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Abstract

Using methods such as entropy method, ArcGIS natural breakpoint method, coupling coordination
model, and geographic detector, this paper measures the coupling coordination of the “carbon
emissions-population-economy” system in 64 counties and 12 prefecture level cities and districts
(excluding Durbert Mongolian Autonomous County) of Heilongjiang Province and their adjacent
areas from 2005 to 2019, and analyzes their interaction and coordination degree, using geo-
graphic detectors to detect factors that affect the coordinated development of the carbon emis-
sions population economy system. The results indicate (1) since 2005, the total carbon emissions
and population of each city in the study area have shown a trend of first increasing, then decreas-
ing, and gradually stabilizing; The economy has shown a steady upward trend over the past 15
years; (2) The three major systems of each city in the study area have good coupling status, strong
interaction, and stable and orderly development, but there is a slight downward trend. The coor-
dination degree shows a stepped distribution from north to south, and the overall coordinated
development status is poor; (3) The coordinated development of the “carbon emissions popula-
tion economy” system is the result of the interaction of multiple factors. Energy conservation and
emission reduction should be tailored to local conditions, and industrial structure should be ad-
justed to enhance the level of regional coupling and coordinated development.
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Figure 1. Research area
B 1. R

Table 1. Regional “carbon emissions population economy” research evaluation indicator system

1 X BRHEE - AD - 257 RN ERRE R

14 4R R NESE LA X E/ ) BE
{55 911 W t il 0.399
PN 6 A il 0.368
&2 91 G- Y7375 il 0.233
AH MAH N iE 0.561
UNEE-3: Nkm? iE 0.439
2 X AR = S Ji TG iE 0.29
H—r e Ji TG iE 0.173
e Ji TG iE 0.211
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Table 2. Classification of the coupling degree of regional “carbon emissions population economy” research
2. Xy “BRHE - A0 - &5 MRBEEFRNY

MAECE [0,0.3] (0.3,0.5] (0.5,0.8] (0.8,1]
A SR KRS ECRAIN ey BEEE E PR S

Table 3. Regional “carbon emissions population economy” research coordination level classification
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Figure 2. Spatial distribution of carbon emissions in counties of Heilongjiang Province
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Figure 3. Distribution of county population in Heilongjiang Province
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Figure 4. Temporal and spatial distribution of county economy in Heilongjiang Province
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FERLA, BT LA B =/ A [R] I [R]85 8 ORGP 3 (B AT 20 b o A B8 mT B T4 2 R e 90 2 TR A EL AR5 1)
FEEE, AR RERWUAH BAE I RI5RSS, TTMRAZ o, RH=FH PSR BAER . ARYE RS G RS540k
I ARAE(R 2) 2005~2019 A7 (1% T BERL A BE A vT DU, B FE X3RN AR S DR X S FLBE AR X 35 40 T
KRG B B, R & BEIIMELE 0.832~0.987 Z [H], ARAUIR AR/ HIFT B A IX 4k 22 57 s P84k |,
FEITA] DX 5k Py BT A 3811 A A 248 /1 2005 4E 1) 0.983 14 4 2011 4 (1) 0.992 J5 T F4Z 2019 4E 1) 0.949,
H—HBATEAKPE. WSS RENE, RAE 2005 F£=KAESREXMAIX 7R, FHERE, M
P EAR G BEAR T 0.90, Btk LAAM AL ] BEAF 5T X SR A FE 35K T 0.90.  FH ke 16 B R VT FL 4 DL 2 1 2
WX “BRAbl - AO - 8387 = KRAGMAERESRE, RETVRAFHEIEE R .

Table 4. Time evolution of regional “carbon emissions population economy” coupling coordination degree
4. Xy “BRHE - A0 - &5 BEtBERENEX

2005~2009 4 2010~2014 4 2015~2019 4

e & R Prif M R NG Fha B B

SNIRA 0.936 0.678 0.967 0.684 0.959 0.683

B B 0.964 0.684 0.984 0.691 0.982 0.690

Iy B 0.961 0.644 0.902 0.672 0.975 0.683

SR TTREIX 0.986 0.689 0.973 0.684 0.979 0.686

SN 0.918 0.684 0.956 0.683 0.977 0.683

- N E 0.971 0.686 0.984 0.690 0.902 0.693
22U 75 FoKE M T 0.936 0.671 0.946 0.675 0.986 0.685
gi’f 37 B 0.975 0.701 0.962 0.698 0.974 0.698
bz g 0.981 0.680 0.911 0.686 0.957 0.671

HEE 0.902 0.685 0.924 0.685 0.952 0.687

FHE 0.962 0.698 0.957 0.697 0.964 0.698

Bk 0.902 0.686 0.948 0.686 0.968 0.688

HEHEX 0.979 0.672 0.981 0.669 0.984 0.670

B 0.903 0.686 0.974 0.690 0.990 0.691

K5 0.988 0.684 0.959 0.687 0.986 0.689

AR 0.969 0.692 0.985 0.693 0.992 0.694

%ﬁ%ﬂ; pLIMTIR=] 0.987 0.687 0.939 0.690 0.975 0.692
AR i & 0.952 0.680 0.946 0.679 0.953 0.680
fielx EMNT 0.982 0.687 0.978 0.685 0.987 0.688
& R 0.976 0.681 0.929 0.679 0.953 0.681

AT 0.976 0.682 0.984 0.683 0.986 0.684

# T 0.987 0.683 0.941 0.684 0.949 0.685

GImE 0.965 0.680 0.970 0.682 0.972 0.682

TR 0.928 0.693 0.982 0.689 0.981 0.688
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Continued

JiIE & 0.982 0.683 0.922 0.687 0.960 0.689
W H 0.932 0.689 0.987 0.690 0.985 0.692
FE 0.986 0.676 0.987 0.670 0.983 0.673
T 0.959 0.686 0.983 0.683 0.907 0.684
RTE 0.979 0.695 0.925 0.694 0.954 0.695
NmE=Y 0.930 0.687 0.972 0.688 0.982 0.689
T 0.944 0.687 0.967 0.686 0.980 0.687
T 0.912 0.685 0.975 0.685 0.901 0.685
s 0.956 0.690 0.973 0.688 0.984 0.689
R 0.963 0.683 0.961 0.683 0.975 0.685
"E 0.902 0.680 0.941 0.678 0.958 0.680
HEL 0.981 0.671 0.985 0.672 0.988 0.676
A 0.975 0.687 0.939 0.690 0.987 0.692
BT 0. 977 0.670 0.985 0.664 0.988 0.664
Y AAR= 0.931 0.686 0.951 0.686 0.958 0.687
gﬁ i Wz B 0.923 0.686 0.940 0.685 0.952 0.686
AThhE ZHRE 0.890 0.685 0.944 0.688 0.950 0.689
X BHE 0.903 0.687 0.953 0.688 0.976 0.689
ENIIE=] 0.903 0.683 0.983 0.685 0.943 0.686
TLARE 0.979 0.678 0.989 0.685 0.994 0.686
FRE 0.881 0.684 0.907 0.685 0.912 0.685

k21X
WAV T 0.906 0.680 0.920 0.679 0.943 0.681
RE 0.892 0.684 0.937 0.685 0.942 0.685
LR 0.950 0.673 0.961 0.675 0.965 0.676
B 0.982 0.677 0.989 0.679 0.985 0.679
J i B 0.963 0.679 0.880 0.668 0.832 0.659
=t 0.986 0.681 0.905 0.682 0.989 0.681
M B 0.972 0.670 0.932 0.677 0.948 0.678
A 0.922 0.683 0.973 0.685 0.976 0.686
NGRS 0.985 0.684 0.967 0.690 0.968 0.690
Mepg B 0.878 0.680 0.958 0.684 0.985 0.684
HE 1] 0.926 0.668 0.974 0.679 0.988 0.684
DR 0.960 0.675 0.982 0.680 0.989 0.684
SRS 0.964 0.674 0.971 0.672 0.970 0.674
7S UIni) 0.928 0.688 0.922 0.685 0.928 0.686
HEH 0.982 0.675 0.989 0.679 0.921 0.681
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Continued
= 0.972 0.671 0.986 0.677 0.903 0.682
X E 0.984 0.678 0.989 0.682 0.920 0.684
KB 0.989 0.683 0.944 0.687 0.958 0.689
IR 0.983 0.673 0.953 0.671 0.950 0.674
HER 0.977 0.668 0.987 0.682 0.911 0.666
TN 0.980 0.674 0.987 0.674 0.909 0.676
MR TTFEIX 0.980 0.484 0.987 0.465 0.894 0.414
FIER /R IX 0.937 0.652 0.959 0.646 0.947 0.644
A VG T X 0.947 0.657 0.960 0.656 0.964 0.658
b T FE X 0.971 0.626 0.972 0.623 0.967 0.625
XU L T X 0.903 0.646 0.911 0.645 0.911 0.646
RIRTTEEX 0.969 0.599 0.830 0.553 0.905 0.574
FEARBTTREIX 0.912 0.655 0.952 0.656 0.962 0.653
X 0.987 0.675 0.947 0.678 0.960 0.680
PRI TR X 0.918 0.660 0.961 0.661 0.962 0.662
GALTTFEX 0.957 0.661 0.967 0.664 0.973 0.666

T R AR BRI T R MR R IFRE, (B2 H LM E KRG R R R &R, Fr
CL, FEULEERE BBl ANFRA IR, AMUEEN IR, IEREARIL R A MR AT I Bett . K
P FE SR A Ar e (2 3) AT, At 15 AR FEIX S & 3 T WA FESAME T 5, KA PG /RIE TR X
4bF(0.4,0.512 18], JETFEAYMA . W50 DX I A HoAth 5 38 115 1 B B ¥ 40 F(0.5,0.8) 2 18], WFFLIX “ Ak
W= NF =857 =ARGZMIFEMERZ . Bd, S REMERE, HEBRERE T2k
R, BT R4 L, PR 2005 fEf 0.661 FFEE 2011 4E ) 0.642 J5 XA
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Table 5. Index system of influencing factors for the “carbon emissions population economy” system
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Table 6. Measurement of explanatory power of factors influencing the coupling coordination of “carbon emissions popula-

tion economy”
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Table 7. Interactive detection results of coordinated development of carbon emissions population economy in 2019
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