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Abstract

The article studies the carbon emissions of the real estate industry in Liaoning Province from 2012
to 2021. Firstly, the emission factor method is used to calculate the carbon emissions of the real estate
industry in Liaoning Province. Secondly, the STIRPAT model is established, and the ridge regression
method is selected to quantitatively analyze the impact of various variables on the carbon emissions
of the real estate industry in Liaoning Province. Finally, different targeted emission reduction policies
are quantitatively evaluated. The research results indicate that the urbanization rate, per capita
consumption level of residents, added value of the tertiary industry, and industrial structure in
Liaoning Province have a negative impact on carbon emissions from the real estate industry; the
energy intensity of the real estate industry in Liaoning Province and the carbon emission intensity
of the real estate industry in Liaoning Province have a positive impact. The conclusion indicates that
in the process of urbanization in Liaoning Province, the government has strengthened its regulation
of real estate and upgraded the industrial structure of the real estate industry, improved technological
capabilities, selected energy types and utilized energy reasonably, and promoted low-carbon and
energy-saving consumption concepts to residents. This is of great significance for promoting carbon
reduction in the real estate industry in Liaoning Province.
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1. 5|

2022 10 A, SR SR A KRS OB E S “ AR AR 2RO IR A, HEBITE gk
B 0 A7 7 R TETT 07 [1]e SEIUBRIE IR RS — ) 2 MR ZINZ Ttk 2 KRG E . HHER
FREFTREWT TC R O RAT T (P BRI REAE BRI FUl T 2023) SR, 2021 AR L BIAF
6678 14 m?, 5 FISATIN K REVETH FEAH S OIS B 22 12 tCO2, 15 B HEI LI 22% . BB HKIE
WRARALERR IR, S AEAE R BRIPERT K S

MERH TR, [ N AR T 58 22 5 A i SR REAE S i HE O T i T K& 7T . E RS [214E X R
2001~2014 4F I FREFCEAT N Z 0 A B AEAL 1, e B/ M7 17 30K L PR 3OS S SRR A Y0 52 10 R P AT R i R
o GURRN: NDHUBEE R, ML R . @RIAREIR . A7 9 BIEO I KR 825 10 1E A 3K )
TEF, ERSTAR BONN G SR REAEIG K B IR A o R SLARAR [ R E 30 /N4 4 1 B (3 e SRR H O 3 3k
T VMR GERE R R SRR A R0 tr Bl B g AL b X f B AR HE T
BOARZEFBR, M7 X S HERRCR it i AL TT s U REVRAS . B SR A
BEBA A E R OCR AT BOR o SRINHESE[A]ERT U i, SR T S A A 2 AR e i 3
ROKFATSAG 2 TR X 2% S IR ST Ak v i 30T [ 30%~40% LA b s 5 AE IR SRIA BT 6
FEE U RE R AR AR BRI L0t — D SURT P AR REVR A ST, A T 3k v ST A s 2 ) 74 15% .

EFREFGZ EHUTREMIIEA, AT R FUREFENIIEA L, T RETHE B ™ IO RSO 5E 5 1L 1 g
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AT Sz — =y, EARR RFEN, S mERHER E R . BE R, GEke. Wkt
B “ =@ U e B bR, MA)ihide, 78 R BARZIR T, iR HERN 2B

R, A SCEXTIL T8 B P2 MR HEBGHATIN G, FERHT 5248 55 = b HE s A2 4 A AL L.
2. T4 Bl ERHEBOIE
2.1, HIRFKIR

LT H AR K AR SAT R HE R, AL 2012~2021 4 10 4 M8, & SSRE05 i & .
NEOBEZERE T QE TR L), PEHURA R m AT AR A R BORVE T (S A ReREH Sl U GBIT
2589-2020) , FALLHVE AR R LR A FRIE T (B FIRESRMIE A gmHITRE) .
2.2. BRHEEBUNE 5%

TRHECI 5 A HE R T P 5 S =Fh 5k, HEm R 7k R B 1 A A HER
RF B R IE R R E AR R Z 4. BrbL, AR SR AR iR 6 1L 524 B Ho = M i HE G T 4%
B, ACRHA IPCC AT MR HER RIZ B R A R () Frs:

Total = Zn: EA 1)

Hh, Total F/R5H t FEIHAERIATA REIRBHECE, E N i FEREIRIERER, AN i SRR A bRk
Y
2.3. BRHESUNE

PRABE IR« VO JEhAE 6 FRABVR 10 — EUb AR B (R 1), i A ()43 I T4 s
WeHE . o, MRS (B RS SRS B gm i Ta ) R HE B s S X ek g HE R T SR HL g
THFEERIEAT VR, RN IX 3 B P A AN [, 372 44 BITAE 1A 2R A DX ) — S AR HE R R 7 1.096 Kg/KW-h,
WrhruEBE 250N 0.1229 Kgee/(KW-h).

Table 1. Conversion factors for various energy sources

=1 BEXERTERY

e J?ﬁ}z%}éf‘% *@fiﬁfé)ﬁ ARAMEETR  BALE ii@g@iﬁ‘
R 20,934 0.7143 26.37 0.94 1.9027
A 43,124 1.4714 18.9 0.98 2.9287
FHH 43,124 1.4714 19.5 0.98 3.0217
L5 42,705 1.4571 20.2 0.98 3.0998
BRI 41,868 1.4286 21.1 0.98 3.1744
R/ 38,979 1.3300 15.3 0.99 2.1649

e 1) ZEUR R = PRIRALRAE AL AE SR EREMSE 1070 44/12; 2) R TFIMLALR & AN
KJIm3, Bl R 5040 R Kgee/m?.

B LA B ar — LRSS =L I B on a8, AR SRS R eI R A IR SRR REAN 5| 1) _E T
N I BHERUR) 5 T, AR BRI, BT el R SR REAE SRR TS R 1R R 2 L
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Figure 1. Changes in gross domestic product of the construction and
real estate industries in Liaoning province
E 1 ITEgfls5Rt~IE~BETHKE

I 1T RAE Y, fE 2010 SR 2021 SRMIA], GIRDA Dk A S B AR R ETE, fE 2019 SEAN
2020 £E itk A P B B @R A S . T ERET IR, ik E R g, ShEE S
REFERIE N, M T BBRHEBCR AN . RIORIL 748 s P b B REVR AE AR S R h ORI A AT 4

ity FTBAASCREUL 78 d 505 b5 3t A Sl 2 BORAT R s st P M B HE O (L4 2~4).

Table 2. Energy consumption of various types in the construction industry

2. B & XREREEE

RedR VH FE = 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
JEER (104 1) 24.33 29.48 11.59 4.45 3.05 1.09 0.18 0.33 0.33 0.34
TRIM(10% 1) 15.73 15.98 10.28 0.76 0.62 1.58 0.12 0.42 1.03 1.05
FHEIH (104 1) 0.71 0.69 0.66 0.7 0.52 0.51 0.00 0.00 0.00 0.00
ZEH (104 1) 39.66 4060 2631 2506 2187 21.89 0.68 4.75 5.00 4.82
R (104 £) 1.95 1.92 0.00 0.1 0.08 0.00 0.25 0.69 0.97 1.52
KARS (108 m3) 0.00 0.00 0.00 0.05 0.05 0.06 0.06 0.00 0.22 0.03
FH, /7(108 KW-h) 27.76 30.20 29.38 27.28 25.77 24.93 24.12 22.24 22.48 22.75
Table 3. Carbon emissions from the construction industry
3. B ERHE
e (3 )
Ay 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
cHERCR:  527.884 567.916 457.714 390.878 360.759 350.629 269.250 262.523 273.366 273.478
Table 4. Carbon emissions from the real estate industry in Liaoning Province
F 4. TTEBEM~ RS
BT8R (5 )
Ay 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

TRHEE  397.351 444.339 362233 318271 308.937 316.885 256.988 264.625 286.407 272.664
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3. ®IMEZESH

SEEIL T Bt e B HEBOTT AT (R i, 2T SCRRAT SRR B, GRICT AND b, R
DR 2R A DA AR ST TRCI SR 72 (0500 AT 3K

3.1. AOEZE

WHELE . PVECRSER A 1978 £ E 2006 A HUAH SCEUE X WL 5 AR IRE AT 1 b, &S
R, E B RE S  EAGBRHE R R AE R E 3T ¢ R B Be 11X BB RO6 & [6]
FEFFIIZR R, ERRE, AWK 1978 5] 2014 42 FF T 36.85%, [FHI, o EHIRERTH T A
Wit TF[7]. BEE L TR WA RE R, A STHEALS SO SE m, AT 51 b= b A HE R 1 8GR
PeFt. Dk, ASCEBOREL RN NEESANTEE)ENA DR E L —.

JERAIE K. 2596 ESEAN, A KPR 2 8 IS RE (M 2 e HE O K i oG, Bk
(B HE TBOG KA A e T 5 B 52 B B 422 B HIE AR [8] . BAIR 55 ABR 24 M5l R IR 1 48 5K e N\ 35031 2% A\ 2003
B 2017 PRI K 17%, AT REEH SR & AR S, SR ER, KEEH Rk e Ak 20 E
FHEH[9]. BHELTTIPOERRE, NI R EE AR AEAF 4, EEEAER . s, AAT
A D DL R — SRR PR SR TR, XS o5 Hh = I AT RERE KRS, BT LB B R
BN o /KP4 v i 38

3.2. &FHEZE

FAMEER o NATTIZHT RN 2 7 b 5 g B B (0 B o AR BB AER AT LMD 7R 73 # 1
AR P L A R R B RHE B PR, 45 B AR AR AR 7 Ml 5 4 T B A AT B b I AN B ST, (R ROR 7
b2 R U R 2 2 AR B TR [10] o B ERAE A I, P S M AR HE T B A AE R BN AR R AR, Pk as
P RE S B A BT [ 1] BhSEEEXTIL T4 26 ATV B 8 5 BRI SRR IR )b 4T T
IHTe GERARW], PRI AR AN A RE YR A 25 M ER e 8 el D iR (HAR RS AL TR R
UELEHE R FEATHR TR BRI X 2UBIBHE H AR B AT SIS A I MIRCR [12] . Bidt = 1E s =7k, 2
[ R 1 S e AR AR, 38 =k b BRI 88 = T EE R B, e SR BRI AR A .
BAQIE UL, AR AR TE R R HE O AR . P DAASSCe 3 s b e e A 7 BME S I T AR e E
EEAE Dy k454 o

= IE . KA RAEFT ORI, AR P T BB, Hrp o = bR K
G I LAWK [13]. BEE DAL GHR RIS, (23t 17078 5 =/ A PERE K, M 2012
15 PE 39. 7% N $1) 51.6%. 5 ="Mk 1 PR RS G5t AR RE R 2R T B BRI, O T st Rk
AR R R

3.3. BAREZE

BRHETROREE o 5 B 1R 5K A 7 (G T i SR BRI R, B HRTBOm B B 1 22 57 AN — SR AL B HE T
BZIEKRER, HEAKXMQ)FR:
Q=ClY (2)
Hrh, Q NBRHFMGERE, FBANMERR/I Tt C OB IR, AN Y A E A A AE,
Fi LT
BT P B S i 1 RE U FA R FH AR A REVER P KT ek 1 2 5F A KT S B AR A RER
B, ReVRBAA 70 R, 50 EA REIRRI F 2R A, [ B ARG RRIER FH AR BRAEG , DU Bk FIE TS0 i R b v
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T MBRHE R FE A 8 X B RE, BRHEEBGEE &, B SUBL T Hi X 838 B R L5 R SHEAR KT LLRIK,
FBARTFERNEZHRFEAGRAUERFAZENME. Et, ARSCGERIUT T4 5 s b s R A A5
K&EZ—.

PPV REVE SR T . BEUR ORI IS AR AR AR HI R B E N BRI D B R, BEVE R R A E
TNIE I B AR 13 R D B A PR BB I RERE . SULFEIR, RBIEIEEB R TS SRR, TS gir
B R R N B AT REVR R E TR, S0P A BREE . FrPAAR SR B A\ & e IRE R 2 A 5 5
e MY AR P BE 2 B NI TR ML RE YRR T .

4. STIRPAT #ERiGEE
4.1. STIRPAT REVIR S H il

IPAT #7245 Ehrlich 1 Holden $2H (1 | = PF it — D Rk [14]. | =PAT, Fr: 1 (impact)#
TN R YR RS, P (population) s AT, A (affluence) £ @ #FE, T (technology) B R K & .
T IPAT B8 3 ANKE RSS2 e 1 PR 25 T Be A7, B LA Waggoner S5 7E LIl AR T IPCT #5274
[15], Ho# T (FiARK RE) ¥4y 5ihi CDP Y 9% & (C) R ALY 2 R U2 (T) . Schulze $&H, AZEHT B
W [ &%k B (behavioral choices) B it FRBE (154N, PRIAZ IE 9 | = PBAT [16]. BT i) Jovkik
TR VER 545 R PR YE, BrLL Dietz &4t 1 BE AL I VAR AL SR 73 At & b 8 320 B BE ) 2 i, 57 1
STIRPAT HiMY, iZMMIE I LB R G, LRI AR B IS e, HRIEAN:

| = aPPAcTd% (3)
Heb, a ABRMEIEREG by oo dAAD. EME. HEARBIERE: e AtrdiRE.

XTERBOHfE, A:

Inl = Ina + binP + cInA + dInT + Ine 4

4.2. STIRPAT $&8IzE T

S22 N A (A IL T8 B = e HE i = i 57, STIRPAT #57 .

INC = Ina + a1lnX1 + aoInXs + azInXs + caulnXs + asInXs + aslnXs + Ine (5)
Hrb, CHILTAFH AR a MEMFBIERE: Xo METEBBENE; Xo NEUTARER

NI BIKT 5 Xa A gt s Xa AL 748 5 =7 I IME ;s Xs il 7248 b ™ ML HE IR s Xe A
LB HEMPE TR o aon os aas asv as A Xin Xov Xav Xan Xso Xe FIBIE RE e Atx

HEIRZ o
AR 146 FUS T 3 7 48 o 1 7 b g TSI S 00 D) 3 RO 7 4 o P b B HE SR, A9 SRR,
%5 R

Table 5. Carbon emissions and influencing factors of the real estate industry in Liaoning Province from 2012 to 2021

2 5. T THEREMA 2012~2021 MR E & E =

LT B JER ALY WAL TR LA

Eo pbas  DEWE el TS e Wabiore s
X1 X3

C X2 Xa Xs X6

2012 397.351 65.65 415 4.88 7092.4 0.4564 0.0887

2013 444.339 66.45 46.4 5.15 8031.2 0.4494 0.0895

2014 362.233 67.05 51 5.13 8984.9 0.3528 0.0603
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2015 318.271 68.05 54.1 5.23 9811.9 0.301 0.0478
2016 308.937 68.87 5.7 5.62 10685.6 0.2696 0.0436
2017 316.885 69.49 56.5 5.78 11461.8 0.2526 0.0434
2018 256.988 70.26 59.5 5.82 12441.0 0.1878 0.0214
2019 264.625 71.21 63.2 6.00 13201.4 0.1774 0.0246
2020 286.407 72.14 58.9 6.40 13369.1 0.1789 0.0281
2021 272.664 72.81 64.5 5.95 14247.1 0.1661 0.0238
5. IREYAE

PO i) B AR B A7 AE 2 BILZRE, PTRAURH] SPSS 24 BRAFREAT IS B A 70 B e R AT &
WEH K BEXFN[0, 1], 2K 0.02, HBELEE, W& 2 Prox.
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Figure 2. Ridge trace map
B 2. 4iRE

K

W HE5 SRR, 2 K>04 I, Wl TAEE, MRAEIE B0 i Z 4 BUE R, i K = 0.4
TERNWAE, 73T RZRIERIALR, Wk 6 Pir.

Table 6. Ridge regression calculation results of the analysis model for factors affecting carbon emissions in the real estate

industry in Liaoning Province

6. UTHEBH I HRHRE I E RS REUSEVI T EER

EY PRAEIRZE FrRAERNE R 2 BB AE IR 2
LnX1 —0.359 0.383 -0.070 -0.936
LnX> —0.208 0.124 -0.159 -1.684
LnXs —0.068 0.225 -0.032 -0.300
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sk
LnXs -0.099 0.031 -0.128 -3.166
LnXs 0.098 0.023 0.209 4.280
LnXs 0.099 0.031 0.290 3.188
WA 9.596 1.797 0.000 5.339

ZENABY R4 R2=0.904, ULAHA G IERERE, BB EE M SigF 4T 0.116, FEHHH R4
BRI EE M. Bk, 1078 5= BB AR«

InC = —0.359InX; — 0.208InX; — 0.068InX3 — 0.099InX, + 0.098InXs + 0.099InXs + 9.596 (6)

IRAE AR o A B AR MRS RECT LG, & 20000 748 bt L BHE TS RE i K /N

B ZR AL T 48 b b M B HE TS s e 2 B ml R, R 20 TR I B 2R B 5 1%, s M LA
RSN 0.359%. HEBERFE Ny — B N AT B S AT NI R ER N, K8 240
ITRRAT RS, Breh, SRESCH T 5= B HER = A T — R I R I T8 R
MIARWTHERE, IERUBE AWK, RN DR WA EFE, (X3 N AR s i U A8 ke e
B, X 51 T 5 b R A B

Ji BN SIS 7K PRI 748 s b M R sl 7 ] 1Y), BT iy 1%, 307248 s b= b B HE I 2 1
0.208%. X2 [K A i ROV B /KT B3G5 ek i ROGHE B AT ISR N, 8 RO RBE s 28 ki, &
85K F LB I (AR K o BRILZ AL, PEBEE AT T AR 05 R B AR AW i i, 5 B8 iRtk
HRZ . X TR AR EAE R, 84S b b L REAEAS 1

B =PI I E T I T AR B ML B SR R ), BRI 1%, 3 T4 b ML AR R 2 1
0.099%. BEAIARMET ARG, kT I T8 = i Pasig K. 5 == rRelin e At
PRI HFE R B Sy, AMIRIRNAI AR FrbE & 28 == W e, Bl m A S sid, 808
JSL D 5 b 7= B HE TSOZ BT 1 22

PV ZE R R 7248 By M (R s a2 4 ) 1Y), BEHE R 1%, 107248 b H = b B HE il 23 39 0 0.068%
LT AT T A R T A I PR R B 1, Bl I TR A S DR R R B P 5 L EE AR Ak, %
KEHF= g TR B S RAED ., FR, =R B Pl R = ra A5 oi ik, RET
KRBT 27 Z5 A LR ) 25 MR, | AR A . 77 g 4 b = g
SR, o F G5 AR B R R SR A S I K, i 2 R AR U s R b s A

S b7 L R B 5 R HE S P %o I 7 48 D M P ML RRHE G A2 A T Y, B BT 1%, 30 TR i
MV B HE R 23 3] Ykl 0.099% 1 0.098% . B XL T 44 7 VAN BE YR A5 A4 (1 TR RE , oy bt 7 MV i P T 328 ik
A, BEIRACR AR G, RRIRRCRAE — R ERREEARMES, BIRIT 20 FKIC T8 LI EM TR
AR S HBUR S AR T A BORHED, IR RIS AN G = B HEBORE SR FIWT, 7824 N0 4k
S EAR AR IR S .

6. FHEBIR

LI T A T R HECIUIR LS i SR R b E L RN SKOP S =
b IEANEL S T5 TSI P BRI 8, L T B P M kR AR R DA R LA T A

1) ERICHAER, IR

LT A BEREHESE A RE T, BE B AN A KBRS 5], IR B i
R BEEIRN, FFR TP RAR R, U2 F7 AR el A 2, A A B St (04 B3Rk
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I T ARG 1. HET, B AR IR s I TR P R . R, A SR S A
B AN SRR G DU B B AR R, DI T4 M DL R eHE R B v B T R R
TESR T A RR AR R o, R IR IS LR B =~ BcHE R A HES m e, KR RARBRHE U B 1
Pl BBAh,  BURFRLZRT = BRI DA, i G B B B IR T, AN TS b e A e
IR

2) DnaARER A E T NEAE, B E R R .

WHE RS i B AT A 2 SIS UM G, R In s e 26 3% 0 KO R B4, B R A i i IR
RBATE RN, 85 E REEARRRIE S0 A E . o LURI R B dh . T2 W AL BRI B 5
3% 77 217 7 RO TARBR AR A A 5 A 5 BUE AL i, i 9% E RAKHE 2 5 AR, HERER
HPE, FARRR I AEVE 7 2 B R &, AT PR R AR TR RERE,  E 1 B ps o P b B s i .l
X EALAT T R IR B A AR N SE IR R R TTik E 2 &, W AFKES A ERME ), &
BE S5 = M IscHE B A o e Ah, BURE AT DU I 1) e A 38 I REVRAN 45 R 51 5 BFR BT 20 RE I ST 15,
HETT 8D 5 = B HE

3) MESLIHEMR A R, ] E B R AR

=B A PRI S R 2 HUR RAETE AL, AR A Mt E . HRRIR IR
FEEMRE . Rk, 7EARIESE =P AN R B I RN, 3078 w] PR @ i HE O A R . I8 A
RSB BOR M & SR SE T US4 8 E SN M B HE OB, RN B AT A A, s, MR
D B HE SO R ] o, RN AR T A S S T BRI RS AT B . A, I T BUM AT i
SE A HL ) SRR B (0 N FL R SRR HE A B HE R PR AR, o B HE AR PR R AR AT B A, N R
1l A [F BCSR ( B HE SBR AT, AN T A B S B HE TSO6T 55 b 7 MU P S

4) PEERRAL = ML Z5 4 o

TR FMRETHA, MR, L TE a3 SLRIUR, 2R i
Folv ke AT R Ty. TR, BRAR s = BB, s R R A AR e T 2R DA R A
BRI . 2 HEINIRE TR ., A ReBh /1L 748 b5 B ek .

5) FEAEIRIEIE, FFARFIRMRE. =R ISR

FEAIREE, IRSRREACE. BRI BRUR I R — R Eis i, e Redi e . R R AR
B s IEVEI AT AR RRYR, HKERAeIR B AR SR AR IR, R EUORPHAE. KU SEIE T AR IR AL by e
Wb BRibz Ah, T Bl B S IR T, 2 B B L BcHE R 0 DG, KRR SR
ARIEP = IZ L AT ORI REVR, 98D B HE R
7. &g

AR AR 3 B DR PR RRHESCR S RR, H M AR R S 5 RS =P A TR SR A R, R
FHEE ST 2 — o ARSCUIL T8 R, X6 b= kA7 SEUERF 7T, 38 A STIRPAT BAY I [H] )75
Xof FLR M R AT T T . 75 MR . B 2 (—0.359) . & R 417 227K T-(—-0.208) . 5 =7~ \b 14 fin{l
(—0.099) /= Mk 4544 (—0.068) % 1L T4 Jo i MU AscHE S B S Ry s S2m DRI 2R s s i MV g R 5 E.(0.099)
J b= MY BHE T 2 (0.098) %+ 55 P MY B HERGRE A D IE o I 8 MaZEE T AL &3F . HRKERI T
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