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Abstract

This study takes Shandong Province as an empirical area and, based on highway traffic volume sur-
veys, vehicle composition data, and transportation statistical yearbooks from 2011 to 2021, em-
ploys a bottom-up carbon emission accounting model to estimate the carbon emissions of trucks on
the provincial trunk highway network over the past eleven years. The research comprehensively
applies methods such as trend surface analysis, exploratory spatial data analysis (ESDA), and stand-
ard deviational ellipse (SDE) to systematically examine the spatiotemporal patterns, spatial corre-
lation modes, and evolution trends of truck carbon emissions from multiple dimensions. The find-
ings reveal that: (1) Temporally, the total carbon emissions from trucks on Shandong’s trunk high-
way network generally exhibit a three-phase characteristic of “rapid growth-high fluctuation-slow
decline”, which is closely related to stages of economic development and the regulation of emission
reduction policies; (2) Spatially, carbon emissions show a significant uneven distribution pattern of
“high in the east and low in the west”, with high-value areas consistently clustered along the core
transportation corridors of the Shandong Peninsula urban agglomeration, and the spatial cluster-
ing effect intensifies over time; (3) Standard deviational ellipse analysis indicates that the center of
emission distribution has shifted first southwestward and then northeastward, with the orientation
of the ellipse generally aligning with the direction of the expressway network. Changes in the major
and minor axes reveal the diffusion and clustering trends of carbon emission spatial distribution.
This study uncovers the spatiotemporal dynamics of truck carbon emissions in Shandong Province,
providing a scientific basis and decision-making support for regional low-carbon transportation plan-
ning, differentiated emission reduction policies, and the achievement of dual-carbon goals.
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Figure 1. Trend surface analysis of county-level truck carbon emissions from 2011 to 2021
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Table 1. Global Moran’s | index of county-level truck carbon emissions in Shandong Province from 2011 to 2021
e 1.2011~2021 FILFRE BHEERAME LS Moran’s | &

Ay Moran’s | {f Z18% pfE
2011 & 0.170993 11.437504 0.00
2012 4E 0.243136 12.273655 0.00
2013 & 0.241028 12.165039 0.00
2014 4F 0.177845 11.844884 0.00
2015 4F 0.189332 8.933774 0.00
2016 4F 0.161907 10.391823 0.00
2017 4E 0.211893 14.659242 0.00
2018 & 0.238434 10.089876 0.00
2019 & 0.261321 13.138966 0.00
2020 & 0.213620 11.660601 0.00
2021 4F 0.204736 13.665954 0.00

3.3. B SiERHME=E S R

N HE—BRTON IR B3 R I 288 S5 BT 2 R DA RAAE, SRAT ArcGIS Bt rhbmifE
ZMAIA e HE SRR, X 2011~2021 4 B 5 4 BRHEBCR KT Xy o IE M PUEREAT FTALAL, WlEl 2 Frow,

DOI: 10.12677/gser.2025.145089 930 IR A


https://doi.org/10.12677/gser.2025.145089

AR 25

M BTG 25, W0k 2 s,

Table 2. Temporal changes in the parameters of the standard deviational ellipse for truck carbon emissions in counties of Shan-
dong province
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4y KHykm i/ km Jretar %
2011 190.41 122.48 74.41 0.36
2012 195.67 124.48 72.98 0.36
2013 192.14 125.21 72.51 0.35
2014 190.76 123.40 74.78 0.35
2015 190.01 122.60 73.10 0.35
2016 192.99 123.16 73.93 0.36
2017 187.80 123.46 75.81 0.34
2018 190.70 124,51 74.20 0.35
2019 191.36 124.59 73.41 0.35
2020 191.27 122.36 73.59 0.36
2021 192.17 122.91 74.76 0.36
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Figure 2. Migration trajectory of the overall mean center of truck carbon emissions on arterial highways in Shandong Prov-
ince’s counties

2. WFEEEETFEQBEEHRANE SR T BT

DOI: 10.12677/gser.2025.145089 931 IR A


https://doi.org/10.12677/gser.2025.145089

KA AF

RAEL 2 w50, B EpHE Y RBAE, RS HBRERSE. 46K 2 By
Hr:

1 2 [ (SDE) 2 U Wt HH B HE TR 18] 43 A (R B AR 7 Ve S TS RHAE . +—4F 18], MRIEHC  li 7E
187.80 km % 195.67 km Z[H)j 3], Fi R EEAIN A2, /T 122.36 km % 125.21 km 2 [a]; J767 748
G T 72.51°5 75.81° 2 [4], SR HHEBO AT AE R AC— PR 77 ) EORRFEL T — 30k s W 5 s 6 0 24 4
FFTE 0.35~0.36 7KV, ULBAHEUAGTE T ) b B AR E M RAHRHIE . XL SR, 1L AR A Bl 0k
TR 2 (A1 P M B A AR e, 5 (B 23 A0 (R 07 el Jey AR R AR 638 %, FL b7 1) 5 1L R sl A g T
WA v e B, U B iR R X 8 B8 T S (R S R . WHERCE O TR IR 1R A, IR
PR R SRR PR R R ARAL” RS . X ARk AT S B R X R R R A U e B
EIEG R, MEREET A P A DL A S B S A R R s, E0 OB A ] AR AL T 1)
(1, PRI H AR 5 X822 5% B RO RIS = RS 7 F

SRS, IR BB HEBOT 25 (8] 430 A SR B H B 2 7 oA e M /NI BBl 3 LK 2.0 A% B
TR B R SERRAE , IRZVIE N T BRI GE R DS T S (R AR Bl S HE O A 2 R 2D R A R R

4, Z5ig

AHFFLET 2011~2021 4F 1L R B TLRA MM T 4oim & R A s @ gt 8, SR A “ 8 R B
I BRHEBZ FAR, S5 -STH i RE I [ EE 2 AT (ESDA) RIS HE Z M [ (SDE) 7715, RGtHE7R 1
AR A8 BLOR T SR R B HE RS ) I 23 7 A . BB T

(1) WP BEARRE R IR T A B B RS BT £ — R 2 P K - s
Wedh - BT M= BB iasy, B EHERCS SEUR R B I 2 R B R SR S it
[iOES7PRI5

(2) AT BHERCE RS R 2R R “RE TR F-E, SEXFSEER T IR BIR
TR RO AS @ E AR, 2 () A SR ARSI B I [A) 3 5, 3R B A8 BF AIA X35 A2 38 2 1 18 0 i HEBCR AR 1835 0
ENER

(3) IR 7 AR v WA A s AR dEZEMA I 23 BT R BH, BHEBC A ) S b [ 5 v T A X 48
I P — 20, MRIEDE S SHR TR E, YIS (B IR BE AT 7 R A o AR R AR 3 O . AR, R
ORI TR e RAL” BN, S XSGR R P SR A R B SR R 45k B A A ]
SR B Btk g2 o

AT “H&JR - KB - SR ZAEMLMAIRE R T ILZRE T4 A BRI B3 ZE B HE U I 25 A8 AR, IR
AT X 2 BRSO TR AL BB AR, TR DX RSS2 SR cHE SR il s LA . “ X7 B
P SE IR AR AR AR AP SR S HE . LR BB IR ZE B HE I B i, R AT R P IX
AT R SPIRA LA DL 2R R DR 5 BRI A R L RIE R “ =487 255, Rkm
IR € L7853 28 JEOX IS 25 S T 1tk AEZR A fE AR SR IX, B H fUR AR T g s i A AR BE VR %
TR B AR T T PU B HE BB AR TE 3 K i b X, )75 IR R R 4 o R R A I X 258 R ),
Yo B mHEBCE . AN ST IR P 22 A RS AL A B s D HE SRS R AL T IR SR R . -

S CHk
[11 REH, 230, TR, 55 SR s R mon 2 R aE A K R [J/OL]. P8R 1-20.
https://doi.org/10.13227/j.hjkx.202504219, 2025-09-22.

[21 M, FRiME, B, S5O B AR T T RS @R DR R = AN T 4> BT [J/OL). MR AL 1-13.
https://doi.org/10.13198/j.issn.1001-6929.2025.08.02, 2025-09-22.

DOI: 10.12677/gser.2025.145089 932 IR A


https://doi.org/10.12677/gser.2025.145089
https://doi.org/10.13227/j.hjkx.202504219
https://doi.org/10.13198/j.issn.1001-6929.2025.08.02

AR 25

(3]
(4]

[5]
(6]

(7]

(8]
[9]

[10]

KM, FIR, M. ASWEHRH AU A IR S KR AR ENRERE T [0]. @it g, 2025, 11(3): 55-70.
AL, s 3R E 2 S S B HE AT 45 5 SR ——" 218 7+ 1 WI=7EH ARSI KB ARG LES
=8, 2024, 24(6): 1-4.

2 60 YRATIE“T + 1B IEIL 5l K224 0], Rilisi R4 LI 515 5, 2024, 24(6): 339.

SkHE, YLz, B4ERn. BRI = A s (A R TE AR AR & OB IR 3R [0]. HhERF 2 5 EREE 244, 2025, 47(4):
718-732.

ERWIPBH, BT, KR, 5 ETiRIERSEIE 00N B 3RS KT 285 5 B AT 7L [J/0L]. tH A3
T 9¢: 1-14. https://link.cnki.net/urlid/31.1626.P.20250306.1801.002, 2025-09-22.

B, RN, AR, S SCETT R CAR R E X SR R AL [I]. Hh R} 2, 2025, 45(2): 265-277.
ot Wi, KAR, % BT GIS SEENLARSE LRSI kS & HhEE A6 X AR A U [3]. bR R
AR (B SRELERR), 2025, 61(3): 418-428.

FoErE, xioth, PREEL, £ T GTWR R Atk B4 b AR 28 18 R4S A0 5 820 R K [J/0L). R85
Bl 1-24. https://doi.org/10.13227/j.hjkx.202504054, 2025-09-22.

DOI: 10.12677/gser.2025.145089 933 IR A


https://doi.org/10.12677/gser.2025.145089
https://link.cnki.net/urlid/31.1626.P.20250306.1801.002
https://doi.org/10.13227/j.hjkx.202504054

	县域干线公路网货车碳排放时空演变特性分析
	摘  要
	关键词
	Analysis of Spatiotemporal Evolution Characteristics of Truck Carbon Emissions in County-Level Highway Networks
	Abstract
	Keywords
	1. 引言
	2. 研究方法与数据来源
	2.1. 干线公路县域货车车辆碳排放量测算
	2.2. 趋势面分析
	2.3. 探索性空间数据分析
	2.4. 标准差椭圆

	3. 实例分析
	3.1. 全局趋势面分析
	3.2. 总体空间关联特征
	3.3. 县域货车碳排放量空间方向性演化

	4. 结论
	参考文献

