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Abstract In the context of of “dual carbon” strategy, exploring the spatiotemporal differences in land-use
carbon emissions and devising effective control strategies in Hebei Province are key to promoting regional
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collaborative carbon reduction and achieving green, low-carbon development. This study takes 11
prefecture-level cities in Hebei Province as research units and constructs a carbon emission accounting
system based on energy consumption data and current land use data from 2001 to 2021. The spatial
pattern characteristics of carbon emissions in Hebei Province is explored during this period. This study
proposes a carbon emission zoning scheme and optimization countermeasures by integrating the economic
contribution coefficient of carbon emissions, the carbon ecological carrying coefficient, and the decoupling
index. The results indicated that: 1) From 2001 to 2021, the carbon emissions in Hebei Province showed a
significant upward trend, rising from 9.01x107 tons in 2001 to 2. 75x10° tons in 2021 with an increase of
205.44%. The carbon emissions increased rapidly between 2001 and 2011, but the rate slowed between
2011 and 2021. Spatially, the carbon emissions were higher in the eastern and south-central regions and
lower in the northern region, and the carbon absorption capacity was higher in the north and lower in the
east. Construction land was the primary source of land-use carbon emissions. The carbon absorption
capacity of land use was far less than the province’s carbon emissions. Various ecological land types in
Hebei only played a minimal role in carbon absorption and regulation. 2) From 2001 to 2021, the economic
contribution coefficient, carbon ecological carrying capacity, and decoupling index of carbon emissions
varied significantly across the prefecture-level cities in Hebei. Cities like Baoding and Langfang had
advantages in economic contribution from carbon emissions, while Chengde and Zhangjiakou had higher
carbon ecological carrying capacities. Overall, The relationship between economic growth and carbon
emissions in the province was gradually becoming more coordinated, shifting from a state of expansion and
coupling to a decoupled state. Lastly, this study categorized Hebei Province into four carbon balance
zones, etc, one consolidation zone for low-carbon advantages, one demonstration zone for low-carbon
development, one zone for low-carbon transformation and upgrading, and one revitalization zone for
carbon reduction and sequestration. The study further suggests tailoring development strategies for each
zone to foster collaborative low-carbon development across Hebei Province and achieve the “dual carbon”
target.

Keywords land use; spatiotemporal distribution; carbon emissions; decoupling benefits; zoning management
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Fig. 1 Location map of Hebei Province
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Table 1 Correspondence between carbon emissions and land use

& #h R 2 Y ik 1 ik 58 A 1
Land use type Carbon emissions or carbon sinks
#FHb Cultivated land FEIE R 2 AR FRAE AT | A 3 B A

AE VR 9% B HE L ok A= 7 AR i R R
J3 S 40 ik B i HE R LN R IR I

ARl B K SR R T AR BRI | FE AR K BB | SR R

Forest land, grassland, wetland , unused land % i

#3% J #i Construction land

1.3.3 #i7 % i, kI/kg; CCoN S i PP RETRZS B B Bk & &, t/ TICLA
BEVR T PR HE RO B A D R BN R 2, 3R AX BRI OF %R i Fh BB R AL A AL s A S 500,
mF: Fom RIS IR0 B 2 L BUE R 44/12, Ho,

Con=>Qur_; X NCV, X CC, X OF, X A (1) Qe K AR GRE WF VA 2 S e K AR B Tl 945 7™
K Co, HREIRTH PRBHE B s Qo AR ( FIRETEZE ML TP A TE TR T (5 X A8 G T e A
RIE I B B s NCV N ES 1 R BE TR 1Y S B 47 & 4 o051 22 850, B R TR B B B B A% T 1

®2 BBEHBREH

Table 2 Energy emission coefficient

Rl B AL R B A8 B 7 i A AL R B T
Energy type Average lower heating value Default carbon content Oxidation factor
JE I Raw coal 20 934 26.37 0.93
YK B Cleaned coal 26 377 25.41 0.93
HoAth P& M Other washed coal 8 374 25.41 0.93
# Jic Coke 28 470 29.42 0.93
JE i Crude oil 41 868 20.08 0.98
#5 KL i Fuel oil 41 868 21.10 0.98
V31l Gasoline 43 124 18.90 0.98
4E 71 Diesel 42 705 20. 20 0.98
J& 3 Kerosene 43 124 19. 60 0.98
)+ R Refinery dry gas 46 055 18.20 0.99
WAk £ 3R LPG 50 242 17. 20 0.98
K kA Natural gas 35609 15. 32 0.99
£ b 5K Coke oven gas 17 375 13.58 0.99
=5 b 48R Blast furnace gas 3768 70. 80 0.99
WAL KRR LNG 51 498 17. 20 0.98

VE P H AL A B 11 GB/T 2589—2020( 45 A ARG H 538 )T 5 9 W 3 MO K 11 €8 Gt = S 7 B4 2 ) 4
GRAT)) s BB I [ R R 28I 0. 93 AR R B 0. 98, /TR AL R BUIC 0. 99, 4955 Mi % il Shan 25101 5
E4]

Note: The data for average lower heating value is sourced from GB/T 2589—2020 General Principles for Calculation of

Comprehensive Energy Consumption'™’,

The data for default carbon content is from Guidelines for Preparing Provincial
Greenhouse Gas Inventories (Trial). The oxidation factor coefficients are set as 0. 93 for solid fuels, 0. 98 for liquid fuels,

and 0. 99 for gaseous fuels, based on the research results of Mi et al. '*' and Shan et al. 1"’
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Table 3 Decoupling types and state definations
Jid ) 2 A4 AR AR i GDP AZfb it it ) 5 1 R E X
Decoupling type AC AG e State definition
59 M 44 ' >0 >0 0<<e<C0.8  WEHEM A GDP ¥k K , GDP 84 i 5 th
Weak decoupling
BRI 5 . <0 >0 e<<0 GDP 3 K, 5 HE sk 2>
Srtong decoupling
.
R <0 <0 L2 RRHEHCR GDP kO i e
Recessive decoupling
Vi ok
I | >0 S0 0.8<e<l2 BHEHCNI GDP HIHHK M HIA
Expansive connection
25 i Lk
sl <0 <0 0.8e1.2 BRHEHCR GDPEE A, 0 H XY
Recessive connection
7 5 44
TGRS . =0 >0 =12 WHEHOR GDP ¥ K B HE g T e
Expansive negative decoupling
71 4
AR . >0 <0 <0 GDP Wl 2 , B 4 1
Srtong negative decoupling
5 1 i 44
M <0 <0 0<Ce<0.8  BRHEHA GDP ¥4, GDP ik T e

Weak negative decoupling
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Fig. 2 Distribution of the carbon emissions from land use in Hebei Province from 2001 to 2021
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Fig. 3 Distribution of the carbon absorption from land use in Hebei Province from 2001 to 2021
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Table 4 Decouplind state of carbon emissions and economic growth in Hebei Province during different

time periods from 2001 to 2021
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Fig. 6 Current status and layout of low-carbon development in Hebei Province from 2001 to 2021



12

0 LN ES I Y NS S 4

2025 4F 45 30 %

MR F o2 R RRCR O e A Tl (RS
b BB AR AR S TR D AE T AR BT 2011 4F, B T
2016 FF M ECCH W& T B, B 2. 11 TR &
1.26.1.63 FREZE 1. 03 U W7 78 M A Bk A= 7
2R JRE VR R FH 8RS R A 55 o B A - e R A -
o 7 R X I RV e A 7 0 AN RE R R RSOR B
e 2 20 BB 7 BE B, 28 T 48 R AT X Al HE TR SR B A K
X B, A 2016—2021 4E AU 28 2 1 17 Js T I 26 0
& B ELAT o HE i 26 0 Tk AR O P B X8k, 5
X it HIE T30 AR A5 A1 1 5 DX 30 A 58 4 — B0, AR
LB HE 28 TF DR AR R IR A B8 T 40 Ul I IX B
T B K X B HE R AR T 55, i — A IR T AR 43 X
B g AL 4 B A B . 2011—2016 4R 1Y
TR AT JE T B B - AR A% - v R 2 X, Tl
SCAE Rl 32 DXl 28 % 1 K AT B Bl R K g Bk 4
B 5 5SS R AR Y 4 RP 2 A £ B AE 2001—2011
A o 34 B AR R ALK R 2k X 8 LA 2001—2006
AR T 5 B B 1L T SR AR R 92 IX ek 28 5 44 K e HE
0 B 0 AR X ) 2B, ELA AR L RE R R RO L
Kb A 25 R 38 S 8K . 2006—2011 4 (i 7K 5 117 )8
T 3% G5 - A 5 - v R R X, RV I X B T TR
Fw RN AR IR AL & R . 3 4 - R - R
BXEMNTAESHRERFMNERED KR D JKE

x5

S5 b, ) B LA i T 9 % A R R A A, R R Ok
15 5y T S IR0 A8 1 DX 3R, H 28 3 K A5 1 i 2 e HE
R R 25 G0 o 3% 45 - AR AR 3R X AL T 2001—
2006 4F (4 JBE B M K 3T . AE 4 BF & AR A
X B AR ) A T 20 4 L A 3 T R ROR HL A AR AR
AR A S5 e HE OB, LA T R B R AR 2%
2.6 BMTEEHIRER

ZEA T A R i 11 R SR R I T L4 4
Gl AR ARG 28 AORASTTRER T AN . W EF
Gy XA B HE 28 T TUBR AR B AR SR B R
B R EPIRZS DL T 2001—2021 4E 2 30 19 5 AR A
e o XN WL 5. LR 4 KX, Hop
ARE NG JEYF MK N 5T E ARSI
[ X, 1% X8k 19 28 BF 2 Je XoF sk HE I A e R R A
%, Bk 2 7 7 B R U5 R FH R0 5 e, fHL i T 40 e
BEHG 5 R AR AR 2 T E TR & R X, 1% X
oV & 5 R HE B AR RS | IRk & R R B B B
TCER AL T 455 7 5 28 2 8 IR K 0 217 )8 TR
i 5tz U8 T IX, 2% DX 388 Al HE ke 8 % ot R 7 7 B ke T
90 RE 1 o {0 2 B K R S Rk HE A A R B A
15 R L VTR 2 T T s B IR 2% X R X 4
U K& R 55 e HE R A A THI I 28 0% R R L R i A=
BRI WEE ST

HREESXEREN

Table 5 Principle of carbon balance partitioning
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