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Abstract: [ Objective] The interaction between environmental variables and economy was determined. The
relationship between green GDP (GGDP) and GDP and future trend were studied, and the feasibility of
replacing GDP with GGDP as a policy indicator was analyzed in order to promote the implementation of
sustainable development. [ Methods] Based on system of integrated environmental and economic accounting
(SEEA), the correlations between environmental factors and GDP were determined for six representative
countries differing in economic structure, development level, and policy system. A univariate linear
regression equation was used to fit and analyze the GDP and GGDP of each country. The ARIMA, Holt-
Winters, and grayscale GM (1,1) models were used to predict and analyze the GGDP and GDP data, and the
optimal prediction results were analyzed by comparing the model errors. [ Results] In the early stage of

economic development, GDP showed a negative correlation with GGDP and environment. With the
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improvement of sustainable economic structure, the negative correlation gradually eased, and finally achieved

recovery, showing a U-shaped trend. The results of the predictive analysis showed that the ARIMA model
was best for predicting GDP, and the Holt-Winters model was best for predicting GGDP. Both GDP and
GGDP showed a growth trend, but the growth rate of GGDP was not as fast as GDP. [ Conclusion] It is

suggested that, combined with China’s actual situation, China’s economic accounting indicator should shift

from GDP to GGDP, and should increase environmental and economic investment, thereby achieving

sustainable economic, social, and environmental development, and building a resource-saving and environment-

friendly sustainable development society.

Keywords: Green GDP; correlation analysis; sustainability concept; future prediction; system of integrated

environmental and economic accounting (SEEA)

FEARPRABE B 25 EA T 5 N O ERE
TF (RIFR“GGDP™) iy 4% 55 Jr X ok 1 32 3 45 [ 0RF
M E N EM ., % GGDP 94 A [E 504 # A 2 1] L4
i IG B AR 0 R, HE B 4 U R R B 1 B R &
J'é . v LA Sk el B FE R R 1 4 B KRR L AR
A BB A2 B I FIRE IR A 2 F I R A s, R e % i
SR E R AU BAELIT, 20 DOk, R
XA E N E R AR RHAT TIF 2 R
IR 7% HE e B K RN % R RE IR 0 B L P A
fH(NDP) %%, A J5 8 GGDP BEE R B T 45,
Zt K BRI BFSY . 76 1993 4ERT, BE A H G A s S
LRGSR R (SEEA) P IE 203 1 7 “ R8I0 2% )5 1Y
[ AR P A 7 &, B “GGDP” , JF 5 T SEEA #44
WRMEESHERZ ., W5, KA X705 %
2000, 2003 Fl 2012 4E & A T SEEA (2000), SEEA
(2003) Fil SEEA(2012) %5 Wit A , AN W 58 3% FAR A6 A% 55
kY, H  SEEA(2012) # H  GGDP #4341k &
Bz R

GGDP 2L M A IR R P 048
bR 7 GDP JEaf 1@l A B AR R 0 M B
F GDP BEfS T 4y b 0 B 411 BR R T 30 5836 B A9 450
FELHRBRIR MBI A H TR A B SR EG ML
Ve R AR S5 B A R R . 2004 4E IR G0 R
R B 855 A 4 S 0B A A A Ff R 4 (L TR RS 2 T A S F
FEMAE (2004 4F))7 L IEX PR T GGDP 1.0 Hi H .
X3 H B FEBER R I8 R A R &5
R R LIVPAL 2 B 0 K SR B Ak gk R ] Rt Bl
J& S 2016 48, JE AL B A JF R T GGDP 2.0 fiff
GE. A EIFJR T BT AR 5 B 835 0T IR A =t
BB AR RGP BAE A DL R 2 T 4 0 7 71
AR, 2018 4E R A T (2015 4EH E & 35—k & A
FEEREP IO . PSR A AT 2015 4R E 4
UE A AR 7 BB AT T RN A BT . LAPAR 28 5% 1Y
KGABHEZ MR, 2013 4551 d [ 4% 9 BUF
B 5% Kof A e ME GDP g et , Bk T GDP —

ek . A BB WEAL AT L GGDP
5 FHUER — BURYY L X R I D) T B AT
TR e 28 55 1) ik B R B OG22 B Ak 4 [ I 22
Xof PR HEAT A R PR FE R — I BCR L, AR BESE
A KT IR B A5 % 7 AR B R e A R
KL LL SEEA S HTHESL g S b i 4T GGDP %5,
PRRE BS54 5 AH B 52 A OC 3R 5 SR FH AR G 2% 43 #r
B, X GGDP,GDP 5 ¥ 855 ¢ R #4740 X PE 0 #r .
TEE Z 1A SR F S0 A5 A, %F GDP il GGDP i#17
T, 455 = H R R T I R AR 5 AT
MHIH SRR,

1 BRI

AR X GGDP,GDP 5385 )¢ R 1 BF5E AR
it 2 e K- FER B 45 DR R e B 2 A AR SRR i 1R AR
RS, BAREZRME 1 PR, XEEEHT
VT S, K TR K T RIS ) RE AN ], S BOH
GGDPAHI GDP 1 5E # A [a] , 43 By i 28 [5] 52 114 i#a 5 xF
oA B THRRHA 5 2 8O R IR DLt 2 & &
B % R Rl

1 EELHARUMNEAREREZR

Table 1 Globally representative list of countries studied

EEEA X BP9
3% || RIBER
FoE R R E 5K
H & T SN EE
o [ LYl SN EE
B T KR
AT I RN RN EP

HOHE SR U5 T T AR AT R EPS B MU SR
PEHL 1990—2020 4F ) GGDP ¥4 458 #r K 7 £ 4
MG AZ SRR SK A 1 GGDP % . R 7 5 4 b
WF5E GGDP, ¥ 2 W40~ 11 3045 b 19 AH ¢ 3
(£ 2,



IS BT SEEA (U4 GDP A% 55 A8 &t K 1 43 #r 189

®2 GGDPiEMIEMRER
Table 2 Evaluation index system of GGDP

e o B oy o)
(G R % GDP R b -
LSRR 107+ — LS D R 0 1 b X,
— LR 10t i R 1 i b X,
P B (10" ¢ — AL 24 B e 1 i b X,
ki TR BB i - 80 UG T 4 H) e 4 bR X,
s i EMVE IR IREE i GNT T 4 1) A 4 bR X,
SRS (i GDP I 4 1) e 1 145 4 X,
BEH 8 0 B B 48 e bR X,
el P A o b R 0 740 ) e bR X,
TR 4534 T4 R 5 94 T 15 () 7 EPS 7 1 i b -
= g A R = = ) 77 7 EPS 77 b -
M AR AP 35
EERT YR T B B 4 TR/ 10° ¢ EPS 7 i 45 b -

2 BT HrRESY

AW THG EH ge it 22 0 2x SEEA HEZE R
B4 % M GGDP #ig, § e AL SR 5T n] &1, i
b B 43 AT R A LR 6% X B B[R] 2 A AR AT Al
W1 GGDP 57 0 (H GGDP it 7 =0 . # 1
SRR DA (B 7 T Y B5CHE E A7 3 24 A 3L () ) 2
TR AL R R, BT L AR SO T —
BB IR AR . RJFHRYE SEEA J5iEH
2 F AT 1 PREE 52 48 KO A Ry 2 T 0 (B, T A
FZ M X AT i ) GGDP 54551 . IR IR A
ST H 5 W OC &R R I OGP 43 A 8 AL X
GGDP.GDP 5388 R AT M. T HERS
UESEA SCHY HE GGDP R 38 JH 4, B % 18 By 4846 1
[ AR AT 5CSE R 0 M . 5% X GDP 5 GGDP it
P A AL B 2 F L A3 GDPLGGDP 5 2555 2 ] iy
KE.

N T RENE B GGDP & BUR GDP ik — ¥ 45
JEEAT A, M WS B A EE | T o 7 R 8 6 2 IS
(] 77 5] 4 - A2 1 SR J5 a0 0 A8 AR A o ) ke
AT IO, PRk 2 1 el 05 7 AR R KR AR R
K1) GDP 55 GGDP ByH M 13 Hh R R ik (8 % B
T 0L
2.1 GGDPitEAN

ARWEFEHG L SEEA 73 # HEJE Dy B Ak 47 GGDP
A BRI R AR

GGDP=GDP—NRD—EGI+EPB (L
ZH : GGDP(green gross domestic product) 4 4% {6, [F &
£:%% 5 NRD(natural resource depletion of value) & H #X
BWIRFE M 18 s EGI (environmental governance inputs)
AR IR B A EPB (ecological protection bene-

fits) FAESRI A sE . HitHIERRWE 1 s, Xt
T GDP,EGI, EPB #B 1] 2t if) 2| B £ 7 2 1 F8 b5 » 1M XF
F NRD W7 Z ik — 4 1AL . % 8RBT 5 Y il A I
W GGDP B SR R R SORE 38 3 3 AR 43 43 B B
RIS gt NRD,

GDP GGDP

NRD
EPB

EGI

A\ 4

TE:GGDP Syt 8 R Z 5 ; NRD Wy [ 4R B IR FE WM 6 s EGT 26
FR A GEPB AA SRy Mg . T,
1 GGDPIHEMERREREER
Fig.1 Flowchart of GGDP calculation system

2.2 HEIEHS S HTERIERM NRD

F A4 BT (PCA) — Fft bl 2 B 7% L B K 2 4
AR A0 D BULAS F2 88 388 3 A 40 2 G AR
B A, HLA% 6 22 (8] BN AH S5, B e o] DL AE X
T AR IRAS Ay 1) b T 3 A i R AN R o AR
e B 10 RRAE A 0 R 1 AR RN, R — g R
W5 BT vk . R T A AR IR RE UM 1 (NRD) 3
IEHER 2 i 8 TS bR X, — X, 2l —E LA
HE R R AR HE R L e HE R L AROM 1 Bk 2D
ARG UG BURE | AR RRL 4 L B b L ARl b R i
F ST .
23 MEBEHEXERHESEAFE

T BRI GGDP Re U8 15 Ry i it — > H K& 3%



190

K - PR R

544

R E IS br, ¥ 1 P EARENERL GDP
1 GGDP 945 48 B HEAT A0 4 43 87 , I+ 55 GGDP
IR S A T A, EREMNAEESZ

TR SEPE O 2, 5 5 38 i £ % 10 U3 7 #E X%F GDP Al
GGDP #4784 . 53 H R 5 GGDP £k % &,
BRBRARNE 2 iR,

i B [ 5K

v

15 4 5 GDP

ZAACIE g

LMK R

\

BHXRN

2 ##3% GGDP 5 GDP X B iEE

Fig.2 Flowchart of exploring relationship between GGDP and GDP
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Fig.4 Heat maps of correlation analysis between environment and its GDP of different countries
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Table 5 Results of ADF test for GDP and GGDP
I SE
i H Zr L ! AIC
’ 1% 5% 10%
0 0.541 0.986 —126.388 —3.689 —2.972 —2.625
GDP 1 —3.970 0.002 —121.683 —3.689 —2.972 —2.625
2 —4.046 0.001 —108.360 —3.738 —2.992 —2.636
0 —2.483 0.120 —152.463 —3.670 —2.964 —2.621
GGDP 1 —0.993 0.756 —133.720 —3.711 —2.981 —2.630
2 —4.984 0.000 —131.635 —3.711 —2.981 —2.630

x6 ZHMEIRMAEENRESWERITLL
Table 6 Comparison of error analysis results of
various mainstream fitting algorithms

A 4R (=R MAE MSE RMSE
Holt-Winters 0.009 3 0.002 1 0.011 5

GDP ARIMA 0.001 9 0.000 4 0.002 1
GM((1.1D) 0.014 5 0.003 1 0.017 2
Holt-Winters ~ 0.006 5 0.001 4 0.007 9

GGDP ARIMA 0.015 3 0.002 8 0.015 6
GM(1,D) 0.016 5 0.003 6 0.019 8
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Fig.8 Forecasted trend of China’s GDP and its GGDP
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