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b h h 4 China's fotal
{OFDI) b year and this has cused its relationship with
China's COm accurately by
mda(ngm&-p-adumlu|W|mnmmnmunmmm-n
appropriate emissions plan to fulfill its carbon reduction commitments. Because the rel
between OFDI and COb has nonlinear characteristics, a nonlincar grey multivariable model with.
Senctiondl (NFGM(LN)) this study. To enhance
accuracy, an optimization process was used to determine the parameters. The outcomes of the
variable fractional order showed that fractional-order aacumulation can better extract the pq

ﬁuﬂuuhd hmoﬂﬂqﬂlwnkdnnw&u-rdamdﬂp Hmlbecbemdl)!’m

0 be superior o those of the ARMA model, linear regression model the GM(1,1), GM(LN), and

FGM(LN) models. Iso revealed that OFDI i COwein China. The
relationship bawem the COs and OFDI exhibits a Usshaped development based on further
period. Finally, for long-term CO:

mpmﬂdllhlplper

Keywards: carbon emissions forecasting, nonlinear grey multivariable model; fractionalorder
sccumulation; OFDI

L Introduction

In recent years, excessive carbon dioxide emissions (C0w) have caused a series of severe
environmental problems, such as global warming the melting of glaciers, and the frequent
occurmence of extreme weather, and they also have had a harmful influence on human health. For
those reasans, countries around the woeld have put their efforts into COr reduction and have
committed to setting emissions reduction goals. China, as the largest ing country with the
largest COse in the world [1], promised at the UN Climate Change Summit in 2009 (COP15) that the

Sowininability 2030, 12, 410% doi 103590 12104525 wwwm L comsmalsustainabilty
Swininabilty 220, 12, 4125 LR
most of that the OFDI had an impact

on reducing COs. Liu and Gong [25] and Jiang et al. [14] concluded that an increase in OFDI had a
positive effect on emissions reducti and Liu [24] used provincial pancl data to analyze the
effect of OFDI an COs and found that although OFDI was beneficial to reduce the emissions, it was
restricted by the threshold effect of urbanization. Long and Zhou [26] mentioned that OFDI had 2
positive effect on carbon productivity because of the reverse technology spillover effect. More
specifically, they found that the carbon productivity increased by 0.37% for each 1% of the increases
in the OFDI reverse technology spillover effect, but the effect was different in different regions. On
the other hand, opposit 7 that is, that OFD! COmwein
the home country. By using an applied pane threshold model, Yang and Sun [27] found that OFDI
aggravated environmental pollution, Liu and Li [13] used provincial panel data to examine China’s
‘home country d!n-mmumdbund that the wwwucmemw”by!wmhr!xh ™
inrease in OFDI, b
The reasons for the uncertain relationship mmwu.w COze can be summarizned as
follows. Firs, based on Kojima's theory of manginal industry expansion, one country prefers fo
transfer its marginal high energy issions to the other country,
which causes the COze to decline in the home country due to the emissions transference effect.
Sacond, s Bockley et al. (23] saed, Chiow's OFDA was moivased by sesace secking thus the
[25]. However, as stated in the study of Liu mdl.hll:l.CMuC‘Dlwumﬂommdbyu
high emissions, ar, Third, owing

to the reverse spillover effects from and des badk flow,
technical levels is a)-m.aq lh-vwhlh
. oA o
n s ive capacity in i i
e

According
uupmoncm but the effect i uncerain, Funhermore,the posive of negative cffect of OFDM on

i @ nonlinear

2.2 China's CO2e Forecasting Using Grey Model
The widely used prediction models can be roughly categorized into two groups: econometrics
mmmm;-mmmmmmmmwwmmnm
However, ion and having a large of data are the
buses of accurste predicions with econometrics methods, Successhul intelllgence computational
mwmmdulugmmaumu\qaulm Under these circumstances, the grey

without
Grey models have

modd,
e e 10 ke any stasstical has drawn
iplines and achieved 12033-35).

A grey prediction model and the improved versions of it have often been applied to the issues
related t China's COse forecasting Overall, the grey models used can be divided into univariable
and multivarisble models; these are represented by the GM(11) and GM(LN) model, respectively.

China can 2030, Li et al [36] applied
the traditional GM(1,1) model to predict China's COse. Meng et al. [37] predicted the energy-related
CO: in China using a small-sample hybrid model that combined the GM(L1) model with a inear
e, s they extinsd. the patkivees by g 4 xvoontraniad optiistion eqption.

] China's CO by
mmnmﬂ 1) model, and mq-.e u—hue terative numerical method as an
upumnmnmmimhpmhp:m»umm Wu et al [39] applied a conformable
fractional non-homogencous grey model o prediet the COx in the BRICS (Brazil, Russia, India,
ammmmmunw because the GM(1, 1) model only reflects the sequence
China‘s COse
theffects of reevant factors [0, Wu et al. [5] predicied the CO in the BRICS countries by using

Sertuinabilty 2020, 12, 405 2¢u

COse per unit of GDP will be reduced by $0%45% at the end of 2020 compared to 2005, Mm.
at the Paris Cimate Change C 2015 (COP21), China

by 60%-65% by 0 2008, Therefore, it i
forecast China's COse to enable it to comprehend the trend of emissions and to realize its COm
reduction commitment.

The issues regarding the impact factor analysis and prediction of COr have received great
: T s s 3 3

mergy consumption, urban population, and research and development (R&D, for details of
Nomenclature, refer to fix A”) were important factors affecting COse [23], predicted
cnissions by considering the effects of these factors [4-6), General speaking, reducing COx mainly
on technological advances, which come from the R&D undertaken and foreign direct
investments (FDI) [7-9. In the past few decades, many acidemics have focused on analyzing the
relat between FDI and COhe, and they concluded that inward FDI (IFDI) and outward FDI
(OFDI) could affect CO [10,11}, However, compared to IFDI, there are still few studies on the
relationship between OFDI and COx; and no complete theoretical system has been generated. The
results of previous studies showed that OFDT had an increased or a reduced impact on COse [12,13].
In the context of the uncertain effects, it can be recognized that there is a nonlinear relationship
and COe [14]. i tion. of the “go out” strategy, especially the Belt
and Road Initi 2013, China's i DI
in 2016, when it reached 216,42 million U5, dollars. Therefore, in consideration of the upward trend
of OFDL, it is essential to analyse the relationship between China’s COx and OFDL and forecast
emissions by evahuating the effect of OFDL.

China’s CO:

hich ey ) moxdel
stand out from the numerous grey models. The GM(1,N) model, which was proposed by Deng [15)
s a prediction model with one system characteristics variable and N1 relevant variables. More
specifically, »»Gutln)madunwwumwmmlbmm it takes full account of
the effect of [16}.
At pocsent the trtional G N) merel mes the irsbord seenulied penenkling opérsticn 1o
AGO) to generate a sequence; however, -AGO is not consistent with the principle of the new
information priority in the grey system theory. Therefore, Wu et al. [17] proposed fractional-order
accumulation to give separate weights to older and newer data, which had been combined with the
GM(1,1) and GM(1,N) models [18-20]. In this study, the fradional-order accumulated generating
operation s introduced b the traditional GM(LN) model (the FGM(LN) model) to fusthe improve
the GM(LN) is with
this model it is not appropriae to reflect the nonlinear relationship between system characteristies
sariables: n-dnlyrm' i grey model used in p

studies [22,23), this sbbreviated
the NEGM(1 N} to predict China’s €O by consi nonlinear relationship oFDI
ond emissions. The tractional erder, power, and the coelficenss in are the crudal issues
d model. Therefore, rmny,nu-mayapplns

The rest ofthis paper i or ganiced as follows Section 2is a review of previous related literature.
The propased ponlinear (ractional grey multivariable model is presented in Section 3. Section 4
‘Oke in China

5
2 Literature Review

21, and Cs

Compared with the studies of the relationship between IFDI and COs in host countries, there

persp R4).
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GM(1N) with an opp Wang and Ye [21], Wang and
Li 23] applicd & mu-n oy mlw-uue mede and derived. the o equigap grey Veehut

A e s

o8

sl . " S
finear feature of the GM(1N) model, s it is sill inappropriate to refledt the nonlinear relationship
Therefore, this study proposed the NFGM(ILN)
model and introduced the power model to the FGM(1.N) model o predict China’s COse by reflecting
the nonlinear effect of OFDL

3 Methodology

ﬂuumnmmsma-mum lemnmdd-ldr!ﬂ!mﬂ'enmhw
between the dependent variable and i
m:owmnm mtmmahwwmu.mmdmw
of the parameters din this section, For details of traditional GM(1,N)
model, refer W “Appendix B, A numerical example is then used o verify the validity of the
NEGM(1,N) model.

1. Nowtinesr Fractions! Grey Maltiariabie Mol
™ NEGM(1N) model fall
Siep 1: Proent the da soqumess. The system characteristics
A = (0, 720,257 n) and rebevant factors sequence 1% = (¥01) 5720 2, 5" m) sre
presented, where =23, ¥
Siep 2 Perform the acumulated generating operaion. The accumulative sequence
A7 =50y ) from X/ by the generating

operation (n-AGO) as followws

o k=g =1
-,"A.Z[ e )4"{;;1-3.4... m

el k-j
where | AAH51  (gen R rm DM g o the study of We et al (411, 7

k-4 [l
should be taken in the interval @©,1).

Step 3: Construct the NFGM(1,N) model. Drawing on the concept from the GM(1,1) model, 2
g termu ‘Therefore, the NFGM(1,N) model is given as
FROETEE "'m.zﬂf-'m]’n @
-n-.uau..a..m-marm.n«wmm;mwn-amwumh
tving coeff Moreover, riand y are the order of the

fractional foe different varisbles and the power, espectively. The NFGM{1N) model reverts o the
FGMI1, | when yi= 1, d GM(1N) model when =1 and yr=1.
Step 4 P B and u can using the OLS
method
b

e

]

where
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) [,;':';zrr’

(2)]’ 1 AP)-2()
(5 ) 0 . )
8| o) (et - x\.-'ﬂ)) | 0 3)-.,: @ @

! )= a=1
(1;\"“)’ V=5 i
where the background values of the system characteristics variable
adijoiring mean generated sequence as follows

;1*'cﬁ|-u.s.(a{*'cﬁm‘,*'u-m ®

Then, the time resporse function can be represented as

cn-f{ii.(x’,’-'cn)’ +-] manl .[E[}:b i) '+.‘] ©

Step 5 Perform the inverse accumulated generating operation. The rorder inverse fractional
defined as

accumulation can be
a‘"‘t*l-E Lo );"‘m o
R

Therefore, the predicted values £ can be calculated by using the inverse mond:
accumulated generating operation (r-IAGO) as follows:
= 'f.l r-1 ( k=1-j-r-1)
O (kya(290) ’ : "ul-f‘{ R T VTS Y
V ( )™ \ =1 k=1=j Ji'
where #{7(1)= !"m
Step b the 2 and 3 are

determined. the other parameters o, b, and u are ascertained. The objective of the optimal value of i
and y: should be to make the proposed model have the highest accuracy with the given sample.

x'"NiJ-[

of the proposed model by changing the values of ri and i, and the constraints follow the modeling
steps of the propased model. The mean absolute percentage error (MAPE) is applied to assess the
prediction performance. In this study, from the perspective of improving the prediction accuracy,
taking the minimum MAPE of the modeling a3 the target, and the relationship botween the

built as follows:
A0k H0%
:.'-’r','mﬂ--:‘:;‘ o *100%
[a bl =0"By'B"y
b= -1 32 Hlen [ S o oo]
Hih)= u—;L_’.,(,‘ I "’J + Fl_,""' ) "J
u
ERUEE ]
LY J-r=
POETE L =1 ey 0 -
b= (#0m) X i fu- Zl P AU
The by programing [42].
32, An llustratioe Exarple
PR——— ran
4 Empirical Study
4.1, Data Description
of Ihaumau]smpk
bt than that 5 app

ysiom hursietolc bbarior sapaac snd . O 0 » s vacbls smpuence. bce
specically, at the UN Chmate the COx per
it of GDP o the COr, and the total o
represent the OFDI, The raw data, shown in Table 2, were obtained from the Insemational Energy
Amcaton (tprifeeicacr) and the Developroens Indicstons om the World Bank

The data fo o the data
from 2015 ko 2017 are used o ex-post besting.

Table2

LELEE
:

S50 1) 00T P+ 0005

ol . the optimal
01, 03, and 091, fvely. -

igh
information prioity. As explained by Wus e al {17] and Ding ot al. [4], the driving coedficent h can

In this sudy, the coefficiert is b: = 104 = 10, which indicates that there is @ positive
relationship between the COhe and OFDI. In other woeds, the COu increase with increasing OFDL

the ARMA model, linear regression model, GM(1,1). GM(1N) and FGM(1,N) models. The actual and
2

104 AEMA mod, Kevargrton moi, AL GHILNL AL s NFGMO20 modee
for maodel Fitting are 208%, 18.18% 357%, 1247% 220%, and 216%, respectively. The MAPEs in
R T Pty S E LN I e SRR, ity T
aithough ¢ the NFGA( of the Al

of NFGM(L

competing mocdes fo ex-post tstng.

Swtibtay 28,12 s

S winabilty 200, 12, 425 ool 1

To compare the i Zeng's [43] work
s used o verify n..nl.d.n_..in..pmp_.iurcwm)m-a The system characteristics
behavior sequence is Xi = (114918, 122255, 133201, 14.5930, 17.3891, 21.0232, 26.4446, 23.5325,
46.5982), and the relevant factor sequence is Xs® = 6457, 37183 54817, 83891, 131825, 21.0855,
34,115, 55,5962, 91.0171). The backward data in the sequence represent the newer information. The
frst eight data are used for model fitting, and the ninth datum is used for ex-post testing The
including the moving average (ARMA) model and the linear

regression model, GM(1,1), GM(LN), FGM(LN), and NFGM(I,N) models are spplied to the
5 5 v =

root test, whic i i by the ARMA
-naa. Table 1. linear

n, GM(1,1), GM(LN), FGM(LN), and NFGM(1N) models in relation to model fitting are
2¢I'&. 551%, 151%, 110%, and 064%, respectively. The MAPES of the ex-post testing are 863%,
15.87%, 3.67%, 9.60%, and 2.24%, respectively. As can be seen from Table 1, the prediction accuracy
un—usm(m)ml.mﬂ.mmmmn—mﬂm whether for model fitting or
NFGM(LN)
model over uue lu“ egression model, GM(L1), GM(LN), and FGM{1N) models. Therefore, the
propused NFGM(LN) model performs well in this numerical example compared with the other
modes,

Table 1. Predicied values and errors for numerical example.

e, Timear ML [EXT] FGMILNY NEGMLN)
Adutl “redickd AFEFrodictod AFE Frdicted ATE Prdicid APE
T NAS  IZNB® &% IL&I8 000 ILeIN IS 0D 49w 0m
3 127 1oz X UM 0 NS 30
3 pam nen 1O 9K 1NN nnew o pae on
i ue  une IS 047 1 S 08 M 0w
5 omawn less InN06 487 172%7 1AM 08 P om
6 nMDR 0NE 22088 438 20836 UEE 0% N9 0%
7 mams  2mwm 2724 157 2804 w79 216 ®3T 0%
5 usms  smew 3214 629 339 WH0 406 MEDE 05
MAPE 291 ss1 1w o8t
9 w0 @K G WS 1587 dasee SUES @ o u
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prediction precision of different models s i in Figure.

—————raTH B A

e me  wn  mm e w0 mu  mp  mm o oms  ame  mr
Figure2. China's COse.
The above result NFGM(LN) model has good practicability, and it

mmuplmchm:mth'mmwdmalwmhnn!nllamnddiﬂlu!ﬁl!
ith the COxe fr from 2018
mumamuby the GM(L.1) mmmm value of the reevant factor from 2018 to
N) model, which thereby enables China’s COse
after considering the effect of OFDI, nlwmmdmmdmyy ‘The predicted OFDI and CO
are shown in Table 4. It . and then
dmhAddlhn\-L‘y,llmpin!thn{C‘hmAmxmm and 2000 are 064 and (65, respectively,
which represent reductions of 72.83% and 63.97%, respectively, compared with that of 2005. The
calculation results show that through unremitting efforts, China can fulfill the COz reduction
‘commitments.

Table 4. Prodicted OFDI and COse in 2018-2030.

o

08

LH

a1

EEEEREEEE

Figure 3 ks an intuitive display of the prediction results of COx for the model fitting, o-pul,
and out-sample forecasting, From Figure 3 and Table 4, the data sequence of the prediction reslt
there is a U-shaped COre and OFDIs.

Suwisinabilty 2020, 12, 4335 Mef 1

focus. Since the Belt and Road Inititive was put forward, OFDI has been increasing, and this has
become an important part of £y, Meanwhile, due to the

environmental protection, the isues felaied o the impact of OFDI Gn COse have received general
attention. Therefore, this study proposed an NFGM(1,N) model to accurately predict China’s COse
by effect of OFDI. that the prediction accuracy of the
propased NFGM(1,N) he

The NFGM(1,N) model was applied to the prediction of China’s COm for the 218-2000 period
because it has the smallest rate of error. According to the forecasts, China’s OO will decrease by
7283% and 63.97% in 2020 and 2000, respectively, compared to 2006. Moreover, the prediction of
China's COse presents a U-shaped trend in the long run, which indicates that China still faces

pressures related to COse reduction. Therefore, China’s govemment should encourage
OFDI motivated by technology seeking, maximize the reverse spillover effects on home country
technologies, and develop long-term plans to further reduce COm and 1o promote sustainable
‘economic development.

All the empirical results showed that the proposed NFGM(1,N) model had a higher prediction
accuracy than the other models and was an appropriate tool to forecast China’s COre. However,
based on the empirical resuls, for the year 2008, the difference between actual value and predicted
valve in NFGM(1, larger than other year. Th
on the global economy of the sudden global financial crisis in 2008, Furthermore, COVID-19 swept
the world at the end of 2019 and the beginning of 2020, which disastrously impacts the global
econamy, and more or less affects China’s OFDI and COre in 2020, resulting in a deviation between
the predicted value and the real value. The influence of shock disturbances has always been a huge
challenge for any prediction model [44]. Therefore, in future studies, the prediction model will be
further improved to neduce the influence of shock disturbances, such as global financial crisis and
COVID-19, on the predicted results. Additionally, different optimization algorithms, including
neural networks, PSO, and others can be introduced into the NFGM(1LN) model to determine the
optimal parameters. Fusthermore, some approaches, such as the GM(1,1) model, Fourier series, and

in, are NFGM(1N) as the residual modification model to

further impy Finally, 10 COre should be
further analyzed.
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Appendix A. Nomenclature
€02 Carbon dicide emissions
OFDI Outward fomign direct investment
GM  Grey model
R&D  Research and development
M Gr ith fract
NFGM fractionabonder
ARMA  Auto-regressive moving average model
MAPE  Mean absolute percentage error
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‘Figure 3. China's CCse prediction cbtained by NFGM(LN) model

43, Discussion and Suggestions
To determine whether China can deliver an ifs carbon reduction commitments, this study
propused an NFGM(1,N) model to forecast China’s COse by considering the nonlinear relationship
with OFDI. This model was then applied to forecast the COse in China from 2018 to 2030, Several
condusians can be abtained. First, based on the driving coefficient of the NEGM(1,N) madel, the
increasing OFDI increases the COxe in China, which is consistent with the previous studies of Yang
and Sun [27] and Liu and Li [13}. As far as this relationship is concemed, the carbon emission
transferring effect and technology spillover effect of OFDI are not so clear. The reason for this result
may be that, on the one hand, China’s OFDI mainly focuses on low energy consumption industries
such as the service industry; thus, industries with high emissions remain in the home country. On
the other hand, China's current OFDI is mainly motivaled by resource secking, rather than
technology seeking,
Second, the relationship between the COz and OFDI is U-shaped from the perspective view of
prediction. According o the forecasts, although China can achieve the emission reduction goal in
2020 and 2030, due to the long-term possibility of emissions increasing, China still faces great

pressure to reduce the COx.
Based on the forecast resulis, China's COx appear (o be on an upward trajectory in the future.
Inthe
the study. First, mmmnmamwmmmmwm.m

mwdudqulmu&ngﬂwlhuhunmbymrmﬂmiwldmuwﬂwi
Therefore, the government should encourage OFDI with a technologyseeking orientation. In
particular, OFD! fo the countries with advanced technologies should be encouraged, which can

et Tt o s 5 il kg o Mosu.mcu.mmkmm,

ters “opening-up” stralegy, in one respect,
sccess ta resources, advanced technology, and markets through OFDI can be important drivers of
dmuh:mmmﬁrwlnpunl. In another respect -n.m.n;hn p-muuzmmdmhwuu.
OFDI will w0
q,.u..nunqqn.mmydmhpnm..u..ummp\am.m.um
commitments can be achieved, formulating appropriste long-term plans for OFDI and COw
reduction are sill needed top P

5. Conclusions

Ching, s the loogret developing coumiey, s becn plegued b the problem of swcsive O
for many years. Whether Chi s become a global
Suw tminabubity 2020, 12, 4125 1206 H

Appendix B. Traditional GM(1N) model
Let X% = (51, 5202 5% )] be
and X = (4010621 5"(m). where i=2,3,& N are the relevant factors sequences.

The accumulative sequence 11" [x"mu"fzu.x"’m) can then be generated from X'

by th i AGO), as follows:
k)= T k= L2 A (A1)
-
The equation
e
B g-,v:u) an

is called the whitening equation of GM(1,N), where 4 is called the development coefficient of the
system, and Ax!"(A) and B, are the driving term and driving coefficient, respectivel

‘The predicted value ;,"(n can be obtained by solving the differential uqullmw‘llﬁ an initial
condition that x{*(1)= ¥*(1):

i.‘”m.[.,"m Zi,.\‘,"(tj]a"'" (A3
=
Thena and bican be agrey
x’."muz:‘\!s-)': (A4)
&
! is called the background values of the system
.J‘“u)-ns‘H"\m;{‘)u-l;] (A5)
The pa dl b can by ing. squares (OLS) method,
[e.4] =a"8y'8'y 46
where
- @) - S EXt]
] i;‘t(ll : ERE] 3 an
=3{'m) f;"m e 2l
g the i ing op the predicted value x."
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Abstract

Because of the harmful influence of CO, emissions on the environment and humans, issues
related to OO, emissions have received considerable attention in recent years. Based on
the pollution haven hypothesis and pollution halo cffect, the uncertain cffect of bilateral
foreign direet investment (FDI) on CO, emissions has recently been in focus. Moreover,
because of the opposing capital flow of bilateral FDI. the interaction between inward FDI
(IFDD) and outward FDI (OFDI) might have a trade-off effect on CO, emissions. The accu-
rie forecasting of CO, emissions in China in light of effect of the bilateral FDI is impor-
tant since the government can use it to regulale emissions’ reduction. The grey multivari-
able Verhulst model (GMVM) was formulated in this paper with dle ;u:d of rm:cwmg
€O, emissions in China by ing the nonlinear, i

effects of bilateral FDI on them. To enhance the accuracy of pemm. this paper used
the Fourier series and the grey prediction model for residual modifications. The empirical
results showed that the IFDI and the item of the interaction of bilateral FDI promoted CO,
emissions, whereas OFDI reduced them in China. These results also verified the higher
precision of the improved GMVM relative 1o other models. This paper also used improved
GMVM 1o further forecast CO, emissions and provided suggestions for the Chinese gov-
emment to plan for foreign investment, including selectively implementing bilateral FDI,
and focusing on the trade-off in its interaction-related effects.

Keywords CO, emissions - Bilateral FDI - Grey multivariable Verhulst model - Interaction
effect - Residual modification model

1 Introduction

With the implementation of the “Reform and Opening Up”™ policy, the Chinese govemment
has accomplished certain goals of the “bring in and go out” strategy (Zheng and Sheng
2017). The total inward foreign direct investment (IFDI) has since increased remarkably
such that China ranks second among the recipients of foreign direct investment (FDI)
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worldwide (Fiang and Fu 2014). With rapid economic development, China is gener-
ally transitioning from being an FDI receiving couniry io becoming an FDI investor, per
Dunning’s theory of investment development path (Dunning 1981). China's total om-
vard foreign direct investment (OFDI) has been continually growing since the Belt and
Road Initiative proposal in um Beuus: bilateral FDI has a spillover effect on economic
through the utilization of foreign capital, and
advanced management experience (Ben Hassine et al. 2017; Li and Shao 2016), hhlernl
FDI is undoubtedly a cwﬂym for China's economic dﬂcl:lr.mﬂl! (Leng and Du 2017).
standards of as well as energy and labor
provided by countries with emerging economies like China's, are attractive for IFDI. How-
ever, an increase in IFDI is usually accompanied by several environmental problems, for
example the CO, emissions. Excessive CO, emissions have contributed to greenhouse gas
emissions, global warming. and extreme weather patterns that severely damage the envi-
ronment and harm human health. To deal with this problem, at the UN Climate Change
Summit in 2009, China solemnly promised to take measures for CO, emissions reduction
per unit GDP by 40-45% by the end of 2020 in comparison with emissions in 2005 (Wang
and Ye 2017). Therefore, accurately forecasting China's CO, emissions can provide a basis
for implementing emissions reduction.

Some scholars have discussed the relutionship between bilateral FDI and CO, emissions.
Walter and Ugelow (1979) proposed the pollution haven hypothesis (PHH), which states
that developed economies often transfer polluting industries or commodities into develop-
ing ones, with comparatively laxer or even scarce environmental regulations, by investing
abroad (Antweiler et al. 2001; Copeland and Taylor 1994). Contrary to the PHH. the pol-
lution hale =H=I?\ (PHE) sll:x IIuI with advanced skills and
1o reducing CO, emissions in host countries
(Zarsky 1999). Unlike the uncertain effect of IFDI on €O, emissions, previous studies have
claimed that OFDI positively affects CO, emission reduction in home countries through
the transfer of highly polluting industries as well as enhancements in environmental protec-
tion technologies (Luo and Cheng 201 3). Moreover, owing to the different effects of bilat-
el FDI on CO, emissions, its interactions should also be considered an important factor
affecting carbon dioxide emissions. Furthermore, in the context of the undefined effects,
there is a nonlinear relationship between IFDI and CO, emissions. Therefore, excluding
the scparaic effects of bilateral FDI on CO, emissions, its interactional effect and nonlinear

ip with carbon dioxide discussed in this paper.

Because forecasting CO, emissions by considering the effects of bilateral FDI is a typi-
cal multivariable system problem, the grey multivariable GM(1.N) model, which works
well with & smull sample and poor information, and does not make any statistical assump-
tion, has drawn considerable research interest. The GM(1,N) model is a grey prediction
madel with distinctive N-1 related variables. Unlike the grey univariable GM(1,1) model,
the GM(1.N) model takes into consideration the relationship of the variables describing
system behavior with other relevant ones. Thus, it is better suited for modeling and fore-
casting in multivariable systems. However, Wang and Ye (2017) claimed that GM{1.N)
madels, with linear features related to the structure, do not properly reflect the nonlinear
relationship between system behavior and other relevant variables, and thus is not appro-
priate to describe a nonlinear system with a linear model, which can cause greal errors.
Owing 1o the nonlinear relationship between bilateral FDI and CO, emissions, this paper
established a grey multivariable Verhulst GMVM(1.N) model by combining the GM(1.N)
model and the Verhulst model to better refiect this nonlinear relationship. The Verhulst
model describes processes with saturation and is often implemented o demonstrate
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S-shaped data types (Liu and Lin 2010). Because the sequences of the collected data
exhibit saturation-related tendencies, the Verhulst prediction model is well suited to them.
Furthermore, to improve prediction accuracy, the Fourier series and the residual modifica-
tion model obtained with the help of GM(1,1) were applied to alter the residual obtained
from the proposed GMVM(IN) model. Finally, the prediction performance of the
improved GMVM(1,N) model was verified using the original GM(1,N) and GMVM(1.N)
maodels by applying the mean absolute percentage error (MAPE).

‘The technical part of the paper is arranged into the following sections. Section 2 reviews
literature data relevant to the topics of this paper. Section 3 familiarizes the readers with
the GMVM(1.N) model, and as well as the improved GMVM(1,N) model (by implement-
ing an error correction model). Section 4 analyzes CO, emissions in China by consider-
ing bilateral FDI. Finally, Sect. 5 lists conclusions and suggestions for further work in the
research area.

2 Literature overview
2.1 Effects of bilateral FDI on CO, emissions

Because the directions of the capital flows of IFDI and OFDI are opposite, the impacts
of CO, emissions on the host (home) countries as a consequence of such investments dif-
fer. Literature reports that discuss how IFDI affects CO, emissions can be divided into
three categories. Some scholars have found that IFDI has a direct impact on increasing
€O, emissions (Zheng and Sheng 2017). Developing countries usually boost economic
development by attsacting foreign investment. However, as the PHH claims, owing o poor

: developed ies often shift highly polluting industries
1o developing economies, directly resulting in an increase in CO, emissions in the latter
(Gokmenoglu and Taspinar 2015; Luo and Li 2012; Walter and Ugelow 1979). On the
contrary, some scholars claim that IFDI has a negative effect on CO, emissions (Zhu et al.
2016). Increasing IFDI has a spillover effect on leads 1o an improvement in management
experience and technology, especially the upgrading of energy-related technologies, which
will help the host country reduce CO, (Hao and Liu 2015; Xu and Liu 2016; Zhu et al.
2016). Other researchers have claimed that the relationship between IFDI and CO, emis-
sions is unclear because of regional differences, different sources of investment, and the
threshold effect (Wang and Pei 2014; Wang and Ye 2017).

That OFDI indirectly affects CO, emissions in the home country through industrial
structuring, and reverse spillover effect on technology is accepted in the literature (Fei
2014). On the one hand, according to Kojima's theory of marginal industry expansion, a
country first transfers its disadvantaged industries, especially industries with high energy
consumption and carbon dioxide emissions, to countries or regions with comparative
advantages (Kojima IQTS) On the other hand, with an increase in OFDI, the home country
undergoes a technol, | upgrade and the i of its industrial structure through
the reverse spillover effect, thereby reducing CO, emissions (Fei 2014; Luo and Cheng
2013).

Although some previous reports have been dedicated to an assessment of how bilat-
eral FDI affects CO, emissions independently, little research has focused on the interac-
tion effects of IFDI and OFDI on CO, emissions. Wang and Hu (2013) and Wang and
Wang (2017) analyzed the effects of the productivity of bilateral FDI in the service and

4 springer
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grey multivarigble model for CO, :mmsmn predictions in China using fossil fuel-based
energy ption data and idk flects of the GDP.

In the above studies, the background optimization approach has been widely utilized 1o
enhance the accuracy of the grey prediction model. However, the original system behav-
ior variable and other relevant variables are sacrificed for the sake of accuracy of the pre-
diction. Therefore, using the residual modification model 1o improve prediction accuracy
without changing the original parameters is the main goal of this paper. With regard 1o
selecting the relevant factors, previous studies chose economic development according to
the EKC hypothesis and energy consumption as relevant factors. This paper predicts CO;
emissions based on the relationship between CO, emissions and bilateral FDI. This not
only has theoretical support, but can also yield useful policy suggestions for the govern-
ment on foreign investment and emissions reduction.

3 Methodologies

In 1982, Professor Deng introduced grey sysiem theory to the whole world, which was
suitable for the partial unknown, small samples, and poor information sysiem modeling
(Ye et al. 2018). The grey prediction model is a si of grey sysiem the-
ory that applies to various fields, such as tourism (Hu 2017), energy (Wang and Ye 2017),
and the economy (Jiang et al. 2019). OF grey prediction models, the GM(1,N) model is
widely used. It is a typical causal forecasting model with fully considering the impact of
relative variables on the dependent variable (Zeng et al. 2016). The literature review has
shown a relationship between CO, emissions and bilateral FDI, the specific form of which
s unknown, The sysiem construcied by considering CO, emissions and bilateral FDI has
the characteristics of a grey system: namely that the information is partially known. There-
fore, it is appropriate to adopt the GM(1,N) model to analyze and predict the relationship
between CO, emissions and bilateral FDI. Furthermore, for better prediction accuracy and
1o overcome the of models in Sect. 2.3, this ion describes an
improved grey multivariable Verhulst model (GMVM). Firstly, our proposed GMVM(1,N)
model was combined with the Verhulst model (containing the traditional GM(1,N) model)
o obtain an adequate capacity o analyze the data with nonlinear characteristics. Secondly,
the prediction accuracy of the proposed model was improved by combining it with the
residual modification model without damaging the original parameters. The specific mod-
eling procedure was provided as below.

3.1 Grey multivariable Verhulstmodel

The grey multivarisble GM(1,N) model has been widely applied to predict system behav-
ior variable considering the effect of the relevant variables. However, by reviewing the
literatures, the traditional GM(1,N) models have linear features with regard to structure,
namely the traditional GM(1,N) model cannot reflect the nonlinear relationship between
FDI and CO, emissions. Therefore, a GMVM(1.N) model was constructed by combining
the GM(1,N) and the Verhulst models. Moreover, to improve the prediction accuracy of
the GMVM(1,N) model, the grey control parameter of GM(1,1) was introduced to it using
GMC(1,N)-based modeling (Tien 2012).

We assumed that X" =("(1), x"(2),.... x"(m) is an original data-
set for the characteristic sequenc: of a iyﬂtm ux a dependent variable), and that
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manufacturing industries, respectively. Their results suggest that the interaction effect of
bilateral FDI promotes productivity in these two industries. Zhang (2017) discussed the
impact of bilateral FDI and financial development on the optimization of industrial struc-
ture, and the results revealed that the interaction of bilateral FDI hinders the optimization
of industrial structure because it is uncoordinated.

Based on the above literature review, the general conclusion is that there is a close rela-
tionship between bilateral FDI and CO, emissions, but there is no consensus on the impact
of the former on the latter. Moreover, because of the differing impact of bilateral FDI on
CO, emissions, the latter serve as a trade-off between the influence of IFDI and that of
OFDIL.

22 PEE T and €O,

With increasing global investment and an emphasis on environmental preservation, many
researchers have analyzed the linear relationship between bilateral FDI and CO, emissions,
and a few have also examined the nonlinear relationship between them (Park et al. 2015;
Zhu et al. 2016). Huang (2017) claimed that IFDI has a significant nonlinear threshold
effect on the intensity of CO, emissions in China, whereas this effect is varied in different
regions of the country. Zhou et al. (2015) claimed a nonlinear relationship between FDI
and the environment of the host country by using the correlation between economic growth
and €O, emissions according 1o the environmental Kuznets curve (EKC) hypothesis. In
addition, Sulkowski and White (2015) expanded the application of the Kuznets curve and
found that it can be used to relaie happiness with the economic development of different
countries.

A review of the literature shows a nonlinear relationship between bilateral FDI and CO,
emissions. Therefore, it is important to consider the nonlinear effect of bilateral FDI on
CO, emissions forecasting.

2.3 Forecasting China's CO, emissions

As it is an emerging economy, energy consumption in China is constantly growing with
accelerating economic development. Thus, the trend of CO, emissions is a concern. Vari-
ous methods have been applied to forecast CO, emissions including spatial econometrics,
series analysis, and Antificial Intelligence, and all have delivered a good performance.
(Chen 2015; Garcia-Martos et al. 2013; Sun et al. 2017; Xu et al. 2017). Usually, these
methods require a large number of samples and the data need 1o conform to statistical
assumptions to reduce the random disturbance caused by uncertainty (Feng et al. 2012).
Thus, some scholars have applied both GM(1.1) as well as GM(1,N) models 1o estimate
€O, emissions due to the characteristics of the grey model. Pao et al. (2012) applied the
nonlinear grey Bernoulli NGBM(1,1) model 1o forecast China's CO, emissions and pro-
posed an iterative numerical method to optimize the parameters. Wu et al. (2015) fore-
casted emissions of CO, in BRICS countries using a rolling multivariable grey forecasting
model by considering GDP growth and energy consumption as related influential factors.
Ding et al. (2017) applied the grey model integrated with an optimization algorithm 10
predict CO, emissions in China using fuel combustion data and considered the GDP, urban
population, and energy use as relevant factors. Wang and Ye (2017) established a nonlinear
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x® = @), 7, ... "), mm—z 3,.... N are the corresponding (or inde-
pcm‘knl) variable ship with the 's:qu:m::
Thus, the new sequence X;" —u”‘(n .\"”(2) .o xi"(m)) can be obtained from b il

by the first-order mmmnlnlcd generaling operation (1- AGO) as follows:

«
W= Y PG, k=1, 20 m
=

We assume that the background value #"(k) is the adjoining mean generated
sequence of X'
Mk = 0.5 x (:}"(kn;‘l"(& - n). @

A grey control parameter term u similar to a parameter in the GM(1,1) model is
added o the prediction model. Then,

! 2
Ay +ad by = Zb,(x;"(k]) +u @)
-2

is called a grey multivariable Verhulst GMVM(1,N) model.
Then,

& . .
1 a_ ™

o ad _z‘b,(ﬂ, ) +u @

is a whitenization equation of the GMVM(1.N) model, where a is a development coeffi-

cient, b,(a{"cn)‘and b, are the driving term and a driving coefficient, respectively: uis the

grey control parameter.
a, by, and u can be calculated by the original least squares (OLS) method:

la

o) (o) - (Po) 1
L) ( e ))’ (qu"u)):

b u]” = BB By s)

©®)

) (I‘E“;n))l (,!N”;..;)’ 1
and
y=[a. Lo .. ',“’(nl]r. ™

The approximate time response sequence of the GMVM(1.N) model can be repre-
sented as:
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Finally. by impl ing the inverse lated operation (IAGO), the

predicted value x:" can be expressed as follows:

# =50 - ¥k 1), k=2, 3

©
where (1) = x(1).
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‘The accuracy of prediction was improved by using the Fourier series and the GM(1,1)
model to modify the residuals produced by the proposed GMVM(1.N) model, short-
ened and called as RGMVM(IN) and FGMVM(IN), respectively. The resulting
improved grey prediction model obtained by combining GMVM(1,N) with the residual
modification models is given by following:

Step 1 Following the above procedure, the predicied GMVM(1.N) value, £, can be
generated.

Step 2 Generate the sequence of residual values €} = (e}
the following equation:

s €7) based on

e =5 - 2P0, k=2,3....n (10)

Step 3 Use the Fourier series and the GM(1,1) model to generate the predicted
residual z"" values. For details, refer to “Appendices 1 and 2.

Step 4 To predict RGMVM(1N), FGMVM(1,N), and 2”) values, the following
‘equation can be used:

RO =10 P k=2.3,....x an

3.3 Evaluating prediction accuracy

We applied the mean absolute percentage error (MAPE) to assess prediction perfor-
mance and to compare the predicted values obtained using different methods. MAPE
with respect to x” is
= w0 — x|
MAPE=1 3 |'— a2
ng Fo]

Lewis (1982) proposed the MAPE criterion to examine models. MAPE < 10% cor-
responds to a high-quality forecast; MAPE values in the 10-20% range demonsirate
good accuracy, and those in the 20-50% range and above 50% indicate models with
reasonable and weak forecasts, respectively.

2 springer
g Chins's O,
Table 2 Bilateral FDI and CO,
dasions for the 2 2016 Year co, 1D OFDI 1FDI x OFDI
period. Sowrce [EA and World
Bank Devel I 2008 145 171.53 56.74 9733.27
2009 139 13006 4389 575209

2010 128 243.70 57.95

2011 113 280.07 4842 13561.28
2012 103 24121 64.96 15670.07
013 096 200,93 n9 2122030
2014 087 268.10 123,13 33010.69
2015 082 24240 174.39 4228788
2016 081 17475 21642 3782008

their own meanings. Because by> by>0>b,, it can be inferred that IFDI positively
affected CO, emissions in China, which confirms the PHH. On the contrary, there was
a negative relationship between OFDI and €O, emissions, which means that CO, emis-
sions declined with increasing OFDL It interesting 1o note that the effects of IFDI and
OFDI on CO, emissions were opposing, but their interaction item led to increased CO,

issions. The of the i ion item indicates that the interaction effect of
bilateral FDI intensified CO, emissions.

To examine its prediction accuracy, this model was compared with the GM(1,N),
GMVM(1.N), RGMVM(1,N), and FGMVM(1,N) models. Table 3 summaries the model
fitting and ex-post results for China's CO, emissions. The MAPE of the GM(1N),
RGMVM(1,N), GMVM(1,N), and FGMVM(1,N) models in relation to model fitting
was 16.25%, 042%, 2.8% and 0.42%, respectively. The M.APE. of the ex-post testing
was 366.72%, 16.29%, 21.71%, and 15.14%,
of the RGMVM(1 N), FGVM(1,N), and GMVM(1.N) nmdels were thus much better
than that of the GM(1.N) model for model fitting. At the same time, the FGMVM(1.N)
model outperformed the GMVM(1,N), GM(1.N), and RGMVM(1,N) models in ex-post
testing.

Table3 Prediction accuracies of the four models for CO, emissions
Year Actual - GM(IN) GMVM(LN) RGMVMI1LN) FGMVM(ILN)
Predicied APE  Predicted APE  Prodictied APE  Prodicied APE

2008 145 145 000 145 000 145 000 145 0.00
2009 139 133 465 140 033 1M 000 139 012
2010 128 158 2384 126 1M 127 019 128 0.06
2011 113 122 754 L16 241 L4 054 L4 039
2012 L3 149 4498 106 292 1m 09 102 0.80
2013 096 074 247 101 520 096 014 095 032
2014 0.87 096 1027 094 771 088 109 088 1.28
MAPE 16.25 280 042 0.42
2015 082 192 13374 084 277 oM 521 084 151
2016 081 566 59971 056 3032 050 3821 058 2877
MAPE 366.72 1629 amn 1504
Q) Springer
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Validity verification of the improved grey prediction models was performed using numeri-
cal case proposed by Liu and Lin fo examine prediction accuracy of the GM(I,N),
GMVM(1,N), RGMVM(1.N), and FGMVM(1,N) models. The data sequence of the sys-
tem'’s characteristics is X"’ 2.874, 3.278, 3.307, 3.39, 3.679), and the data sequence
of relevant factar is X = (7.04, 7645, 8.075, 8.53, 8, 774).

The prediction results of the GM(LN), GMVM(LN), RGMVM(IN), and
FGMVM(1,N) models are summarized in Table 1. The MAPE values for the GM(1.N),
GMVM(1,N), RGMVM(LN), and FGMVM(1,N) models were 5.94%, 12.08%, 1.86%,

and 4.50%, respectively. It is that the of the FGMVM(1,N) and
RGMVM(1,N) models were superior to those of the GM(1,N) md GMVM(1,N) models.
Thus, the impr MVM(1,N) model well i with the other grey

prediction models in this numerical example.

4 Empirical study
4.1 Collection of data and variables

According 1o the results of a validity test, the improved grey prediction model was applied
10 assess future CO, emissions in China by taking into account the bilateral FDI effect.
In this paper, CO, emissions per unit GDP were chosen as characteristic variables of the
system behavior. The IFDI, OFDI, and imeraction item of both were used as the relevant
variables.

Data on China’s CO, emissions were collected from the International Energy Associa-
tion (IEA), and data on IFDI and OFDI were obtained using the World Bank Development
Indicators. Table 2 shows the collected data. Raw data for 2008-2014 and 2015-2016 were
reserved for model fitting and the ex-post test, respectively.

4.2 Empirical results

According to the modeling process mentioned above, the development and driving coef-
ficients were estimated 10 be by=3.24x 10°%, b,==3.25x 10~, and b;=4.51x 10"
As explained by Ding et al. (2017), the development and driving coefficients b; have

Table 1 Prediction values and errors for sumerical example
Actual GM(LN) GMVM(IN) RGMVM(ILN) FGMVM(LN)
Predicted APE  Predicted APE  Predicted APE  Predicted APE

k=1 2874 28M 000 2814 000 2814 000 2874 0.00
k=2 3278 2769 1552 3283 017 321 000 3086 588
km3 3307 3548 727 iS5 623 1298 037 3499 580
k=4 3390 3534 426 407 20100 3282 408 3198 566
k=5 3679 3582 263 4927 3392 3887 484 3871 521
MAPE 594 1208 186 450
8 springer
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Table 4 Prediction of bilateral
Ol
FDI in 2017-2020 Year FDI FDI 1FDI x OFDI
07 24864 256.13 077923
018 25202 33157 9391297
2019 25545 44490 12460782
2020 25893 58636 16533509
Table 5 Forecasting China’s 0O,
sions from 2017 1o 2020 Year 2017 2018 2019 2020
CO, 068 0.64 06S 078

Based on the results of the predictions, the proposed FGMVM(1,N) model could better
predict China’s CO, emissions than the other models. Therefore, it then used 10 forecast
€O, emissions in China for the 2017-2020 period. However, CO, emissions can be fore-
casted only by predicting the relevant variables in advance: namely IFDI, OFDI, and the
inferaction item of bilateral FDI. The grey prediction GM(1, 1) model was applied 1o pre-
dict the relevant variables from 2017 to 2020 as shown in Table 4.

The predicted values of the relevant variables were substituted into the FGMVM(1,N)
model 1o predict China’s CO, emissions. Predictions corresponding to the predicted IFDL
OFDI, and the interaction item of bilateral FDI were oblained correspondingly as shown in
Table 5. It is clear that CO, emissions in China will fluctuate over the next four years.

43 Discussion and policy implications

This paper explored the relationship between CO, emissions, and IFDI, OFDL and the
interaction item of bilateral FDI in China based by developing a grey prediction model that
incorporates the residual modification model into a grey multivariable Verhulst model. The
model was used to forecast CO, emissions in China for the 2017-2020 period. The follow-
ing conclusions can be drawn: first, IFDI and OFDI had opposite effects on CO, emissions.
As far as the impact of bilateral FDI on CO, emissions is concerned, the development and
driving coefficients indicated that IFDI reduced CO, emissions, whereas increasing OFDI
reduced CO, emissions. The former result confirmed the PHH. which meant that atract-
ing IFDI led 1o an increase in CO, emissions because developed countries transferred their
highly polluting indusries to China along with FDL Thus, the effect of IFDI on CO, emis-
sions was greater than its spillover effect on technological upgrade to improve the environ-
ment. The latter result suggested that implementing OFDI might have had a transferring
effect on CO; emissions. It mlhmclly .lﬂ'omd. COo, nmsnons reduction by the reverse spill-
over effect of industrial ion. Moreover, the interac-

tion effect of bilateral FDI aggravated CU: emissions. The interaction item of bilateral FDI
had a positive effect on CO, emissions because of inconsistency and incompatibility in
the simultaneous implementation of bilateral FDL Finally, China needs to make consider-
able efforts for CO emissions reduction. Because of the fluctuating predicied value of CO,
emissions over the next few years, China still faces significant pressure o reduce carbon
dioxide emissions. Nevertheless, it is noteworthy that according to the forecasting results
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obtained in this paper, China can fulfill its goal of reducing emissions by 40-45% in 2020
compared with emissions in

The empirical results revealed the following policy implications: firstly, bilateral FDI
should be selectively implemented. According to the PHH, the host country usually
becomes a haven for highly polluting industries from foreign countries accompanied by
IFDL From the empirical results, it was can be found that the IFDI would increase CO,
emissions in China. Therefore, the government should not only restrict IFDI for highly pol-
luting and energy-intensive industries, but should also introduce IFDI to section of green
economy, especially knowledge-intensive industries. Regarding OFDL on the one hand, the

should prioritize high-emission industries in accordance with the

theory of marginal industry expansion. On the other hand, the government should encour-
age enterprises to move abroad and continue {0 expand OFDI, especially OFDI with the
motivation for technological seeking. Secondly, the spillover effect of bilateral FDI should
be considered important. A number of studies demonstrated that bilateral FDI has a spillo-
ver effect on the capacity for innovation, and research and development. More importantly,
the improvements in innovation, and research and development promote productivity and
energy efficiency, thereby rdu:mg carbon dioxide emissions. In one respect, the govern-
ment should in energy
and environmental protection in lh! host country. In another respect, OFDI can generate
the reverse spillover effect on technological upgrade in the home country through invest-
ment in countries with advanced technologies. Third, the trade-off of the interaction effect
of bilateral FDI should be attended to. Although OFDI reduces CO, emissions, the interac-
tion of bilateral FDI intensifies them. Tn:nfum, when nuplememng the “bring in and go
out” strategy, the should between IFDI and OFDI
and should m:plem:m the interaction effect (x‘bllmnml FDI on carbon dioxide emissions
reduction.

5 Conclusions and future work

Due fo the increase in bilateral FDI, the effects of IFDI and OFDI on CO, emissions have
emerged as important issues in China. Because of the different effects of bilateral FDI on
€O, emissions, this paper explored the influences of their interaction on CO, emissions as
well as their nonlinear effects on CO, emissions. Therefore, the accurate prediction of CO,
emissions by considering the effects of bilateral FDI can help formulate a coherent govern-
ment policy on the subject. We proposed a grey multivariable Verhulst model (GMVM)
10 forecast CO, emissions in China by taking into account bilateral FDI effect. The Fou-
rier series and GM(1.1) model were selected as the residual modification model, integrated
with the GVM(1.N) model, to make the predictions more accurate. Our results showed that
the improved GMVM more accurately described the nonlinear correlation of CO, emis-
sions with bilateral FDL Thus, the accuracy of forecasting using sequences of the relevant
dama was i

The grey multivariable Verhulst model, which used the residual modification model
with the assistance of the Fourier series (FGVM(1,N) model), had the smallest MAPE,
which indicates the highest prediction accuracy. Therefore, the FGVM(I,N) model was
applied to forecast China’s CO, emissions for the 2017-2020 period. In general, its pre-
diction accuracy was excellent and the results were satisfactory. This shows that the
improved GMVM is effective to forecast CO, emissions. According to the results, China

€ Springer
hina's €O,
b,
N _ (£ wu-n . % g
E:'_(zl 7—:31"" "+u:..|-3.4““.n. (15)
Step 3 Use the ordinary least squares methods (OLS) to estimate o, and b,:
o b7 = BB BTy (16)
where
0y
K
B=|"3 l an
— 1
n
= e+l (18)
T
g=[ .0] (19)

where 2{'"is the background value.
Step 4 Perform the inverse accumulated generating operating (IAGO). Using the IAGO,
the predicted value or )" is

-0 k=230 (20)

Therefore,
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while 2" = €.

Appendix 2: Using Fourier series as residual modification approach

Residual modification using Fourier series

Step 1 The residual sequence, e} = (e5", €)"..... €®),is generated by the GVM(I.N)
model.

Step 2 Expressed as a Fourier series, £} can be rewritten as:

0= %q,‘bz [a,cm(::—'lk)+b,sm(:':—ill)]. k=23,..,n (2)
iml

where F = (n— 1)/2 = 1 is the minimum deployment frequency of the Fourier series and
can be expressed using only integers. Thus, the residual series can be rewritten as:

@ =prc [e2)]
where

4) Springer

82

H_Jiang etal.

still faces severe pressure 1o reduce emissions due to fluctuations in CO, emissions in
the future. Therefore, the government should implement bilateral FDI selectively and
should pay attention 1o its spillover effect on the capacity for innovation, and research
and development to promote carbon dioxide emissions reduction.

All empirical studies showed that the improved GVM(1,N) model, with a prediction
accuracy higher than the other models, was applicable 1o the prediction of CO, emis-
sions in China. However, it still has some limitations. The accuracy of the FGVM(1,N)
model was better than that of the RGVM(I,N) model, which indicates better perfor-
mance of the integrated Fourier series and GVM(1,N) model than that of GM(1,1). This
was because the Fourier series better reflected the nonlinear characteristics of residuals
than the GM(1.1) model. Hence, there are some other approaches available to combine
with GVM(1,N) to achieve better prediction performance, such as by using the Markov
chain and neural networks, which deserve further research. Our subsequent studies will
focus on implementing big data to reduce the error in data fluctuation.
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Appendix 1: Using GM(1,1) model as residual modification approach

Residual modification using the GM(1,1) model is modeled as follows:
Step 1 Establish a GVM(LN) model for Xj". Then, the residual
e = ()", €, ... €9) can be generated.
* Siep 2 Transform the residual sequence intoa new s
erating operation (AGO). A new sequence, ¢’ = (e,

Esf”.k=2. Hiceril a3)

=

uence by the accumulated gen-
..+ €")is generated by

andel, . 2l can be then assessed by a first-order differential equation:
"

"‘ S paeh=p, (14)
where g, and by are a developing coeficient and a control variable, respectively. The pre-
dicted value, ], of €|’ can be obtained by solving the differential equation at e’ = ¢ as
initial condition:
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Values of ay, ay, by, ay, by, ..., ap, by can be estimated by the OLS method using the
following equation:

c=@prP [ (26)

Step 3 Finally, the modified residual sequence £ can be obtained using the following
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1. Introduction

The Waorld Travel and Tourism Council [1] reporied that
travel and tourism is one of the workd's largest sctor and

oy np-uu(nr;’-ln-nl.ﬁpu‘hwsmd

the reputation
perormunce of the teuisen indusry (8], I Jaary 201,
the UNWTO conducted a study of travel sentiment and

andtourism 10 GDP from 2000 1 3019 was 10.14% reaching
9, trillon USD in 2019, Howeer, siace the outbresk of
COVID-19, the total contribution of travel and tourism o
the gobal GDP declnedto appmsimately 48 rlion and 5.8
tnllion USD i 2020 and 2021, respectivly. The Urited
Nations World Tourism anzation 3] considered 2020
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cconomists and psychologists 14, 5] and are considered
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wary [3) nmmn-ﬂy!hiﬁmhn:‘:m
that COVID- 19 woold worsen toarism
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and 41% thought it would take until 2024 ox later. It was
apparent that COVID-19 not only haked twurism devel-
opment but also negatiely impacted tourism sentiment,
making tourism recovery cven more difficult. Since the
mﬂhminhm‘mmh
havior, and psyshological sctivities have been greatly im-
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making|6, 7]. Travel sentiment, asthe net transmittersof the
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Vacatianers, therefore, had to stay inside and get used 1o
4 new, *farced” reality rather than leaving ther homes and
enjoying their time away as normal (16, 33]. On the other

umerous research. studies revelod that although
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recavery, it is crucial to preciscly predict the trend in the
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optimizer, genetic o gorithm, and fuszy
meowsrk ior optiniing. [0, iy and esabshing a grey
Bernoulli forecasting maodel and 3 nonlinear multivasiable
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140, 86, 47).
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this paper aimed o effectively foresast travel sentiment by
taking into account the shock effects of COVID-19 and
waccination.
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3. Methodologies
34, GM (i, 1) Model The grey predition model was

models, namely, GM (1, 1) model and GM (1. N) modd. The
GM (1, 1) modd was a "one order one variable” grey
univariable prediction model compatble with the grey
diffecentiation and
‘ional steps 10 construct a GM (L. 1) model are as follows.
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confidence in the indusiry, which would be derimental to
the industry's ability to recover from the pandemic. As
a resslt, forecasting trave sentiment is criical for tourism
recovery

Because of their distinctive geographic landscapes and
n‘nrﬂk-hmm, nations around the world have

fap 10 smrle iwtsng ¢ ko Chine, P G-
many, ltaly, Mexico, Spam, Thaiand. Turkey,
ummmuwuﬂmmmm
countries received 1.03 billion visitors in 2019, However,
among the top 10 destinations in 2020, China experinced
the biggest drop in foreign visitor arrivals. (80% lower than
the year before), while Mexico ex the lesst (46%
lower). Although border restrictions played a mie in the
s
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‘considers the shock effect of COVID-19 and vaccisation to

2. Literature Review

particular acivities they partake in
People’s motivations h.mv.h,n:p: e changed as
& result of the pandamic’s negative u[u:,umem-l

m impact on travel behavior,
even averted

tourism recovery. the pandemic and the vaccina-
nmmwmw«mmnlmmwuu-
:mu:bﬁhﬂrhdlﬂu&cﬁummlkﬂnﬂn
and tourism recovery. Thercfore, measuring shock cficets
and forecasting travel sentiment |s the top priority for the
recovery of tourism recovery.

Shockedisturhed_ system forecasting has always bean
& thomy problem in forecast science. The grey prediction

issues with few data and lirtle mformation. Grey
models

(!l-ui':h-mu-nrhhkpndmmnm(l n mdd
the grey multivariable prediction GM (1, N) model are
N

research studies usad the GM (1. N) model 1o forecas while
taking the cffects of rebevant dements into account because
the GM (1, 1) model only reffects the sequence response 10
time [15]. Therefore, the GM (1. 1) model and GM 01, N}
10

tourist dedinations in the workd in order to compare the
travel sentiment without shock efect and with shock effect
caused by COVID-19 and vaccingtion, respectively. In ade
dition, this. paper proposed 2 hybrid prediction medel,
23 FGM (1, 1) and EGM (1, M), which combined

Fourier series a5 modification model as in-
cresing. withou afecting the original
structure. Ullimaely, & three-stage change process shock
distusbance analysis. mechanism s suggosicd in order @

comprehend how COVID.19 and vaccination interadt, ax
well as to predict future consequences fom changes in the
Post-COVID-19 era.

sections. Related research is reviewed in Section 2. Section 3
introduces the GM (1, 1) and GM (1, N) modes. as well as
the proposed F-GM (1, 1) and F-GM (1, N) modds. Section 4

*'(k) an be obtaimed by the differential equation
with initial condition =¥ (1) = 21 (1):
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obtained using the ordinary least-square (OLS) methods 3
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3.2 GM (I, N) Model. The GM (1. N) mode first-order
grey multivariable prediction model with N varisbles [72].

the main characteristic of the GM (1, N) model. Conse-
quently, it is more uscful than » grey forecasting model with
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and development tendency
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il ples Theresk: Racrures vere puranged 0 be
mindful of travelers’ new travel habits and perceived risks
[20, 21]. A variety of surveys have becn carried out globally
hmmdnm&wnhmhmnv{lﬁw

..am.qm.nmu travel sentiment. Travel senti»
AT W A il
planning, and

muw-.umm-mm,.md

sentiment played a significant role in the lourist and

impact, Travel sentiment has
1 focus on interpreting the cawsal factors pertaining to

lmuplhllry sctors bave focused on travel sentiment
studics,

[27-29). Because of this, despite thei
the travel sentiment examined in this paper and the
sentiment conveyed i reviews are not the same, It
clarifies the true willingness 1o travel nevertheless.
Thercore, this paper’s attempt to increase the for ceasting
accuracy of iravel sentiment aims 1o promots tourism
while also auempting 1o understand how ravel sentiment
changed during the COVID-19 outbreak.

2.2 Shock Effects of COVID-19 and Vaccination o Tourien

most adverscly affected by the COVID-19 cutbreak duc fo
various resirictions on land, a, and air Ieisure
travel [30]. The pandemic had a castrophic effect on the
GDP and employment in the travel and tourit industry,
in costs up to 21 trillion USD and a loss of 62
mnmwm.udm;summun 0 As
by Abdullah et al. [20], several limitations were
plinﬁmh{l-mmn-ﬁ_ﬁp‘mmmwm
by variows nations to dop or kmit the spread of the virus.
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A=t

] -[x!'m -}il.n.‘"w]-"“‘" 23w,
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and thus %{"(1) = 5{* (1) holds.
‘Then, a and b, can be estimated by a grey difference
equston:

x!‘m.gl"ln-j;q;-f"m. an

where 2} (k) the background value, is the adjacent neighbor
mean generated sequence of
AW =ax' W -ad k-1 0

and a i ussally specified a5 05, In turn, & and b, can be
oblained using the OLS:

lab]"=(a78) '8y,
-0 '@ -
v o
5a| 2 i
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an 08

a wmnfuipn. of 3 system

soquence) and x"

-(:,"u x,"m. "'(nnml-u Nisthe
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x"- (.-"cu. "m,
) by the
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ted generating operation as follows:
‘”m=2 P, k=12 ®

and A"m-,‘"m.. x{" () can then be approximated
by  first-ceder differentil equaon a fallows

Feview, the grey prediction model are frequently used be-

data, und they an weaken the randoemness of original ime
However, there are several flaws in both the
GM 0. ) e the G 0. ) odef tht cod redce
curacy. When i1 comes tathe GM (1, 1) model. the
mnm- weak capacity
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can easily result in large ertors in actual forecasting appii-
s 661 The il modifaton modd llvml'dlu
further increas the cxisting grey prediction. model

diction accuracy.
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model in combination with the ariginal GM (1, 1) and GM  procedures for creating a resibual modification model using COVID-19 outbreaks, and the phasc of COVID-19 vaca-  model i the Phase [ and T, both m terms of model fitting.
rLMMbmmbuhr-aml.nmdrmnM Fourier series: m(mhMmemﬁth and ex-past testing, Beyond all doubt, the grey prediction
mondels, i cnder 10 increase curacy. The kow- previous developing tread ia iment will persit. mﬁhwm-mm.zuw—dawuumm
B s 1 i e St T P Sip 1 Genersie the wquerke of reslual vaoes, Toerelrn t G 1.1 u.-u-mu 1) models were used  the prodiction acc
ot th v oo of AR (1 D G (19 0 = e (), e o o predict travel ot by simply accounting for the mﬁnhrﬁ-x-ﬂd-lumlm_mhmml)
madels into ficquency mpectra. This can improve parfor.  Expremsad m Fourir series, (k) is rewrten 3 temporal effcts. model is used 1 profict the relevant vasabies from De.
mance by Sltering oot highfrequency terms, which are  follows: 1f 3 shock i introdnced into 3 systens at 3 time,  cember 2002 2025 The rescs are dis-
S e il s e kL gl R e el s o8
alarm over the pandenic, which had a significant impadt on 9 remained on he rise in 2022 and 2023 while
. - - travel sentiment, was exacerbated by the risc in the overall _thmm«mm-nam
T " 2 e Touriay' measures and even the compiete border closures. In sddi.
. ;"‘E["“"(-.—u )+ han(Zk)]. ke 2 as growth mey further degres teavel scotiment. In arder fo.  thom, 8 Eswoeth
ki ok e e of the b mthols apiut the COVIN. The
8 vasiable to the GM (1 N} modelin hin decreased sbghtly
where F= ((n=1/2)=1 is called the minimum de- Phase 11 but s eherveise busically g
ploymen fiequency of Fourier srics and only ke infeger  where “To further assess and fosecas travel sentiment, the shoxk pn&-dnlndmvm-mndnz--h-m-
number (74]. Therefore, the resdual series is rewritien a5 lfects of the COVID-19 and vaccination s consklered
follows: in Phase II1 In several countries, the pane  model (o further focecast ghobal travel sentiment. Table 4
demic was stccessfully controlled ance COVID-19 vaccines  shows. the forecasting of global iravel sentiment foe the
were developed, provuced, and administered. Citizens’ Abo, valoee
et Al 2",,. S in tourien wld returs 43 8 resl, ottty by iy displayed in
§oon(Z20ws) wn(22x2) o co(ZEE 2] s 22Ex2) increasing an Figare 1. It i very 1
evant specilically,
Aol h’-!“) m(inl_d) M'F,,,) (1, N)and the F<GM (1, N) modd to predict travel sentiment ~ Phase x. although the travel sentiment fluctuated, it
|2 a1 w1 in Phase T, st i a smal decline in February 303, Afer
an
iy i el s vy ey i e et
e "“w"‘“""" %% on the other hand. the out-oksample predicion of travel
1w ax1 2ax E 2xF i aring sentiment showed a . This can be inter-
Nm( )..,( ,.) _( ,.).,.( ,,,) COVID-19 confirmation and the lengthy Wt the, Regatie ;
7 s = e volved i vaccine research, development. and adminisira- 70108 T e s e o
& S B s g the manihly  Loue 1 ¥ - e
C = g byt by by scores froe the UNWTO Tourisn Recovery  "errmon by e pedensic Ry nen
T nncwnu.nd.«m.au-hnm R
rad [SIC. pandannic and the vaccine are induded in Phae HIL The
sested by the montly COVID-19 caes pes mdllon and {3 indungs show that ireve ysdimers b rod
“The parameters dg. o, by.ag, by, . apby are cbtained  percentage error (MAPE), MAPE with respect to % (k) -
i g T iy i sl e s o, ol mmh:“wmw:uﬂwm‘h“;ﬂ::“; ually dechined along, with the drop in the vaccination pro-
the fcllowing equation: o | ) 40 VS portion. However, the travel sentiment ":ﬁ.‘ positive,
. ! - showing that touriss are growing more confident In the
cu(ete) P [ an MapE ;EI'—_‘TI @n ‘model fitting, and the dats from October to Navember 2022 nslapeadl pon >
rere reserved for ex-post festing. Table 1 displays the a3 feoncss of pandermix measures and the correctness of
for various countrics.
Once the paramcters are cakculated, the prodicted re-  Lowis [75] found thar the MAPESION. 10% Ty vaccination.
sidual 7% (k) is then caslly achicved based on the following < MAPE 5 20%, 0% < MAPE 550%, and MAPE>50, re-
expression ted the high, good, fair, and weak fore- 4.3 Prodicive Analpis of Travel Sentiment. Because of the  effects.
1 I3 2ni —_— casting modes. wmaw-ummwp«m For details of the sctusl values and predicted values of
k= Lo 3 [ e Z28) R 25k bl paper wied globel trave) seatinens prodiction as an  travel sectiment for the fop 10 destinatioos, reer 1o
G 4. Empirical Study cxample m.-lm‘hm et of COVID-19 and  TabesSeid. Exep o Thaind e Tble 1) which bas
[T consistently maintained a high level of wavel sentiment,
M1, .55 L1 Gomparstive Analysi of the Shock Effects of COVIDM19 The prediction sesults of globul travel sent it China.(see Table 5) and Turkey (see Table 13) have expe-
"AM,,,_‘,“__,.“ o s and Vaccination, The devopment tendency and prediction in Table 2, 1n more muwmr:or-umummn rienaced sgnificant fuctuations among the three Agan aa.
(1 1), GM (1, M), and FGM (1, N) models for mode fitting  tioas. Futur treuds show an upward tendancy for Turkey
O M0+ F ) k=2on Q0 pnﬁrl- . development features, and the rdative influs in Phasel, Il and 111 s 3.53%,0.86%, 21.14%, 1. 48%, 23.86%,  but a declining trend for Thailand and China. In contrast (o
fm In order to examine the shock effects of ‘and 1.36%, respectively. The MAPE is 268%, 8 14%, 25.16%,  the Asian nations, the sample data indicate that the five
Note that $%(1) = £ (1) holds. ’ 2488%, 1157%, and 6 52%, respectively, or ex-post testing.  European countries of France (see Table ), Germany {see
When shock effects are not istroduced in Phuse L the MAPE  Table 7), taly (see Table 8), Spain (sce Table 10), and the UK

34 Evaluaiing Prodiction Accuracy. The ~prediciing S0 KM ! el e ot . ey B 13) o e plmweol i,
performance of the ‘models was compared to -Mn“ufnnlmluﬂukmﬂhm GM (1, 1) mode, but the F<GM (1. Due 1o Frequent outbreaks of the
other models in this study using the mean absolute  top 10 destinations. The entire procedure can be broken post testing, The F-GM (1, N) modd, which wombined the COVD-lllmdlun-‘ilﬂulrmw
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