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Study on Carbon Accounting Methods in Urban Built-up Areas Using Spatial
Activity Data: A Case Study of Harbin, Heilongjiang Province
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Abstract As climate change emerges as a significant global threat, achieving the goal of carbon peak and carbon neutrality has
become a crucial strategy for urban development in China. Carbon accounting serves as a vital technical tool for monitoring
urban carbon emissions and regulating low-carbon urban construction. Focusing on the urban built-up area, this study
integrates urban carbon accounting methods with urban spatial elements, holding great practical significance for realizing
the development goals of "dual carbon” cities. Taking Harbin City, Heilongjiang Province, as the research object, this paper
summarizes and analyzes fifteen years of energy activity data and spatial usage activity data to establish an urban built-up
area carbon accounting system. Furthermore, it develops a method for urban built-up area carbon accounting based on urban
spatial usage activities and compares the accounting results with those of energy usage carbon accounting to validate the
accuracy of the accounting method. Based on these findings, pathways for urban carbon neutrality prediction and specialized
assessments for low-carbon urban construction are proposed, providing technical support for the implementation of the "dual
carbon” goals in national territory spatial planning.
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Fig.1 Carbon accounting system in urban built-up areas

FHEKR: £ 4.

L)
WiREsE
oas W o - s

~ ¢
s 2 T
;
%
B P .
HHREE
£ _nl-

]

=

B2 mRRMERXEEELE
Fig.2 Spatial change map of built-up areas in Harbin
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Fig.3 Baseline data for carbon accounting of built-
up areas in Harbin based on energy activity data
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Fig.4 Comparison of results from the two accounting methods

+ HENAR
— HEN RS ER

0 2 000 4 000 & 000 8 000 10 000
) R AR R T

E5 WHHEREIRIELSR
Fig.5 Accuracy verification results of the two
methods

FHKR: 4 A,

F+3 EVAIRBGT R
Tab.3 Regression model statistics

R Rz EEER REGEHRE BEM
0.996 0.992 0.979 304.268  0.000

FHEKR: £ A #.

PR S AT S SR E 3G W R S
WER, BIF 0K BRI I T A A 25 B0 T T 0007 3%
R BEE R AT R AE (W 34) - &
Y BRRS J3E 550 00E 25 SREL U, W7 A% S R
F SR FEOS% P |, Bk R Hovfr, g
SURB T BB 25 AR IR 22N 6.9, X — 1
IR B3 35 FRORS B B 33 o i A2 30 ¥R 1] 32 2
PCARXE S B S0, IRZEERID K -

55 8 U3 B B A% S5 5 b, T I A
1) 56 P 355 3 W A% B 77 95 T A AR 8 Sk T
22 ) A, X S R DX P g R g R

R4 BRI EBERIEEAIER SR
Tab.4 Regression model statistics for accuracy verifi-
cation of the two methods across departments

B o o BEE AERH

& R opE OHE

BR 0999 0999 0923 6889 0.000

]

THw

BT

WK

TH 0999 0987 0910
&

g}
N .982 0.964 0.887
- 0.982 0.964 0.88

0.999 0.999 0.922 105.259 0.000

168.064 0.000

282.151 0.000

HHKR: £ H#

TR e, S GUHR T IR T A R 2 B i
7 L 30 R B R R 4 T ML Y A Y
WS R, YA 4 4 T B0 RE DR IR 2 8 95
BN BB A% S SRR AR I B 45 R o A AT
I, FASK G AT B % Bk A BR
Wil o AFLEGE V1 45 3 i LA 2 00 A 56 St kA
BT GEVE, BB AR S I T A YA A R Bk
A GEVE )60 A 5% Ho i kA7 B 2, T B 2L
BBV R 22 o T AE S04 R 1T R S AR o,
SRR P A R B T A 5 et
AR 5 R S MR BRI, A B R
B o AT, AT 1) 2 A P9 Bl A %
O Rr S Uf AR P S A VAR LT S T M R
A B AR U T B, B R i

=300
=250
200

1]
O A
w4
— EEFHRESERGR — TERRFNNERERSR

f BCCEI I g

/At

BT
8

HEKR: £ H 4.

Ak [F] I, Fh T T 9 Y e T R R
FOR 3, T IR 08 90 i s X 2 ) A AR A%
SR BEAEAT S R B, 9 b X AR I 2 B
WA, B A S 0 3 M T 4 R
2% P, K T 1) 2 TS 3 2 B B
TR X R 5 8, SR B XU B A
St Bl ] 2 i) R S AR AR TR Y
HRARTF B

4 EEZEEREHBIRE TR

EiREE G AN REE

W 5T 1) 2 () S 9% 5 S50 e 9 7
XBAZ T LM AL LG 58 %, X — 5
T AT RN P G X )2 T 2 A
LR 4 2 ) 5 M DA TS AR v o AR G R
BRAZ 47 35 ) T 00 Al 5 5% H s K
~F-, Db BRI T 42 S st B PR o A AT
J2 T, T AR AZ 7 5 SAR BRI T A
A, 20 RS PR BB 7 S K - B o
FEART %o

41 RIER TR K R E T A T
BRePFNER =T

Yk v B HE ORI R i AR R

T I T Az PR B A A AR T s o BB BE

https://www.shplanning.com.cn/. All rights reserved.



AT 5 35K 2 ISR N O~ REIRAE L 48
T Ja Jo S5 B A A , X8 i S L gk HE
AR AR DU T B T o (ELEG vh 8 3 £
AR IO LR TG, -5 9 i 2 ) R R Bk A
555, FL I 45 SR T AR Il i e 3 R et
A7 0 SO R 2 o G o T 1) 2 1 5 R 9% 3 %K
I B S T S DX A BT TR R A R, T DA
PR B 22 0 28 B30 8 ST I 1D ) 51 338 i e
DB HE BT 58 0 o 3 — 3 00 AL 2 5 4 v S
X 2% T A5 PR 9 B 2R R B A B, W DR
T 1] 2 () L R e 2 9 i 2 ) AR AR
HEFHOH DL AT S 6 B , I3 07 R ek i
22 1) R 5% - o Bk S8R - [ I 5N 2 4
SOBEILTI 2 A, P H v 18 5 IR 1% 5
5 RS BT R R B, LS LR
T BT BRI B T T A A
ik

LB B, Wy /R S0 Ak T I T P Kk e
VR B, T X P YK e S R
BHEBCI 75 35 5N v Lol IX 1] 2 i AR
L # 2 ) 3k A o, T LSRG A A K
5255 ) 5 P 5 JBE A A F T sk HE T 5 v 1%
DL, 1485 2 Al SR W 5l BB ) o R AR T 1R 48
R B HE TR T 5 92 5 T2 ) B G gk T
AN R 3 o R, w7 LK 4 3 e BB
ARG LRI T7 58, PR T30 AR SR e H 4 5
SIS R o K 43 1) A AL 38 ARBLH A A
R, T 7 00 445 SR B0 o o DA T 45 2R O
i, VT AR S50 4 i e o A R e R e i O
Fof TF) 45 s, 08 T - AR T 28 TR K e 5 L
Bl S

42 EFEmhENXKRZE DT REER
IR ETIHE

APIERBIR T R RS W™ H bk
TERIRSAP AT , BIEAARTT I T % BUIRBR IR i
R A, FEXIAH R AR E SR EAT VPG - o,
AV T S A YAl 1 ol B R R, R P
B0 B SR S Y B B o AR T ) 3 Y
Bl ) R S R X RS SRR T, T DA
LMDIS3 i , 18 3 345 5 B3R 7 A B ik

HEBCEE R ARG DL, i B4 TR A Y B R
Te SR o Feebr, TR AT AR B R X T
TR AR Ak 12k 5 700 A R g S , S0 3 T
JR Wt R BRI A9 BR S RE 0 8
X e S Bl PR R SR, T DA 93 A 4 T
TBCELAT T 5 B 2 T PR 905 2 B2, et
TR T % TP A5 TR bR A & o AR
0 ZR I 1 AT DA T 2 (R R A 5
PP iAo , A AR AR o 25 ) PE IR AR AL 3
PR #

W IR LR BARTT Je AR Ay i D At
el X, e g R I T AR DRIE SR i 5 5 2 R
o b [ b SRS BRURB A W f v  H k  BEAI
BRI T S BE L TG 140 2R 93 5L, 7T DLKETARY
AL A ] 2 AR M PP i R
PG ZE SRR A B T RO BOK T
Bl 3 A v R i S P PR SRR T B T
R DA R 2 Jg i IX S ik IR X, W DA
AE I i 3 8 DX P B PA b e Sy, sk
B4 5 SR B DR 20 ) DX 3 R AT 1
PR ZR , i L F B, 5 DX
Hk.

5 &k

R, 3 AR A e B A E bR AR O
oAy 3 TR AR TR R R S R 1
S A BRI I 2 AR A O I X
T S5 Ll B B A BB AR, AR AR B S T
TV, B R bR S B R AR
B, A S DA IR T g ST, SR RS
T R — T SRR
TR e 22, g S A 1) 2 ) A5 5 2l 00 1 3
T XA ST s 03X — R BT ik s L
S A5 v e DX A B3 R A AR B D5
e, e T [ S T 2 ) A DR IR o % A R B
O W e T A3 2 - T 2 ) AR AR X
WRHEBC RS DL o 75 BU AR L, 3% A IR
A R A AR T - T PR AR S vl e 15 B
VPAG B8 A% 57 15 2 PR B8 A2, A TG D e v A
b e v O X 2% (LS AR MR 3R S 5
581) -

https://www.shplanning.com.cn/. All rights reserved.

RIS | 15

SR References

[1] LYNN J, PEEVA N. Communications in the
IPCC's Sixth Assessment Report cycle[J]. Climatic
Change, 2021, 169: 18.

[2] DHAKAL S. Urban energy use and carbon emissions
from cities in China and policy implications[J].
Energy Policy, 2009, 37(11): 4208-4219.

[8] LI Z, WANG F, KANG T, et al. Exploring
differentiated impacts of socioeconomic factors
and urban forms on city-level CO, emissions
in China: spatial heterogeneity and varying
importance levels[J]. Sustainable Cities and
Society, 2022, 84: 104028.

[4] NEWMAN P, KENWORTHY J. Sustainability and
cities: overcoming automobile dependence[M].
Washington, DC: Island Press, 1998.

[B] e, AHT, £%% % "HEE BB BT

TE L= EAX R EFI] 0T X
7|, 2021 (4) :74-80.
XIONG lJian, LU Ke, JIANG Ziying, et al.
Research and thinking on the preparation of
territorial spatial planning under the goal of
"carbon peaking and carbon neutrality"[J]. Urban
Planning Forum, 2021(4): 74-80.

6] AEw, FR ALE, % KERT 5 MER

e H AR, B 5 AT 3 B AR[I] R AR T
2022 (4) :103-110.
ZHENG Degao, LUO Ying, ZHOU Mengjie, et
al. Green cities and low-carbon cities: comparison
of goals, strategies and actions[J]. Urban Planning
Forum, 2022(4): 103-110.

(7] whAfak. Bk A B 0 7 o 2 REOR TALRI 2
2R [3). AR A 5T, 2009, 24 (11) :20-26.
YE Zuda. Application of carbon emission assess-
ment methods in low-carbon urban planning[J].
Modern Urban Research, 2009, 24(11): 20-26.

[8] #fEwm, X MRIE, % T HAT TR

BRI T G AR AR R AT D] T AL R
7|, 2021 (4) :43-50.
ZHENG Degao, WU Hao, LIN Chenhui, et al.
Research on the integration of urban carbon
reduction unit construction and planning technology
based on carbon accounting[J]. Urban Planning
Forum, 2021(4): 43-50.

O Bam M+ rewm % BELEHAXP

B o Ao i Ak KA R R B 42 A SR [3] AR
2022, 38 (5) :134-141.
CHEN Kexin, TAO Weihua, FANG Xiaoli, et al.
Research on carbon neutrality assessment and
planning application paths in territorial spatial
planning[J]. Planners, 2022, 38(5): 134-141.

[10] PETERS G P. From production-based to consump-
tion-based national emission inventories[J].
Ecological Economics, 2008, 65(1): 13-23.

[11] GUAN D, MENG J, REINER D, et al. Structural
decline in China's CO, emissions through
transitions in industry and energy systems[J].



16 | 1R AXIFFR 508k

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Nature Geoscience, 2018, 11: 551-555.
WIEDMANN T. A review of recent multi-region
input-output models used for consumption-based
emission and resource accounting[J]. Ecological
Economics, 2009, 69(2): 211-222.

MR g B st SRR R R R AEND] + &
A HeRIF 53, 2011, 21 (9) :111-116.
CHEN Hongmin. Development and evaluation
of the international carbon accounting system[J].
China PopulationeResources and Environment,
2011, 21(9): 111-116.

STEININGER K, LININGER C, DROEGE S, et
al. Justice and cost effectiveness of consumption-
based versus production-based approaches in
the case of unilateral climate policies[J]. Global
Environmental Change, 2014, 24: 75-87.

LIN B, SUN C. Evaluating carbon dioxide
emissions in international trade of China[J].
Energy Policy, 2010, 38(1): 613-621.

CHEN G, WIEDMANN T, WANG Y, et al.
Transnational city carbon footprint networks -
exploring carbon links between Australian and
Chinese cities[J]. Applied Energy, 2016, 184:
1082-1092.

sl FEE KWW B L5 SRR R
FEARBEHEAN] AETAFRER, 2022,
18 (3) :355-365.

XU Yijian, LI Tanfeng, XU Lili. Greenhouse gas
accounting model for territorial spatial master
planning[J]. Progress in Climate Change Research,
2022, 18(3): 355-365.

SUY X, CHEN X Z, L1Y, et al. China's 19-year
city-level carbon emissions of energy consump-
tions, driving forces and regionalized mitigation
guidelines[J]. Renewable & Sustainable Energy
Reviews, 2014, 35: 231-243.

MENG X, HAN J, HUANG C. An improved
vegetation adjusted nighttime light urban index
and its application in quantifying spatiotemporal
dynamics of carbon emissions in China[J]. Remote
Sensing, 2017, 9(8): 829.

SHI K, CHEN Y, YU B, et al. Modeling spatio-
temporal CO, (carbon dioxide) emission dynamics
in China from DMSP-OLS nighttime stable light
data using panel data analysis[J]. Applied Energy,
2016, 168: 523-533.

LYU Q, LIU H, WANG J, et al. Multiscale
analysis on spatiotemporal dynamics of energy
consumption CO, emissions in China: utilizing
the integrated of DMSP-OLS and NPP-VIIRS
nighttime light datasets[J]. Science of the Total
Environment, 2020, 703: 134394,

BH HAKE, BH%, % ETENPP-VIIRSE
BT KT He B A oy 58 R KV IO T X T
AMAEN]. MBS 5 B, 2022, 44 (3):
11.

AO Yong, WU Binglong, BAI Zhaodi, et al.

https://www.shplanning.com.cn/. All rights reserved.

[23]

[24]

[25]

[26]

[27]

Spatiotemporal dynamic characteristics of urban
built-up areas in the Guangdong-Hong Kong-
Macao Greater Bay Area based on NPP-VIIRS
nighttime light data[J]. Journal of Earth Science
and Environment, 2022, 44(3): 11.

FH AR, BHA, FET = EAXAA 88
R E AR A ALK, 2013, 37
(4) :50-56.

JIANG Yang, HE Yong, MAO Qizhi, et al.
Research on urban greenhouse gas inventory based
on spatial planning perspective[J]. City Planning
Review, 2013, 37(4): 50-56.

B R R KB AREOR £ AR &
R DA AL 3 T R B AR 32 B F] A
ALK, 2013, 37 (8) :9-17.

JU Pengyan. Research on low-carbon urban
and rural planning methods at the urban master
planning level—taking the planning practice of
Yanging County, Beijing as an example[J]. City
Planning Review, 2013, 37(8): 9-17.

FR T BETORT B RAR BT
7 i B FE[C1I2019 % [ 34 7 AL %I 4 2 6 U .
Jbow s A EE# STk i, 2019.

L1Yi, REN Yunying. Research on carbon emission
accounting methods for Shanghai urban master
planning[C]//Proceedings of 2019 China Annual
National Planning Conference. Beijing: China
Architecture & Building Press, 2019.

FRLE TR T o B 4 RO
AXIEA T A 0] o B A B3R 5 3,
2015, 25 (6) :72-80.

WANG Yajie, HE Yong. Research on low-carbon
urban planning technical methods based on
carbon emission inventory preparation[J]. China
PopulationeResources and Environment, 2015,
25(6): 72-80.

ZoCH, A, . B AR R
S EER MR R AL W AR ¥,
2023 (2) :47-56.

LUO Wenjing, WANG Xie, XIONG Wei.
Construction and application of "double carbon”
calculation simulation module for territorial
spatial planning[J]. Urban Planning Forum,
2023(2): 47-56.






