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Abstract

In recent years, with the rapid economic development, environmental problems have become
more and more prominent. In particular, the atmospheric environment is closely related to
people’s life and production activities. As the capital of Heilongjiang Province, Harbin’s natural
resources are superior to those of other regions, but due to unreasonable industrial emissions and
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industrial layout, heavy pollution weather occurs frequently. By analyzing the air quality and
economic development status of Harbin from 2000 to 2018, this paper uses the environmental
Kuznets curve model to study the relationship between Harbin’s economic growth and air envi-
ronmental quality, so as to study and control air pollution emission, which will help our country to
transform into a green and environmentally friendly economy and a sustainable economic devel-
opment, to realize the coordinated development of environment and economic growth, and pro-
vide a basis for the government to formulate policies to improve the atmospheric environment.
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ZRREAE AR S P S T WAL RS IS IR U S &0 RIRTa A &, P 5 Jedadh 5 itk
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Table 1. Fitting degree of different functional equations
# 1 TRIRBFENBEE

R? NO, SO, BN tLY)
— IR 0.228 0.095 0.561
—IRTTHE 0.319 0.507 0.570
=TT 0.337 0.574 0.893

RO T 1, BAMIRLA RS, B—ik. IR, ZIRIRBEPE 228 2% 7 A2 AT A 35 GDP 5K w S
PREFRARET A . MNIWEEUIRKRE, =R RERINE R R, DA SCR A T = A B 242 %
2 R BT R T IR AT A

FE=UTTRERF, Doy byv byy by BUEAF & FEAARMIAILE, BARWE 2 .

Table 2. Different coefficients and their corresponding curve forms

% 2. FEIRHREMBRAMETR

HEEFIARS
b, b, bs
>0 =0 =0 PR 1
<0 =0 =0 BB IR
>0 <0 =0 fal U &
<0 >0 =0 um
>0 <0 >0 N %Y
<0 >0 <0 BN 2

EKC LI EIE A U LA &R Bl U B R, NRERR, FPRARLA U R AR,
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TR BAERMASHS, @bt KRS ERE RS RAEZ L. NKIZRABEERE, RS
LV R R R EIH R, AR MARE U BCR,

U BRHR, BISERCETHRRIZ . A LeSE B b B0 1 PR 5505 Qe ILBE o 285 35 K e 2iE
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PR SRESN) RELH A U RERR[7]. X R LGS % IR WA R R0 H MBS 458 .
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TS99 A A F VIR W R AEE B35 G HE B R L ARS8 N, L R N SSAE AR AR Jié
MBS RGN FEE NP AR FIRE R e, KERGEREIHFE, Brimigeg. X
LSS B 2 ORI R A AR, JCHRAE N DU A XA Tl X 3. AL 2000 4E 45
2018 4[] —ALHE, —SALEUR PMyo I EAE N KA ERE KIS xR

THREMBRE R AP RS . BRI AR X NG R . AR, A
Bt x4 A R 55 SR R B UG, IR AR I LR P 2% o I H MR S FEE K T
B EIRAUKIE A, GRG0 ki G
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I ) 2 R A2 22 R B o, R A ER A R B R 3 9 mT L EE A SRS o ) ELAE AR N I A sl NORE 0 )
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3. M/RETHELR
3.1 BMIRERETEFEARKA

MRV BRI BB S BB, R KA T B A O T . 2 AR A X 5 2R O3,
2 [ 55 e 4t v 1 1) oK 3R S PR o M et o HEARE 2019 AE RS R VEETH [ R F At 2 R it AR, #E/RIETH T
BOAEX. 2/ MNEHW. 7408, S 531 VP AR, Hoad kX N 493.77 ‘P AR, wE
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Figure 1. GDP and per capita GDP growth trend of Harbin from 2000 to 2018
1. 2000 £~2018 M /RET™ GDP F1A 15 GDP #EK a3 &

M 1 AT LA HY A 2000 4E 2 2018 4EHS RIETH GDP 1A GDP S HE4ER K%, M 2000 4 979.9
276K ) 2018 4F 6300.5 1270, “FHIFIEE 10.89% . M ] 2 AT LA H M IR 40 5 1 K38 1) R SR DI FE,
B AR 2 R R FE[10], 2002 F 4 2011 AERG/RIE T KUK I 1 4 LRI P35k, (H
2011 “ELLJ5 GDP 434 W 2y /b, 2015 47 4% 2018 4F GDP MG 4F Jik /1>, 2018 4[] GDP & # A & 1%.
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Figure 2. The annual GDP growth rate of Harbin from 2000 to 2018
[ 2. 2000 £F~2018 SFRE /IR GDP FFIBiERE L E
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3.2. BMIREEIEIRAERER
Zi4 2001 45 2019 5 (MURIETAIMES) HEds, B/RIET =K giiins 3 s,

Table 3. The three major industrial structures in Harbin
= 3. BRER =K 45

A GDP (1Z7t) Fralk(fzot) B pek(zon)  FE=rAlk(fzot)  A¥IGDP (o)
2000 979.9 182.5 321.1 476.4 10,322
2001 1092.2 192.6 354.4 545.3 11,547
2002 1198.8 206.9 382.5 609.3 12,642
2003 1355.9 222.0 457.9 676.0 14,254
2004 1604.5 275.6 552.2 776.7 16,674
2005 1796.4 279.0 616.5 900.8 18,471
2006 2055.1 290.0 735.7 1029.4 21,022
2007 2391.4 321.7 859.5 1210.3 24,306
2008 2814.8 360.2 1028.4 1426.1 28,472
2009 3179.5 399.1 1148.2 1628.3 32,053
2010 3664.9 4127 1384.6 1867.6 36,951
2011 4242.2 447.2 1647.2 2147.8 42,736
2012 4550.2 506.8 1638.9 2404.5 45,810
2013 5017.0 587.1 1743.9 2686.0 50,498
2014 5340.1 626.5 1784.0 2929.6 53,872
2015 5751.2 672.5 1862.8 3215.9 59,027
2016 6101.6 691.2 1896.7 3513.8 63,445
2017 6257.2 593.8 1820.7 3842.6 65,279
2018 6300.5 525.5 1689.3 4085.7 66,094

172 3 % 2000~2018 4G /R VEE T = KPR L 2 o5 GDP I ELHE o =P ML 3 K AR 5 K P
HHOLE 3. MK ETETLLE Y, 2016 4EE 2018 4F, MA/RVEN = Kby RHE K, 2016 4
PUG, 55— LRSS b 2 E 2 W80 . 2000 445 2018 4FHAE], 55 = e, SIRBOUE K,
M\ 2000 4 476.4 127014 K 5] 2018 4 4085.7 12 7G[11], -84 Kok B iAF) 12.68%. 2016 “ELART, 45—
Pl AP HEK, 2000 43 2016 A, M 321.1 {2 i K2 1896.7 1470, F-FIHEIAR] 11.74%, i
2016 =LAJ5 M 1896.7 12 0ik/> F| 2018 4 1689.3 1276, 4=~ F 34k ik £ 5.64%, 55— =k 3 i i N 221E,
M\ 2000 4F 182.5 12 et K2 2016 4F 691.2 1470, - F¥34i4 )y 8.68%, Ifii 2016 4% 2018 4\ 691.2 14,
JGIR/DF) 525.5 1070, I GE A F] 12.80%.
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Figure 3. Growth trend of the three major industries from 2000 to 2018
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Figure 4. The percentage change of the three major industrial structures from 2000 to 2018
(& 4. 2000 ££~2018 FF = K=\ EE M9 PR 5 B 43 EE AR AL B L B

AR L B (15 4), RATAT LR B = M7k & #4 . 2000 4F, 25—~k 5 GDP 1Lk
#H 4 18.62%, 2018 4, 775 GDP KILLE AN 8.34%. LBIFFT NI, SRR R, 2004 SEF1
2013 EBEA B . 2000 4E, 5 "Mk 5 GDP (1) 32.77%. 2018 £, 5 =k 5 GDP KJLLE A 26.81%,
LT G B SRR . 2011 FEONEET 5, IF H 2000 4E 4 2011 SEIEIEA K, BAKLLEIN T 6.06%,
T I5TH 0.55%, 1 2011 4 & 2018 A (R R AL L KR FE R, VAL E b 1 12.02%, TR
F Ry 1.72%. =7 5 E AP BUE A L E 2000 4F 2 48.62%, 2018 4F 4 64.85%, 2000 4EZ 2011
TR 11 48] L B AR AN K, 75 50% 3T _F T /MBS, 2011 47 2 2018 458 =L EL BT AR ] R aE K,
M 2011 4E ) 50.63%E 1K 31| 2018 4F 64.85%, ~FIIERK N 2.03%. BAKE, H=r"W2) 5 GDP K
50%, K FIEE—r kg A4 GDP 1) 50%. 5 =t SRR KR E R K E#EH . — A NaE -
VG B AR S %2 5 — P EE BB R, 45—l GDP ELE S ETHE TR, 55 =l kL # g
BN[12], tHERE , W ARIETT Bk S5 A A R A R . 2018 AR JRIE T M X 2 72 S A 6300.5 12T,
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FHLG 2017 4EREK T 43.30 {470 3SR E S 2018 ARG RVE T SR — MG B A 525.5 1276, (X AR
FE B ECEL N 8.34%; 2018 AF RS /R VE 1T 28 P MV 3G INME 9 1689.3 424.7T, vt #h [X A= 7= S AH 1 LU A 26.81%;
2018 HEMA/RIETT 28 =P\ InME v 4085.7 1276, i X A= AR E N 64.85%. 7E 2000 4% 2018
R, SRS RE = = — k.
33. BREMASHERERR

2000 4% 2018 4, MRIEEUN KA IR /RETTIRTT =R 2808, WFEREHCKEE, MR EE
— R LR T s, TREEETEL L 19 b BRI IR R . 2000 4SS
H 84 K, MfE 1. 2. 11, 12 AW RE RS G0, b, 2018 45 55 Gl = B 5 4L R #3L 10
Ko 2018 4, W /RIETHBURFEXS 205 Y TBH A% 5 THF T BN I 284, F801 T B8RS Y fiHE
TR 25 ST G TEARHE TG R N, RS TR AR Ml DX A T ) T IRTS S, X7 #a R e F AT 48 10 U
W% WEMZE SRR T REGE. F—8E G MM ERECHY 364 K, HEEREMIENRREL
312 K, Hb ARSI 42 K. 2018 4, HESATERBARL, 5~8 A2 URENAIREOZ TGN,
8 HIARE( . BEES UL HEGRREA 10 K, £ 1. 2. 3. 4, 12 A, FEFHEREFNR
PR IREHMEERE , EbandE. Aii[13]. T ELT 2016 4ESEiE CRASTE RBTVAEEY)  PMys HE A 4 S48
N 35 pg/m®e A PM2.5 (IR BEEAR K — B 0] EL AT T 10 pg/m® B, ZET R . 4 B A48 o
10 pg/m®, EBET RGN 4%, AET- 0ol i U386 i 6%, FE-TFilisa () UG 38 Jm 8% & [ BIAT PMyg
—PARIEAEIR PR E A 40 pg/m®. 2018 4E3K[E PM, s SEXIIKIE N 39 pg/m®, FEAR 11.4%; PMyo SEXIK )%
9 65 pg/m®, bR 62.5%: NO, fEHIRIE N 37 pg/m®, SO, Osv CO AEMJIKREH AR . I 24k 2001
HE~2019 4 (M RIETHGETHE %) W TiT d v R A R4 5 IO B, ne /R T IA S R AR i 4 Biis

Table 4. Annual average values of typical air pollutants in Harbin from 2000 to 2018 (unit: mg/m®)

3% 4.2000 F~2018 SRR AR X SISRMEE(RL: BR/ILFHK)

f ﬂ%\éﬂﬁggmp“"w) — SRR — TR
2000 4 146 40 30
2001 135 50 40
2002 132 50 40
2003 121 70 42
2004 113 60 42
2005 4 104 60 42
2006 4F 104 50 34
2007 4E 101 60 48
2008 4F 102 55 43
2009 4F 101 54 45
2010 4F 101 48 45
2011 4E 99 46 41
2012 £ 94 47 36
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4. BRRTERSRYSZFIEK EKC REET

i/ SPSS B, Kt ARFR BN BRI, HABAR VOB R, IR AT A 5T e 22 I R 42,
FEX AR R AT 2 A G, DAL AT T 2000~2018 4E MG IR T4 0% KR 5 EI5 YA K R .

4.1, ATIRAFRISFIES A GDP B EKC Bk

N3 GDP 5ul W NBUhiAESME ) EKC Mgk i 5 Fras, 19 4 [E nf N BUhi P 4E 5 b A3
GDP (5 fEim s, EHREMAN R, mETRABRIEAERE N GDP (gl . 4ot
RIEEFE T IR — LU BRI IV AE, 7B R BT IR — e g 4,
7RSO . R R R AL BT IRE K I BUZ I X — A T T AR, 5 R
J2 it BB B AR TNk LR BB m Rl 8 S T — BN (ALK 22 R R AT 2%,
WY REELT IR IE, TR ANBURLY)ESME RN L. N=IRE TR i LA H by <0, by, >0,
bs;<0, Pi&JET EKC MR N K R
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Figure 5. EKC plot of GDP per capita vs annual mean of respirable particulate matter
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4.2. —EURFHES ALY GDP i EKC 18

TERAESEIE S N5 GDP ) EKC #iZk il 6 Fran, 19 4E[A] AT IR SR A SAE 5 A\ GDP
SEHIIEI N e NZIRIUA HREF AT LLEH by >0, by <0, by>0, FiEJET EKC BRI N B R, M
B ay DU -T2 55 6 N Z ATy, R — Nk 8 s P2 a, Bt AR 5 — DM B e,
Bp 2 Rid R e, AR 2RI RY, M5 QKPR TR FEERES I &mmZ G,
GUF R RS WA RS %Ea, REIRTH RIS 2 DL R BB AR & BB 0 P Mg i e vk, HY
PRI £ 2% BEVR T #6201 TV AT S8 = 7=\ gk % g

0 . R2={k=0.337
60 oo o
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Figure 6. EKC plot of annual mean nitrogen dioxide vs GDP per capita

E 6. —|EHRFIES AL GDP #Y EKC HHZ[E

43, —EHTHEHMES ALY GDP i EKC 18

ZRAHRAEIIME 5 NI GDP ) EKC £kt 7 B, 19 4R [RI AT AN BUR 4 S (E RE AT A\ 3 GDP
eI E G TN E R OSLARER D . W= E TR AT BLE H by <0, by >0, by <0, PFHJET EKC HiZk
I N ZSC R, MBI DUE 2 AF A 8 N F R EE 0, B fE s AR AR AN

BT IR 220 2% i AR, WAL T 2000 4E % 2018 AERG/RIETH KRB R S AT KRR .
M 5~7 T AT, A ER RS e i R I HE R A PR 855 e 2 R VK il 2 s AR RS AN LA, ANAF 2
R3] U R ZAFAE. 2000 4F 2 2018 4R[H], BHHFEM/REETTET AR, 2 A KRER & E N
B2, JFCRmBlY A, FRh ZEEIRER G N B2 R0 E 7, AR — B (DR S35 4
HAEH, TR RN I T e R E N R ih2k

EKC £ R, 8] U BR8N BOCR, i Za i il 1 FREEs . XuivikEE
GUEACT AW R, PG QRE LB, P Y OO 5 Y e s, BENE T IR g B B
M N YRS, B35 BB EANW T, ORI 75 Qe et i, AE TR BRI Be[14]. R,
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Figure 7. EKC plot of annual mean sulfur dioxide vs GDP per capita

7. ZEWURFEES ALY GDP B EKC BhiZkE

5. &L 5EN
51. &g

ARSI T = A KRR I A e AT S TP 2E 1R 26 fh 2R 2 i (3] U Y, X Ui IR e R Ve T
LUt R RE A, KRB B BOA R B N EGE . =D RAAER 23 2 7 A FK EKC A,
X 70 R T A5t R e 5 KRR Z IAMFAE LB 2R (I 9R R[15]. £EH R IZR5F A R B, AR
HRMEIANFN KRGS ELTREIAFRNBL Q5T KA & R0 2 A R

AT AT LR I G KR BB R AN, KRR & )MAEM T25 K
&, WA A . FrUABURE R AT, RIZ R RSB R, 19 BEsHE AR 5 A%,
Ul K5 G IHETSG s K S A B, w] LB AS [ B0 K05 FW kAR e A1 N I BGR T

5.2. N

£ 2018 fEIARITR IR b, [ 55 e BLE B A U S B0 . AREGEAT v B R A A R R A
PRI AL .ty RT CAERT Y, 7 b S5 A4 R DI AR TR T 22 B R i P KA B I 5 ph EE K
B BEXE P2 L, S DA

1) TRk g, KRR IR AL G AT A 9, 3R T SOE I BRI BRI o
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