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Abstract: [ Objective] The spatiotemporal evolution of the relationship between carbon emissions and ecosystem
service value (ESV) during land use changes in port cities was analyzed in order to support regional territorial
spatial planning, ecological civilization construction, and green sustainable development. [ Methods ] Based on five
phases of land use classification data of Qingdao City from 1990 to 2024, combined with energy consumption

indicators, this study analyzed the spatiotemporal relationship between carbon emissions and ESV during land use
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change using the IPCC carbon emission coefficient method, the ESV equivalent factor method, and the bivariate
spatial autocorrelation model. [ Results] (D Substantial land use changes occurred in Qingdao City. Construction
land increased by 1 478.13 km? during 1990—2024, which was mainly converted from cultivated land. Forestland
first decreased and then increased, water areas showed dynamic changes, and grassland and unused land
decreased. @ Qingdao City was overall a net carbon source. Net carbon emissions exhibited dynamic changes,
increasing by 18.25X10° t. High-value zones were concentrated in the economically developed areas around
Jiaozhou Bay, while low-value zones were distributed in the surrounding regions. @ ESV changed dynamically,
exhibiting an overall downward trend, with a total decrease of 8.52X10° yuan during 1990—2024. High ESV
values were observed in areas such as the Jiaozhou Bay wetland and the Chizhi Reservoir in Laixi City, while
lower values were found in the surrounding areas. @ The spatial correlation between land use carbon emissions
and ESV in Qingdao City was complex and dynamic. The negative correlation showed an increasing trend, with
significant local spatial clustering. High-low clustering zones were mainly distributed in the northern and eastern
parts of Jiaozhou Bay. [ Conclusion] It is necessary to strengthen the protection and ecological restoration of carbon
sink land types such as forestland and grassland, control the speed of urban expansion, and appropriately adjust the
industrial structure to promote carbon neutrality and ensure ecological security in Qingdao City.

Keywords: land use carbon emissions; ecosystem service value; spatiotemporal relationship; bivariate

spatial autocorrelation model; Qingdao City, Shandong Province
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Table 1 Carbon emission coefficients of energy consumption
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Table 2 Ecosystem service value coefficients of various land
types in Qingdao City (1990—2024)
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Table 3 Land use area changes in Qingdao City (1990—2024)
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Table 4 Land use type transition matrix of Qingdao City (1990—2024)
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Table 5 Carbon emissions from land use in Qingdao City (1990—2024) AT 10°

P — L A L I —
B B b B HE B M EL KB KRR SRR

1990 316.205 1 42.0777 358.282 7 3.1229 0.033 9 0.606 5 0.000 3 3.763 5 354.519 2
2000 712.693 5 40.098 0 752.791 5 3.1127 0.018 2 0.745 4 0.000 2 3.876 5 748.915 1
2010 2452.320 6 37.706 3 2490.026 9 3.056 7 0.010 6 0.7877 0.000 2 3.855 3 2486.171 6
2020 1962.720 4 36.040 8 1998.761 2 3.2911 0.006 1 0.458 0 0.000 1 3.755 3 1 995.005 8
2024 2148.643 9 35.108 6 2 183.752 6 3.484 9 0.005 3 0.626 5 0.000 1 4.116 7 2179.6359

TR AR ] N i C &

b 20004

-

-

AiHEE I -65~0

[ 0~1200

B2 BHE511990—2024 F L F AEBHEHER =S
Fig.2 Spatiotemporal distribution of net carbon emissions from land use in Qingdao City (1990—2024)
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Fig.1 Distribution of land use types of Qingdao City (1990—2024)
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Table 6 Ecosystem service values of various land use types in Qingdao City (1990—2024)

G B3] Bk bus: ) o 7K 8 A ) H H a1t
1990 {8 (f12o8) 69.13 22.71 2.04 61.43 0 0.002 0 155.31
TR/ Y 44 .51 14.62 1.31 39.55 0 0.001 3 100.00
2000 Mr{E (f2o8) 65.88 22.64 1.09 75.50 0 0.001 6 165.11
BTk R /Y 39.90 13.71 0.66 45.73 0 0.001 0 100.00
2010 i (f2t) 61.95 22.23 0.64 79.79 0 0.001 8 164.60
TRk E/ % 37.63 13.50 0.39 48.47 0 0.001 1 100.00
9020 M (f12o8) 59.21 23.93 0.37 46.40 0 0.001 0 129.91
TR/ Y% 45.58 18.42 0.28 35.71 0 0.000 8 100.00
2024 {8 (f12o8) 57.68 25.34 0.32 63.46 0 0.000 6 146.79
BT R/ Y 39.29 17.26 0.22 43.23 0 0.000 4 100.00

A3 B 2% 7 R K SR R B TR ESV BTk
R i, A H]35% DL b HR Oy R AR FE L ESV (H
18.56 X 10° 7T 5 B i 2 7 AR 1y A IH T X 3
B ESVH# N 33T , ESV st lik R AR 575 8% VL I s 4
FE IR B I ESV 5Tk % — AR, IRFAE 1% A&
fio BAFEKGERMS 5K RN ES RSS2
RUBTAR LR ESV 2R B TR 8, ik e 5/ s & 2k
PRI | R R A AR A IR S5 ST X N Y ESV
MR TR b £ RF ESV TR & B
WOREALT 2.81X10°00 . HARAEDSRG MR 5
ESVE T Feiig BB .

T T R Y AR M B 1 D R S i kK
EUR L FP SRR AT LA AU E K S 106 2 R0 AT
W2 B b0 s K B R A OR3P ) BE AR T R
G5 M A A B S R OB B3 BOK SCIR Y
A4 AR ESV E 55, K R A 45 5 Kk SCiE Ty
ESV S 38 5 ; 4e 55 552 006 3R 1 ESV — ELER AR 1
Ji PR 55 A A 2 2R 0 IR 55 6 0T P9 B80S O i
Ak, B SEETESY TRFESHELT
PR 3k T Ak & TR AR o T AR A b LA R R M A b A
K IR R ESV AR T M W] W i I R 5 7 5
TE R AR e T, b 2R 0 I o 4 o ), 5 4 i IX 4 3 2% A
R TP AR R AE A 2 0 A 2 DL R R S
BETRESZTASENEXLREY,

KT FRWI1990— 2024 EBMEFREKRSZEENE

Table 7 Values of individual ecosystem service functions in

Qingdao City (1990—2024) 7. 10°0
ESV
EB RGNS A
19904F 20004 20104F 20204 2024 4
A 15.39 1477 1395 13.17 12.98
LS5 IR 7 776 744 7.03 674 6.66
KPS 479 569 594 375  4.89
SR 1444 1388 13.17 12.65 12.64
S AR 14.78 1447 1395 13.55 14.13
P S
IR 7N 6.57 7.03 7.04 562 645
K SC T 58.50 69.54 72.62 4546 59.45
TR 21.27 2042 19.33 18.56 18.46
THRIRS dEEREAER 234 224 212 203 201
EY 2R 6.27 634 620 560  6.05
AR g5 s 318 329 326 278  3.08
& it 155.31 165.11 164.60 129.91 146.79

AR CHF ArcGIS 10.8 K AF A1 ## 1 km X 1 km ¥
B, 1T & R RS i ESV, I IS Ol T B
5 ESV, 454 058 X 9Pl BLKE 5 15 T ESV 40
S5 . H T ESV W2 43 A5 Gl 3 i s . 1990
—2024 -7 5T ESV 7E 45 (] /3 A L 3 B i 25
St AR DA X O 3, EE B TR
i o BAR DX IR HOR R A A0 A, EEAL TP R
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Fig.3 Spatiotemporal distribution of ecosystem service values in Qingdao City (1990—2024)
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Table 8 Spatial correlation between land use carbon emissions and ESV in Qingdao City (1990—2024)

S8 1990 4F 2000 4F 20104F 2020 4F 2024 4F
Moran’s I —0.378 0.001 —0.035 —0.085 —0.095

p1E 0.001 0.388 0.001 0.001 0.001

2l —103.391 9 0.306 9 —10.030 5 —23.782 1 —26.687 7

SHTIE AT, T BT R R I L . OfK-
o CBRHEUIR-ESV B B X 7 e, BN TR
MBI R BT S VE T I L X DL R X, A A
BEOr B 3% 6 W K e RN AR M B A A 4 ) [ B fE 7
mESV. @Ik R X 2B, 1990 443 4 428
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VA AU RN A L B Y gk A R ik R
B R HEE ESV HIZE . O - RBEX S
ZIE e o A | RERiT e | A Y D = v R

Jeil LI 45 b 2 ] D4R AR o A S R 4 IR 55 {1 AH
oo K X UHE B 5 M 5 B o A TR R R
ESV R T, B HEi R s . O IRRE X
1990 4 = BT KMV AR, 43 A1 85k R 4, 2000 4F
JE G EEM TG, ESHER
2 3 R A8 B HE AN =

1990 4F- 75 & i1 3 Tl X 35 22 7 i N 725 96 2 4 1)
AU A, S T /N Y A B P, AFLZE 7 A o A G
Hb AT B HE ISR B AR R R N 22 i 08 L
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Fig.4 Spatiotemporal clustering distribution of land use carbon emissions and ESV in Qingdao City (1990—2024)
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