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Temporal and Spatial Evolution Characteristics and Influencing Factors of
Regional Carbon Emission in Qingdao City During 2000—2020

Shan Mengwen, Li Ting, Wang Yingran, Ji Min
(College of Geodesy and Geomatics s Shandong University of Science and Technology . Qingdao, Shandong 266590, China)

Abstract: [ Objective] The temporal and spatial evolution and influencing factors of regional carbon emission
in Qingdao City, Shandong Province were analyzed in order to provide a theoretical basis for promoting low-
carbon development and carbon emission reduction. [ Methods] Based on land use data, nighttime light data,
and social and economic data of Qingdao City from 2000 to 2020, carbon emissions from land use were
calculated. By constructing a fitting model between carbon emissions and nighttime light values, the spatial
distribution difference and trend of carbon emissions of different land use types in Qingdao City were
revealed. The decoupling status between carbon emissions and economic development in Qingdao City was
analyzed using the Tapio decoupling model. The contribution degree of various influencing factors of land use
carbon emissions was analyzed by using LMDI models. [ Results] @O The net carbon emissions from land use
in Qingdao City generally showed an increasing trend from 1.31 X 107 t in 2000 to 3.65 X 10" t in 2020,
amounting to an increase of nearly 1.79 times. @ The overall carbon emissions in Qingdao City presented a
spatial distribution pattern of “higher in the middle and lower in the surrounding areas”. Industrial energy

consumption was the main source of carbon emissions from construction land, with high carbon emission
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areas mainly concentrated in the Jiaozhou Bay area. @ The relationship between economic development and

carbon emissions in Qingdao City had undergone a transition from “expanding connections” to “weak

decoupling”, then “strong decoupling”. @ The factors that promoted growth of carbon emissions in Qingdao

City were population size and economic effect, and the factors that inhibited growth of carbon emissions in

Qingdao City were energy structure and energy intensity. [ Conclusion] In the future, it will be necessary to

further adjust the industrial structure, accelerate the development of a low-carbon economy, and reduce

carbon emissions from sources through measures such as technological innovation and energy structure

adjustment.

Keywords: carbon emissions; spatiotemporal evolution; decoupling analysis; Qingdao City, Shandong Province
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Table 1 Carbon absorption coefficient of different land use types
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Table 2 Carbon emission coefficient and data sources of agricultural production activities
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Fig.1 Trends in carbon emission total for cultivated
land in Qingdao City during 2000—2020
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Fig.2 Trends in carbon emissions for construction land across
different regions in Qingdao City during 2000—2020
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Table 5 Measurement results of carbon emissions of different land use type in Qingdao City during 2000—2020 10" t
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Fig.3 Spatial distribution diagram of carbon emission in industrial and mining land in Qingdao City during 2000—2020
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Fig.4 Spatial distribution diagram of carbon emissions in commercial and residential land in Qingdao City during 2000—2020
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Table 6 Flexible index values of decoupling between
economic growth and carbon emissions in
Qingdao City during 2000—2020
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Table 7 Decomposition results of carbon emission factors in

o %AC % AGDP e A
2000—2005 4F 0.99 1.18 0.84 K i
2005—2010 4 0.56 1.08 0.52 55 i 44
2010—2015 4F  —0.11 0.62 —0.18 3 P 4
2015—2020 4 —0.04 0.43 —0.28 R P 42

land use in Qingdao City during 2000—2020 10" t
i Bt AP AG AA AT AC
2000—2005 4F  279.12  1186.75 —298.33  126.40 1293.93
2005—2010 4 201.62  2194.70 —135.60 —800.13  1460.59
2010—2015 4F  308.27  1534.15 —2433.96  128.21 —463.33
2015—2020 4 244.68  1057.20 —1466.69  212.18 47.37
BRFR  44.20%  255.40%—185.35% —14.25% 100%

20002005 4F32 9 O 8 K o 45, 2% BH b B ) e
WL S AT K R R EMIEM LR, HHE
AT 99 %0 A 118 %6 . 1 K L P — 8. %k
A5 2 BB HE T 1 R R S 2R U R TR R B R bR
KRR AR RS R BE KAl 2 T REFEM 3G .
1 = R VP B2 VST 20 N O o | B R ol S
Be, B MO KR L AT KR L M LU B
Uk HE .

20052010 4ERRHE 5 28 U 98 4 22 18] 2 B 55
PR 3R U O BB B [ D Bl HE i S 2 B AR RS K
P4 B K T 56 % F1 108 %% , 2 35 1 K- (14 3 B 5 T
B HE O R B . T20TR A 3 W R HE J A T s L i
G B E AL TN A B (42 T 8 T RE R Y Ak
oA eIt

2010—2020 4F M BHE S 28 08 15 K 2 8] 2 B0
58 450 R 2 B Ok B B ) PN sk I R R B A R K
iR . EARR I A 20102015 4F 1 [H] , ¥ & i1 (9
ZoUR AR B AR L BN T 62 %0, Bl HE o s b
T 11% 7€ 20152020 4 HAT] , 75 5 17 19 28 55 3 K iR
BEHE 20102015 4FA P REAR . 3K T 43 %0 - B HE O
T A%, SRR ALY BT T R T 7R 5 U
KSR Z Ll TR, RAF LT O L
FRURSCEL T “sp s K7 B Ar, B 7E 205 & & 1 [
IF 38 e BT AR L A R 4G A S i e o B B

FR 57 T 52 W), LGS PR AT R R R
3.3.2 AFME&F mEE R NI A

HEHC o3 8 JCRE TR 25 b | BE DR i BE L 22 TF K R OK AT

2000-—2005 4F- I [a] , % fie HE 1t A 40 4 A KA
AEVE SR, HTTHRE A 2.98 X 10° t, BTBkFH 23.06 %,
A IE 1 B sh VR A S A TR L 28 B0 R0 | E R 45 4
RO 3 Bt ST ERE R 1.59 X 107 t, e 28 5% 2k 5T
BRAEEA, HE R 1.19 X 107 L, BTl %K 91.72% ,

20052010 4F H [ , B HF C A A2t 398 n e K, L AE
KRBT 1.46 X107 ¢, X HE & A Hr sl VR 9 52 e R
RN DR (05 & RN, Horp, 4 3% K R R0 5T
TR AR F A, LA R 2,19 X107 ¢, X HE R i A 4 ) 1
FH B4 2 R TR 445+ R BB DR A R L L RE R 45 4 TR R AR
T Hll FB 8 A B A oA 1 O o e I B K 1 R R AR R
IR Ay Rl HE A T

2010—2015 4FJA ] , B R 0 & 07 4.63 X 10° ¢,
Xof Bt HE 2t A 40 1V R A 2 B DR SR B BT R 35 #
2.43X107 t,IF [ & B3t 5T Mk 1.97 X107 ¢, H 2
TN K Tk e . o 1.53 X107 o, 30 X & sk
i T I 1 fr sh VR L BT DA HE R BT R R

20152020 4E A ] AR HEBCE R I T 4.74 X107 ¢,
Xof Bt HIE 2t A 0 1V R I 2 R DR SR B, BT R 35 F
1.47 X107 t, A A U &% 26 19 2 = (8 45 fe HE ik s HE
147X 107 t, 58 b — B WA P A, TE 1 hr sh I R A
SWHEMAOHEE, Bitorsk{a R 1.51 X107 t, 4%
1 SN NS = SR N R B TS s 1 I = e L
JFH B HE R 38 m

SZ A5 e DR 20T A5 T A b ) e A
S R R e 1) XA 22 S o, RE VR R I T
e H T i 1) 0 A A P i, N 0 R L 8 5 AN T R



376 7K R E

544

TELHR A IE #0823 9F 3l fe HE 0 K PR L 2 5 R
B enpR &3 Pl TN FNULIE IRV S Y NIRE S § AL
LB ROR B3 BEIRES 0 ST A IE A

4 e

(1) 2000—2020 4£ 7 & 17 4= b F) H ¥ itk HF 735 &2
MR RBRKESH . 5CAMPFRSG R -8,
By T AE Sy B BRI T R T h b 2 — B R 4T
RSV 4 o 3T b R AR 0 L 3T I B Y
i e BE IR H FE S BT B T 0k HE A 1, 5
“rp )y, P EAR T S WA s R, BEE ST G
T — R IVHES) 7 T G A B i B HE Tk S 18] 3 A
S IR B B R T AT KRR
DL RN S A5 R 2R ok Sl HE 4 it 0T B0 o8 4 1K0H
T HE B A 3G 4

(2) AR SCHERT 7 5% T Rl HE 2 ) B A5 1
PR BE U 5 B T B HE 1Y) B2 e Oy A, ke A AR DS A
G4 I — B0, Ul W AR VR 5 R 2 100 e HE R . A 0
AR — L i AT RE R BRI RE UR A B RE ) L 2
e RE VR P8R, RE U5 435 4 X6 B I i 19 52 il A7 GE A
B, N AT B HE TR WA A E S 48 B R e %o e HE il
S TR BE v TN I RRE 0 B 8 0% e o (R kA By i
T HE i o 34 0, 2% 25 SR 5 X0 e A AR X i I T e HE
R T TR B IR A 4 R — B, 2 i KR E R
KR SRR F 7K ST 19 £ s A2 18 1 A8 U6 0 A8 K7 19 2
o RV R B —E B o n R H R il B i AR
BRI S AR R L PR e S RS ) 28 T R R T RE 1 A
He it A — s A N b . ROk TR B — 2D R
b 25 HE )R AR IR T RE B S R R T B, bR
IR 28 55 4 3h ¥ T AR R L 4% (o 5 Tl A B kT A Uy T
(R

(3) ALK T LMDI K& 4 fif A AL, A FT AR
BT Kk R CRER 25K (REVR SR JE 4 Ay R 5E T R
T 5 T RRHE 2 8] 43 S s L JF A IR AR &R
FRIVIER 5 DR 3% 0T 5% T Btk I T30 1 552 Wi oA >fe 7 A ST T
A THT 1 5 M PR 2R DA AR 3R L DA 4 T o B B A BT
TR HE R A SR B R 2R

5 &%

(1) 2000—2020 4FF & T 4= b A1) 1T itk HF il i
SR T SR A U M O S R LR HE
BRI 1,87 £, AR Hb A Ay 32 AL, B W AL 7B
FEB T T R . BT ik 5 HE I 32 328 KT ik T W A
St TsF () P 7 8 7Tt ) e R R B K

(2) WNZS RN AR R A, 7 & 7 2 150 Pt e HE ik 52

BT U AR Y A T2 A REAE e B HE X3
Erh e S Tl AR SR I 28 0% R Hu IX

(3) MNBEEARZS R F . F BT 20002020 4F fiK
Hef 52 pr K AR B TR ESS — S B —
S 0 A8 RS 57, HLAE 2010—2020 4F 22 Bk 38 it
BAPIR S o R 18 58 A R S B ol BEARL L 7 0 T Y 48 T 4
KRnm R Z B SL B T R S,

(4) WFE N ZE SR A . A LB | 28 55 5800 {12 ik
TR TR HE R B s B8 R SR L BB VR 25 A S T
i HE B B I . AR R SR O F AR 53
TS TR HEBCRAD AR N . P, SRR T S T UM T
B — A 7l 2 R L A ER A N TR e K
Jre IR B 22 5 3 o BT R | R B TR 25 H | A R TR
58 P8 A it AU Sk B D/ il HE TR

£ % 3k (References)

(1] PUEERY, 5K SCRETRTH 2% . &b i 5 &3 K

BT TR A 0CHE AR AR 1 SR A BT T ). & T 5 A T
WF3%,2010,31(6) :5-11.
Ba Shusong, Wu Dayi. Empirical evidence of the relation
among energy consumption, carbon dioxide emissions
and economic growth based on the abatement costs [J].
Research on Economics and Management, 2010,31(6):
5-11.

(2] A5 SRR, R 27 B 4 B T R R A2 A o R 7 45

SR HE I 25 A8 A K s ma R R W T [T K B AR Rl
% ,2022,42(5) :376-385.
Cao Zhouliang. Zhang Xinrong., Yun Xuefeng. et al.
Spatio-temporal variation and influencing factors of CO,
emission at county scale in Shaanxi Province based on
land use change [J]. Bulletin of Soil and Water Conser-
vation, 2022,42(5) :376-385.

(3] B, A0, 2 7. 1 Ml R P 5l 080 oy B JHE AR ik 557 3

WFoT kR[] £ 34, 2016,36(4) :1152-1161.
Han Ji, Zhou Xiang, Xiang Weining. Progress in re-
search on land use effects on carbon emissions and low
carbon management [J]. Acta Ecologica Sinica,2016,36
(4):1152-1161.

(4] Jrkiz, Bk, AbH O, 4. 1981—2000 4F [ B b AH

BRI Al L) 1 ERE 2% (D 8 IR AL, 2007, 37
(6):804-812.
Fang Jingyun, Guo Zhaodi, Piao Shilong, et al. Estima-
tion of carbon sinks of terrestrial vegetation in China
from 1981 to 2000 []J]. Science in China (Series D:
Earth Sciences), 2007, 37(6):804-812.

(5] A=tibaf, e 3. e v A 50 R ROUL G %l ik 2 ol I 53
BT bR L e AR T SEAE S AT L) . A A 495, 2022, 38
(9):37-42.



55 3 1 B SCAF 20002020 AR 75 I 17 DX IURR HR R I 45 A8 e R B i) R R 377
Li Shixiang. Kang Qiying. Carbon footprint calculation [13] MXyTHe. AR5, St #5510 7 4 A8 W5 T 2% ok HE il v
of Yangtze River economic belt under the background of BRI e R W oE ()] KRR B TR 22 2% ), 2022, 53
carbon neutrality: An empirical analysis based on pro- (6):989-996.
vincial and industrial sectors [J]. Ecological Economy, Zhao Jiangyan, Zhu Yuen, Ma Jianchao, et al. Reach on
2022,38(9) :37-42. carbon emission inventory based on energy activities and
(6] BEBR.PED, FEFE.ETLERMANET KRS the driving factors in Shanxi [ J]. Journal of Taiyuan
WO R WL ] AR 5H AR ,2018,41(6) :197-204. University of Technology, 2022,53(6):989-996.
Chen Shugiang, Deng Xiaowei, Wang Zeyu. Research on [14] R, EorE, B 4% . 206 5 T o E A UKL ik
the relationship between economic development and carbon WA FRAE DR 5 (7). T 2 X BE 6 5 B 5%, 2023, 37
emissions based on global perspective [ J]. Environmental (1) :169-176.
Science & Technology, 2018,41(6) ;197-204. Zhu Hai, Wang Liguo, He Yan, et al. Spatial and

[7] AN Wit X0, 45 T E RO b b R e s temporal characteristics of carbon peak of provincial

5}#]}( AN AR 2 O 2 tourism in China under multiple scenarios [J]. Journal
MR ,2022,52(1) :21-31. of Arid Land Resources and Environment, 2023, 37
Zhang Jie, Chen Hai, Liu Di, et al. The spatial and (1):169-176.
temporal variation and influencing factors of land use L1501 M AR 1 B A, 08 e, 75 b DX ik A ) 3 38 I K
carbon emissions at county scale [ J]. Journal of North- 5 1544 280N WE LT LA SO R 2 2 4 R AR O
west University (Natural Science Edition), 2022, 52 2023.59(2) :260-268.

(1):21-31. Teng Wangtengfei, Feng Taozhu, Guo Daoyan. Drivers

(8] Az, B8, A8 3T RS A GIS [+ b ] FH 75 4k i 4k and decoupling effects of carbon emissions in Northwest

FCBR R TN 45 47 [0 ], 4 T R 22 B b 3R 2016, 33(7) ¢ China [ J]. Journal of Beijing Normal University
137-141. (Natural Science), 2023,59(2) :260-268.

Yang Kun, Hu Xin, Shi Yue. Current situation and pre- (16 B D5 5t PN 8 TR ol ¢ 20 B vl 5k 1R 522 0 R 3%
diction analysis of land use changes in carbon emissions IR BN ST ] RBRT 2023545 (2) 1914

based on RS and GIS [J7. Journal of Yangtze River Sci- Cui Yanfang, Zhang Guoxing. Research on the influen-
entific Research Institutes 2016.33(7):137-141. cing factors and peak prediction of carbon emission of

(9] JHEZE. FIRE. &3 EHEE RS RSB & resources-based cities in the Yellow River basin []J].

R 1H E A229R . 2000, 24(5) :518-522. Yellow River, 2023.,45(2):9-14.

Zhou Yurong, Yu Zhenliang, Zhao Shidong. Carbon [17] EHA, T A B, 5. DMSP/OLS BOGHE 19 3k =
storage and budget of major Chinese forest types [J]. PRI 25 22 5 1 53 BT L) 1. 3 R A7 4l 2022, 26 €9)
Acta Phytoecologica Sinica, 2000,24(5) :518-522. 1824-1837.

[10] Yang Xin. Wang Mingxing. Huang Yao. The climatic- Wang Yanjun, Wang Mengjie. Liu Lin. et al. Analyzing
induced net carbon sink by terrestrial biosphere over the spatiotemporal differences of carbon emission in the
19011995 [J]. Advances in Atmospheric Sciences, Pearl River delta using DMSP/OLS nighttime light
2001,18(6):1192-1206. images [ J ]. National Remote Sensing Bulletin, 2022,

(10 Fdds, T 2 04 45 il 4 2 V8 OB ) I bk 26(9),1824-1837.

‘(ﬁ%ﬁ?ﬁﬁﬁﬁ%ﬁmﬁlﬁﬂ” < BT 22 4] . 2023 (1) - (18] g2, K= IWIRIr . 55 ik b A H AR T ak HE s ¢
65-70. S DN g B Rt SR [ ). LR R, 2023, 49
Wang Mengjie, Wang Yanjun, Li Shaochun, et al. (9):4011-4022.

Spatio-temporal difference analysis of carbon emissions Sun Meng, Li Changyun, Xing Zhenfang, et al. Analysis
in Chang-Zhu-Tan urban agglomeration based on multi- of key influencing factors and scenario prediction of
source remote sensing data [ ]J]. Bulletin of Surveying China’s carbon emission under carbon neutrality [J].
and Mapping, 2023(1):65-70. High Voltage Engineering, 2023,49(9) :4011-4022.

(127 e s v [0 48 S HE O 5T 5 sk i A2 58 [ D . (191 EZEG R hEEBES T 4EEIM] st b E g
LR MERS RO T RS, 2022, J At 2001,

Liu Xiaodie. Research on provincial carbon emission National bureau of statistics. China energy statistical
scenario prediction and carbon peak path in China [D]. yearbood [ M]. BeiJing: China Statistics Press, 2001.
Huainan, Anhui: Anhui University of Science and [20] ZEZ MARSKITFEEIMI] AR P E S H AL,

Technology, 2022.

2001.



378 K AR A Al + 44
Lou Meizhi. Shandong Statistical Yearbook [ M ]. (300 U .75 bR AE - bR T ik HE S 2 8 78 190 B 00
Beijing: China Statistics Press, 2001. FE[D].H AR KA FH bk, 2021,

[21] HEWEHIR.FEBEIHEL-2001CA5E 22 HDH[M].db Wang Lijun. Study on the spatio-temporal evolution and its
o E ST A, 2001, efficiency of land use carbon emissions in Jilin Province
Qingdao Bureau of Statistics. Qingdao Statistical [D]. Changchun, Jilin: Jilin University, 2021.
Yearbook: 2001(Total issue 22) [M]. Beijing: China [31] HE A&y 3T oA FH A A 0 22 ROBE 3 Tl 5k A 1 B2 s
Statistics Press, 2001. HE” A B S LD W v AN WV R 2%, 2019.

[22] Wu Yizhen, Shi Kaifang, Chen Zuoqi, et al. Develo- Xia Chuyu. Multi-scale studies on urban carbon metabolism
ping improved time-series DMSP-OLS-like data from the perspective of land use and scenario analysis of
(1992—2019) in China by integrating DMSP-OLS and emission reduction [ D]. Hangzhou, Zhejiang: Zhejiang
SNPP-VIIRS [ ]J]. IEEE Transactions on Geoscience University, 2019.
and Remote Sensing, 2021,60:4407714. [32] BASREK, B Bt <, s bt e ORI AR SRR A B 5 e - 4

(23] BG5S, ER0CR, 123k, 4. B b A= 25 3 40 ] e AR 3t T ] PR A= 42 , 2012, 67(6) : 758-770.

R [T A 2Rk . 2008,28(2) :463-469. Zhao Ronggin, Huang Xianjin, Peng Buzhuo. Research on
Duan Xiaonan, Wang Xiaoke, Lu Fei, et al. Carbon carbon cycle and carbon balance of Nanjing urban system
sequestration and its potential by wetland ecosystems in [J]. Acta Geographica Sinica, 2012,67(6) :758-770.

China [J]. Acta Ecologica Sinica, 2008,28(2) :463-469. [33] MJSMH, B A, 286, 45, — Fh 547 B X I8 9 B9 A% HE

(247 7. v et )0 o84 i HIE 808 BF S [ DT 25 B T WO Ty %k T B AR 7 % CN114049052B[PJ. 2022-
I RUR A%, 2010. 05-06.

Lai Li. Carbon emission effect of land use in China [D]. Tian Qiming, Xu Yida, Li Mengnan. et al. A method and
Nanjing, Jiangsu: Nanjing University, 2010. visualization approach for carbon emission calculation

[25] Walsh J J. Importance of continental margins in the within a specific administrative region: CN114049052B
marine biogeochemical cycling of carbon and nitrogen [P]. 2022-05-06.

[J7. Nature, 1991,350:53-55. (341 AL AR 40 U S 1] 9 DX 3 4 st R FIOFA 5 254 10 £

[26] Meybeck M. Riverine transport of atmospheric carbon: W[ D] i AErp b k2% ,2013.

Sources, global typology and budget []J]. Water, Air, Li Kongging. Evaluation and structural optimization of
and Soil Pollution, 1993,70(1) :443-463. low-carbon economy-oriented regional land-use [D]. Wu-

[27] Bt akhi, @t il . b R AR 2 &R 40 00 Bk 2 han, Hubei: Huazhong Agricultural University, 2013.
ML) K LR R4 4R, 2011,25(5) : 203-208. (357 I MESK . BRFH 35 8, AR 5, 8.7 AR 4 Bl I 1 IR T Al
Duan Huaping, Zhang Yue, Zhao Jianbo, et al. Carbon R HEIMRACWE oA ()L E A - WIS 5,
footprint analysis of farmland ecosystem in China []J]. 2010,20(12) :56-61.

Journal of Soil and Water Conservation, 2011,25(5) Kuang Yaoqiu, Ouyang Tingping. Zou Yi, et al. Present
203-208. situation of carbon source and sink and potential for

[28] BRIGLL.ZEMSRL, E A 0L.GB/T 2589-2020 (L5 & fEFETT increase of carbon sink in Guangdong Province [J].

BN E R AR AER LT ) AR ERE 2%, 2021(12) . 107 China Population, Resources and Environment, 2010,
111. 20(12) :56-61.
Chen Haihong. Li Pengcheng. Wang Zhonghang. [36] LiChuang, Zhang Zhecong, Wang Liping. Carbon peak
Interpretation of National Standard GB/T 2589—2020, forecast and low carbon policy choice of transportation
General rules for calculation of the comprehensive industry in China: Scenario prediction based on STIRPAT
energy consumption [J]. Standard Science, 2021(12): model [ J]. Environmental Science and Pollution
107-111. Research International,2023,30(22) :63250-63271.

[29] ZEMME, RS, TR 45.(IPCC 2006 £ H KX R EX [37] Li Mengcheng, Liu Haimeng, Yu Shangkun. et al.

PR AR M 2019 & 3T RO M 121 . 3R 58 T %%, 2019, 37
(8):1-11.

The
interpretation of 2019 refinement to the 2006 IPCC

Cai Bofeng, Zhu Songli. Yu Shengmin, et al.

guidelines for national greenhouse gas inventory [J].

Environmental Engineering, 2019,37(8):1-11.

Estimating the decoupling between net carbon emissions
and construction land and its driving factors: Evidence
China [ ] .

Journal of Environmental Research and Public Health,

2022,19(15) :8910.

from Shandong Province, International

(F#:% 389 W)



%33

PN 25 YA S STUSU 3t A LR 2 1) 2 A1 B JHE X 3 Al b AR P ) o i

389

(22]

[23]

[24]

[25]

[26]

Mollisol in central Ohio as affected by tillage and land
use [ J]. Soil and Tillage Research, 2005, 80 (1/2):
201-213.

Shi Peng, Zhang Yan, Li Peng, et al. Distribution of
soil organic carbon impacted by land-use changes in a
hilly watershed of the Loess Plateau, China [J]. Science
of the Total Environment, 2019,652:505-512.

AR, o IR L B b g B K B I R VA B BT K TR
FELTTARFIK - AR . 2020,51(1) < 1-11.

Hu Chunhong, Zhang Xiaoming. Loess Plateau soil
erosion governance and runoff-sediment variation of
Yellow River [J]. Water Resources and Hydropower
Engineering, 2020,51(1):1-11.

Li Zhongwu, Liu Chun, Dong Yuting, et al. Response
of soil organic carbon and nitrogen stocks to soil erosion
and land use types in the loess hilly-gully region of
China [J]. Soil and Tillage Research, 2017,166:1-9.
Alcdntara V, Don A, Well R, et al. Deep ploughing
increases agricultural soil organic matter stocks [J].
Global Change Biology, 2016,22(8) :2939-2956.

EeoS I 7 L S I i S - N 7 LR o
WOCBLUE BRI LC /R E K 1 & TR 2 25 K SR
W2 DL LR AR DI 218 SCHE CR D BT
2007:114-117.

Li Mian, Yang Jianfeng, Hou Jiancai, et al. Research
on sedimentation process of small watershed check-
dams in loess hilly areas [C] // Proceedings of the 7th
Academic Symposium of the Hydrological and Sediment

Professional Committee of the China Society of Hydro-

[27]

[28]

[29]

[30]

[31]

[32]

power Engineering (Vol. 2). Hangzhou, 2007:114-117.
Soane B D. The role of organic matter in soil compactibility:
A review of some practical aspects [ J]. Soil and Tillage
Research, 1990,16(1/2):179-201.
Wei Wei, Chen Die, Wang Lixin, et al. Global synthesis of
the classifications, distributions, benefits and issues of
terracing [ J]. Earth-Science Reviews, 2016, 159;
388-403.
Xu Lu, Zhang Dan, Proshad R, et al. Effects of soil
conservation practices on soil erosion and the size selec-
tivity of eroded sediment on cultivated slopes [J .
Journal of Mountain Science, 2021,18(5):1222-1234.
Wu Gaolin, Liu Yifan. Cui Zeng, et al. Trade-off
between vegetation type. soil erosion control and sur-
face water in global semi-arid regions: A Meta-analysis
[J]. Journal of Applied Ecology, 2020,57(5) :875-885.
LTRSS SN ERLT /O = I e sl i - R A TR Z )
B A b P K I S 0 S B i [ LK B AR BIE Y
2010,17(2) :141-144.
Pan Zhanbing. Yu Feng. Wang Zhanjun, et al. Effects
of slope aspect and position on temporal and spatial
variation of soil water content on alfalfa land in loess
hilly region of South Ningxia Hui Autonomous Region
[J]. Research of Soil and Water Conservation, 2010,17
(2):141-144.
Hoylman Z, Jencso K. Hu Jia, et al. Hillslope topography
mediates spatial patterns of ecosystem sensitivity to
LT
Biogeosciences, 2018,123:353-371.

climate Journal of Geophysical Research:

(
[38]

[39]

E#5 378 T

KA PG S A L DX v 3T Y HE O E B
Sem R Ay LT B W o LT &5 5 B AT,
2012,28(4) :150-156.

Zhang Wei, Sun Yanling, Zhu Meng. Determination of
carbon emissions in regional central cities and analysis
of influencing factors: Taking Qingdao as an example
[J]. Review of Economy and Management, 2012, 28
(4):150-156.

X SR 47 TR A% 5 A SC b2k T LMDI &2 A F1 Tapio Y i
B HE O Bl PR 3R R AR A 5 LA B T R L.

[40]

B TIBE R 222 CA SR 22 RO . 2023,40(3) :87-94.

Liu Guanquan, Yang Yulin, Zhu Wenjing. Driving
factors and decoupling state of urban carbon emission
based on LMDI model and tapio: A case study of
Qingdao City [ J]. Journal of Nanning Normal University
(Natural Science Edition), 2023,40(3) :87-94.

Li Xinguang, Lv Tong, Zhan Jun, et al. Carbon emis-
sion measurement of urban green passenger transport:
A case study of Qingdao [J]. Sustainability, 2022, 14

(15):9588.



