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“‘While each program has its own admissions require-
ments and committee, all HILS(Harvard Integrated Life
Sciences) programs take an integrated look at each ap-
plication, holistically evaluating all aspects of the qopli-
cation rather than relying on any single factor to
determine admission.”

- Harvard Graduate School of Arts and Sciences
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Holistic Reviewl CHE SEXCT B ESLICH X OHKIEH, 2= Ha0t HRE SefHOZ HEGHM A
At olle =13 H5HO = 48l 4 Ql=] S MEBHICH= Holistic Review (S&f &= &4t |
SHEX Mz (8 OtLI2H &S 2 Zd ik D I &2 =01 2o [ H20 XIZXHO LRI B, stilE
MTHEDN CFIEE 2R16H= L2330 HotiX I U= MEOPALE 214 M2F2 O1E A 0k &6 X1 20612
ZILICH 012 Aoz M= TIZINIS0 59| 25 01212 & USLICH B XIe &0l gist Q42
S XV EH HIS0| =Lt= BEE UASLICLHS AHEAD T HELICE Ol= L0 = &3t Z&0I
0l =S 61 2HIE GHEoHALE JHMGH= 21TH Admission CommitteeQl Z=2t&] EHEHH OJZgHOF &
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1) https://rackham.umich.edu/faculty-and-staff/resources-for-directors/holistic-review-of-applications/
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Academic Performance

‘Rank in class

*Overall GPA and GPA in major

“Written communication skills

*Curriculum in prior degree programs
*Progression of academic performance over time
*Standardized test scores

*Foreign language fluency

Research Potentidl

*Research activity on and off campus
*Relevant work experience

*Creqtivity in problem-solving

- Aptitude for planning and organization
*Scholarly engagement outside of coursework

Persistence and Commitment

*Indices of leadership

*Recognition of achievements over time
“Extracurricular activities

*Community involvement or service

*Special talents or skills

*Personal and professional ethics

‘Learning differences

*Educational, cultural and geographic background

BroF X [2otdd= sfullHatOl SHIO X0 A0 it
21201 HTHEIN RUXT 22CHHA 20158 O1= [t &
219] Holistic Review in Graduate Admissions 210442 &
o Toble= & o= BHatLICH &ist A AIRF &tz 404
& HEHM S BHEoe QAT a9l E

EI0 UELICE

2) https://cgsnet.org/wp-content/uploads/2022/
01/CGS_HolisticReview_finalweb.pdf



Holistic Review of Applications for Admission to
Graduate Degree Programs

The Value of Holistic Review of Applications

<Table: Importance of application materials to screening, admissions, funding>

Master's Doctoral
Initial Screening
Academic Transcripts 77% 1%
GRE or GMAT 56% 62%
Letter of Recommendation 53% 57%
TOEFL (Language Test) 52% 47%
Final Admissions Decision
Academic Transcripts 70% 55%
Letter of Recommendation 68% 67%
SOP 63% 64%
Interviews 52% 48%
Funding Decision
Academic Transcripts 37% 39%
Letter of Recommendation 32% 40%
SOP 29% 39%
GRE or GMAT 25% 30%

Source 2015 CGS Graduate Student Life Cycle Survey
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Song)> (1961), OLAI0HH SAHASE0] 1tE SEst
1980HECHO HIZt=l ZELI0HHIM HEISZ D101 O
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Who Spelled Freedom)>(1986), <EE A= Xt &HHEat o

Bowi of Tea)>(1989), OLAIOFAI 0443 OIEIXHC CHal &
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Abstract: This study mainly investigates the impact of GVCs participation on
carbon emissions in 36 Annex | and 19 non-Annex | countries. The influence
pathsof GVCs forward participations, backward participations and positions
are tested and discussed by using system GMM methods. In this study forward
(GVCs participation didn't provide any significant effects. GVCs backward par-
ticipation causes both 2 groups induce more carbon emissions. Movermnent
from backward segments to forward segments (higher GVCs position) of
Annex | countries decrease emissions. The interaction term of GVCs index
and openness told us, through international trade, carbon emissions of non-
Annex countries decreased because of the indirect influence of GVCs back-
ward production. After Annex | countries moving to forward GVCs production,
the technology effect decreased unit carbon emission per value added. But
the increasing trade volume still caused the increase of total carbon emission.

Keywords: carbon emissions, GVCs participation, system GMM, Annex |
countries

Introduction
1.Carbon Emissions
Over the decades, climate change is mainly caused by carbon emissions. The
climate change led to many economic and environmental domages worldwide,
including the threatens to the development of agricultural, tourism, and trans-
portation industries. Several global environmental agreements such as Kyoto
Protocol and Paris Agreement were sighed over years, still the global environ-
mental governance still faces great challengesto fulfill the targetof temperature
controlling. The main goal of the Kyoto Protocol is to control the emissions of
the main anthropogenic greenhouse gases in ways that reflect underlying na-
tional differences in GHG emissions, wedlth, and capacity to achieve the re-
ductions. Annex | parties are committed to reduce emissions of GHG emissions.
Parties in the Kyoto Protocol that not listed in Annex | of the convention are
mostly developing countries with low-income level.
Academic research on carbon emissionsfirst began to explore the carbon
emissions volume and the driving forces.Figure 1 shows the emissions of 37
out of 43 Annex | countries in 2018. Russia emitted 1.6 million kt carbon in
2018, and its number of emissions is the biggest among Annex-1 countries.
The second biggest source of emissions is Japan, which emitted 1.1 million kt
carbon in 2018.

145



LAB ZINE QAAIH&XIRY 110 _ st LIV JE 2022 Autumn

kt ANNEX I's Carbon Emissions in 2018
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Figure 1. The carbon emissions of ANNEX | countries in 2018.
*Others include ISL, CYP, LVA, LUX, LTU, SVN, EST, HRV, NZL, NZL,
SVK, SVK, DNK, SWE, IRL, NOR, CHE, BGR, FIN, and HUN.

Figure 2 shows the emissions of 24 non-Annex | countries in 2018. Among these coun-
tries, the biggest source of carbon emissions is China. It emitted 10.3 million kt carbon
in 2018. The second biggest source is India which emitted 2.4 million kt carbon, while
other non-Annex | countries emitted much less emissions than China and India.

Non-ANNEX 1's Carbon Emissions in 2018

Figure 2. The carbon emissions of non-Annex | countries in 2018.
*Others include BRN, CRI, KHM, LAQ, TUN, MMR, SGP, PER, ISR, MAR, and COL.
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2. Global Value Chains(GVCs)

With the fast development of communication and
transportation technologies, global value chains
grow fast especially in recent years (Zhao et al.,
2020). A series of indicators were proposed to
measure the GVCs participation features, including
the forward participation degree, backward partic-
ipation degree and participation degree (Wang et dl.,
2017). Researchers found Annex | countries had
higher GVCs participation levels than that of non-
Annex | countries. Here it is necessary to differen-
tiate between backward and forward participation,
where the former refers to the share of foreign
value added in the domestic export and the latter
refers to the domestic value added in the partners’
exports (Kersan-Skabic, 2019).

Figure3 shows the forward participation index and

backward participation index of some Annex | coun-
tries in 2018. Luxembourg has the highest forward
and backward participation level among the listed
Annex | countries. The forward participation index
of Luxembourg is 0.43 and backward participation
index is 0.52. This is mainly because Luxembourg
has high share of servicesin GDP and high share of
high-tech products in export. Since the most im-
portant drivers of GVC participation are GDP
growth, lag GVC participation, FDI, development of
financial sector, share of services in GDP and share
of high-tech products in export, and level of wages
(Kersan-Skabic, 2019). In 2018, the value-added
share of servicesof Luxembourg in GDP is 79.6%
and the share of high-tech products in export is
6.97%. The GDP growth rate of Luxembourg is 2%
and the adjusted net national income per capita is
62,017.4 dollar.

GVCs forward/backward participation index of Annex | in

2018
025
0.2
0.15
0.1
ST
0
JPN GRC NZL TUR HRV FRA ESP GBR PRT ISL AUS ROU

W forward ® backward

Figure 3. The GVCs forward/backward participation index of Annex | countries in 2018,
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Figure4 shows the forward participation index and
backward participation index of some non-Annex
| countries in 2018. Argentina has the lowest global
value chain participation level among the listed
non-Annex | countries in 2018. The forward par-
ticipation index is 0.07 and backward participation
index is 0.08. The former is just 16% of Luxem-

2022 Autumn

bourg’s index and the latter is just 15% of Luxem-
bourg’s index. In 2018, the value-addedshare of
servicesof Argentinain GDP is 56.4% and the
share of high-tech products in export is 5.4%. The
GDP growth rate of Argentina is minus 2.5% and
the adjusted net national income per capita is
11,019.0 dollar.

GVCs forward/backward participation index of non-Annex |
in 2018

0.25

0.2
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0.
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mforward ™ backward

Figure 3. The GVCs forward/backward participation index of Annex | countries in 2018.

3. GVCs and Carbon Emissions

The impact of GVCs participation on carbon related
issues were gradually explored at global or national
level. GVCs participation induced large amount of
carbon emissions in Belt and Road (B&R) countries
(Zhao, 2014). Assamoi (2020) found the negative
relationships between GVCs participation and car-
bon emissions in Asian countries. At the global level,
Wang (2019) found the inversed U-shaped relations
between GVCs participation degree and per capita
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carbon emissions (Environmental kuznets curve,
EKO). Sun (2019) discovered the positive relation-
ship between GVCs position index and carbon effi-
ciency. Scholars have triedto verify the hypothesis
of Environmental Kuznets Curve (EKC) with spatial
econometric model (Balado-Naves et al., 2018). At
the national level, Liu (2019) used spatial durbin
model and studied the regional disparity and spatial
spillover effects of urbanization and carbon emis-
sions of China.



Annex lcountries widely include developed nations
and non-Annex | countries mainly include devel-
oping countries. The different factor endowments
and technological levels determine the nations’
different GVCs participation and carbon emis-
sions modes (Muhammad et al., 2020). Annex |
countries mainly engage in low-carbon and high

value-added linkages and have more technologi-
cal capacities to reduce carbon emissions. In con-
trast, non-Annex | countries are specialized in
low-end manufacturing sections, and the strag-
gling environmental protection technologies re-
sulted in the net carbon exporters status in
GVCs.

Literature review

1.Environmental KuznetsCurve (EKC)

The concept of GVCs, initially proposed by Krug-
man (1995), describe the different countries spe-
cialized in certain phases of aproduction process,
which form up the international production net-
works. Grossman (1995) believed that with the de-
velopment of economic level, environmental
pollution would show an inverted U-shaped trend
of rising first then falling later, and this is the Envi-
ronmental Kuznets Curve (EKC) model.

To meet the needs of economic development, eco-
nomic entities with low GVC position have ex-
panded their export volume by increasing the
production of pollution-intensive commodities
(Kaika et al., 2013). However, to meet export de-
mands and domestic demands, huge yields would
then cause severe air pollution (Suri and Duane,
1998; Cole, 2004). With the movement from back-
ward segments to forward segments, economic
entities implemented stricter environmental regu-

lations, causing the domestic production of pollu-
tion-intensive commodities to shift to low-income
econamic entities with less stringent environmental
regulations, and this is called the “carbon transfer”.

The empirical results of Xu et al. (2020) showed
that, like the EKC, the impact of GVC position on
carbon emissions showed an inverted U-shaped
relationship. Further mechanism analysis found
that improved GVC position can reduce carbon
emissions through increased use of green energies.
Using cross-item analysis, improved GVC position
can help with R&D investment, and innovation and
entrepreneurship levels, which in turn reduce car-
bon emissions. Meanwhile, the increase in R&D in-
vestment and the improvement of innovation and
entrepreneurship can promote the status of GVC
positions, thereby helping the economy to cross
the turning point faster and to shift to a lower car-
bon development model that is environmental
friendly.
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2. GVCs participation affects carbon emissions
through technological and structural diffu-
sion.

According to Zhang et al.(2016), there are five

segments included in value chains for photo-

voltaic (PV) industry, theseare R&D, capital
equipment, manufacturing, BOS components and
deployment. The entry point of China’s PV firms
during PV production is the ‘manufacturing’ of the
five segments. Vertical integration has the poten-
tial to greatly increase profits though the elimi-
nation of margins for each segment and to
achieve higher profits from more valuable seg-
ments in the production chain. With higher prof-
its, the Chinese firms could reduce their prices
and boost their competitiveness in the global
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market.

There are both technical and structural diffusion-
through the participation of value chain (Zhang
et al.,, 2016). First, the main method used by
Chind’s firms to acquire production technology
from abroad was to import manufacture modules.
This technology-transfer process occurred with
incredible speed due to few barriers.

Second, Chinese firms would enhance their cost
competitiveness with segments of the value chain.
Such as acquiring and controlling additional pro-
duction segments. This strategy of vertical inte-
gration provided manufactures with chance of
supply in the upstream segments and reduced the
accumulated marginof intermediate firms. When



extended their business to other segments of the
value chain, Chinese firms would choose to pur-
chase equipment from foreign firms. The rapid
growth of the industry led to the increase of price
of additional material. Then, Chinese firms would
try to establish their own additional material pro-
duction capacity to ensure stable supply and
price. The foreign dependence of Chinese firms
reduced through the equipment localization strat-
egy. Chinese firms are not required by law to uti-
lize clean production processes, but foreign firms
are required to fulfill cleaner production, so for-
eign production process is cleaner than Chinese
production process.

Thus,participating in value chain can reduce the

amount of carbon emissions through both tech-
nical and structural diffusion. Besides, some firms
tried to locate other segments of the value chain
in nearby areas to reduce transportation costs.
This also helps to decrease the amount of emis-
sion among the transportation sectors.

Based on previous research, this paper takes the
Annex | parties and non-Annex | parties into ac-
count, and conducts empirical analysis to test
whether the GVC participation and position in the
world’s major economic entities would affect car-
bon emissions. This paper provides suggestions
on promoting the carbon emission reduction
among both Annex | and non-Annex countries
when participatingthe global value chains.
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Model and data

1. Calculation of GVCs index

The GVCs index can be calculated based on the
WWYZ method (Wang et al., 2017).

GVC participation refers to the extent to which an
economic entity is involved in vertical international
specialization. Forward production length refers to
the total output driven by unit added value, and
backward production length refers to the total out-
put created by unit final product. Higher forward (or
backward) GVCs participation degree suggests that
a country takes more part in forward (or backward)
upstream (or downstream) production.

Equation 1 and 2 derive the GVCs participation index.
Equation 1 shows the calculation of forward partici-
pation index (gve_f) in which:

V_GVC is the domestic value added (DVA) brought by
the export of intermediate products, and Va' is the
DVA generated from a country-sector’s GVCs activ-
ities through downstream firms as a share of the total
value added.

Furthermore, V_GVC is the DVA brought by the ex-
port of intermediate products and is calculated as the
summation of:

V_GVC_S, which is the DVA embodied in a coun-
try-sector’s intermediate exports that is used by
the direct importing country to produce its domes-
tic products which consumed in the same country,
and V_GVC_C, which is the domestic factor con-
tent from a country-sector that is embodied in its
intermediate exports, and is used by a direct im-
porting country to produce exports (intermediate
of final) for other countries.
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In equation 2, backward participation index
(gve_b) equal the foreign value added (FVA) of
the import of intermediate products (Y_GVG) di-
vided by production of final goods and services
(value added that is involved in GVC activities
through upstream firms (Y”). The foreign value
added (FVA) of the import of intermediate prod-
ucts (Y_GVG) is the summationof (Y_GVC_S) and
(Y.GVC_C). Y_.GVC_S is foreign value added in
a country sector that is imported directly from
partner countries and used for domestically con-
sumed products. Y_GVC_C is either returned do-
mestic value-added or foreign value added
embodied in intermediate imports used by the
home countries to produce its final products for
either domestic use or exports.

V.GVC _ V.GVES | V.GVCC
gvc_f = = vw + o W)
Y.GVC _ Y.GVC.S | Y.GVC.C
greh=——=—"—""-4-—""— (2)
¥r Yr Yr

Equation (3-5) derives GVCs position index.

In equation (3), forward GVCs production length
(Plv_GVC) measures the average production
length of DVA embodied in intermediate exports
from its first use until it finally absorbed in final
products. Plvd_GVC represents the length of the
segment before first border crossing. Plvi GVC
represents the length of the segment after first
border crossing. Plv_GVC equal total output cre-
ated by the value-added brought by exporting in-
termediate products (Xv_GVO) divided by DVA
brought about by the export of intermediate
products (V_GVC).
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In equation (4), backward GVCs production
length (Ply_GVC) measures the average produc-
tion length encountered by FVA embodied in in-
termediate imports from their first cross-border
use to their final absorption in a country’s final
products. Plyd_GVC represents the length of the
segment before first border crossing. Plyi GVC
represents the length of the segment after first
border crossing. Ply_GVC equal final output cre-
ated in the country by FVA of intermediate prod-
ucts imported (Xy_GVC) divided by the FVA of
the import of intermediate products (Y_GVC). In
equation (5), GVCs position index (GVC_P) equal
forward GVCs production length ((Plv_GVC) di-
vided by backward GVCs production length
(Plv_GVO).

Plv_GVC = Plvd_GVC + Plvi_GV€ = "V_"—GG:; 3)
H 1 R e Xy GV

Ply_GVC = Plyd_GVC + Plyi_GVC === @

GVEP = Plv_GVC (5]

Ply_GVC

2. STIRPAT Model

This paper follows the STIRPAT equation (Diez &
Rosa, 1997) to estimate the effects of population,
assets and technologies on the environment.

In equation (6), l(environment) refersto carbon
emissions, P(population) refers to researchers in
R&D sector, Alasset) refers to GDP, T(technol-
ogy) refers to Fossil fuel energy consumption,
and e refers to error term. Equation (7) is the log
form of equation (6).

I = aP{AGTie ()

logly = a + b(log Py ) + c(logd;,) + d(logTy) + e k]

The STIRPAT model can supplement and replace
the variables which affect the environmental
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quality (Liu and Liu, 2019). In this study, the
GVCs index (gvef, guev, GVC_P) are introduced
to examine the effect of GVCs participation on
carbon emissions. Also, the interaction terms of
GVCs index and openness (trade% of GDP)(/f_
openness b_openness,p_openness) are introduced to
capture the indirect effects of GVCs participa-
tion on carbon emissions. Here, law of rule index
(institution) is considered as institutional control
variables in this model, i and t index represent
country and year, a~g are parameters, 6;, 6, and
e, stand for country fixed effects, year fixed ef-
fects and error term, respectively. Thus, baseline
model can be derived by equation (8)

logemission; = a + b{GVCsindex;,) + c(leggdp,) + dlogfossil;) +

e(logresearcher,} + f(institution,) +
g(GVCsindex » openness,) + 8; + 5,+£;, 8

Annex | parties: i=1,.., 37 t= 1996,.., 2018
Non-Annex f parties: i=1,..., 24 4= 1994,.., 2018

3. System GMM Method

There might be bias and inconsistency in the es-
timation results when endogenous issues be-
tween variables were ignored (Bound et al.,
1995). Endogenous issues in this paper are con-
sist of omitted variables and measuring errors.
First, it’s impossible to list all explanatory vari-
ables in the econometric models, there part of
omitted variables may exist. Endogenous issues
would occur when omitted variables are included
in the error term which are related to other ex-
planatory variables (Zhong et al., 2021). Second,
measurement errors of variables and model se-
lection can also lead to endogenous issues. To
solve these problems, this paper mainly adopts
system generalized method of moments (System
GMM) method.



The one period lag of the degree of carbon emis-
sions is taken as the instrumental variable of the
current value. The advantages of System GMM
mainly include the following aspects (Caselli et
al., 1996). First, it could solve the problem of in-
variable missing variables. Second, endogenous
issues for dependent variables exist in the mod-
els, and the introduction of instrumental vari-
ables will result in a consistent estimation of the
coefficients. Third, consistent estimated results
could be obtained for the use of instrumental
variables even if measurement errors existed.
Therefore, this paper introduces System GMM
method in the empirical models.

4. Data Source

Table 1 shows the definition and data source of
each variable used in this study. After mapping
countries listed in GVCs database, Kyoto Proto-
col and Paris Agreement, we acquired 36 Annex
| countries and 19 non-Annex | countries (Appen-
dix A). To confirm the robustness of the results,
this paper takes the logarithm values of country-
level carbon emissions, GDP, fossil fuel energy
consumption and researchers in R&D. The main
independent variables GVCs index are chosen
from the UIBE GVC database, dependent vari-
able carbon emissions and control variables are
collected from the WDI and WGI databases.

Table 1. Statistics description

Variable Source

lemission Log (carbonemissions (kt) WDI*
gve_f forward participation index UBEGVC*
gvc_b backward participation index UBEGVC
GVCP (GVCs position index UBEGVC
lgdp Log (GDP (constant 2015 USS)) WDI
Ifossil Log (Fossil fuel energy consumption (% of total)) WD
Iresearcher Log (Researchers in R&D (per million peaple)) WDI
rls Rule of Law WGF
f_openness Interaction term of gvc_f and openness (trade% of GDP) UBE GVC&WDI
b_openness Interaction term of gvc_b and openness (trade% of GDP) UBE GVC&WDI
p_openness Interaction term of GVC_P and openness (trade% of GDP) UBE GVC&WDI
WDI*: World Development Indicatorsfrom World Bank
UIBE GVC*: Global Value Chain (GVC) Indicators from the University of International Business and Econamics
WGI: Worldwide Governance Indicatorsfrom World Bank
- PART 20HlMd A1 ElLICE
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