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Abstract: Accurate estimation of carbon storage in terrestrial ecosystems and the scientific formulation of eco-environmental
protection and land use policies are crucial for promoting regional low-carbon sustainable development and achieving the goal
of carbon neutrality. Based on a large number of carbon density sample points, this study overlayed it with an ecological
geographic zoning map and land use map, and used the Kriging interpolation method to obtain the spatial distribution

dataset of carbon density in the Yellow River Basin (YRB). Then, the InVEST model was employed to measure the spatio-
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temporal evolution of terrestrial ecosystem carbon storage of YRB in 2000, 2010, and 2020, improving the accuracy of
carbon storage estimation results. Pearson correlation analysis and multiscale geographically weighted regression model
(MGWR) were used to analyze the impact of natural factors, socio-economic factors, and landscape pattern indexes on
carbon storage per unit area at the level of county administrative units. The main findings are as follows: (1) The overall
carbon density showed a spatial pattern of the west being higher than the east, with a decreasing trend from southeast to
northwest in the east. (2) From 2000 to 2020, the terrestrial ecosystem carbon storage increased by 0.02% (7.011x10°—
7.012x10° t) in the YRB, and the spatial pattern of carbon storage was the same as that of carbon density, with significant
spatial agglomeration characteristics. The “high and high aggregation” areas were mainly distributed in the Qinghai-Tibet
Plateau region in the southwest part of the upper YRB, while the “low and low aggregation” areas were mainly distributed
in the northern part of the upper YRB and most of the lower YRB. (3) Pearson correlation analysis showed that mean
annual precipitation ( Pr), normalized difference vegetation index ( NDVI), and slope were positively correlated with
carbon storage; mean annual temperature (TEM) , Human Active Index ( HAI) , Shannon Diversity Index (SHDI) , digital
number value of nighttime light data ( DN) and population density (PPOD) were negatively correlated with carbon storage.
(4) The MGWR model showed that TEM, Pr, NDVI, and SHDI had strongly spatial heterogeneity in 2000, 2010, and
2020, and HAI showed strongly spatial heterogeneity after 2010. The slope had moderate spatial heterogeneity. DN and
PPOD were global scale variables, and their spatial effects were stable. (5) The MGWR model showed that NDVI had the
strongest effect on carbon storage per unit area at the level of county administrative units in the YRB. NDVI and slope had
positive effects on carbon storage per unit area at the level of county administrative units; TEM, HAI, DN, and PPOD had

negative effects; Pr and SHDI had both positive and negative effects.

Key Words: Yellow River Basin; terrestrial ecosystem carbon storage; carbon density; multiscale geographically weighted

regression model ; influencing factors; InVEST model
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Fig.1 Ecological geographical zones and spatial distribution of the carbon density sampling points in the YRB

10, AT HE [ AR fk 2 () R AP AE 2 B e ) S SERTRESE " N F AR R Ak S 2 U R 3RS WA S
T RS TH A SRR VIF, 1311 GDP F1 DEM [ VIF>10, 5 H e K RAA7E 2 T IAM R Bt
BEHEER . ASHFIT R R A 7225 L VIF [HILF% 1,

*1 BEENMSEHLZERBER

Table 1 Descriptions and collinearity test results of independent variables
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Types variable Description Unit VIF of 2000 VIF of 2010 VIF of 2020
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1.3 W5k
1.3.1 A mifg%k

- MR AE 2 8] B B AR SR R A A A S N A S R G S A R R A — R
HAT EL A7 23 [0 28 St PR A AIE | BEAE S e A 2355 Bht - b ) s 4 s AR FR s i, ST AP

http ; //www.ecologica.cn



5480 xR 44 %

HAI = 2 (A,P./TA) (1)

A HAT 2 ARG ShHEE; A, N5 i Bl R 2SI A B AL P, 5 ¢ 2% ) B R i e A 8T Bl i
SRR TA HPEH BAoC N L R B 2SR B o J& R 2SR A0 Bt . R A FE R JE L EAT P, AR
Y BARANR Bl 0.67, MkHb R 013, FEHR 0.12, /K44 0.10, &35 FHHEA 0.96 , R F] 1 HE A 0.05
1.3.2  FEFRBLTCEIE T DN (EHEER

AT EEE 5 N ZETE Sh B UIAH ) ABF 58 % ] DMSP-OLS #1 NPP-VIIRS %04 42420 DN i, th T
PN BICE SE B0 >k B S [R] 14 A% 8, B O, 3080 LA R AT Be R 3% 82 AN [R) AR A K SF R 5% M 7S (i 1Y 1)
YR, ZEARER DN B2 AT, B SEXT DMSP-OLS $idi 42 (2000—2013 4F ) HEATAH B A HE S AR NEES ™S |
VAN EE R IE T FAEBRAG IE T Ab B, % NPP-VIIRS $da4E (2013—2020 4F ) fEA7H5 5 M s LS o (25 B Y 4F
R A Y AR BRAS TE S Ab 3 4R 5 A4 DMSP-OLS 5 NPP-VIIRS 534 7 2013 AE S04 & S i 5,
Sy 2 AN [ AR R S A5 3AS TE S ) DMSP-OLS (2000—2020 4F) Bi4E ;s fem , W ] AreGIS 10.5 44
FEHL 2000 47,2010 4FF1 2020 4F45-PE0 HLIGHF34 DN {H.,
1.3.3  SULEE FE

TS SEFT AT 0 A BFIE R P T AR 2 REEHS K (SHDI) 7 K 5 A% SR 45 4, B ] Fragstats 4.2 3, 3
T MR A 1T 2000 4F 2010 41 2020 44 PF0 BT 1) S AE AR B . SHDI {ELER K, 158 BH 500
B Jey h ST SRR i 22 | S AR R R b, A Y

SHDI =- i (P.InP,) (2)

X, n M EEMSERLEE P, o EELBERR A ¢ fF 5 ],
1.3.4 BT InVEST SRRl b A= 28 R Ge ik fid i Al 5

InVEST A5 R it f2t BB AR 4 AN (] - bR PR A g A i ( 88 LA L 0T 7306 RO R 4 ) o
(5, C.,,... ) EBEHL T A Pk (F7 2 FAEYIS R R IGRk, €, ) 38R (A 7E A DL R B 1 i
BLBK , C ) FIFET A LB ( €y, ) AT DX I B, 245001

Cj_lolal = C/_al)ove + Cj_l)elow + Cj_soil + Cj_dead <3)
6

Ctolal = 2 (Sj X Cjﬁtulal) (4>
J

HH: €~ Cone ~ Cipany FC oy 3 HIMRER L HOR ISR j 1 BB BE (v hm® ) AL b A= P i B B A
P AR R (Vhm?) IR (vhm?) FSET- A AL 2 B (Vhm? ) 5 C,,,, FCER BT I B S Ak it
()5 S AR LA HIZERL j I (hm?) .

BT InVEST R SRR A it 2 B0 oy e, e 8 B 58 O 1, SE i I F R R s L &R (EVE S A& T
B 2 B s AR 8, A (LS SRR R v 7 IR ARIF 9T 1 ) AreGIS 10.5 430 % 45 Bk 4 8 T () A i s 47 o L
SATE A5 2 BT YA A - b R SR e 28 MRS B AR . R T v LA (AT, B AreGIS 10.5 Hi4E it
T A rh R R B 1 IE 2 QQ B K& # At T 543 531 XoF 8 1] 7 35k PN 45 = b A1) FH 28 700 1 5l J Al 28
BESBIETIEAS D AR S A ST . 45 B B R A ST B AT & 1E A0 G IE A0 A, 5 AT A 1E
Ao WIAEIR B R B A T X B4 s Ba Ao B 45 SR R AEAE Z I a3 AEAmEaT 2l bR —ka s, | Tk
B S SRR PR R S A ™) e Tl AT e AN ) i DX M 22 S AR, SRl /4 I 3 4 ST Y R A
T ity e A R SR 22 AR ST N T AreGIS 10.5 (943 IXGETTUIRE , 26 Tk % BE AR (H 25 0L, S i 45 B S i H 4y X
FVE ] e duli e 23 PP B (3R 2) o A AT 5 /K3 | i P b R A 1) P b e b A e e 285 2 D - 4
AR BE LA 6 A - b TR R A BE T A WL AR B 357 B 1 A 35t 2 1) 10 B Tl 37 Sl i e T 9 R
TSSO o AR, B Ve AR K 1 58 RO RRAE T I 23 A COL B OB il = KA P AR 5T 8 #F
HAE B b bR A AR R E R 0, ZRA LR R EAE R InVEST R A SH, S, - HuF

http ; //www.ecologica.cn



13 44 WD A%« BTl ot A 2 AR e il B R S S A 3R 5481

FHEHE T 18D, N ArcGIS 10.5 8 B3 T 56T = Hl R FH #5042 1 A 265 B 4 X2k o 54 47 4 41 1, 15 1)
20002010 F1 2020 445 A4 A FR A3 DX b MR SR, 5 = W InVEST BEAY ) D45 A= 2843 X Y £ 4t )
IR R 23 B4 A X it . Be), V0 ArcGIS 10.5 B T H K45 43 X A B it e i B 4 SR i
5351 2000 ,2010 F1 2020 42 ] 7t 3ok ol o A= 25 2R G e ity 1 2 [B) o3 A 1]
1.3.5  Z5[6) A AHC AT

ARHIFFE I FH 4 Jm 5 2 48 BRI Ry 38 5 24 8 B30 et B 0 By T BRI A o 149 25 () 1 A S PR N s ] SR AR O
& JR B PR BRI B2 A B R R PR R B R A 2s AR DG AR B, AU

> D Wila, - %) (x; - %)

= ” S (5)
b, n EBE », Fla S35 E %ﬁ% J LA, x SAOULINEL PS84, W, Ry T A B R

K ArcGIS 10.5 2744 Anselin Local Moran’s I T H3 18 Rif 5 22 35 50, R B X a0 a5 B BB W, A
WS R

1

I, =zii W,z (6)
A,z Az 0 B i RN j ARt AR HEAL A, W, RS MIRCE ARG, 1, B i R 2s ) F A OGHR AL
1.3.6 MGWR f %

MGWR A5 RL ) Fi A~ [0 A 22 5040 56 7m0 [l A5 3] 2 5 A e S e, BRIVAS [) s 5 28 R AR ) 7 8 1) A
KR HA AR B2 AU RE | AT 2R 5w F A % pR BT Akaike {5 SEI ( ATCe ) J7 ¥5 1 3¢ i
LGS /N WS Rl

¥, =Bo(u;,v;) + 2/.,317@(“;,”;)% + &, (7)
A, y, B AL A ERBR A R (PR ) 5 (uy,v,) D8 0 USRI RO E A AR 5 o, B i BOER j N2 R
MIE( AZEEE) 5 &, IR B, B HL; B, WE i W j > AL AR ER 0 24K

2 EROW

2.1 BREEGITEE R K s B AR

BETA] SN [ B Pl 2 B 2 S R, By i el b b b T A v A R WL 2 - Y (LS AR AR
HIANEH ) (2 2) 43910 9.282 t/hm® 4.131 /hm* 1 89.832 t/hm’, EBRAE /7 . HIEA N >H FAEY R >HT
Ay, ORTR] R 2R 2 5 2 5 K, Bt R R R ) 2 (S b T AR R A ALY
W) 3R 67.852 t/hm?® [ 160.095 t/hm”F190.909 t/hm? , [FIHRHE J7 . bbb > B o >HFHb P8I0 45 A 25 b
PRy DR 2 () S P B 3 (TR 2) o b b M R 388 WL 2% B S 2 25 [A) 43 A A% ey 2R ), 2 52 B
TR T AT AT X [ A< 0] PO AL 0k A% Je o AR b T A e e 2 B VU TR L et , A ML ik
0 R 2 R R 2 R 1 17,49 £

At % B (B b b, R kb B 8 B 5 BT AT ML e 2 JRE 5 K 3 S i Y b R A A1) FH b s 2 B ) TR 4% 4 X
WE AR, 78 A AR ST
2.2 fiikfif I 2 4% R AR AL b
2.2.1  BRAf R R AR RRAE

2000—2020 4%, W] it il b A= 25 R Gehikfif 1 S B S i /b SR i e 341 0.02% ., 2000—2010
AF BVBAE AN 7.011 x 107 ¢ B4 %] 7.046 x 107 t,3#4107 0.5% ; £ 2020 4F, FREZE 7.012 x 107 t, B 0.48%
AR A o1 R i i S it 1 1 49 FE R R, 2000—2020 41, B - Y & F B iR (53.95%—54.49%)
HUCRARH (24.05%—24.71% ) , 55 = F2H . (19.81%—21.07% ) 5 /K38 H T3l R A FH Y 7 HoALAR (/)

http ; //www.ecologica.cn



44 %

5482

UOLPIADD PIBPURIS Z i ¢ (1S wnwIxepy Y 3T xRy fwnwiruy B[/ 307 uny futseq aoary o[ Yo U4 fuk 3G e A * T TR e /BT A O A VITH S ST L AR BN B Qe B
ol 4 B S OITH * S T BT e b S R B ° ATH S S Wty ofe sy S A0 ' OTHE S T Bt S TR 0O S M- o sl PR DTN S T B A AR A VAL ST b S Bk " QIS S Wy sl sl e O
¥Y0'Ly LET'TY LI1°LET LSL'81 CI8'C 1824 L8161 09L°0 €6v°0 wo'l 0L9°¢ 0elo YA
961°C 989°ceT LI1°LET 008°¥L1 €10°0 68L°0 1e'l 88L°0 9100 IvL'] IvL'1 101 dVIIH
So8'v €68°IL 815706 Lv6'19 L06°0 €89°¢l LITYI 986°I1 §ero 1223\ LT8°0 9s¥°0 dIH
€66°8¢ €LY 8EL 9TCle ELEEL 1€8°C LEV'9 8CI°SI 6S1°1 Sveo L88°0 9CC'C e OIIH
998y L 081 0€S"PEC Ivr'ss L66'Y 65€°9 L8161 09L°0 Sev'0 G88°0 §6S°C Y620 dIH
S6l'ce 8¢1°09 SYe'IEl 80C°6¢ 0ss'e ¥$T'6 8LS°ST 60€C .00 494\ €00°1 €1¢0 JIH
§TT9l1 668°99 £er ol [43A3 161°1 ¥6¢£°9 £60°8 9911 661°0 LEY'T L8'C L06°0 dln
8T 86089 oL 8¢l 658°LT Uz €86°S 1768 891°1 w90 w1 0L9°¢ 9s¥°0 oI
L6T°6 8LE8Y SIv 9l 61971L LL6°0 §209 €ECL 991°1 L80°0 96¢’1 LSL'1 LST'1 VAl
609°S1 Lev'cy vee6ll LSL'81 69v°1 e$C 0ss°8 ¥88°0 €LT°0 91¥°0 1L9°1 0€l0 ai
86611 YL9'LY 965°LTl1 960°8C 200°1 Se0'e 8¥6°S 890°1 ¥8¢°0 1€L°0 £CCT 6L1°0 ol PUB[SSEL) T i
¥0C'S8 6vC el 69¢°60¢ SOLV1 €081 €56'9 SeLel 10s°C S6¢°L ¥08°9C S60°LS Clo's YA
€86°1 6L0°11C ¥09°¥1¢C YEL'CO1 98L°0 LOT'L S08°L €LY €L0°1 4 8°r4 ¥56°9C 88C°€C dVIIH
G981 L8L'18C SL9'¥8C LOV'9LT 000°0 €LL'9 €LY €LY 000°0 8€1°9¢ 8€1°9¢ 8¢€1°9¢ dIH
9L0°8¢C 6£Y°LST 69¢°60¢ 9r6°0¢cl §eT0 9 S08°L LSOS 099°0 88T ¥56°9C 88C°€C OIIH
91191 LLS™9¢C L86°€9¢ 01°00¢ SO 0 1829 S08°L €LY €Syl 1394 44 69T 88C°¢€C dIH
(2584 68¢°09¢ 869°1LC 8¢l'6¥C 000°0 €LL9 €L1'9 €L19 000°0 8€1°9¢C 8€1°9¢ 8¢€1°9¢ JOIH
80T L69°8L €6L°L8I1 1v8'1C 10C°C ¥81°8 SSLel 161°¢ 0s1°01 0re'1e S60°LS 199°6 din
1065 S61°C6 6£L°7EC 6vS°L1 §e8l 8SI°L L6T €l 10T 6L8°L [US14 S60°LS (4R Ol
[454 695°09 ¢81°Cel 659°Sv €ve0 €85°L 685°8 969 16€°C L6L'9C L' 1e 810°¢€C VAL
L19°0s YLE YL 696°SYC SOLV1 'l 6CS°S 0LT'8 Svl'e 989°C 1eie 9¥6°9C 881vI ail
LIV ¥0°9S €eLsL 6€0°S1T LLE'T cleL 820°6 8¢€8°¢ 1€0°¢e 0" S00° 1€ 69671 olL 18910, T
vy Sl Cl1o°s9 9IT"LTl L9Y'CC — — — — — — — — d4A
¥65°0 88C9L 1L0'8L 680°9L — — — — — — — — dVIIH
9¢C’E LOY' YL OvE6L 86589 - — — — — — — - dITH
L9V 699 vL SIS'6L §S0'19 — - - - - - - — OIIH
01S°0 PSEOL 1L0°8L 168°SL - — — - - — — — dIH
000°0 168°CL 168°SL 168°SL - — — — — — — — JIH
619°Cl £66°L9 SE6°S6 ETTE — - - - - — — — dI1I
08S°L1 096°99 9Ir'LTl L9v'CC — — — — — — — — Ol
ELI'C 9ev°S8 650°L8 L8TIL - — — — — — — — VAL
LOE™CT 6L6°0S SIS'6L 6£6'7¢ — — — — — — — — ain
9CL'T1 02961 1oL Iv1°€C — — — — — — — — oIl puerdor g
as UBIN XBN U as R XB U as UBo XB U
Y Bk B MY T Bk B BNAY md Bk B BNy g FT—
(uy ) Asuap (uy ) Ausuap uogren (uy ) Ausuap uoqren 4 T

UO(IRD SSRWOI] [10G

Hm (w001—0) T

SSRWOI( pUNoISMo[ag]

FLME = L

ssewolq —UCBO‘—wu\/O& Vv

AEWEGT ™

(A ) uiseq JIARY MO[[PX A Jo sduoz [edryder30d3 [B2150[009 JUAIIYJIP UI SUIYSAS0d pue[ssess pue jsaioy ‘puejdod Jo saPISUIP uoqIe) T dqe],

HEWEEHNMF IO SN E

(%5

//www.ecologica.cn

http



13 4] WD A%« BTl ot A 2 AR e il B R S S A 3R 5483

6.353
9.235
13.683
45.596
45.597
61.643
74.730
185.467
229.137

2 BUREEREESHESXFHREETESH

Fig.2 Spatial distribution of average carbon density in ecological geographical zones of carbon pools in the YRB
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Fig.3 Spatial distribution of carbon storage in terrestrial ecosystems at the grid and county scales in the YRB
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Fig.4 Spatial distribution of land use types in the YRB
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Fig.5 The correlation between terrestrial ecosystem carbon storage and influencing factors at the county level in the YRB
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Fig.6 Local spatial autocorrelation of carbon storage per unit area at the county level in the YRB
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Fig.8 Spatial patterns of correlation coefficients between carbon storage and factors at the county level in the YRB
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