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University of California-Berkeley, Dept. of
Electrical Engineering and Computer Sci-
ence

The MS/PhD program allows students to
earn the MS degree while continuing to work
towards earning their PhD degree. Students
usually submit a thesis report to earn the
MS. There is no break in coursework or re-
search for students in the MS/PhD program.
The PhD program allows students to earn
only a PhD. Students do not need a master's
degree to apply for PhD program. Also, stu-
dents who already have a master’s in a sim-
ilar field should apply to the PhD program
rather than the MS/PhD program.
https://eecs.berkeley.edu/academics/grad-
uate/faq
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University of lllinois-Urbana Champaign,
Dept. of Nuclear, Plasma and Radiological
Engineering

The Department of Nuclear, Plasma and Radio-
logical Engineering offers both a traditional doc-
toral program and a direct doctoral program. The

traditional doctoral program requires candidates
enter with an approved master's degree. The di-
rect doctoral program allows highly qualified ap-
plicants with a baccalaureate degree to be
admitted directly into the PhD program without
an MS degree. The direct PhD program has the
same coursework requirements as the MS plus
PhD route, however students in the direct PhD do
not write an MS thesis and do not receive an MS
degree.
http://catalog.illinois.edu/graduate/engi-
neering/nuclear-plasma-radiological-engi-
neering-phd/
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Empirical results

1. Summary statistics

Table 2. summary statistics of Annex |

Non-Annex |
Variables Std. Dev. Mean Std. Dev.
lemission 891 11134 162 552 11.327 1907
forward 891 172 071 552 181 N3
backward 851 181 078 562 162 075
position 851 9% 347 562 1202 734
Igdp 850 26113 1654 552 25916 1.666
Ifossil 730 4249 381 438 4274 378
Iresearch 747 7874 618 249 6.425 1.387
rls 720 164 024 480 162 033
foropen 891 20.397 22.326 536 19.543 27.384
backopen 891 22.244 26.508 536 18.266 26.754
posopen 891 95.389 53626 536 98577 89.543
Table 2 shows the basic statistics of main emitted more emissions but gained less GDP
varicbles between two groups. Comparing than Annex | countries in average. There are
these statistics, we foundthat non-Annex | also less researchers in R&D in non-Annex |
countries consumed more fossil fuels and countries.

THE CARBON
EMISSIONS
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2. Pooled OLS, Fixed Effects and System GMM results
This paper introduces pooled OLS, fixed effects (FE) and system GMM method to obtain more precise empirical
results.

Table 3. Estimated results after considering GVCs forward participation index as key independent variable

Non-Annex |

Dependent Annex |

var:
lemission FE FE

. 0999 0775 0830 0998 06017 0572+
Llemission | yoo500) | (0.0338) (0.142) (000972) | (00895 0273)
o 0169 0220 0816 00580 0461 0486
gve- (0.0617) (0.283) (0523) 0.112) (0.356) (1.337)
- 000558 01417 0233 0.00968 0216 0557*
gdp (000490) | (00343 (0.0436) .01 (0.0851) (0.329)
— 000684 0,144 0586 0013 0548 0559
0.0132) (0.0650) 0179 (0.0201) 0172) (0.199)
research | 00251 | -00861* | -00830 | -000790° | 000304 | 0162
(000685 | (00205 00425 | (0.00415) (0.0120) (0.0554)
N 0483 0.750" 1265 -0.00329 0694 0262
(0.137) 0319 (0.476) 0272) (0569) (0.984)
0000357 | -000109 | 0000931 | -0.000112 - -0.00157*
f_openness 000173
(0000207) | (0.00102) | (0000967) | (0.000258) | (0.000475) | (0.000700)
00161 1478 679 0207 3063 N7
Constant (0.106) (0.954) (1322) (0.230) (1.463) (5.692)
Observations 509 509 509 170 170 170
R-squared 0999 0743 0999 0934
Number of id 36 36 19 19

Robust standard errors in parentheses
**p<0.01, ™ p<0.05, * p<0.1

Table 3 shows the estimated results after con-
sidering GVCs forward participation index as a
key independent variable. According to the re-
sults of all of three methods, the coefficients of
gue_f is not statistically significant in both
Annex | and non-Annex | countries, which

144

means there is no direct effect of forward GVCs
participation on carbon emissions.This coeffi-
cient of gue_f is different from that of Shiet al.,
(2022). According to Ye et al., (2020), a coun-
try’s carbon intensity performance is not only
affected by its own technological progress, but



also by global frontiers. Although the technol-
0gy gap between developed countries and de-
veloping countries affect unit carbon emission
per value-added through technological effect,
the scale effect is not yet significant. The nega-
tive effect of interaction term of gve_f and
openness s significant in non-Annex | countries,
which means forward GVCs participation can
indirectly reduce the emissions through interna-
tional trade. It reflects that the movement from
backward segments to forward segments could
increase the competitive advantage of non-
Annex | party. Thus, they can export low-pollution in-
tensity commodities through international trade to
decrease the pollution.

In Annex | countries, there is significantly posi-

tive effect of GDP level, institutional quality, and
consumption of fossil fuel on carbon emissions.
In non-Annex | countries, there is significantly
positive effect of GDP level and consumption of
fossil fuel on carbon emissions, also there is
negative effect of researchers on emissions. It
reflects that in economic and environmental
fields, most economies and industries haven'’t
been able to grow without corresponding in-
crease in environmental pressure. Many
economies haven't realized the “Eco-economic
decoupling”, and the use clean energy is not yet
widespread in manufacturing industries. The in-
creased level of R&D investment and the level
of innovation and entrepreneurship can help
economies shift to a more low-carbon and en-
vironmentally friendly development model.
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Table 4. Estimated results after considering GVCs backward participation index as key independent variable

Dependent Non-Annex |
var-
lemission FE
. 10017 0780 0.765™* 0992+ 0573 05727
Llemission | 5q0517) (0.0339) 0.127) (0.0150) (0.0976) (0.190)
ch 00479 0.851* 1139 0.164 0752 11227
Qv ©.101) (0.294) (0527) (0.156) (0.198) (0542)
- 000336 0129 0210%* 00165 0231 0541
gap (000495 | (0.0339) (0.0481) (0.0192) (0.0909) (0.243)
_ 000512 0.136™ 0537 00248 0543 0497
(00132 (0.0629) (0.196) 0.0217) (0.166) 0.161)
research | 00187 | 00682 | -00419 0010 | 000340 0135
(0.00618) 0.0191) 00415 | (000492 | (0.0149) (0.0574)
. 0470™ 0826 1145 00374 0663 0559
(0.143) (0.288) (0.407) 0274) 0616) (0.887)
0000129 | -000196™ | -0.000705 | -0.000332 - -0.00216™
b_openness 0.00276™
(0.000282) | (0000945 | (0001020 | (0.000331) | (0.000674) | (0.000925)
Constart 00115 11278 5,200 0336 -3.349™ 1075
0.119) (0.908) (1.638) (0.397) (1.485) (4.306)
Observations 509 509 509 170 170 170
R-squared 0999 0.749 0999 0936
Number of id 36 36 19 19

Robust standard errors in parentheses
“*p<0.01, ™ p<0.05, *p<0.1

Table 4 shows the estimated results after con-
sidering GVCs backward participation index as
the key independent variable. According to the
results of FE and system GMM methods, the co-
efficients of guve_b is statistically significant in
both Annex | and non-Annex | countries, which
means there is a directly positive effect of back-
ward GVCs participation on the amount of car-
bon emissions. This result of gue_b is similar with
that of (Shi et al., 2022). It reflects that most
backward participators have less strict environ-
mental palicies and less advanced cleaner tech-
nology than forward participators.

The negative effect of interaction term of gvc_b
and openness i3 significant in non-Annex | coun-
tries, which means backward GVCs participation
can indirectly reduce the emissions through in-
ternational trade. It indicates that non-Annex |
countries the production process of export com-
modities is cleaner than the process of domestic
commodities. Allocating more production capac-
ity to export commodities could be cleaner than
allocating more production capacity to domestic
commodities. The sign of the coefficients of asset,
population, technology, and control variables are similar
tothat in Table 3.
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Table 5. Estimated results after considering GVCs position index as the key independent variable

Dependent Non-Annex |

var: Pooled
lemission 8{3 FE

L lemission 0.998™ 0.775 0.825™* 1.000"* 0627 0.539™
: (0.00547) (0.0337) 0.141 (0.0103) (0.0902) (0.263)
00151 -0.0355 -0.10* -0.00511 -0.0271 -0.0252
gve.b (0.00728) (0.0313) (0.0640) (0.0145) (0.0192) 0132
lodp 0.00502 0.134* 0.232" 0.00543 0.186™ 0bb7*
(0.00494) (0.0300) (0.0428) 0.0115) (0.0867) 0.291)
ffossil -0.00722 0.135* 0571 00196 0547 0.590™
0.0132) 0.0672) (0.193) (0.0228) (0.153) 0.242)
Iresearch -0.0251 -0.0549* -0.0365 -0.00888" 000874 -0.152
(0.00704) 00211 (0.0444) (0.00454) (0.0129) (0.0580)
s 0.436™* 0807 1.236™* 0.0232 -0.780 0.0253
0.137) 0.287) (0.464) (0.283) 0520) (0.824)
b_openness 301e-05 -2.56e-05 0.001371 3.44e-06 7.6be-05 -0.000332
- (7.01e-05) (0000192) | (0.000481) | (B93e-05 | (0.000525) (0.00259)
Constant 0.0222 -1.228 -6.485"* -0.145 -2.792* -10.78*
(0.104) (0.846) (1531 (0.241) (1411 (5.049)
Observations 509 509 509 170 170 170
R-squared 0999 0.743 0.999 0932
Number of id 36 36 19 19

Robust standard errors in parentheses
*p<0.01, ™ p<0.05, *p<0.1

Table 5 shows the estimated results after con-
sidering GVCs paosition index as the key inde-
pendent variable. According to the results of
pooled OLS and system GMM methods, the co-
efficients of GVC_P is statistically significant in
Annex | countries, which means there is a di-
rectly negative effect of GVCs position on the
amount of carbon emissions.

Mainly because most forward participators are
trying to increase the production length for-
ward segments and decrease the production
length backward segments, and forward pro-
duction have higher technological comparative
advantages with relatively stricter environmen-
tal standards. According to Xu et al., (2020),

148

there is an “inverse-U” shape relationship be-
tween GVCs position and carbon emissions, for
those countries who have passed the “turning
point” of the “inverse U”, their high GVCs posi-
tion helped them reduce the pollution. The pos-
itive effect of interaction term of GVC_P and
openness is significant in Annex | countries,
which means higher GVCs position can indi-
rectly increase the emissions through interna-
tional trade. It reflects that although Annex-I
countries has cleaner technologies, but their
export of goods and services is increasing until
the coronavirus disease 2019 pandemic. Grow-
ing exports offsetcarbon reductions from clean
tech and renewable energies.



In non-Annex | countries, GVCs position doesn’t
affect carbon emissions, this is different from
the results of (Ye et al., 2020). Probably be-
cause GVCs position upgrading haven’t brought
greater carbon intensity reductions in develop-
ing countries, which means the impact of the
technology gap on carbon intensity hasn’t
achieved by changing GVCs position. For non-
Annex countries, most developing countries
have relatively looser environmental constraints
while higher carbon emissions in production di-

vision (Sun et al., 2019). In Table 5, variables ex-
cept GVCs position index have similar results
with Table 3.

In Annex | countries, there is significantlyposi-
tive effect of GDP level, institutional quality, and
consumption of fossil fuel on carbon emissions.
In non-Annex | countries, there is significantly-
positive effect of GDP level and consumption of
fossil fuel on carbon emissions, also there is
negative effect of researchers on emissions.

Conclusion

By accessing the effect of GVCs activities on
country-level carbon emissions from 1996 to
2018. We found GVCs activities can work dif-
ferently between Annex | and non-Annex |
countries, but other drivers of emissions ex-
cept GVCs index have similar effect on those
countries. The total effects of explanatory
variables suggest that GDP, fossil fuel con-
sumption and GVCs backward participation
drive up carbon emissions, R&D investment
and higher GVCs position decrease carbon
emissions. Under international trade trends,
different countries have different effects on
carbon emissions through GVCs activities. Al-
though GVCs activities can help economies to
achieve lower carbon footprint, it can also in-
duce carbon leakage to developing countries.

The policy implications of this paper are
summarized as follows: First, mitigating
emissions needs a global framework due to
the presence of carbon leakage along the
GVC. Second, to pursue green development,
national governments must not only focus on
their own technological progress, but also
pay attention to the gap between their tech-
nology level and the world’s frontiers. Third,
inenvironmental governance policy, policy
makers cannot automatically attribute re-
sponsibility for reducing emissions to one or
some countries in consideration of produc-
tion fragmentation. Instead, the responsibility
for carbon emission reduction can be divided
from the perspective of the GVCs (Zhong et
al., 2021).
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Appendix
Appendix A: List of Countries
Annex | on-Annex | Annex | on-Annex |
AUS | Austrdlia ARG | Argentina ISL  |lceland PHL | Philippines
AUT | Austria BRA | Brazil [TA | kaly SAU | Soudi Arabia
BEL | Belgium BRN | Brunei Darussalom | JPN | Jopan SGP | Singapore
BGR | Bulgaria CHL | Chie LTU | Lithuania THA | Thailond
CAN | Canada CHN | China LUX | Luxembourg TUN | Tunisia
CHE | Switzerland COL | Colombia LVA | Latvia
CYP | Cyprus CRI | Costa Rica MLT | Malta
CZE | Czech Republic IDN | Indonesia NLD | Netherlonds
DEU | Germany IND | India NOR | Norway
DNK | Denmark ISR | lIsrcel NZL | New Zealond
ESP | Spain KAZ | Kazakhstan POL | Polond
EST |Estonia KHM | Cambodia PRT | Portugal
FIN | Finlond KOR | Koreg, Rep. ROU | Romania
FRA | France LAO |LaoPDR RUS | Russion Federation
GBR | United Kingdom | MAR | Morocco SVK | Slovak Republic
GRC | Greece MEX | Mexico SVN | Slovenia
HRV | Croatia MMR' | Myanmar SWE | Sweden
HUN | Hungary MYS | Malaysia TUR | Turkey
IRL | Irelond PER | Peru

Model and data

Assamoi, G.R., Wang, S., Liu, Y., Gnangoin,
T.B.Y., Kassi, D.F., Edjoukou, A.J.R.(2020).
Dynamics between participation in global
value chains and carbon dioxide emissions:
empirical evidence for selected Asian coun-
tries Environmental Science and Pollution Re-
search, 27(14), 16496-16506.

Balado-Naves, R., Barios-Pino,J.F., Mayor, M.
(2018). Do countries influe nceneighbouring
pollution? A spatial analysis of the EKC for
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Bound, J., Joeger, D.A., Baker R.M. (1995).
Problems with instrumental variables estima-
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As technology gets smaller, we think bigger.

For decades, Lam Research has been challenging assumptions and defying conventions.
Pushing the boundaries of technical limitations. Driving breakthroughs that power progress.
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