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Table 1 Classification of town and street units in Guangzhou City
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Fig.1 Classification of town and street units
in Guangzhou City
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Table 2 Data description of the study

AEf Kl W
I H Ttem .
Year Source Description
ATEC X A3 JE/H - e A K K ey
(B D A 2021 VESSFHURE SHURT A resde.cn)  HURAEAD ABCHE (e HECH)
Administrative division boundary data
1] % KA JEN 5 WA T £ P
f“}llﬁij:ﬂﬁ?ﬂﬁﬁ?\ﬂ(ﬁ% 2019 f‘féiﬁﬁf 155 O T i R S — Ok R ()
Land use data of Guangzhou 5
JHHL# Electricity consumption ) . . . .
FH7K# Water consumption 2021 JUMN T GEITHAELE(2021) TR AR R Rk R R B, R

B b P Waste treatment volume

Tl AR (— = =28)

2019
Industrial land area (Categories 1 1l , and IIl)

A i R ARG (OO

JZRAT T SN 5 M 0 T il e g S

=G =IBAE LA e e 3 ()

PRI 5T T i S I 0K

PIEHAE Traffic congestion data 2023 EFFHCE- & R fE MR APT (amap.com)  RASSIEARHARRC AT (Feh ) PRI H] : 2023-06 -
27,08:00.,19:00,2023-07-02,10:00
i E N H 4 Permanent population count PR N VR (SUAR)
[& A= 7= B Gross domestic product 2021  JUIMHRATEIX SR (2021)) Hi#E X 9 GDP(3CA)
Pl ge i Industry statistics TR G Ge i (3CA)
. - CE YR SR i 46 )
LI BAEHR B Blectricity carbon emission 11 p000010601177040314696. pd (edemep.
coefficient
org.cn)
WG WA PR HE R icipal was
A b A Eﬁﬁkﬁ'ﬁl‘?ﬁ]\/mn‘lqpﬂ waste 2020 SCHR[Z6]
treatment carbon emission coefficient
E&Fﬁmﬁl}?ﬂfiﬁi%ﬁl Residenti'al' Water con™ o0 ek [96] T R B 2 (SCAs)
sumption carbon emission coefficient
Tﬂfﬁiﬂﬁﬁ?iﬁﬁ)f(%iﬂ( Industrial land carbon 2019 SHR[27]
emission coefficient
JHIE AR R %X Traffic congestion carbon 2022 HRI28]

emission coefficient

RO AN A A B AR L RE VS B A
B0 FEARG A AN LRSS R BRI 1T iR
RO T BRA TG AT 1T B REAERR AR B o 2R 7™ ST 4l
2 E B = 7 N T Y4035 B2l = B T = =
H T2 7 AU X2 S B, R T M T AR L E R
GEitRdE R A b RO AT AR T8 A
1043 TR 200 0o R S 28 SR A 7 S R PR AT, A3 4
Sl TR = AR T B AN A 1 T 20 B I A T A
i, O T E 1B R REIRIE FE ST s N TRAMZ
IR AN R JH A8 3 S i KB O 5 | A% R AL,
K H R T _E A 4 55 AE 1 45 %1 (congestion delay
index ) FEATBRHECAI AN SE T3 . BT R nT -
O AIT R BRHRBOZ S . B BT SRR
LT BT N A A T B HE L A 7 Bl R R 22
TR AL o B B0 N BMBRHE I A 2R
Co = Cite T Corotuciion T Caic (1)
(D Cow 78 B B B B HE L &
Ciiter Cproduction ™ Coagic 73911 2 715 BT 19 A5 15 B HF TS

A BRI R E Sl R HE R R, Tt
OB o AT e HEOZ S A2
i K S A T B A B NG AR S R
BOas DX A KR B 2R 36 B3R AR B, PR 3l
ANTRIAT B DX AN I R e BB FAOC
B A KM AR R E . TR KX

HRENHBZESS  ZA AR R X 22 71
N SR AR
Pmml
Pmezm:m (2)

T (2) 1, P N DXCHAT BLITC 35 A 15 1 2%

1, P N XPATECR T A TS S G K

FHH i B, Poc, KRATECRITH A A H
50 R R R, AU

Prioa = Prcan X Pricz (3)

KW, Py WA ITAETE N &, Py, N

PR O B ROTRY AT 2 R A



78 LRI I NI <3 4

943 %

A (2) BEAT 23 HE , 38 i 22 30 (3) A7 | R i Lk
.
=0 R TR, AR -

3

(jlllc:2<PZ\oml X e ) (4)

K Tep 0 ARG SERHRBOREE . A TE T
oyt HE RS FE A0 R < H g ik HE CEER BE SR 0.714
kg/ (kW +h) ; 4= 1 By P Ab B Ry 2.06 kg/kg; J& B FH K
eHER R 0.3 kg/to

VAT RRHE AR SR o A P e R 3R 22 - A
FHFE S RS N 2 A BT N AR PR BRI A .
TR S AR I SRR T P G0 -5 ol HOxE L B
FEVCHC . O, BT 28 2R =2 T
A B HE TS LU 481 G 2R, P38 ) 32 LG R A S v A A
15 B B VR TH AR AR HE I o0 il 28 45 il . BRI D
BRUNE

A AT (g —28 28 2R T
FH ) (R B HE R B«

CI(}S:i(AI].XCI/J) (5)

k=1

K (5, Cros TR B A 77 16 BB HE I kg5 Ay
AR B TT I Tl BT AR, m?; Cp o 228 Tl F b
f14y BAL7 S 15 FH R HE (CO,) Tl kg/m®. Tl i
B HE R B 0 301 Ry« — 2 Tl FH Ml 25.5 kg/m?; —
2 Tl A #b Ry 433.3 kg/m?; = 2 Tolk FH #4569
kg/m?,

LY i R AR B Tl i ik 5 4T S U 7
OB T3 = BB -

Cr
Cm(;s:ﬁ XAy (6)

Cis
(61, Copng AR BYLE P RETIH 98 1
4) 3SR HOZ I o 3838 B HEBGE 2o 43 B 3238
PHEE I I 25 FRAE 5 Top FAAE , 48 A TR 1) CO,
R F , PR R [R] 32l 38 AT IR R 1. 1%
BT I AE SCHR S T B BIE S AT sk . S A A
1333/ @7 W R/N W
T = Loangesion X congesion X Reongesion (7)
D, Loongestion AP E ks 2gngesion H
BRI, D3 Roongestion AN ) Tep, T B HE IR B ¢
HE R BRI Top 7395 1 km 5 B3 7 K HE K
BTG, BSR4 Wil B AT R R
PEE M 4 KR E 5 Rengesion1.2 F % 1 38

1.5 Repngesiion< 1.8 TR EAT , 1.8<C Rppgesion 2.2 2%
IRIIE L Reongestion 2.2 Frm U PSS oAb, FEAD
2 3 R AT 9 1 ke 4% B B BT B R HE R 4
5 A e g il B oA 0.353/[t/(hekm) |, 2§ 17 B K
1.576/[t/(h+km) |, #3&HF K 2.004/[t/(h-km) ],
717 7 A 15 ) R B 1R 31 3.927/[ ¢/ (hekm) ] o
1.4 FImERGETE

DIPAT R, 520w P2 A9 0 2 Y Bl 56 T IPAT
FORL, REERSE RZ g (1) 5 A 1 (P) VE A (A) R
(T) = KHERBEVIOCHE . % T30 25 0] S Hh 45 4
FEFEAET G HE O W TR ZEM: AR 98 X o4 btk
1T TR FFA A TPAT BT, Beak, 25 RN 0F 9 R 4k
TR IR PR R BRI R B 0 A T2
R, U R B — 80 Wi AE RIS 4325 f
2 ARSI R R A A s b B AR AY .

Co = F(Prons Eciors Licior) (8)

K, Cy MR, P AN HE
R Ea NETTER Ly NHHE R HEAD
s gOa B EE 3R AW SR 1 (2 5% 0 H b P
BN AR HE B A 5 ()R 0k S B 256 Al
HERCR1E 7 1) s i R B B 22 S5

2) B R R AR Lk . ABIFIT 45 A B SRk
18 5% e AL 1) R DG B8 A, I AR 98 B B T Y 2 (R S
JoT P AR A T A DG SE I PR ER . N B T B
FHE s 32 2 g A TR 84 3nk BEAb ZK P 4 T 3R B
N FUBE AT BB IR 75 oK LT, sk A A .
T AL, N B BRI A0 (Pe,) A%
(D) FRAEN HAUBL, AL 38 (Re,) RAR ALK
Vo FEATFEZR I, A LU, AR T
N E ALY, I 2 st =R A 6 T 2 A8 b 5 3
e HE R = . AT R R A GDP(Pepp) WA
YIRERE (Egy) R EBAE 2 BT MAEIR AT, 7=l 2548 (Sey )
FAE LT WAL KT o F 2 R SRt DA
K, FERMAE MR B AESACE Tk
o FHHE R B A 34 R Bl T AR (A ) FLES
W25 (D ) R FAE 5 A2 25 7K -3 o bCHE o5 L (Ryy)
HFRAE ;s Tk ALK ISR Tolb b 7 L (R ) ZRAE 5
- b IR LA K T 3 g A B (R ) FRAE (3R
3) o XS b 2R AR A R A O 57 AL Lk — 240
b, B AT N T 3 ) A7 Ry R b 235 A %t e HE ik
b= A1 8



561 TRl S BT GOR IR ICERHE S AL AR B R R AR5 . L™ M A 451 79
x3 HEERAZMWERER
Table 3 Town and street levels impact factors
AR ES Bzt 7E X 273k
Impact factors Indicator Definition Reference
L HHENA Py, FATE AN [32-33]
A n H NV Dy B F /B T AR [34-36]
Population factor
NIRRT B R R, 5 ne- YRk YN VI ZYNE| [33,37-38]
G . 5 GDP Al /47 AT 39,
P o A¥JGDP Py, B GDP gt /B w1 [14,32,39]
Economic factors AHJHERE Ery AF s (20,40
WA 2 Sy ATBUX IS ™ E 5 L [41-44]
I H e NIRRT A, WL 2 ) @B m A/ S (S ) H A B
[— a BB Dy B B I1 FE /L8 B SR [41,45]
Land use fz;;tors A KT AR 5 HE Ry AR BRI THTRR /L X 3l T B
Tl A7k Tolb i 5 Ry, BELAET Tl P b AR/ LA X3 TR ik
T AR A Ry, I B A P b i AR/ LA S P T AR B

3) Spearman AH K PER K o R FH Spearman AH 5
PERGIG 7 AR TE T N T SR S HE i 5 T v 3
SR Z A A oM . 207 R BRI A R B AR RSy
A B, HLJCT AR B A R M SE R G E S
BRI AR DG TR i AR o O L B Ak B R
SPSSAU V#7583 41 .

4) U LAY, 04 [l )T 38 o R O R B 5T
ZHCF-J7 FEY TE AT, A R0 Ak P 22 2 v ] 7T
S AE WA R Ry . HAZ O AE Tl ad oA TE )
S H, K S Hb T A7 07 AR Sy 1 0 A 0 4 A A
YT ARG SR FH U [T YIS R SR AR 5 ) N T AR AT 4%
T HE O SR BRI R o T AR R AT R B 08
] U4 BE 1 A7 RICRE ek B DL, i T ASE Y ) 00 S8
PSR

2 ZERESH

HERIZE

1) Bl HE i ek R i B2 22 S o B AR OB B R AR
([ 2) o, Bl Hoo UL R A L Tl L)
A BRHE I S 3 T 2 BOT (R 2 Rl 1Y A0l
BT A X 5 R 2 T 2 SR S DI
Ko BRAFBEAAFHE (8] 3) W, B AR B B ey 114
B BT, JLA TR BRAE L o He e o R I B A
A PR A 9 B HIE I 0o T A 7 e L, A T A A A
{0 BT AP T A 7 BRI, i A 773 A 2 4R
Az PRI 7 L AL T xR . Rl I s B A
ZA T G, B R R R A X BT
T, H b 2 L s i 55l 0 3 B0 9 Il i
RS BRI BRAR R T AR R A, &

2.1

[ A= 3% Bk i O AEr=wilkig 0 i ek i
Residential carbon emissions Industrial carbon emissions Transportation carbon emissions
38.32% 52.17% 9.51%
Residornet ot ool e MM 175295 [ s1057 [assoos
2 47.4% 42.07% 10.53% 8
oot 1110 eI 20902 [ s2as [aess £
L) Commercial and office streets LU i, E
E 3028% 65.57% 4.15% E
e ot mausiat seees | [ [z TN 5 51212500
E 7.33% 70.5% 12.18% g
=) WY mEHS |.|.||| |||“'|2“2|‘|)I.2:|6“ |||| 934.3 161.37 |— 124005 =
[: Urban-rural integrated towns sy 1‘5
2 20.59% 67.26% 12.14% @
%{K ) . T, P o ; E
w AN ZHL Agricultural towns |.|.||||||| 1<)<)<)ﬁ|||||||||||| 620.86 | 112.09 |-oz.3.oz %
¥ 13.57% _76.63% 9.8% e
05 ndociatovns [ILSA ] T [t 1
0 10 20 30 40 50 60 70 80 90 100

5H/% Proportion

B2 BHMEE

Fig.2 Total carbon emissions



80 LRI I NI <3 4

943 %

S ol 511311

Total average carbon emissions

[ m R T SOl 1)1

Average residential carbon emissions

180 O AFEHBIEIL o O %50 F Bl
Average industrial carbon emissions Average transportation carbon emissions
160

z

2 140

= 124.90

£ 1201 7

=

=

£ 100

]

©]

ﬁ 80

I 60

e

= 40 34.64 31.06

£ 18.07 4.72

200 13.27] 13_052'
3.29 et
0 - o Py P g = e
SRR I B TR IS MGHSE RIS H ERZEEZ )
Residential Commercial and  Industrial streets  Urban-rural Agricultural Industrial towns
streets office streets integra owns towns
241 Types of towns and streets

O A iHEIL Per capita carbon emissions
M 2235 1 1 N ¥R HEL Per capita carbon emissions from built-up land

Tl % 41 Industrial towns [ 0.00

£l £ H1 Agricultural towns g

RSB S 4

Urban-rural integrated towns [l (.74
Tk Industrial streets

[N AL iy
Commercial and office streets [l .86

B Types of towns and streets

AL I
Residential streets

14.37

11.92

0 2 4
NYJRHET B/t Per capita carbon emissions

B3 IMNHEEEEBRAERERL

Fig.3 Carbon emission conditions by town and street types in Guangzhou City
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Fig.4 Spatial distribution characteristics of total carbon emissions and intensity by town and street in Guangzhou City
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SREPTER TN 21 3]

Per capita carbon emissions of streets

F. % B0 0 ST

Per capita carbon emissions of towns

WM TR (0.685) L Tl FH Hl 7 Fr (0.642) 5 il HE il
EHIEAE, N (—0.666) Ik 4 (—0.408) |
% 1) %5 B (—0.623) BRHE 7 LY (—0.602)  #E i b
e (—0.561) 5 2 B iy SRE G

2) 7 M T ARRE A IS [ S5 208 [l 4y
My, AMEH0.200 B}, R*=0.961, J5 MK IH T VIF {4
¥I/NF 10, HARE i F R K (P<<0.05) , TF B AR Y
R AT R [l

InCq, =—6.727 + 0.828InP, — 0.075InR -, +
0.5061InP¢pp — 0.057InD;  — 0.053InD gy + 0.036InS ey +

0.167InA g + 0.008InRy;. — 0.018InRy;. +
0.203InEy; + 0.043InRy;,

W [l AR i InC o, Fom T M T KRR HERCER: , %5
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FEAR P AE T (Pey) A GDP(Ppp) 245
(Sey) A A (A ) A EERE(Ey) . T
b FH i A e CRyy ) BB T 196, T 7 T B AR iz
14 i 0.828% . 0.506% . 0.036% . 0.167% ., 0.203% .
0.043% B (R ) &M% BE (D)) AN H BB
(Dgg) HRHE (5 L (Re ) BERE I 120, ) N T B HE AR
NP 0.075% ,0.057 % ,0.053% ,0.018 % . Ftt, A
PR 20 B DL I RE VR B R e S I R {3k
IR A i B Bl HE TSR 45 AR T T M S 45 An ) 2 3 1
HiBhR B

F4 HERREE

3)JTHITH 6 Bl BUAEAMS [0l A 4525 . @i X) 6
PR AU Y LA 208 RS, — 2D oR T A
TR ML B E P A FE AR N i B R 0 AL
Wi e 72 5% (e 4) o BRI IR ALY GDP X 2
T bR 78 6 2 BRUT ] Y- ASE 7Y v g 2 B ) A Y B2 i
Gb, Tl v FE AR ARAE BR Rl A28 R 3 A1 14 2% 2
s H— e YRR AE ), A s e AN [ 56
TR B A R v R B B 22 k. Horh,
N F% B NI RERE SR B M | 50l L 71
SELEA RIS BT R B AR T RO 22 7 B 5
EX0

Table 4 Analysis of governance factors at town and street levels

(R ASIiE: 5]

N
EES s

kS RlE I S B AP S i

(S JE A Ak . . Tl Bk . Tk S g5
Independent o Commercial and . Urban-rural Agricultural .
Factor . Residential street . Industrial street . Industrial town
variable office street integrated town town
i Constant  —6.04(0.000™) —1.829(0.000”)  —5.54(0.000") —2.285(0.008") 0.071(0.002™) 0.316(0.006")
NI P, 0.783(0.000™) 0.569(0.002™) 0.761(0.000™) 0.51(0.000™) 0.478(0.000™) 0.345(0.0027)
Population Dyk —0.061(0.000™) —0.107(0.000™) 0.067(0.003™)
factor Rey —0.09(0.000™)
2V R 22 Pepp 0.463(0.000™) 0.552(0.014") 0.331(0.000™) 0.387(0.012") 0.535(0.000)  0.294(0.002™)
Economic Ey 0.281(0.000”) 0.196(0.012°)
factors Sey 0.031(0.444°)
Ay 0.149(0.000°) 0.163(0.003™) 0.191(0.025")
i H P ¢ Dyy —0.06(0.049")
Land use Ry
factors Ry 0.023(0.017") 0.287(0.000™) 0.17(0.008™) 0.119(0.000™)  0.155(0.000™)
Ry 0.148(0.020)  0.184(0.002™)

1 Note: * P<<0.05 ,*#P<0.01.
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Characteristics of differential distribution and influencing factors of
carbon emissions at levels of town and street governance units : taking
Guangzhou City as an example

ZHANG Chao"?,ZHANG Yuxue’, LI Qingjia"*, WANG Rui*, LIU Xiaoyu'*

1. Guangzhou Urban Planning Survey and Design Institute Co. ,Ltd. Beijing Branch, Beijing 100032, China;
2.Guangdong Enterprise Key Laboratory for Urban Sensing ,Monitoring and Early Warning,
Guangzhou 510060, China;;
3.School of Architecture, Tianjin University, Tianjin 300000, China

Abstract Guangzhou City was used to study the characteristics of differentiated distribution and influ-
encing factors of carbon emissions at the level of town and street governance units. A top-down approach to
spatial econometric methods for carbon emissions was used to calculate the total carbon emissions and inten-
sity of 175 town and street units in 2020 and analyze the heterogeneous spatial distribution characteristics of
carbon emissions in different types of town and street units. The IPAT model and Spearman correlation
analysis was used to screen influencing factors and construct a ridge regression model. Differentiated factors
of governance and strategies for reducing carbon emissions at levels of town and street governance units
were obtained. The results showed that the total carbon emissions of street units in Guangzhou City were
much higher than those of town units, but the per capita carbon emissions of town units were much higher
than those of street units. Among them, the per capita carbon emission of industrial towns (14.37 t) were
about five times that of streets with commercial offices (2.89 t).The total carbon emissions and intensity
had a circular pattern of " low-inner, high-middle , low-outer " in terms of spatial distribution, but high-value
areas of total carbon emissions were concentrated in the suburbs, and high-value areas of per capita carbon
emissions were concentrated in the far suburbs. The indexes of urban construction including the population
density, the rate of urbanization, and the structure of construction land were strongly correlated with carbon
emissions based on analyzing factors affecting carbon emission at different levels of town and street gover-
nance units, but different types of street and town units had significantly differential effects.It is indicated
that differentiated pathways of carbon reduction including “controlling the total amount” and “controlling
the intensity” should be proposed for different types of streets and towns.

Keywords carbon peak and carbon neutrality ; carbon emissions at the scale of town and street ; esti-

mation of carbon emissions; low-carbon planning ; strategies for reducing carbon emissions
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