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Abstract; The adverse effects of global climate change on human production and life are becoming increasingly prominent. Responding to climate change has become a severe
challenge faced by human society, and the reduction in greenhouse gas emissions has gradually become a common action hy all countries. Therefore, analyzing carbon
emissions through scientific methods has become an important foundation for responding to the national “ dual carbon” strategy. This study used provincial-level carbon emission
statistics, combined with nighttime light data and population data, and assigned carbon emissions to the grid scale. It also analyzed the temporal and spatial characteristics and
evolution characteristics of carbon emissions in China in 2000, 2005, 2010, 2015, and 2018, as well as the correlation between carbon emissions and the economy. The
results showed that ; (D) from 2000 to 2018, the total CO, emissions in China continued to grow, but the growth rate slowed over time. The average annual growth rate of carbon
emissions dropped from 9. 9% in 2000-2010 to 7. 4% in 2010-2018. From the perspective of spatial distribution, carbon-free areas were mainly distributed in the northwest
uninhabited area and northeast forest and mountainous areas, low-carbon emissions were mainly distributed in the vast small and medium-sized cities and towns, and high-
carbon emissions were concentrated in northern, central, eastern coastal, and western provincial capitals and urban agglomerations. @) Carbon emissions had high-value or
low-value agglomerations at prefecture-level cities; this agglomeration tended to stabilize as a whole and had strengthened after 2005. Low-low agglomeration areas were mainly
distributed in the western contiguous areas and Hainan Island. With economic and social development, low-low agglomeration areas began to fragment and reduce in size; high-
high agglomeration areas were mainly distributed in the Beijing-Tianjin-Hebei urban agglomeration, Taiyuan urban agglomeration, Yangtze River Delta urban agglomerations,
and Pearl River Delta urban agglomerations, and the scale was gradually strengthened and consolidated; high-low and low-high agglomeration areas mainly appeared in
neighboring cities with large differences in economic development levels. () Carbon emissions in most parts of China were relatively stable. The areas where carbon emissions
had changed were mainly distributed in the peripheral areas of provincial capitals and key cities, and there was a circle structure with no changes in the central urban area and
changes in carhon emissions in the peripheral areas. (@) The overall process of urban development in China from 2000 to 2018 followed a shifi from “low emission-low income”
to “high emission-low income” to “high emission-high income” and finally to “low emission-high income. ” The growth rate of carbon emissions in China is slowing down.
Under the background of the “dual carbon” strategy, different regions face different carbon emission reduction tasks and pressures due to different carbon emission situations.

Therefore, the differentiated carbon emissions policy should be implemented by regions and industries.
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Fig. 1 Relationship between provincial DMSP-OLS data
and NPP-VIIRS TDN in 2012 and 2013
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Table 3 Data grouping situation

S4B JR B

2000 4F (AbmT AR AREE HA AR TP R L TR SRV R AR TR AL

T KHEE TR = AT
2005 4F(dbat,
T BV | i K TR R TR )
2010 4 (bt
VG U1 B R LR ER)

2015 4 (dbat IR 28 mE Hl TR

7R E B AR CEON AR T R AT TR SRR
AR VR AR HAR AR TP R G TR AR YT L R AR TR

T NS T HE HIG B L
T IR VOV L7 NS TE H
JTVE AL I B

G0) NG IR TIE AR TN Ny A N | AT I N i AN i RS T

SN RN IR N U P NE N &ﬁ/ﬁﬁliﬁ?)

2018 4 (dbxt,

AR R ARER CHAR AR T BN
ENC IR N VRS = SN R RN

T

AT B AR TN Iy A N B AN 1 I N I N AN N

2010 A= (M VT E P BRI
2015 (NS T E L RH R )
2018 4 (LT 5T VT E L VG R )

2000 4F (G
2005 4F (S 1AL TR L pg A
2010 4 (S0 ARG )

UL Bl R AN NN VNS

1) AL BEIRTH SR G0 R BOBEE R T8, P s R R

F4 BHBEEHFESH
Table 4  Parameters of the quadratic polynomial | =%
=4

model of carbon emissions

Hom a b R2
11 %Y 0423 4.025 | 0. 904
A2 R /0381 17.3020 [/ /0,649"
Sl > 2-.' 195 0.756 | "4 :ﬁf'g_zz’
1.2.4 7 25 ] mﬁa“ééﬂﬁ J vy
,a(l)',u%}% ] E*ﬁffﬁﬁﬁ Moran’s, I?Uulﬁﬁ

{2 - SR 19 2 [ AR O, Moran's 7T S
U~ LR T 0 FoR A, B marl:ﬂzm

FELEBR AR ; /T 0 IR F AR ¢ 145 A =X dm
T,
n C S w; (%, —x) (%, —x)
[ == (4)

2 Z UZ (2 —2)°
o, n%@ﬂii&ﬁﬁﬂijﬁﬁi x; o, 3 R
M RATECRIT i A j BRHEC R ; x FOR S HIZRIT
B HECR Y F- XM 5w, RS BITHL R B TT © A j 1Y
23 ()AL

(2) Jeyias (8] H AH 5 — R FH LISA %I imj 78 %%
PRzs 1] vh AT B8 A7 A 1 R 5 4 8] AR S b 3R 5K
.

n(x, —x) szj(xj -x)
I = (5)
Z(x -x)°
Kb, 41 >0 B, %%/T?ﬁﬁl:iﬂﬁﬁﬂfﬁﬁ [i] EAH
e, o TS SR 41, <0 B, F A IS
BRG] FARDG S e R s A L.

[ERERZAC R NIR

1.2.5 ﬂtﬁ%ﬁiﬁﬁﬁ Wi

kR 2000 @LHUP IﬁﬂfﬁﬂtEE@gﬁ@%ﬂF
AR AL EEAE, ZlijCF‘l/\é‘ﬂl%ﬁﬁ%/f %} 5 Eﬂﬁﬁﬂ#ﬁﬁtm
BEERIES waw%{m@ X} 4 @a%{ﬁ@z%}%ﬂfﬁ
%ﬂtaﬁﬂﬁﬁ%a_%“ e 3’3& —‘mm'ﬁ:f)b 2000 ~2018° EEP.
Hﬂnﬁmzﬁbm&ﬁkﬂzﬂwﬁu\mmw@F«ff Hig
J7 R PR A SRR 43 B X 2000, 2005 . 2010
2015 F1 2018 4 5 e 154 i 7 Wi
BT IR 0, RAETF 0 IRMESY 1, IR)5
T A WA (6) BN AT

C0dezooo~2018 = 1000 x COd‘32000~2005 +
100 x code,gs o010 + 10 X codeqyyg_aos +

(6)
= A, codesyss 2010+ €0d€a010 - 2015 1
codenys oo 77 7R 4 W 2ZE M 4w i (0 5 1),
codeyy s 267 2000 ~ 2018 45 H [ K Fifi b X BE U
B HEBCE AT R ACHS , A AR R ARAS 1T 5 25 16 Fh
(%£5).

1 x codeyys 55

code ;0 2005 +

®5 BHEMEASR

Table 5 Statistics of carbon emission change frequency

B ACHS SyIiE A1
0000 0 KEAEZL
0001, 0010, 0100 A1 1000 1 KA1 WA
0011, 0101, 1001, 0110, 1010 £1 1100 2 K2 AR
1110, 1101, 1011 A1 0111 3 KA 3 WA
1111 4 KA 4 WA

2 #HREIE

2.1 WRHRHUS AL A

ARG L H R B, 5L F g8 o H 5o i b R R
TR HERCHAE B 2 10 By BE P 22 5%, 2000 ~ 2005 4F (7]
BRHEN I K 3R K 77.27%, 2005 ~ 2010 4F 7] ik HE



1134 AR ZE A ;TP BE IR S HE Y 2 4k S 2 3 3 5309

K AN 49.03%, 2010 ~ 2015 4F [a] e HE ik 184
KA 17.49%, 2015 ~ 2018 4F [a] 5 HE LAY 38 K
0 9.60% , H v 2000 ~ 2005 4E 5 2005 ~ 2010
A Al HE PR 3 B A B B, B B 2B #2005
AF 1 2010 AF A AR A )15 50, B BR R BRI

TR P& A E I R R (K 2) ,7F
2005 4F R* N 0.92, 3 7 AR iR 22 RMSE N
1145.56, 7 2010 4 R> & 0.90, RMSE W
1272.77. BRI UL, 25 G AT 65 N £ 1Y
T HE AN BB A A R RS B IR 25 7 AT 450

JET] L A ARSI 20 DT RYBRHE e i 8 Y, TU%UFH@*EEE%?? Hh ] 6 5 A HE A B
PR FEATRL RN B2 S0, B AG SR A R ST A5 R DL AR A A AR DG 5T
12 000 12000
RMSE =1 145.56 RMSE = 127277
10 000 R?=092 10000 + R =10.90 .
é 8000 - é 8000 .
B &
% 6000 - g 6000
£ 4000 |- £ 4000
2000 — 200545 2000 20104
0 1 1 L 1 0 1 1
0 2000 4000 6000 8000 10000 0 5000 10 000 15 000
BHERCSE VI 5t WHE RS I Hit -
E2 BTSRRI T Ji
Fig. 2 Verification of Ldrbm emission simulation accuracy bdsed on btallbtlts ' —

2.2 BRHER 2 AR REIE 3 BT
2.2.1  BRHFBIAS 3 AR AT

gk e Fﬁfr ;M 2000 ~2018 @&EE@%}

R ktﬁi*tg *inﬁ'ﬂﬁEimﬂW&%% Heal
%}\2000 ARG 48,2 12,1 B9 K ZE 2018 mﬂﬁ 153 5 1z

AR A H A e M £ 2000 2010 9 9% ]
T[S%’izolo 2018 AR 7. 4% . ﬁiﬁfﬁz%ﬁm}iﬁﬁim &

T~ PC»’er/%ZJEXT BRI 5K ?Efiléﬁﬁ?)%ﬁhﬁﬂl*‘—"
HAE 2000 ~2018 4F [l PEg K H i TR0 E 52
T T 4R PR AL RR IR 2548, STt KR i HE IR |, I [R] B A
FEAH AR AR BOR |, A5 i HE RO BT 45 T R

SRy B b AT R e HE I 2 R) A A A Ry, AR
SCEHAG SRR 3 25 Tt ( <0 T v) | KK
HER(0 ~1.16 T3 t) | mldER ( >1.16 T3 t). 45
A, ToORHERCH X 32 220 A AE VT Jb S AR G 4
DX ARARHE L B AT AR ) R R /N X =l
HEAOWEE R oA TAdL . S| ARV IR DL S VG 3

/ .-"

méAwm&ﬁmﬁWﬁ<@w‘@%wzﬂﬁA
W AR IR, Qs et me | 500 vl [ 45,
I%%ﬁﬂ)&fﬁﬁﬁﬁﬂﬂtﬂﬁfﬁﬁﬁﬁ
AL BRI R T AR 3R B, AR
BT HE R B A Pz | M
mmZ;ﬁ%ﬁﬂig%ﬁﬁﬁk%$mm@m
I, BRI hy 336 L4371 1 FR [ 94, 19 9 AT, PR TR
IR R BRI i At | A i X
T [ T A AR UL M Tl AR £ X IR
W SR 5 8 S IR T KSR TR | P
SRTITRE | LLIZR 4 0 BT R DA B I TSP e A
ARV X S 4 [ 28 ik 2 3K A I, A0 )
B, BRI R B L 42200 2 b
R A VT = A T | 0 R T R | B
VL= A MR TR, 7 30 20 0 o 748 £ o
DK BAFIEE | JHG o I LA 3 T 7 5 o Sk v A A
£

£ 6 2000 ~2018 £ EgERMHEA"
Table 6  Carbon emission from 2000 to 2018 in China

iH 2000 4F 2005 4F 2010 4F 2015 4F 2018 4F
AR R/ 48.2 67.3 9. 1 126.5 153.5
AR R R/ % 9.9(2000 ~2010 4E) 7.4(2010 ~2018 4F)

1) MCHAEA S TUH, & WA E G

2.2.2  frHRRCES ] B A OCHRRIE

WAL Moran’s 1 21 i) H [5] fiig P fe HE ik =5 18] [ AH
SRHRHE , R BUZFRBUA I KT 0, R W] v [ KBl 9 sk
HEk 5 BUAECH 2 1 A G BIVAE7E o 1 3R 4R IR

HEREHR R HARAZ AR 2000 485 2= 55 50l A

A ARG HUFH A 2000 ~ 2010 4EH1 2010 ~ 2018 4F WG ] B Be St

0.22, 2005 4EF%E R 0.19; 7R Z 5 Bk R T
#2010 454 0.23, 2015 4E{H M 0.23, 2018 4N
WEAT RN 0. 22, WIREUELE B TRae , &
HT e ) s ke HE i e (L SR AR s IR R EE S e T
FaE. A LISA F8E06 v = BB IR ARHE IS T Jmy 5 A8



5310 7D 53

Bl

43 %

e

RN
(a) 20004 A i
~N g

X

(b) 20054

() 20104

Lo
o MNEKS

(e) 20184

(d) 20154F

0 1 000 km
—

B

= 0.76-0.78
—10.78-1.16
m 1.16-7.05

El3 2000 ~2018 F£HERERBANZE S
Fig. 3 Spatial distribution of carbon emission from 2000 to 2018 in China

SR AT R (B 4) , E SRR AR R X IE
FERCREAL, , RUASEAE Yol /) 171 ] B 3 v 4 2R DX IE A fin s
U, BT ORI 5 BRICZ A1, 43 BT 5 5 X 11 i
A3 A I S B X Ak 2 48 5 R SR KA S R HE U AE
U R HARRE R 2000 4R 7 VUL R T B
ST~ T T - PN 552 o W - - T PG S e AR A A
RIX R SR — MR R X, HAMA A ) B 7
B VLV LR B B T AIRAREE TR X5 i
SRS TR R R T A | D - -2 T T
P - -5 2SR LR SE- BN SE I R T 4 A
A RIX ; F) 2010 47, PHHR S X A IR A 3R XA
MR/ | AR H 7 P b -7 -0 1| PG 52 7 P
A6HB 5 e v 2 2R DX P RS T A n s Ry DT - B
I Y3 -G - K = A b X0 o g 28 N -Fg -
BTN -5 - FIE 5 2015 4F | T M X A9 IR AG 5 3R
DXHUARE I — 25 ek /0N, T8 e 7 8 1) IR 4 2R DX TR 2k 5
o e A TR X R = A i IX i — A T b 2 N - 3 -

TCBh- I TN -3 24 -8 2%~ 10 5 3R = A1 b X 5
i - BN TR -AR 5E- T B 2018 4F FEME
RITHAT-BECH B IR R X MR ERKX
HRIL T L DR = A XA — 25k HiAy
b DX PR HE Tk 2 ) AR U] S B e A Ak
2.3 AR A5 BT

Sy E—EER ST 2000 ~ 2018 4F [ BE WA HE T
(R AE AR L, AR SCHE BE IR B HE I 3545 5 1 3L Atk I
I FE 50 2 B 35 60 Al I J3C 2 15 490 A0 T 2 A 43 A
(& 5) . A5 45 5 3 B3R B IS 53 b DX Ay e HE il
AR T R sl 2> | 255 B HETC Y 23 )
AYAREEFETT AR B, 35043 M X 6 L2 To Ak HE i b
DX AR S DX, {B A5 3 118 2 76 v s HE s IXC
WAFAEAR A AR H T, 3% 26 1 T 2 B 25 I
TTRTER AT A PO X, Bl andb e R, P4,
G RIT_L VAE ST A H O 3R X B AR B S
S T A 2 IR T A S IR A O IR X L 2



11 4] AR ZE A ;TP BE IR S HE Y 2 4k S 2 3 3 5311

(a) 20004F

>z

~LN (020104

(b) 20054

i »
o MERE

(d) 201548

0 1 000 km

R

R AL 22 )9 2
L RToE e
R

[LHCE &
L RUSlEe

¥ E4 2000 ~2018 &R ERHBEENT

Fig. 4 Cluster conditions of the carbon emissions from 2000 to 2018 in China

ZAFI AR S (A5 | L AR AR AR E , 1T HL A
IR AR BEAT i B HE AR, T LA 0 30 X
HERC— BRI AR RE . BRHE A ZE 1 ~2 AR 3 ~
4 YRAZ AR ML X 5 B A A4 23 T E T Y
AR LR RB I, Hor L&A 1~ 2 AR 3
BIAAPG 22 | AR AR PN A 1 3 LT O Ik XY
HMEI EEIE 1 ~ 2 IRAYBRAR AL , 1 B3RP 5
B B /| NN B Il 4 1 o A 0 5 = 3 e e
AR K3 ~4 WRLRY X EE d vy, e
ECIUMHR Vb 6 4 X f) 3 T A1 B, 1L o8 L 4 2
P B BRI B BHHAEA G, BN L PE 7E 2000 4
ZIE TR R I I A A E BT R R 2 Y IR 5 I
FERET R IR, G R A AR Al , BF A e
BORAE ; WAL AR 58 K U T U6 RV ik 8k ™
AE , F TR AN BRI L R RRHE O™ i A2 3, S 3K
TP B T s HE RO Z2 02 AL BRI
U3k SE X (1T A1 Bl R (Y AR A — 5 Tk H T

H BT ik Ho i X Dk AN, 5 —
5 T A [ T 2 3 v Vi i X i) 5 ol 8 P9 A, U
VD AE AR SRy 5 3T R T U 06 b X, 22 % LAk SUAH X
ASEU 18 DAY i 308 T A2 33X 4 N S o 365 M ) o B R R
7, 458 XS JE D A A5 0, K b Sk T o R R
T RHER ) Z R AR A
2.4 IRTRRHERL S 2P K R M

P T A g e e X = A e o R R T
I T R BT, T 30k T A B e JR T BB R 1 5 oK
FEAERHE R AR A JELPR PRI AR SR 3R BT 30 T Al
HEBCAG L5 R Al 1, MR A3 T M X A 7= A
0T A HE I A [R) 4 3 X 4, 32 FH DU 4o T 1)
] T 2000 ~2018 4F H [E Ik 17 75 & Je h B IRV AE 5
SRR B ST (18 6) . 12 IR RE A b g 1l IX 2 7
SME  RREVER R, YA bR Rt HE R AR AR IR
THFE. For 2 = 5 BR iy s AR “ IR BB AE- IR IS A 31
7,56 Z R PR s AR RE B 3k T, 5 —



5312 2D 53

43 %

C B4k
| B¢ 2
I AP A
| Rietclig
| Raidubedid
3 Kk

0 1 000 km
—

B BRI 5L SR DAL L TR S AR R i @ s, ot b ki @tw:éé?m }

SUHT HPLIRK ETRER 71K #Mﬁ ﬁaemwez @RI, EPLiﬁﬁ[:éﬁ?‘le VUHRIX , TT5 K it

ﬁﬂﬁf’

| P
R E X _..-‘"‘.. ." f !‘ ¥ & i #4. |
" PN | & ~-50 ﬂiqllﬁb:}ﬂiﬁ"ﬂliﬁfl*w J,A & . A i .':.‘-_d_.,.a-
F &7 i E ) =~
:: F "':l-. d_::'l I.' .!-:j'.-‘ Fig. 5 Frg%gpp{ 94)/ emlsswn changes from 2000 tp" 2018' in Chlrlg { f — ___,.‘;’,.J"J
i | - F A @ 1 _ . .:
I 3 £ _F— ' 'Il F ||."JI i il =] L
10 000 10 000 T 10 000 |
(a) 20004 ! (b) 20054 . (€) 20104 o, .
8000 [+, ' 8000 | * : $000 . IR
. 1 . . i . . LA .
= H = « " ! = . st
R o H R 6000 |5 e . 1 R 6000 | % .
= PRI [ T, = ..q___.____..: _________ 2 .__".,__._.._'.J_:.L_.. ______
i 1 v -l . .
® . = 4000 .- I = 4000 | .2 3.
& . | R A A & S ARD |
I e
1 2000 | 3% ' 2000 f . :
" * ' . 1
1 1
2000 4000 6000 8000 % 2000 4000 6000 8000 % 2000 4000 6000 8000
it X A 7= AL T B A = A AL I it X A = AL T
10 000 ; 10 000 —
(d) 201545 | e () 201858 , 1 |
8 000 . teo 8000 - : '.. :
R 6000 : R 6000 i
= ' = y
F= = .
= 4000 &= 4000
2000 |+ 2000

A BT T

0
0 2000 4000 6000 8000

% 2000 4000 6000 8000
o B A B 7T

E6 2000 ~2018 FEHEHH“HHIMSEF"X5R

Fig. 6 Relationship between carbon emissions and economy from 2000 to 2018 in China

SRR SRR E BB m WA T, 28 P G FR A
AR AR FE- = A IR T AR 4l 45 SR T R B,
2000 ~2018 4Frft [E T A e idE AR v A 1 AR =
SIRBNEE —RERARE— R MR | 55 UG R A — R
BHEE & R R, R v B & R T R TR & T '
“ARHE BRSO B oy e HE BRSO 7 1 1 HE

JHC- RSO B T ) AR HE - MO B R 7
HYM AT UL 30T ) A e S RO B B DRI 2R IR
AP AR ST AL 2 7 0T 7 T T ML) T A e
B 3l 08 5 JRe ™ 5 LA K% R IR A 75 SR A B K
(2 5L YT Bk R BR TR R AT R T

Unp st Mo = B T i Ik ﬁﬁlﬁﬁﬂt-{ﬁw&/\” .



1134

ARG ZE A TP BRI SR =S

[l fb 52 sh A 5313

“ e TR A0 g - A T Rk 2
N ARHRTR - A SR A 81, S (R A e I
s EIRATRDT B — il

3 it

(1) M\ 2000 ~2018 4F, FKE 1 CO, HEB L EFF
SRR (G R 5L PRI A A 3. BRI 25 1]
O3RN, JCRRHERCH X 35 40 A AR PR b & AR AL
DX AL = B AR AERR PR AL LASME T R IX, &
B HEROU S rh oA FAEAE . AE | ARSI DL R
TR A ST OB T BRI . TGI8 AR i A S A 1]
OYAENRTE AR LA AR | v s it X0 T I oK
FIUSHE R 7, TERR 28 5 T 3 37 J5 AR . v s i IX
L4 1] PG S R 2 8 s DX S A B 22 W 4 AR MCHIE IO
WS ARLEE 38 3 v I JIC = b 2 A IR HE B A T

(2) BRI E ML G T AT | 2 B R 35 1 4

lmmﬁéﬁfmﬁ%%&ﬁﬁ%%ﬂ%Jhy
%%ﬂ%ﬁwi?i :

(3) rhliljtjliév\ﬂﬁtﬂﬁﬁi}“zﬂlfﬁk@wﬁ‘%% ﬁi)%
HmkiﬁwmmcigﬁﬁféAﬁmﬁim
mm%ﬁw:Wﬁr¢uwz%'wﬂﬁﬁﬁ%
Hmﬁ%m@D$ﬁmmﬁﬁmHIWM%¢$
:m*uﬁcﬁffiﬁ¢uﬁm%@mijmw
ﬁﬁﬁ%%ﬁ%ﬁﬁmt ,’

(Mfmm mw¢¢lmmﬁﬂmﬁgﬁf

IR R A v ek 1 A — o (R
RSN T 1) 5 R AR M 0 16 2 -5

WEA " S 2 1) (ISR - A ) e SRR R
B3k
[ 1] SR 3 4R ok 4 R U 0 O I S PR 5 B 43

(1] hEmR, 2021, (15); 22-25.

(2] R¥E—. Mo Bk AR AR sm RS 5[]
2017, 33(11): 2-5.

(3] BEIF. ZEMBERR L B RS [ N].
Bidlk, 2021-07-30(04).

[4] Wei W, Pang S F, Wang X F, et al.
precipitation dryness index ( TVPDI )-based dryness-wetness

SMESEY

Temperature vegetation

monitoring in China[ J].
248, doi: 10.1016/]. rse. 2020. 111957.
[5] HuM. ZESHHRENENRELZ2ARE
[D]. WAREE . W/RIE TR, 2016.
[6] Xiao HW, MaZ Y, Zhang P, et al.

energy consumption structure on carbon emission intensity in

Remote Sensing of Environment, 2020,

S U

Study of the impact of

China from the perspective of spatial effects [ J ]. Natural
Hazards, 2019, 99(3) : 1365-1380.

[7] Chen C, Zhao T, Yuan R, e al. A
decomposition analysis of China’s carbon intensity from the

Journal of Cleaner Production, 2019,

spatial-temporal

economic perspective[ J].
215 557-569.
[ 8] DongF, YuB L, Hadachin T, et al. Drivers of carbon emission
Conservation and

intensity change in China [ J]. Resources,

[9]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[19]

[20]

Recycling, 2018, 129 187-201.
Yan J N, Su B, Liu Y. Multiplicative structural decomposition
and attribution analysis of carbon emission intensity in China,
2002-2012[ J]. Journal of Cleaner Production, 2018, 198 195-
207.

Huang B, Meng L. N. Convergence of per capita carbon dioxide
a spatio-temporal perspective [ J].
Applied Geography, 2013, 40, 21-29.
Zheng X Q, Lu Y L, Yuan J J, et al.
China’s energy-related CO, emissions [ J].

emissions in urban China:

Drivers of change in
Proceedings of the
National Academy of Sciences of the United States of America,
2020, 117(1) : 29-36.
X E 5T, %?—?Eﬁ. 7S48 REVRH 2 il IO 25 T8 AR R AE B
WEE[T]. ZFHEL, 2019, 39(1) ; 182-191.
Liu Y K, ,]1n S T. Temporal and spatial evolution characteristics
and influencing factors of energy consumption carbon emissions in
six provinces of central China[ J]. Economic Geography, 2019,
39(1). 182-191.
FA8, ?ﬁfﬂ(/ﬁ T3 T A BE 4 5 lﬂ?ﬁfiﬂj?ﬁ(ﬂi&gﬁ
SIHRELI]. AR, 2019, 74(6) : 1131-11487
Wang S J, Huanc' Y Y. ‘Spatial spillover effect antj_é'ﬁ\’mg fou:es
of carbon emlsslon intensity at city level in Chlna [ J 7 Acta
Geographica Slnlca 2019 74(6) . 1131-1148. . —
Wang S J Shi C Y, l*amg C L, et al hxa-mmlqg' the spaual
vanallons of delemnﬂanls of', energy-related |CO," emlbs'lun.s.- ‘in
China at the r].t-y level u@lng Geographically Weighted Regres@lon
Model[ﬂ Applied Energ y, 2019, 235 95-105. g'“ .
s, 417 1 Aﬁcﬂsmal%%#m%mﬂ%fmj
ﬁkfﬁ}\‘ﬁ?’%ﬁ[ﬂ P LB, 2017, 37(1)': o
Fu J#Y .

countries | along

i X M. Dn{nng factors of carbon emission of/'the
‘the Belt and Road”, their potenuafand
contribdtion to the emission reduction[ J]. Tropical Geography,
2017, 37(1): 1-9 '

Wei W, Zhang X Y, Cao X Y, et al. Spatiotemporal dynamics of
energy-related CO, emissions in China based on nighttime
imagery and land use data[J]. Ecological Indicators, 2021,
131, doi: 10.1016/j. ecolind. 2021. 108132.

UKW, BRBIR, MERE, S BT RMITCEEE 0 E e
DRI PR AR A AL T ], M2, 2013, 68 (11):
1513-1526.

SuY X, Chen X Z, Ye Y Y, et al
mechanisms of carbon emissions from energy consumption in
China using DMSP/OLS night light imageries [ J ]. Acta
Geographica Sinica, 2013, 68(11) . 1513-1526.

EG], TR, BT, FE Sl TIT R D SR DX
ZESE | 2 Al KOS SO AR [T]. M ERAR, 2018, 73
(3): 414-428.

Wang S J, Su Y X, Zhao Y B. Regional inequality, spatial

The characteristics and

spillover effects and influencing factors of China’s city-level
energy-related carbon emissions [ J ]. Acta Geographica Sinica,
2018, 73(3) : 414-428.

FRHEFRE, BRAG, SRFUN, S5 BT R AR O 2R m i &
A% Je 18 A8 B S R 3 ——2E T DMSP/OLS 5 NPP/VIIRS
EATCHAR[J]. HERRFST, 2021, 40(7) : 2051-2065.

Du H B, Wei W, Zhang X Y, et al.
and influencing factors of energy-related carbon emissions in the
Yellow River Basin: based on the DMSP/OLS and NPP/VIIRS
nighttime light data[ J]. Geographical Research, 2021, 40(7) .
2051-2065.

Liu L W, Chen C X, Zhao Y F, et al. China’s carbon-emissions

trading: Overview,

Spatio-temporal evolution

challenges and future [ J]. Renewable and



5314 7S b} s % 43 %
Sustainable Energy Reviews, 2015, 49 ; 254-266. [36] MWEGHRWRAT T AL op 3 48 4F 4 2011

[21] SRE¢, mFEAk, TERE, 55 o B R mcHEBOR i & (M]. dbnt. hESEHH AL, 2011,

Y] 52 ——3E T 1978-2013 AFBUR R MAFFE[T]. [37] HRGH Rt 255 A R, E T g4 4% 2016
FEAE - BRI 2014, 24(12) ; 62-73. [M]. dbat. ESEHH R, 2016.

Zhang G X, Gao X L, Wang Y L, et al. Measurement, [38] E R Rt & &5 =, A E 3 484 % 2019
coordination and evolution of energy conservation and emission [M]. dbxt. sPESHEREL, 2020.

reduction policies in China: based on the research of the policy [39] LiuXP, OuJ P, Wang S J, et al. Estimating spatiotemporal
data from 1978 to 2013 [J]. China Population, Resources and variations of city-level energy-related CO, emissions: an improved
Environment, 2014, 24(12) . 62-73. disaggregating model based on vegetation adjusted nighttime light

[22] REF, FiRE, 240 FET0R B AR HERT 2 H B data[ J]. Journal of Cleaner Production, 2018, 177 101-

WBOTLI]. PEARD - BIRSIRE, 2021, 31(9) : 55-63. 114.
Song G J, Wang Y L, Jiang Y J. Carbon emission control policy [40] ZhaoJ C, Ji G X, Yue Y L, et al. Spatio-temporal dynamics of
design based on the targets of carbon peak and carbon neutrality urban residential CO, emissions and their driving forces in China
[J]. China Population, Resources and Environment, 2021, 31 using the integrated two nighttime light datasets [ J]. Applied
(9):55-63. Energy, 2019, 235. 612-624.

(23] 3EZE, skl b AL ST T BERERRHE O i 55 AR R mE F 5T [41] HE% %?Wl‘ﬂﬂﬁ‘ﬁ’ﬁﬂé’iﬂ’] TIRAE R AR R TS
[J]. %R, 2010, 32(10) ; 1856-1862. AT D] . S . AR TR, 2018.

Dong J, Zhang X. Decomposition of carbon emissions and low [42] |¢E/m§¥, T4, %/J\Jﬂ. o ] X 3k A ik HE G 2 TRl A R T AR
carbon strategies for industrial sector energy consumption in China MARSRRU SO [ T]. TR EIE ST, 2015 B 29(4):
[J]. Resources Science, 2010, 32(10) ; 1856-1862. 24-29. —

[24] ZRHE, B DEGRHEBASE 5 12 B HERO . 3 9K Chen Z J, Wang Z, iSun Y. Spatial changmg pa;tet'f‘l. of!. carbon
SIS HERH[T]. PEAD - WIRES5HE, 2021, 31 dioxide cmlsswns per capita and club Lonvergen(,e 1n ChinafJ].
(1):26-36. { ‘“.- 4 Journal of .Arld Lzmd Resources and Env1r0nment 2012__, 29(4) .
Li Z G, Wang J. Spatial emission reduction effects of China’s 24-29. | I A 'l -" J
carbon emissions trading: quasi-natural e‘xpenments and policy [43] 17‘/]\77‘?’5%, Hﬁﬂ:}ﬂl; ST, BLRE M E R Fﬁ%ﬁﬂgﬁﬂ‘fﬁfﬁ
spillovers[ J . Cﬁina Population, Reenurces and EIIVII‘DIIIIM‘Ht F"lfili&[ ] ﬂ;’i‘tﬂ“%’ 2018 39(6) . 2971-2981. 2

#2021, 31( l) 26 36. | ! = Sun )( l* " Shl K F, Wu] P £+ Spatiotemporal dynamics;, of CO2 -
[25.}' Wang T, WatsQn J Scenario analysis of Chma Clﬁl‘g"-‘lunb emlbsmns in Chongqmgﬁ an empmcal analysis al lhe county lﬁel_:ﬂ,
= pathways lt]'._lfﬁP 215t century for low caghon tra‘h%ltmn[]] ‘Ene,rgy [Jl. Ehvuonmentdl Science ; 2018 ,39(6): 2971 2981 =
Palicy, 2010, 38(7): 35373546 7 | S0 (441 T P, R oh T S5 fl b R e 5 L
[261 A 7Zhou Y)IGu A T, Deng M Z. Vuluntdry'em.\sswn .Jeductlon HILID. PR, 2019, 74(10) ; 2163-2177. 7
‘ maﬂli‘et in Ching:" development, management slatu§ and’ future | Zhou R, Zhuang R L, Huang C X. Pattern evolution and
'I: supply [|J L hlnese‘ Journal of Populatu)n Res.Alrces aﬂ_,,.f formative mechanism of aging in China[ J]. Acta Geographica
Envlmnment 2019, 17(1) 1-11. ¥ Sinica, 2019, 74(10) ; 2163-2177.

[27] He .J K, Li Z, Zhang X L, et al. Comprehensive reporl on [45] Wei W, Li Z Y, Xie B B, et al. Spatial distance-based
China’s long-term low-carbon development strategies and pathways integrated evaluation of environmentally sensitivity for ecological
[ J]. Chinese Journal of Population, Resources and management in northwest China [ J]. Ecological Indicators,
Environment, 2020, 18(4) : 263-295. 2020, 118, doi: 10.1016/j. ecolind. 2020. 106753.

[28] Tian C, Zheng X Q, Liu Q, et al. Long-term costs and benefits [46] EWIX, B, Dk Z4:0MA T%Z“LiﬁifﬁﬂcXJﬂPliI:’fk
analysis of China’s low-carbon policies[ J]. Chinese Journal of AUBRHE B W i B s AR RRAE [ 1], PRBERF 24244, 2021,
Population Resources and Environment, 2019, 17 (4). 295- 41(6) ; 2474-2486.

302. Ma M Y, Zheng ] W, Ma T. Spatiotemporal characteristics of the

[29] WESGHE. PEGERSITEL 2001 [ M]. dbat, PESH impact of new urbanization on China’s carbon dioxide emissions
kL, 2001. from a multi-dimensional perspective [ J ]. Acta Scientiae

[30] HEZEgtRRESITA. T ERES % 2006 M]. b Circumstantiae, 2021, 41(6) ; 2474-2486.
nee hE g AR, 2006. [47] T, 1‘517L %*E*U. AT A B SB[ i 4 28007

[31] HEZRZEiTREES A, PEGERESIHFEL 2011 [M]. Jt YX& AL ES BT AT S B9 S IE
A REG A, 2011. [l %fﬁﬂ%%%ﬁi, 2020, 40(2) ; 697-706.

[32] HEZERsGiHREEES R, P EGEFRSIHEL 2016 [ M]. dt Yu B, Yang X, Wu X L. Study on spatial spillover effects and
I 'T'E]ﬁﬁ'ﬂjhﬁﬁ', 2016. influencing factors of carbon emissions in county areas of Ha-

[33] HEZERGIREESITE. P EEES % 2019 M]. b Chang city group: Evidence from NPP-VIIRS nightlight data[ J].
a: hE G Rk, 2020. Acta Scientiae Circumstantiae, 2020, 40(2) : 697-706.

[34] HEZRGI "W TS 2FHAE SN, P EWRT ST FEE [48] Zhou L, Dang X W, Sun Q K, et al. Multi-scenario simulation
2001 M. dbtxt. " ESE ML, 2002. of urban land change in Shanghai by random forest and CA-

[35] HEZRgiHRWTaaFEa R, P ET S HE X 2006 Markov model [ J]. Sustainable Cities and Society, 2020, 55,

[M]. dbamt. P ESHE R, 2007.

doi: 10.1016/]. scs. 2020. 102045.



HUANJING KEXUE Vol.43  No.11

Environmental Science (monthly) Nov. 15, 2022

CONTENTS

Challenges Regarding the Co-emission of Emerging Pollutants to Eco-environmental Monitoring and Management — ««+«ssessesseeeseseereenees WANG Pei, HUANG Xin-yi, CAO Zhi-wei, et al. (4801)
Environmental Process, Effects and Risks of Emerging Contaminants in the Estuary-Coastal Environment — ++eeveeresrereeesesnennee WANG Xin-hong, YU Xiao-xuan, WANG Si-quan, et al. (4810)
Research Progress of Analytical Methods with Molecular Spectroscopy for Determination of Trace Nutrients and Metals in Seawaters -+ YUAN Dong-xing, HUANG Yong-ming, WANG Ting (4822)
Research Progress on the Determination of Sulfide in Natural Waters; From Laboratory Analysis to In-Situ Monitoring ~ ++++* LI Peng, LIN Kun-de, YUAN Dong-xing ( 4835 )
Advances in On-site Analytical Methods for Inorganic Arsenic in Environmental Water «-«e-eeeeerereeresienienennnneninen BO Guang-yong, CHEN Zhao-ying, GONG Zhen-bin, et al. (4845)
Advances and Prospect of Sampling Techniques and Analytical Methods for Trace Elements in the Ocean; Progress of Trace Element Platform Construction in Xiamen University —+««+++«+++++-
................................................................................................................................................... HUANG Yong-ming, ZHOU Kuan-ho, CHEN Yao-jin, et al. (4858)
Biodegradation of Polyethylene Microplastic: A Review ««+sesstssrsrssresssnnememniniinsssiitniss e LUO Yuan-rong, QIAN Yi-gian, QI Ya-nan (4869 )
Mechanism and Environmental Effect on Nitrogen Addition to Microbial Process of Arsenic Immobilization in Flooding Paddy Soils «++++++ WANG Feng, ZHANG Jing, ZHOU Shao-yu, et al. (4876)
Toxicity Testing Organisms for Marine Ecotoxicological Research in China »«+essesreerereeesenneneennes SHI Tian-yi, HONG Hai-zheng, WANG Ming-hua, et al. (4888)
Estimating Methane Fugitive Emissions from Oil and Natural Gas Systems in China +«+s«sesserseseeesenenssininnnenininnens ++ CHEN Chun-ci, LU Yong-long, HE Gui-zhen (4905 )
Atmospheric NH; Emission Inventory and Its Tempo-spatial Changes in Xiamen-Zhangzhou-Quanzhou Region from 2015 to 2020 LI Xiang, WU Shui-ping, JIANG Bing-qi, et al. (4914)
Distribution of Microplastic and Antibiotic Resistance Gene Pollution in Jiulong River Estuary -+ CHENG Hong, CHEN Rong (4924)
Pollution Characteristics of Microplastics in Sediments of Xiamen Bay Beach YAO Rui, LIU Hua-tai, LI Yong-yu, et al. (4931)
Spatial and Temporal Distribution and Influencing Factors of Dissolved Trace Metals in Jiulong River Estuary and Xiamen Bay = «+:++++++++ QI Liu-gian, YUE Xin-li, ZHONG Hao-wen, et al. (4939)
Spatiotemporal Characteristics of Dissolved Oxygen and Control Mechanism of Hypoxia (Low Oxygen) in the Watershed-Coastal System in Fujian Province «+:e+seseesseeeesenensenenenennnes

..................................................................................................................................................... YANG Ai-lin, YANG Fang, LI Shao-bin, et al. (4950)
Distribution, Migration, and Transformation Mechanism of Labile Phosphorus in Sediments of Xixi River Estuary, Xiamen -- -+ PAN Feng, CAI Yu, GUO Zhan-rong, et al. ( )
Adsorption of Mn®* by Modified Biochar Fixed Bed in Simulated Lakes and Reservoir Waters «+esessessessersossosssmssssisiiiininininnnns ZHAO Jie, YE Zhi-long, WANG Jia-ni, et al. ( )
XU Jing, ZHENG Hong, LU Jiang-long, et al. (4982)
(4992)
(5000)

Rapid Detection of Trace Enrofloxacin and Ciprofloxacin in Drinking Water by SERS

XU Zi-wen, YIN Hong-ling, XIONG Yuan-ming, et al.
Characteristics and Potential Sources of Four Ozone Pollution Processes in Hainan Province in Autumn of 2019 ++xeereresssrernesnnemneeneeenie FU Chuan-bo, CHEN Hong, DAN Li, et al.

Degradation of Triphenyl Phosphate in Water by UV-driven Advanced Oxidation Processes -

Characterization and Formation Mechanism of Water-soluble Inorganic lons in PM, 5 and PM,, in Summer in the Urban Agglomeration of the Ili River Valley «+resrereereeererrensivsscnennenens
CHEN Qiao, GU Chao, XU Tao, et al. (5009)
+++ QI Peng, ZHOU Ying, CHENG Shui-yuan, et al. (5018 )
FENG Yue-zheng, AN Jun-lin, ZHANG Yu=in, et al. (5030)
)
)

Difference in PM, s Pollution and Transport Characteristics Between Urban and Suburban Areas
Characteristics and Health Risk Assessment of BTESX in the Northern Suburbs of Nanjing
Ecological Risk Assessment of Microplastics Occurring in Surface Water of Terrestrial Water Systems across China

SUN Xiao-nan, CHEN Hao, JIA Qi-long, et al. (5040
CHEN You-liang, ZOU Wen-min, LIU Xing-gen, e al. (5053
Mercury Speciation, Distribution, and Potential Sources in Surface Waters of the Yangtze and Yellow River Source Basins of Tibetan Plateau During Wet Season ««+«+s«ssessessessenessesensenees
........................................................................................................................................................................ LIU Nan-tao, WU Fei, YUAN Wei, et al. (5064)
, PAN Bao-zhu, HAN Xu, et al. (5073)

Scale Effects of Landscape Pattern on Water Quality in Dongjiang River Source Watershed

Water Environmental Characteristics and Water Quality Assessment of Lakes in Tibetan Plateau «+««-x+vseeeererrerrsessnenmmnininnnnees LIU Zhi-qi

Karst Hydrogeochemical Characteristics and Controlling Factors of Carlin-type Gold Mining Area Based on Hydrochemistry and Sulfur Isotope =+
..................................................................................................................................................................... ZHA Xue-fang, WU Pan, LI Xue-xian, e al. (5084)
Characteristics of Eukaryotic Phytoplankton Community Structure and Its Relationship with Environmental Factors in Danjiangkou Reservoir  +++ HE Yu-xiao, MAI Si-jie, REN Yu-fen, et al. (5096 )
Adsorption of Phosphate and Heavy Metals by Lanthanum Modified Zeolite and Its Performance in Sediment Inactivation «-«++seeseeeressserennennsenens WANG Zhe, ZHU Jun, LI Wen, et al. (5106)

Metagenomic and Metatranscriptomic Analysis of Nitrogen Removal Functional Microbial Community of Petrochemical Wastewater Biological Treatment Systems —«+«+ssesssseressesssssnssninnanens
.................................................................................................................................................................. ZHANG Xu, ZHOU Jia-jia, ZHOU Min, et al. (5115)

Bacterial Community Structure and Antibiotic Resistance Gene Chdnges in IFAS + Mdgncnc Coagulation Process Wastewater Treatment Plant in Cold Regions +++++sseserereressnenssiniininininns
: . DU Wen-yan, YAO Jun-qin, MA Hui-ying, et al. (5123)

TIAN Zheng-yun, WU Xiong-wei, WU Yuan-yuan, et al. (5131)

Tmpact of Nitrification Inhibitors on Vegetable Production Yield, Nitrogen Fertilizer Use Efficiency and Nitrous Oxide Emission Reduction in China; Meta Analysis +«++sssseereessesesisnennannns
........................................................................................................................................................................ LIU Fa-bo, MA Xiao, ZHANG Fen, et al. (5140)

Effect of Different Fertilization Treatments on Methane and Nitrous Oxide Emissions from Rice-Vegetable Rotation in a Tropical Region, China »«+«+essesserseresemenenienimienensiiniinnnne
............................................................................................................................................................ SHAO Xiao-hui, TANG Shui-rong, MENG Lei, et al. (5149)
Effects of Land-use Conversion on Soil Nitrification and NO & N,0 Emissions in Tropical China Under Different Moisture Conditions -+ TANG Rui-jie, HU Yu-jie, ZHAO Cai-yue, et al. (5159)
Characteristics of Heavy Metal Pollution in Farmland Soil of the Yangtze River Economic Belt Based on Bibliometric Analysis ~— «+eseeeeeeeeeeee LIU Xiao-yan, FAN Ya-nan, LIU Peng, et al. (5169)

Spatial and Temporal Distribution and Source Variation of Heavy Metals in Cultivated Land Soil of Xiangzhou District Based on EBK Interpolation Prediction and GDM Model = «++«+s+esreseeeeee
--------------------------------------------------------------------------------------------------------------------------------------------------------------- GAO Hao-ran, ZHOU Yong, LIU Jia-kang, et al. (5180)

Identification of Soil Heavy Metal Sources Around a Copper-silver Mining Area in Ningxia Based on GIS ZHANG Kou-kou, HE Jing, ZHONG Yan-xia, et al. (5192)
Effect of Aging on Stabilization of Cd® * Through Biochar Use in Alkaline Soil of Bayan Obo Mining Area WANG Zhe, CHENG Jun-li, BIAN Yuan, et al. (5205)
Preparation of Magnetic Iron Oxide/Mulberry Stem Biochar and Its Effects on Dissolved Organic Carbon and Arsenic Speciation in Arsenic-Contaminated Soils «+x+seeeeseeresrerserseresenenneens

LU Lin, YAN Li-ling, LIANG Mei-na, et al. (5214
- ZHAO Li-fang, HUANG Peng-wu, YANG Cai-di, et al. (5224
++ SHUAI Zu-ping, LIU Han-yi, CUI Hao, et al. (5234
Pollution Characteristics and Ecological Risk Assessment of Antibiotics in Vegetable Field in Kaizhou, Chongqing FANG Lin-fa, YE Ping-ping, FANG Biao, et al. (5244
Temporal and Spatial Variation Characteristics of Carbon Storage in the Source Region of the Yellow River Based on InVEST and GeoSoS-FLUS Models and Its Response to Different

Effects of Oyster Shell Powder and Lime on Availability and Forms of Phosphorus and Enzyme Activity in Acidic Paddy Soil
Effects of Interaction of Zine and Cadmium on Growth and Cadmium Accumulation of Brassica campestris L. -+

Future SCenarios +«++esseeeersereonnrinmsnmietontsititi oot s HOU Jian-kun, CHEN Jian-jun, ZHANG Kai-qi, et al. (5253)
Carbon Sequestration Characteristics of Different Restored Vegetation Types in Loess Hilly Region ««+«+sxseesseseeesereneieninncnennens XU Xiao-ming, ZHANG Xiao-ping, HE Liang, et al. (5263)
Response of Soil Multifunctionality to Reduced Microbial Diversity ««+seseesesseresesseremiemensniininiiiisi CHEN Gui-xian, WU Chuan-fa, GE Ti-da, et al. (5274)
Effect of Nitrogen Addition on Soil Fungal Diversity in a Degraded Alpine Meadow at Different Slopes ++«++«+eesesrssessesnssmsmssnsnsesinennens SU Xiao-xue, LI Xi-lai, LI Cheng-yi, et al. (5286)
Comparative Energy Consumption Structure and Mode between China and Major Energy-Consuming Countries Under the Background of Carbon Emission Reduction ««+seesessesseseesesneneenns

........................................................................................................................................................................... LI Hui, PANG Bo, ZHU Fa-hua, et al. (5294)
Spatialization and Spatio-temporal Dynamics of Energy Consumption Carbon Emissions in China «+esseseereeresemenensenenennsinenennen HAO Rui-jun, WEI Wei, LIU Chun-fang, et al. (5305)

Carbon Dioxide Mitigation Co-effect Analysis of Structural Adjustment Measures in the “2 +26” Cities in the Jing-Jin-Ji Region and lis Surroundings =~ «+«++sesseereeresssenenesinnicnnnnens
*+ YANG Tian-qi, WANG Hong-chang, ZHANG Chen, et al. (5315)
LI Huan, ZHU Long, SHEN Qian, et al. (5326)




