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Abstract

"Lucid waters and lush mountains are invaluable assets.", the green economy has
become an important cornerstone of the country's sustainable development. In the
deepening reform of green development, reducing carbon emissions has always been
a global hot topic and a difficult issue. In order to better solve the problem of carbon
emission reduction, it is necessary to analyze the sources of carbon emissions and
quantify the temporal and spatial evolution trends between them and the scale of the

economy, so as to provide corresponding countermeasures.

By looking at the existing literature, the environmental Kuznets curve proposed
in 1991 can be used to describe the inverted "U" relationship between carbon
emissions and economic development levels. The parameter estimation of the EKC
curve is well researched, but the literature on nonparametric panel data estimation is

rarc.

This paper mainly establishes a non-parametric panel data optimization model to
verify whether the Kuznets curve of the carbon emissions of the branch of the
environmental Kuznets curve is inverted U-shaped distribution, and further explores
the relationship between the two. Using the panel data of inter-provincial carbon
emissions from 2006 to 2017 and the per capita GDP panel data, the first model is
determined by the Poolability test, and then the cross-test method and the innovative
algorithm are combined to determine the optimal window width, followed by the
first-order difference. The intra-group transformation eliminates the fixed effect.
Finally, the local linear estimation and a large number of programming software (R

language, MATLAB, etc.) are used to solve the model, and the EKC curve is drawn.

We find that the EKC curve given by the non-parametric panel data optimization
model is no longer an inverted "U" type, but an "N" type, which means that the
environment does not spontaneously improve with economic growth. Environmental

issues have very important implications.

Key words: carbon dioxide; economic growth; nonparametric panel data

model; local linear regression; EKC curve
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HHAE SN R, SRAFE 98 h AR R & 96
478 B B8 1) R A A [ A ik

JR ER A M AL TEAFAERZ AL T BRI SN, 3K S PRy oy S 4 AP A v ) v 22 A1 fie
FEAR BB B RRHUR TSI o RIS B i i SR B e 1tk el H , B AN AT A o
HEEHRE G (x), AT LA R BNH B 8K SR8 G (x) . AEXS T 5 =
LT s it e AR 2 AN T 2R TE A

G (x) MARE % 1) R B AL T AR N -

G,(x,h,a)=¢ (XWX )'X W, Y (13)

x T x,at x

Hr, e,=(1,0,..,0)", X, =(X, . X o Xon) 0 X =(LEXx))T,

W.=diag{K, ,,x, K iacx,yses K taiim b ’ Y=[Y,..Y] ;

a(X,) R 5 AR AL T AR 5 AT SR IR (32 B 0 R 550 B A 0 9 11 Jm) 0
LRMEAS TP AT LLAIIE, M 55 h, =en ™Y IS, SRR MEAN T B SIos B TE

AFA RAL T B RN, B AR S AN AN, R] L A AR B 5 1
JRE A TR M —F R, 2Bl E, HRAWNL RS,

B SRIES T SEEK AR

PAT 28 5L — AN AES R A A5 T AR s A R SRS 56 R [ 2007 A ——
2016 ERRAE R 5 A1) GDP K5 £ o 8t /i 358 20 B £ R . FiACFE A HE,
FAICLER] T N GDP ME yi, ERASE i ANHUXLE ¢ B EEE: 1 xi
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FORER 1 AN HLIXAE ¢ I TR) PR BRSO 1
(—) RISRAEEF

FEAS R VBB AT 0 Bl BE AT R 0%, o Je AT SR ARAS AG, BRI 2 TS
P, Ed RAE S @R RIEIR T
Augmented Dickey-Fuller Test

data: t1ist_GDP
Dickey-Fuller = -5.7014, Lag order = 6, p-value = 0.01
alternative hypothesis: stationary

Augmented Dickey-Fuller Test

data: tlist_co2
Dickey-Fuller = -5.9183, Lag order = 6, p-value = 0.01
alternative hypothesis: stationary

K 5. Hdhm AR R g0 45 R
B B R, wl ke E 2007 5——2016 SERHERE 5 A1 GDP %51y
TR
HIR, BATHER AT RIS O 22 AR R, T JIBERA 1%
By B AR 2 AN AR B 2 (AR ARTE R R &R .
RN

Granger causality test

Model 1: data$co2 ~ Lags(data$coz, 1:2) + Lags(data$cDpP, 1:2)
Model 2: data$coz ~ Lags(datas$coz, 1:2)
Res.Df Df F Pr(>F)
1 293
2 295 -2 19.814 8.494e-09 =*%

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Kl 6: PipEEPEAG I 25 TR R

& 6 RS 25 5, FRATTAT &R [E 2007 4E——2016 SERAE 5 A\ GDP
XA B AFAE R R IR, A LAk S ml )5 5347 o

wa AT TAESE B AB A ke £, B THRATER 7 2 E =114 4
K EE, v LLAWREAR & R 98 K H AT, BT LA T 12 58 57 [ 7 RS AR A
EH L FRATT 3 ST — AN AR ] 8 OB AR R JE S AL R A B A

v, =Gx)+u +u,,i=1,2,.,N,t=1L2,..,.N (14)
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Horb, w N ERN, w, RZED, ABRE H A E AL R o A (R RE AL AR &

(2) FIRARZXREEFRSFEHERIEEE

nhis ok (15)

(16)
PNIIESESIF

MISE(h) = E[(G,(x) =G ,(x)) dx
X MISE (h) H/MARIE % . R, 8l RiESwmESF 2007——2016

SR AR B TR R
£ 2 2007—2016 FEH =

i 2007 | 2008 | 2009 |2010 |2011 |2012 |2013 |2014 |2015 |2016
7

025 031 (033 (032 |038 |046 |054 |0.15 |0.39 |0.56

= =y
=

BB I BT A A AN 1 i B A3 3] — AR B 5E ho=1.99,
(=) Poolability #5%

TE @R 2 BNEERT G #EAT— poolability K36, H H i H & A TR G R
BT [ AR 4K,

BB H,: G=G, SMEM t ko

#PHRWH, . 21E 819 GG o

B I R IBA T A REGREL G (o ABEE [R] 50E
(M) ERREE SN

WERG G (x) KBTI, WAL x fi—E /T LHEAT R BT, BT

EWAR
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=G(x)+(x, —x)G'(x)+ 1, +u, (17

FATEET (17D AT A AL LRt — 20 25 W R ] g R, B

Vi =Y, =(x, _)_Ci,)G'(x)"'(”n(x)_L_‘i.(x)) (18)

Hry ATUERRAM:
1 T
Vo= 7Ty 2 e
=143 (19)

FHEHEATES E—MEE, Elu,u, X, X170, EXNEEET, RO

@@iﬁ VY, (Xit ):E[Yit “Yii |Xit Xip ]:Gt (Xit )'G(Xit 1) > PN EP Xlt (Xlt Xip 1)

() THEBEPLMEMTT
TR T AR B U SR A A T A 48, 2SN GDP AR HECE 1)
FEER, AT N AESER AL

A T T
W(xo) el (XxVanX) X W Y (20)

Hr, e=(1,0,..,0)" , W, =diag{K, . )-Kp jax,)sKn, jaom ! 3 BT, A
P % %8 h LS, A% eRE K 005k B A0 A B X R R R A TS B I

FLHUN . BATE A &SRS, S K, (1.1,)=— K(;l)h ( ~2) fE R K Ik

RIS ESE 8 1R iz A O e A AB ikl 4l & Mk, g i
[
—H, W(x) BRI AL T A e SRS JE . AT AT BUIZ A 1995 4

Linton A Nielsen [ /775245 H— AN AN ] 2 ROSAR Y 1 [31 )9 R B R 2 G(xae)
G (Xie1)o _TH Linton A1 Nielsen FIAd t1 7735 KME AT LA R STk H#EIR

FERIR 2 H, AT EEH I O x Ay K X o FATTATEAE HY

E[p(x D))= [i(x)f(0)dy =G0 -E[GMI=G@ -k
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E (X, 0)]= [y (x, ) f (x)dx =k -G(») (22)

FATHETE L IRFH) G (xi) MG (xier) B HARBIIREA BB AT, 133
NEAAT

A) 1 Nil)
G (x,)= l/}(xit’xj)
NT-1) 53 (23)
LD E—_— VA
it—1 N(T—l) = Jjorit-1 (24)

Bas BT 4R B 3 Bl 2 7, BRAIABE BN R R e A - 15
FG(x), HAERATTLUHES BAER G ().

G(x) =[GV (x)+G?(x)]/2 (25)

(730 Rt

BATEH TAESBE T Tk, W SR HEROR Y GDP 2 [8]# [R5 5% &,
FEIGAE R BT A8 U R 2B, DAL RES H — s gk A Hr & BR P 2 o
iz 2007——2016 £ \¥J GDP FHxHEB A Zids , His B SUE #I28 X

R 3y B B AEE v, AESEUE TR R
2% 3 N3 GDP Xt CO2 HEi & ) Fiit il

GDP €02 GDP (600
0 869. 6 11 2566. 7
1 715.6 11.5 2997. 7
7 670. 7 12 5860. 5

8.5 640. 3 12.5 1747.6
9 658. 8 13 1273.6
10 735.3 13.5 1. 2141

10. 5 1962. 5 14 0.9274

I T A RAR T, AT ALK 4R B 4 B T A ESCHRE A AT BUSBE Bl
HERSCE AR 5 YT GDP 1YHE Nz 8] (1156 R 2 B 2k A fa sy, REAYY GDP
AN BRI T SR B B TSR B 1 DB B L, LR PR 95 B S 1 o D 7 4
e N T BRI EAINAACESS, JATIE 3RS BOm s 1 )= S VA
RGEES, BREBRIRE SSFEEKNER, SHlHihgk, W Gt
RALFRRER ALY GDP, AN 76 AR AR IR, A 9D
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BEfE—: e/ AR AR SR P
function [y]=LSCV(X,h)
n=length(X);
y1=0;
y2=0;
for s=1:n
for t=1:n
y 1=y I+KK((X(s)-X(O)/h);
end
end
yl=yl/(n"2*h);
fori=1:n
for j=I:n
y2=y2+K((X(D)-X())/h);
end
end
y2=y2/(n*(n-1))-K(0)/(n-1);
y2=2%*y2/h;
y=yl-y2;
end
BEfE—: WA hEREF
x=0:0.01:20
n=length(x);
y=0;
min=1000000;
fori=1:n;
y(1))=LSCV(GDP1,x(1));

if y(i)<min
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min=y(i);
hm=x(i);
end
end
plot(x,y)
hm
B = bR R AR AR
Y=C02(2:10,1)-CO2(1:9,1);
fori=2:30
y=C02(2:10,1)-CO2(1:9,1);
Y=[Y:yl;
end
Xstar=[GDP(2:10,1),GDP(1:9,1)];
fori=2:30
x=[GDP(2:10,1),GDP(1:9,1)];

Xstar=[ Xstar;x];
end

[a,b]=size(X);

t=linspace(1,1,a);

X=[t',Xstar];
BHDU: FAREGRE T
function [y]=Fa(X,Y,Xstar,x,h)
el1=[1,0,0];
I=length(Y);
z=linspace(0,0,1);
year=2:10;
fori=2:30
year=[year,2:10];
end

fori=1:1
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u=Xstar(i,:)-x;
jmyear(i);
z(1)=Kh(u,h,j);
end
Z=diag(z);
y=el/(X"*Z*X)*X'*Z*Y;
end
BEfE T R B
function [y]=Kh(x,h,j)
x1=x(1);
x2=x(2);
h1=h());
h2=h(j-1);
y=K(x1/h1)*K(x2/h2)/(h1*h2);
end
BN GRRERE 7
function [y]=G0(X,Y,Xstar,x,h)
G1=0;
G2=0;
X1=X(:,1);
X2=X(:,2);
N=length(X1);
fori=1:N
G1=G1+Fa(X,Y,Xstar,[x,X1(i)]h);
end
G1=GI/N;
fori=1:N
G2=G2+Fa(X,Y,Xstar,[X2(i),x],h);
end

G2=G2/N;
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y=(G1-G2)/2;

end
L. 2EERF
x=0:1:20;

len=length(x);

y=linspace(0,0,len);

fori=1:len
y(1)=GO(X,Y,Xstar,x(i),h);

end

plot(x,y)
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