in the forest-farmland ecotone of the Greater Khingan Mountains. Additionally, the driving factors were determined
responsible for the changes in carbon storage. The results were summarized as follows:1) The land-use types that experienced
the largest area of transition were forests, grasslands, and croplands between 1990 and 2020. Notably, the highest conversion
rates were observed in bare land (75%), water bodies (61.33%), and impervious surfaces (61.15%). The forest and grassland
areas were expected to significantly increase under natural conservation and ecological protection scenarios by 2030.
Furthermore, the areas of cropland and grassland were projected to increase under the cropland protection scenario, while the
forest areas decreased greatly. The area of cropland declined in the urban development scenario, due to the urban expansion and
land-use changes. 2) The total carbon storage in the study area exhibited a general downward trend, decreasing by 6.08x10 t
over the past two decades. The largest decrease in carbon storage occurred in forests, followed by grasslands and croplands. In
contrast, there was the increasing carbon storage in the impervious surfaces. The carbon storage in 2020 was compared to the
projections for 2030. The total carbon storage for 2030 was projected as 1.555x10°, 1.562x10°, 1.562x10°, and 1.561x10° t,
respectively, under the forests, grasslands, croplands, and impervious surfaces. All scenarios indicated an increase in the total
carbon storage, except for the cropland protection. Different scenarios of land-use management varied greatly in the potential of
overall carbon sequestration at regional. Natural conservation and ecological protection share the most promise to increase
carbon storage. 3) The elevation, population density, and slope were identified as the primary driving factors behind the spatial
differentiation of carbon storage in the study area. Among them, there was the most significant interaction between slope and
population density, with an interaction strength of 0.74. There was a much stronger impact of multiple driving factors on carbon
storage, compared with any single factor. Multi-factorial approaches were also required to analyze the spatial dynamics of
carbon storage. Therefore, the carbon dynamics of the ecosystem depended mainly on the land-use transitions in the ecotonal
regions, like forest-farmland interfaces. The important implications were gained to develop the data-driven strategies of land
management. Carbon sinks were also optimized to support biodiversity conservation. Overall, the significant role of targeted
interventions was highlighted for the land-use changes in carbon storage and sequestration at regional scales. The findings can
greatly contribute to ecosystem management and climate adaptation in the Greater Khingan Mountains.

Keywords: carbon storage; multi-scenario modelling; agroforestry interface; PLUS-InVEST model; geographic detector
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