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Abstract

The purpose of the paper is to establish natioaaban emissions prices fdhe
People’s Republic of Chinavhichis one of the world’s largest producers of carbon
emissions. Several measures have been undertakddrss climate change in China,
including the establishment of a carbon tradingesys Since 2013, eight regional
carbon emissions markets have been establishedgelyaBeijing, Shanghai,
Guangdong, Shenzhen, Tianjin, Chongqging, Hubei d&ngian. The Central
Government announced a national carbon emissiongemavith power generation as
the first industry to be considered. However, aba@a emissions prices in the eight
regional markets are very different, for a varietpdministrative reasons, it is essential
to create a procedure for establishing a natioaddan emissions price. The regional
markets are pioneers, and their experience wil pigportant roles in establishing a
national carbon emissions market, with nationatesibased on regional prices,
turnovers and volumes. The paper considers twaceswf regional data for China’s
carbon allowances, which are based on primary awdrglary data sources, and
compares their relative strengths and weakneskegdper establishes national carbon
emissions prices based on the primary and secomegignal prices, for the first time,
and compares both national prices and regionaépragainst each other. The carbon
emission prices in Hubei, Guangdong, Shenzhen amiT are highly correlated with
the national prices based on the primary and seggrsburces. Establishing national
carbon emissions prices should be very helpfulfemnational carbon emissions market
that is under construction in China, as well aotber regions and countries worldwide.

Keywords: Pricing Chinese carbon emissions, National pricpalicy, Energy,
\olatility, Energy finance, Provincial decisions.
JEL: C22,C58, G12, Q35, Q48.



1. Introduction

As climate change has increasingly become a drigogironmental, political and
economic phenomenon, many countries and interratiorganizations have taken
action in response. As China is one of the wollafgest manufacturing countries, and
the most significant emitter of carbon emission® Central Government of the
People’s Republic of China has taken a series@§ke actions to reduce regional and
national carbon emissions.

The measures include the development of clean gnerducing the use of coal, and
emphasizing the reduction of carbon emissions tiirdhe establishment of a carbon
emissions trading system, among others. Of thesasumes, establishing regional
carbon emissions markets, with the intention ofaldghing a national carbon

emissions market, is a very important step towadiicing carbon emissions.

In 2011, the Central Government of China proposptha to establish seven regional
carbon emissions markets, namely Shenzhen, Guagg&eiing, Shanghai, Hubei,
Tianjin and Chongqging. Based on the experiencehe$d regional markets, China
intends to establish a national carbon emissiongehan mid-2013, the first regional
carbon emissions market, namely the Shenzhen caedmoissions market, was
established, followed in late-2013 by the Beiji@yangdong, Shanghai and Tianjin
regional markets. The Chongqing and Hubei regiorakets were established in 2014
and, in early-2017, the Fujian market was estabtisBy late-2017, carbon emissions
permits have been traded in eight regions, and tabdiB billion tons of carbon
emission permits, worth approximately 2.7 billiawmay, have been traded.

Of the eight regional markets, Beijing, Shanghbegr®&hen and Tianjin are large cities,
while Guangdong, Hubei, Chongqing and Fujian amgehprovinces. The sizes of the
manufacturing industries in these markets are miffe Beijing, Shanghai, Tianjin,
Shenzhen, Guangdong and Fujian are located inabeoé China, while Hubei and
Chongging are situated in the mid-west of the agunt

Generally, the eastern seaboard has advanced tegiinmore efficient governments
and markets, and greater access to internation&letsa Beijing, Shanghai, Shenzhen
and Guangdong have larger and more efficient ecanamd financial markets, and
greater access to private and corporate investmbBifferent regions and provinces
own different manufacturing industries. For examgie manufacturing industries in
Shenzhen are primarily light industries with adweshtechnology while, in the Hubei
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province, in 2016 more than 60% of the regionabime from manufacturing was
contributed by heavy industry.

Owing to such differences across the regions, #reon emissions prices in these
markets are also quite different. The prices iniBgiare stable and essentially vary
around 50 yuan, while the prices in Shanghai avarat 30 yuan before 2015 and after
2016. The prices in Guangzhou start from 60, amfirdeto 15 yuan, while the prices
in Tianjin start from 30 yuan and decline to ldsst 10 yuan. The prices in Chongging
start from 30 yuan and decline to virtually O yu@he price in Shenzhen and Fujian
vary around 25 yuan after 2016, and the pricesiingtvary around 15 yuan after 2016.
The highest mean price of the eight regional market50.06 in Beijing, while the
lowest mean price is 17.42 yuan in Chongqing (ssdaderl).

Differences in the prices of carbon emissions teadifferences in costs to companies,
both regionally and nationally. By the end of 201l¥ prices in Beijing, Shanghai,
Guangdong, Shenzhen, Tianjin, Chongqing, HubeiFarén were 54, 35, 12.91, 29,
8.51, 9.52, 15.63 and 21.79 yuan, respectivelys@&ipeices reflect the costs of carbon
emissions to companies in Beijing being about inrte$ the cost to companies in
Shanghai, 4 times the cost to companies in Guarggdo® times the cost to companies
in Shenzhen, 6 times the cost to companies in ifighj7 times the cost to companies
in Chonggqing, 3.5 times the cost to companies ibdiuand 2.5 times the cost to
companies in Fujian, none of which suggests a Iplagting field for companies in
terms of mitigating carbon emissions.

It is clear that companies in Beijing currently dagher prices for carbon emissions
than do companies in the other seven regions. ifia&lstablishes a national carbon
emissions market, the prices in all the regions@modinces will be equalized. Such a
notional “national price” may be inherently too Idar companies in Beijing, or too
high for companies in Tianjin and Chongging.

A national carbon emissions market will requiretisgration by all companies in the
40 provinces in China. All these provinces andargj most of which do not presently
have regional carbon emissions markets, may hattenab regional prices that might
not be reflected in the national prices. How t@bksh and calculate carbon emissions
prices for the national market to achieve the carbmissions reduction targets and
maximize social welfare is a meaningful issue far €Central Government of China, as
well as for other regions and countries worldwide.



Not only do the prices in the regional markets hswestantial differences, but so too
do the corresponding turnovers and volumes. Hubenie of the most important
regional markets as measured by turnover. In thegé&om mid-2014 to late-2017,

Hubei has the largest daily average trading turnoe¢ 930000 yuan, which is

approximately 30 times that of Chongqing and 2@#sirthat of Tianjin. Both the total

turnover and volume for Hubei are very large. Thdydaverage trading turnover of
Guangdong and Shenzhen are also huge, at 6500@®8000 yuan, respectively. The
daily average trading turnover of Fujian is 230§@@n, but the Fujian market only
started in 2017, so that the total turnover andim@ of the Fujian market is small in
comparison with the other much larger regional raexkTherefore, although Fujian
can be safely ignored at the present time in teomestablishing national carbon
emissions prices, Hubei cannot be ignored.

In order to obtain national prices, we need thermftion that is available and
accessible in the regional markets. A nationalgpsbould be closely related to the
prices, turnovers and volumes in the eight regiomalkets, so it is necessary to access
the data for regional prices, turnovers and volumé@gresent, most of the available
data are provided by regional exchanges and somat@rinvestment or research
organizations. Beijing, Shanghai, Guangdong, ShemzTianjin and Chongging
mainly provide their own market data. Hubei progides own market data, as well as
the data for the other regional markets, but Holbér provides the data for 200 of the
most recent trading days. Fortunately, some seepri#da sources, such as the Hong
Kong Emission Exchange and China Carbon Emissiawlifig website, provide data
for all eight regional markets.

Both the primary and secondary data sources haeativantages and disadvantages.
Moreover, they do not rely on identical sourcesdata because of different data
processing methods and different methods of rengrifie data. The primary data may
be more reliable but not always straightforwardise in practice. The secondary data
are easier for use in research and investmentidecisaking, and provide some
important and useful information that primary ddéenot provide.

As an example, in the case of Hubeli, all the dddya are available from secondary
sources. As mentioned above, Hubei is too largarapdrtant to be ignored. For these
reasons, both the primary and secondary data afelasd will be used in establishing
and calculating national carbon emissions prices.



In this paper, we compare and contrast the priraad/secondary data on turnovers,
volumes and prices in the six regional markets fallye The primary differences
between the two data sets are shown. Differencteeidata can be separated into two
types: (i) the first type of difference arises frasing different data processing methods;
and (ii) the second type of difference is causediffgrent recording methods arising
from the two data sources.

Furthermore, the paper uses both primary data (febnregional markets) and
secondary data (from the original six regional reégsktogether with Hubei as a seventh
region) to establish national prices, and complaeentwith regional prices and each
other. It is found that establishing national carlemissions prices using primary data
is substantially different from establishing natibrtarbon emissions prices using
secondary data.

Moreover, establishing national prices using seaondlata tends to be more stable
than establishing national prices using primaryadagtrimarily because the Hubei

regional market is too important to be ignored. ¥&ablish and calculate national
carbon emissions prices from mid-2014 to late-20B@th national prices have

important reference value to the national carbomssons market in China that is

presently under construction.

The remainder of the paper is as follows. Sectiqgresents a review of the sparse
literature on carbon emissions prices, returns\entakility, especially as it applies to
China. Sections 3 discusses primary and secondarges of carbon emissions data in
China. Section 4 evaluates the descriptive stegistf the regional data. Primary data
for five regions and secondary data for six regamgscompared in Section 5. A method
for establishing national carbon emissions pricsed on regional prices is presented
in Section 6. National prices based on primary secbndary regional data sources,
using six and seven regional prices, are estalligh&ections 7 and 8, respectively.
National prices based on primary and secondarycesusre compared in Section 9.
Some concluding remarks are given in Section 10.

2. Literature Review

They would seem to be only a few published pagersdiscuss the prices, returns and
volatility of carbon emissions, with even fewer tthaview and discuss carbon
emissions and their associated derivatives, susip@isand futures prices of financial
returns, especially for China. The sub-disciplifieempirical finance, energy finance
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and financial econometrics is clearly a rich areaftiture research in determining
national spot prices, as well as national and regifutures prices, and the volatility
associated with the returns on national and reggpat and futures prices.

Cetin and Verschuere (2009) propose a model arwliles the spot price of Euro
carbon emissions permits under the assumptions bfinking and exogenous prices.
The authors suggest how the model might be extetadearbon pricing with banking,
and determine optimal hedging formulas with minimiaeal risk. Though not stated
in the paper, research might also be extendedcmrporate futures prices, and the
associated volatility of spot and futures returns.

Bohringer et al. (2014) decompose the leakage enmastof-trade motives for carbon
emissions price differentiation under the framewairloptimal taxes anthternational
spillovers and use it to analyse empirical data. The autfiodsthat uniform carbon
emissions pricing will provide a better guidelire tinilateral climate policy making,
in practice.

Reboredo (2014) use a multivariate conditional mgessive range-based volatility
model to examine the dynamics of volatility spikos between carbon emissions
permits and oil markets in the European Urdarbon emissions markethe authors
find that there are not significant volatility dpiers between the carbon emissions and
oil markets.

Chang et al. (2017) use the multivariate conditior@atility BEKK model and a
Granger causality test to capture the dynamic ¢mmdil volatility spillovers and
causality between carbon emissions, and oil anbspmd and futures for the European
Union and USA. The authors develop a likelihoodbraest statistic to test the Diagonal
BEKK model as the null hypothesis against the atBve hypothesis of a Full BEKK
model. Chang and McAleer (2018) provide the stmattwegularity and asymptotic
properties of these models when they can be showrist.

There are also some papers that focus on carbasiems and the carbon market in
China. Zhang and Cheng (2009) use the Granger ldgussst and multivariate
economic model to investigate the relationshipsvbet economic growth, energy
consumption and carbon emissions in China. Dha&kdl¥) investigate the contribution
of urban energy use and carbon emissions fronsdii€hina, and discuss the possible
alternative policy implications regarding energia Bnd Colombier (2008) address the



management of carbon emissions in China througldibgi energy efficiency, and
provide reasonable options.

Lo (2013) analyses whether carbon trading markatswork well in the political and
economic system in China, which is substantialffedent from much older capitalistic
economic systems. Lo (2016) analyses four signifioghallenges in the carbon
emissions trading market in China, and offer seshtions.

There is presently no research that has focuseth®megional carbon emissions
markets in China, and particularly a national carbmissions price. A national price
will be essential component of the national carbomnssions market that is presently
under construction in China.

In this paper, we discuss two sources of regioaaban emissions prices in China,
which are based on primary and secondary sourcedata. The advantages and
disadvantages of the two regional data sourceszatysed and compared. We also
calculate, for the first time, national carbon esiuss prices for China using the
primary and secondary dafastablishing national carbon emissions prices shbal
very helpful for the national carbon emissions rearthat is under construction in
China, as well as for other regions and countrieddwide.

3. Primary and Secondary Sources of Data

There are two sources of regional carbon emisgioiees in China, namely primary

and secondary data. The primary data sources aieabig the official websites of the

regional carbon exchanges, such as the ShenzheémorCdExchange, Shanghai
Environment and Energy Exchange, Hubei Emissionsh&xge, and so on. The
secondary data sources are obtained from investoemanies or consulting agencies.
One of the most important secondary data sourcési€hina Carbon Information

Technology Research Institute, which provides dddya for eight regional carbon

emissions markets.

As only 200 observations on carbon emissions pgrpaces are available for Hubei,
it is necessary to access the carbon emissionadagoprice data sources if data from
Hubei are to be used in calculating the China natiearbon price. Moreover, the
primary data for Fujian is no longer available, pites this market having been
established in early 2017. As the turnover andmeldior Fujian is very small compared



with other markets, data for Fujian will not be dise calculating the national carbon
emissions prices for China.

The primary data sources are generally more relititzin their secondary counterparts
as they are obtained directly from the regionahexges. Nevertheless, some problems
exist with respect to the primary data sourcestF#ach regional data source provides
daily data for its own market and not the otheraegl markets, so it is not convenient
to compare primary data across the regional marl@tsond, some primary data
sources provide data for non-zero observationd) agcthe China Tianjin Emissions
Exchange. This source has the effect of makindethgth of the data period shorter as
there are many zero observations in some regioraakets, thereby making any
comparisons difficult across regional markets.

One advantage of the secondary data sources ishiéhatcan be used in comparing
across the regional markets. The China Carbon rirddon Technology Research
Institute provides daily data for eight regionalrkeds, whereby the data are accessible
for the same sample period. However, the secorttteysources are not as reliable as
the primary data sources. The primary data are morarate for purposes of research
and making investment decisions, whereas the sacprdhta sources may be less
reliable but can be used for making regional comspas. For these reasons, it is
essential to compare the primary and secondarysgataes and the data themselves.

Primary data are available for the six regionalkats in Shenzhen, Beijing, Shanghai,
Guangdong, Tianjin and Chongqging. Secondary dataghtt regional markets can be
downloaded from the website of the China Carbonrimation Technology Research
Institute. In Tables 4-9, T1, V1 and P1 denoteduans, volumes and prices from the
primary data sources, respectively, while T2, V& B2 denote turnovers, volumes and
prices from the secondary data sources, respectivdl the data are from the
established days of regional markets to the er#0d¥, so the sample data periods for
the regional markets are different.

4. Descriptive Statistics

As the eight regional markets in China were esthblil at different times, they have
different sample data periods and numbers of obsiens. In general, the earlier a
market is established, the larger should be thebenwf sample observations. However,
due to the different trading frequencies in différeegional markets, it is possible that



some markets with shorter sample periods will haeee non-zero observations than
other markets with longer sample periods.

The Shenzhen market was established in mid-2013amthe first carbon market in
China, it has the largest number of observatiohan§hai, Beijing, Guangdong and
Tianjin were established in late-2013, Chonggind Binbei were established in mid-
2014, and Fujian was established in 2017. As thafrunarket was established only
one year ago, its trading period is short, witlatigely few observations. As it is not
important in calculating national carbon emissiprises for china, the focus will be on
discussing and comparing data from the other seagional markets.

For a number of reasons, some of them unknown aegplained, some markets such
as Tianjin and Beijing only publish their non-zeérading records in the primary data
sources. The number of working days from late-201late-2017 is around 1000 days,
but the primary data sources only provide 651 ofadEms for Beijing, 861
observations for Shanghai, 461 observations fonjiiaand 735 observations for
Guangdong. Therefore, the data might not appelae waily as too many observations
may have been deleted.

There is another problem in using primary data @esiin comparing and calculating
national prices for China. Some regional marketieddrading days on some weekends,
such as Guangdong, which added six extra daysnBgiyhich added seven extra days,
and Shenzhen, which added eleven extra days, wh8temghai did not add any extra
days. Therefore, in order to undertake appropriamparisons in calculating the
national prices, it is necessary to accommodatexti@ trading days in some of the
regions. A simple way of dealing with these addiibdata points is to delete these
observations altogether.

Compare with the primary data sources, a problesa akists in the secondary data
sources. The most important secondary data sosrtteiChina Carbon Information
Technology Research Institute, which provides ad@@0 observations for Beijing,
1180 observations for Shanghai, 1170 observatimngiénjin, and 1180 observations
for Guangdong. As the numbers of these observatiomsignificantly greater than the
numbers of trading days in the corresponding rejiorarkets, there is clearly an error
in compiling some of the secondary data.

By comparing the numbers of non-zero observations fthe primary and secondary
data sources, it can be determined that the nundfemsn-zero observations in the
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primary and secondary data are almost the samepiididem in the primary data is
that there are too many missing zero observatibms.secondary data have a problem
of too many zero observations because some zeenati®ns have been added to
weekends for the primary data.

In order to compare the primary and secondary ai@@ningfully, we add zero values
to turnovers, volumes and the previous value @gsrior the missing trading days, and
delete the added observations for the weekendblearptimary data sample. After
processing according to this procedure, the priraay secondary data samples are of
the same length. For the seven regional marketse tire 1067 observations for Beijing,
922 observations for Chongging, 1052 observationbdth Guangdong and Shanghai,
1183 observations for Shenzhen, 1047 observatmm§i&njin, and 978 observations
for Hubei. This enables a sensible analysis ofrdgonal turnovers, volumes, and
prices, as given below.

From Table 1, which gives the descriptive statistar regional prices, Beijing has the

highest mean price at 50.06 yuan, followed by Shenat 42.65 yuan. The mean prices
of Guangdong and Shanghai are close at 24.29 aiifl gdan, respectively. The mean

prices of Hubei and Tianjin are also close at 20R# 19.99 yuan, respectively.

Chongging has the lowest mean price at 17.42 ylia& median prices are reasonably
similar to those of the respective mean prices.

Shenzhen has a high maximum price at 122.97 yuallowed by Beijing and

Guangdong, both at 77 yuan, followed by Shanghanjih and Chongqing, at 44.91,
50.11 and 47.52 yuan, respectively. The lowest mawri price is for Hubei at 29.3
yuan. Shanghai has a very low minimum price at ®.%8an, followed closely by
Chongging at 1 yuan. The minimum prices for Shenzi@@uangdong, Tianjin and
Hubei are 2.12, 6.93, 7 and 10.07 yuan respectively

Table 1 also indicates that the Hubei price is nstable, with a standard deviation of

4.45, followed by Beijing at 6.35, and Tianjin at4. Shanghai, Shenzhen, Guangdong
and Chongging all have standard deviations grelager 10, at 12.03, 18.15, 17.80 and
11.71, respectively. The Shenzhen price variesibs& among the seven markets, with
a standard deviation of 18.15.

The skewness coefficients indicate that most market reasonably symmetric, but the
kurtosis suggest there are departures from nognalit
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[Table 1 goes here]

From Table 2, which gives the descriptive statsstar regional turnovers, Hubei has
the largest mean turnovers at 932969 yuan, stitbdiubei market trades more carbon
permits than other markets, on average. The seanddhird largest mean turnovers
are Shenzhen and Guangdong, at 690989 and 655%80 sespectively. From the
perspective of mean turnovers, Hubei, GuangdongSirahzhen are the three most
importance carbon markets. The mean turnovers af@iai and Beijing follow next,
at 409556 and 331946 yuan, respectively, so thaitevshanghai and Beijing are not
as large as the leading three markets, they &l ijmportance roles, bases on average
turnovers. The two smallest mean turnovers areiamjin and Chongging, at 47955
and 29514 yuan, which are about 5% and 3.2% of Hedspectively. The Tianjin and
Chongging markets are not important, based on gedranovers.

The median turnovers are considerably lower thasehof the respective mean
turnovers, reflecting the large extreme values high standard deviations. Even
though Hubei has the largest mean turnover, Shenhhs the greatest maximum
turnover at 100000000 yuan. Guangdong has the ddighest maximum turnover at
47519182 yuan, which is much smaller than for ShenzThe third largest is Hubei at
29598300 yuan. The maximum turnovers of Beijing@ar&fhai and Tianjin are 7238610,
23174943 and 11206984 yuan, respectively. The estathaximum turnover is for

Chongqging at 4457300 yuan. This is not especialisprising as Chongqing has
relatively few trades. The minimum turnovers in sdiven markets are zero, which
would seem to suggest that the regional carbonetatéck liquidity.

Shenzhen not only has the largest maximum turndweralso the largest fluctuations
in turnovers, with a standard deviation of 40771dA8jch is much greater than the
second market, Guangdong, with a standard deviaifo@370102. The standard
deviations of Hubei and Shanghai are 1972580 aB@(%3, respectively. The lowest
standard deviations are for Tianjin and Chongqiag, expected, with standard
deviations of 500858 and 224810, respectively. &hetatively low values are not
surprising as there are few trades in Tianjin amdr@qing. It is worth noting that

Beijing has the smallest fluctuations among the fimportant markets. The standard
deviation for Beijing is 926834, which is much shaathan for Shenzhen. This might
be due to the reasonable supply of liquidity areddtinict participation limits in Beijing.

The skewness and kurtosis coefficients indicaté dlaseven regional markets have
significant departures from normality.
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[Table 2 goes here]

The descriptive statistics for regional volumesgiven in Table 3, which indicates that
Hubei has the largest carbon market based on the,ae47372 tons, followed closely
by Guangdong at 45350 tons. The other five maiketsnuch smaller than Hubei and
Guangdong, based on mean volumes, with Shangh&@zemnizhen close, at 25578 and
23437 tons, respectively. The mean in the Chonggiagket is 8865 tons, which is

larger than in Beijing and Tianjin. This result perhaps a little surprising, but is

nevertheless understandable given the large sudp§hongging permits. The two

smallest markets based on mean volumes are BeijidgTianjin, at 6588 and 3419

tons, respectively.

The median volumes are considerably lower tharetibbthe respective mean volumes,
reflecting the large extreme values and high stahdaviations.

The Shenzhen market has the largest maximum turnavealso has the largest
maximum volume at 4000000, followed by Guangdong7di2999 and Chongging at
2112607 tons, respectively. The maximum volumesSbanghai and Hubei are
1380000 and 1176000 tons. Tianjin and Beijing hiieesmallest maximum volumes,
which are about 827815 and 154960 tons, respegtiféle minimum volumes in all

seven markets are zero, which is consistent withréigional carbon markets lacking
liquidity.

Shenzhen has the largest maximum volume and tlumdédargest standard deviation,
while Guangdong has the second maximum volumelantatgest standard deviation.
On the other hand, Beijing has the smallest maximolume and the smallest standard
deviation. The fluctuations in Shanghai, Hubei &ttngging based on volume are
close, with standard deviations of 102684, 922hd,&2367, respectively. The Tianjin

volume has a standard deviation of 39359, whicthés second lowest fluctuating

market to Beijing.

The skewness and kurtosis coefficients indicaté dlaseven regional markets have
significant departures from normality.

In general, the prices of the seven markets fluetmauch less than their respective
turnovers and volumes. Taking Shenzhen as an erathplstandard deviation of price
is about 18.15, and the standard deviations obttenand volume are 4077118 and
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166807, which are approximately 224600 and 920@giitme standard deviation of
price. This result may indicate that the pricingdtion in the regional carbon markets
is far from perfect as changes in demand and sugplyot seem to be able to affect
prices appreciably.

[Table 3 goes here]

5. Comparisons of Primary and Secondary Data

As the regional primary and secondary carbon eomnssilata have advantages as well
as disadvantages, it is essential to compare thentbe same sample period. In so
doing, some trading days are deleted in GuangdBeijng and Shenzhen to ensure
that all regional markets have the same numbebséwations.

5.1 Beijing

Figure 1 shows that for Beijing prices, primary aedondary data are highly correlated,
with the plots of both series almost overlappingheather. Nevertheless, secondary
data have some prices that are markedly differe@nt the primary data. The greatest
differences occur on 17 July 2017 and 20 July 2@h@ére, for secondary data, the
prices are 35, and for the primary data, the praces42. During these two days, there
are no transactions of Beijing permits, so we fixled prices by using the previous
prices for the primary data, so that the priced®duly 2017 and 21 July 2017 are both
42. It would seem sensible to use the previousepria such cases, especially as
different processing methods can lead to diffepgides for the no transaction days.
Such administrative circumstances might not acelyatcapture the inherent
differences in the primary and secondary data,rhtiter the different methods of
processing the data.

This is thefirst reason for the differences arising from the tworses of data, which
will arise in the other regional markets to be dgsed below.
[Figure 1 goes here]

For observations such as 28 December 2017, thevirrand volume of the primary
data are both zero. For the secondary data, theuer is 901955 and volume is 19999,
which reflects the real differences between thedata sources. Even though the China
Carbon Information Technology Research Institugenes that their data are sourced
from the regional exchanges, their data are neslkedh slightly different from the
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primary data. For such differences, using the prynmdata would seem to be more
appropriate. Data for the other six regional marlsdtow that such differences also
exist.

This is thesecondreason for the differences arising from the twarses of data, which
will arise in the other regional markets to be dgsed below.

From Table 4, we can see that the correlation berviee primary and secondary data
is high at 0.986. The correlation between V1 andi¥/®.994, and the correlation
between T1 and T2 is 0.993, which suggests thabuars and volumes, respectively,
in the primary and secondary data are also highigetated. Although the correlations
between the primary and secondary turnovers andnes are higher than those for the
prices from two data sources, all three correlat@re very high.

[Table 4 goes here]

Table 4 and Figure 1 show that turnovers, volunmelspaices arising from the two data
sources are very similar, but the turnovers andmels of two data sources are more
highly correlated than are the prices, which mal arese from the different processing
methods for the zero observations. In short, tiragny and secondary data for Beijing
are similar and highly correlated, but using priyndata for research and investment
decisions may be more reliable.

5.2 Shanghai

Figure 2 shows that the primary and secondary fdat&hanghai are not as closely
related as they are for Beijing. There are at Isxsbbservations where the secondary
data are markedly different from the primary da@ne substantially different
observation occurs on 30 June 2014, when the pyiprage is 39.41 and the secondary
price is 48. This arises from the second type féédince, as mentioned above. As the
turnover and volume in the primary data are boto,zthe price is set at the previous
price. However, the turnover and volume in the sdaoy data are 346560 yuan and
7220 tons, respectively. Moreover, as the turnoesic volumes in the primary and
secondary data are both zero for the following sdvdays, both sources use the
previous price for the same following days. Consedly, different prices are recorded
from the primary and secondary sources.

[Figure 2 goes here]
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The second different observations occur on 29 &@@&ober 2015. The turnovers and
volumes of the two days for the secondary datdatie zero but, for the primary data,

the turnovers are 1980000 and 1800000 yuan, angbthees are 110000 and 100000
tons, respectively, on the two days. As a redudt,grices for the two days are 18 yuan
for the primary data, but 12.5 for the secondata.dahe differences between the two
data sources for 30 October 2015 arise from thengktype of difference, as mentioned
above.

The third different observation occurs on 27 NovemP015, which also arises from
the second type of difference. The turnover andmel for the primary data are 101500
yuan and 5000 tons, while the turnover and voluroen the secondary data are 151500
yuan and 5000 tons, respectively. Interestinglg, dbservation has the same volume
but different turnovers, which leads to differemicps in the primary and secondary
data sources.

The fourth different observations occur betweeunly 2016 to 17 November 2016, and

arises from the first type of difference, as memaid above. We use the previous price
for the zero trading days in the primary data, Wh&8.79 yuan, while the secondary
data is set at 9.8 for the zero trading days. Theep might not appear to be

substantially different, but using the previousces for the zero trading days would

seem to be more reasonable.

The fifth different observation occurs on 13 Feloyu2017. The prices of 13, 14 and
15 February 2017 are 3.58, 0.23 and 1.43, respdygtifor the primary data, while the
secondary data has prices that are 38.83, 37.8@@ndkspectively. There are huge
differences between the prices in the primary @odisdary data, which arises from the
second type of difference. The turnovers for thhedtdays are 1970413.21, 115630.9
and 1054507.1 yuan for the primary data, and 1990415631 and 250670 yuan for
the secondary data. The volumes for the three dey$50821, 503054 and 737161
tons, respectively, and 50821, 3054 and 6400 tonthe secondary data. It is worth
noting that, on 13 February and 14 February 2(€ tarnovers for the primary and
secondary data are the same, but the volumesdamettondary data are much smaller
than they are for the primary data.

A similar situation occurs on 15 June and 16 Jui&’ 2The prices for the two days are
11.18 and 7.38 yuan for the primary data, but 3&dd 34.5 for the secondary data,
respectively. This is a huge second type of diffees The turnovers for these two days
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are 8340451.5 and 4691859.6 yuan for the primaiy, dad 459214 and 1191860 yuan
for the secondary data, respectively. The voluroeshfese two days are 745976 and
635965 tons for the primary data, and 13501 and®3%6ns for the secondary data,
respectively. Although the prices for the seconddaya fluctuate less than for the
primary data, the latter are more reliable and ipless additional information, such as
prices that are obtained from negotiated transagtio

Table 5 indicates that, the prices between the @wnand secondary data are highly
correlated, at 0.959, although they are not aslyigbrrelated as in Beijing. The
correlation between the turnovers for the primarg secondary data are rather low at
0.596, which is much lower than the correlationssn the prices. The correlation
between the volumes for the primary and secondatiyid even lower at 0.554. It seems
that turnovers and volumes for the primary and seaoy data are less correlated, so
using the secondary data might lead to seriousseimaesearch or investment decision
making based on turnovers and volumes. Neverthelesgprices for the primary and
secondary data are still highly correlated, thoiigiould seem that using the primary
data may be more reliable.

[Table 5 goes here]

5.3 Guangdong

Figure 3 indicates that the plots of the primarg aacondary prices are very similar,
with only minor differences throughout the sampBne difference occurs on 31
December 2015, where the primary price is 18.13la@decondary price is 18.85. This
is, in fact, a mistake in the secondary data bexaursthat day, turnovers and volumes
are the same in the primary and secondary marketl 654.65 yuan and 2297 tons,
respectively, so the primary and secondary pribesld also be the same at 18.13 yuan,
though they are not.

[Figure 3 goes here]

The second different observation occurs on 6 Jg2@t6, where the primary price is
18.13 and the secondary price is 15.1. This isstmeond type of difference. The
turnover and volume for the primary data are betto zwhile the turnover and volume
for the secondary data are 15100 yuan and 1000 tespectively, on that day. A

similar situation also occurs on 25, 28 and 29 Maver and 2 December 2016. The
prices for the primary data on these days are 10733, 11.20 and 10.7, respectively,
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while the prices for the secondary data are 111202, 12.45 and 15, respectively. The
differences arise because of the different turrowerd volumes in the primary and
secondary data.

Table 6 shows that P1 and P2 are very highly cated| at 0.998. The correlation
between T1 and T2 is 0.624, and the correlatiowéet V1 and V2 is 0.580, so that
T1land T2, and V1 and V2, are not as highly coteelas are P1 and P2. If the emphasis
is on prices, using primary or secondary data arg similar. However, if the focus is
on turnovers and volumes, using primary data iseqgifferent from secondary data,
so the choice between the two sources could beatrirc research as well as in
investment decision making.

Interestingly, P1 and V1 have a negative corretatad -0.146, while for Beijing, P1
and V1 have a positive correlation, at 0.019. Paivg supply should, in principle, have
a negative relationship, which holds in the cas€&sumngdong and Shanghai, at -0.146
and -0.182, respectively. However, for Beijing, tieéationship between the primary
price and supply is positive, quite possibly beeanisthe limited supply in Beijing of
carbon emissions permits and the serious regulditaifations of participating in the
Beijing carbon emissions market. There is alsogatiee correlation between P2 and
V2 for Guangdong and Shanghai, at -0.416 and -0.0&88pectively, while the
correlation is positive for Beijing at 0.02.

[Table 6 goes here]

5.4 Tianjin

The prices for the primary and secondary dataaite gimilar for Tianjin. From Figure
4, it is clear that the plots for P1 and P2 oveftapmuch of the ample period, except
for four observations. The first observation occars 10 July 2015, with several
different records, arising from the second typdiéference. Prices on 3, 7, 9, and 10
July 2015 for the primary data are 15.9, 16.2, 148d 16.75, respectively, while the
secondary prices are 18.33, 19, 13.31 and 20%césely. The differences arise from
the different records of turnovers and volumeshase days. For several trading days
after 10 July 2015, the turnovers and volumesHergrimary and secondary data are
all zero, so they both report the previous priegsch are 16.75 and 20.5, respectively.

[Figure 4 goes here]
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The second observation occurs on 26 October 206&renP1 is 24.09 yuan and P2 is
24.9 yuan, T1 and T2 are both 3372 yuan, and VIé@nare both 140 tons. Therefore,
the correct price for the primary and secondarg dabuld be 24.09 yuan, so it would
seem that the secondary data has simply been egndorrectly, rather than reflecting
any differences in the underlying regional price.

The third observation occurs on 10 November 20T&mP1 is 15.05 yuan and P2 is

39.6 yuan. This is the first type of differenceeThrnovers and volumes for the primary

and secondary data are all zero, and the turn@arets/olumes of many trading days

before and after this day are also zero for themg@ry and secondary data. P1 and P2
for several days before and after this day are b6t05. P1 uses the previous price and
P2 may use the mean of the opening and closingsriss there is no transaction on

10 November 2016, it might be more reasonable éathes previous price.

The fourth observation occurs on 5 June 2017, wisithe second type of difference.
T1 and V1 are 2756 yuan and 200 tons, respectiwdlife T2 and V2 are both zero, so
that P1 is 13.78 and P2 is 13.55. For several dfigs 5 June 2017, there are no
transaction records for the primary and secondatg,do they both use the previous
prices, at 13.78 and 13.55, respectively.

As one-half of the differences between P1 and B2 &nom the first type of difference,
it is possible to conclude that P1 and P2 are samylar. In fact, a similar conclusion
can be discerned from Table 7. The correlation eetwP1 and P2 is very high at 0.991,
so that using P1 or P2 should lead to similar teséls distinct from Shanghai and
Guangdong, T1 and T2 are almost as highly cormlasethe prices, with a correlation
of 0.933, while V1 and V2 are even more highly etated, with a correlation of 0.950.
It seems that for turnovers, volumes and priceisguhe primary data would lead to
similar outcomes from using the secondary data. eldesr, there are negative
correlations between V1 and P1, at -0.067, anddstw/2 and P2, at -0.063, which is
consistent with what might be expected.

[Table 7 goes here]
5.5 Chongqging
Figure 5 shows that the plots of P1 and P2 ardavetosely. It seems that the prices

for Chongging are even more correlated than argriices of Guangdong and Tianjin,
with only three observations seemingly differentr@cial factor is that there are fewer
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than 300 non-zero observations. The first obseymaticcurs on 26 September 2014,
which is the first type of difference, with P1 & 34 yuan and P2 at 43 yuan. Analogous
to the third different observation for Tianjin, thenovers and volumes in the primary
and secondary data are all zero. The primary datdased on the previous prices,
while secondary data uses the mean of the opemidglasing prices. As there is no
transaction in 26 September 2014, using the previwice would seem to be the more
reasonable approach.

[Figure 5 goes here]

The second observation occurs on 27 August 2013%chwis the second type of
difference, with P1 at 13.5 yuan and P2 at 15 yii&e. turnover and volume are 675
yuan and 50 tons, respectively, for the primanadathile turnover and volume are
both zero for the secondary data. There are neddions on the following 35 trading
days. The primary and secondary data both useréwops price, at 13.5 and 1 yuan,
respectively.

The third observation occurs on 4 January 2016chvisi the second type of difference,
with P1 at 12.5 yuan and P2 at 13 yuan. The tumanrd volume are both zero for the
primary data, while the turnover and volume are23@3an and 264 tons, respectively,
for the secondary data. Moreover, there are nsaetions on the following 52 trading
days. The primary and secondary data both useréwops price, at 12.5 yuan and 13
yuan, respectively.

Table 8 shows that P1 and P2 are very highly cated| at 0.999, which suggests that
P1 and P2 are virtually the same throughout theptanMoreover, T1 and T2 are
reasonably highly correlated, at 0.830, while Vil &2 are more highly correlated, at
0.982. For prices and volumes, using the primatg asimilar to using secondary data,
whereas for turnovers, using the primary data ctedd to different outcomes from
using secondary data. Owing to a lack of transastim Chongging, prices in the
primary and secondary markets are more similar éinathe prices in the other regional
markets.

[Table 8 goes here]

5.6 Shenzhen
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Shenzhen is the earliest carbon market in Chind, laas the largest number of
observations. From Figure 6, there are at five ofagimns with large differences

between the primary and secondary data. The Shenmheket is different from the

other regional markets as it views permits in ddfe years as different products. In
order to compare Shenzhen with the other regioreakets, we view all permits in

different years as different products, and addttineovers and volumes of different
products on the same day to obtain an average. price

[Figure 6 goes here]

The first large difference is an observation thatuss on 21 August 2014, which is the
second type of difference, with P1 at 55.05 yuathR2 at 33.97 yuan. For the primary
data, only SEA-2013 was traded, with turnover &®G$uan and volume at 101 tons.
However, in the secondary data, both SEA-2013 (witimover at 5560 yuan and
volume at 101 tons) and SEA-2014 (with turnove87at930 yuan and volume at 11101
tons) are traded. A similar outcome occurred onftilewing twelve days. For the
primary data, there is only one product that islédy namely SEA-2013. For the
secondary data, there are two products that agedranamely SEA-2013 and SEA-
2014. With the trading record of SEA-2014, P2 gnicantly smaller than is P1. When
SEA-2014 was launched, its price was lower than-2823. However, SEA-2014 and
SEA-2013 are basically the same product, so theuldhhave essentially the same
price. As the market seems to need some time #atteptance of a new product,
treating permits in different years as differerddarcts may not necessarily be a sensible
administrative outcome.

The second observation occurs on 20 July 2015,hwisithe first type of difference,
with P1 at 34.22 yuan and P2 at 7.76 yuan. Thermifft arises from different records
of transactions on that day. For the primary daeturnovers of SEA-2013, SEA-2014
and SEA-2015 are 1211.76, 122.71 and O yuan, régelsc and the volumes of the
three products are 34, 5 and 0 tons, respectifelythe secondary data, the turnovers
of the three products are 1211.76, 5 and O yuapegtively, and the volumes of the
three products are 34, 122.71 and 0 tons, respéctiv seems that the secondary data
reverses the turnovers and volumes of the pro@kA-2014.

Another simple error occurred on 19 February 20dith P1 at 49.99 yuan and P2 at
5.07 yuan. For the primary data, the turnoversEA-2013, SEA-2014 and SEA-2015
are 0, 89.8 and 54000 yuan, respectively, and ethemes of the three products are 0,
2 and 1080 tons, respectively. For the secondatg, dbe turnovers of the three
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products are 0, 89.8 and 5400 yuan, respectivetytfze volumes of the three products
are 0, 2 and 1080 tons, respectively. It is obvitha a mistake is reported for the
secondary data, as the turnover of SEA-2015 sHm4000 instead of the incorrectly
reported 5400 tons.

The fourth observation occurs on 28 November 20dtich is the second type of

difference, with P1 at 23.52 yuan and P2 at 17.@dny The difference arises from
different reporting of the turnovers and volumestfe primary and secondary data. A
similar situation arose on the following two dagamely 29 and 30 November 2016,
with P1 at 23.71 yuan and 24.01 yuan, respectivdiyle P2 is at 23.21 yuan and 17.50
yuan, respectively.

A similar situation also occurred on 27 Februanl20which is the second type of

difference, with P1 at 32.87 yuan and P2 at 7.0&8nyuror the primary data, the

turnovers of SEA-2013, SEA- 2014, SEA-2015 and SIDA6 are 62.6, 102.55, 66.4

and 31.39 yuan, respectively, and the volumes efthinee products are 2, 3, 2 and 1
tons, respectively. For the secondary data, theouars of the three products are the
same as the turnovers for the primary data, buvdhemes of the three products are
31.3, 3, 2 and 1, respectively.

From Table 9, the correlation between P1 and RR987, which is smaller than the
correlations for Tianjin, Chongging and Guangddmngj, larger than for Shanghai and
Beijing. The correlations between T1 and T2, andaviil V2, are also high, at 0.972
and 0.947, respectively. It would seem that thecaues from using the prices,
turnovers and volumes based on primary data willsimeilar to those based on
secondary data.

[Table 9 goes here]

In short, P1 and P2 are quite similar and highlyradated in all six regional markets.
Among them, the prices for Chongqing are the maghly correlated, at 0.999,
followed by Guangdong, at 0.998. The next highastetations are for Tianjin,
Shenzhen and Beijing, at 0.991, 0.987 and 0.98pgecively. The prices for Shanghai
are the least highly correlated, at 0.959. In g@lnasing the primary data for prices are
likely to lead to similar outcomes to those arisiram the secondary data.

For turnovers, T1 and T2 for Beijing are highly ebated, at 0.9, as well as for Tianjin
and Shenzhen. The turnovers for Chongqing are s\bighly correlated as the three
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other regions, at 0.830. The turnovers for Guangdwve a much lower correlation,
at 0.624. The least correlated turnovers are fanghai, at 0.591. As a result, using
the primary data for turnovers should lead to simdutcomes to those obtained from
using the secondary data for Beijing, Tianjin ahei&zhen. However, for Chongging,
using the primary data might lead to different oate from using the secondary data,
whereas for Guangdong and Shanghai, using the pridaéa would likely lead to quite
different outcomes from those arising from the seleoy data.

For volumes, the outcomes are similar to thoseuiorovers. For Beijing, Tianjin and

Shenzhen, using the primary data would lead tolainmutcomes as for using the
secondary data. For Chongging, there would be shifieeences, while for Guangdong
and Shanghai, using the primary data would leaibstantially different outcomes as
compared with using the secondary data.

5.7 Hubei

As mentioned above, Hubei is an important regionatket, and hence should be
accommodated, if at all possible, in establishiagiamal carbon emissions prices.
Unfortunately, the Hubei exchange provides dataofdy the most recent 200 trading
days, so that it is neither useful nor practicalfarposes of calculating national carbon
emissions prices, or for undertaking financial gsial Fortunately, the secondary data
sources provide more than 900 observations foHtl®i market, which is both useful
and practical. As a result, it is not meaningfukensible to compare the primary and
secondary carbon emissions data for Hubei as thmbers of observations are
substantially different.

Nevertheless, some discussion of the Hubei spoé jor the secondary data is essential
as Hubei is a very important regional market. Fieigure 7, Hubei prices start at 21

yuan, increases to 30 yuan on 8 April 2014, antesaretween 20 and 30 yuan from

April 2014 through to April 2016. During this pedipHubei prices seems to be stable,
after which there is a huge decline. On 15 July62@ie price reaches its lowest point,

at 10 yuan, increases substantially after the faijereaches 20 yuan on 6 December
2016, decreases over the following eight monthd,\&aries around 25 yuan towards

the end of 2017.

[Figure 7 goes here]

23



The changing pattern of Hubei prices during thearperiod has a range of 20, and
it is clear that the Hubei prices can be dividet itwo periods. In the period before
April 2016, the price varies between 20 and 30 ywerile in the period after April
2016, he price varies between 10 and 20 yuan. @vfra change in Hubei prices are
basically around 10 yuan in each period, and itld'seem that Hubei prices are more
stable than in most of the other regional marketerefore, calculating national carbon
emissions prices including Hubei prices should Eachore stable prices than in the
absence of Hubei.

5.8 Fujian

Analogous to the case of Hubei, it is not possibleompare the primary and secondary
price data for Fujian because of the absence wigwyi data. The Fujian market is much
smaller than are the markets for Hubei, GuangdS8hgnzhen, Shanghai and Beijing,
based on turnovers and volumes. As the Fujian mavks established in 2017, the
number of observations is very short. Consequethttyf-ujian market is not very useful
for purposes of calculating national carbon emissiarices, and is thereby excluded in
the calculation of national prices.

However, the Fujian market may be important inftitare, as well as for research and
in making investment decisions, so a descriptiorF@gian prices in the secondary
market might be useful. From Figure 8, Fujian mwiaee similar to those in Guangdong,
namely by starting from a high price and decliniog much lower price. The price is
initially 37 yuan, rising to more than 42 yuan dnFebruary 2017, and varying between
35 and 40 until May 2017. The price begins to aecbn 18 May, falling to 25 yuan
on 1 June, increasing to 35 yuan on 8 June 201therollowing three mouths, the
price varies around 30 yuan, after which the pvexges at around 25 yuan, and falls to
21.79 toward the end of 2017.

[Figure 8 goes here]

6. Establishing National Prices for China

On 19 December 2017, the China National Developraadt Reform Commission
announced that China would begin to establish théioNal Carbon Market, and
published a guiding document, namely “Developmettieégne for National Carbon
Market. (For Power Generation Industry)”. It is igantic step for carbon emissions
reduction and trading in China, despite the esthbient of a national market having
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been delayed on several occasions. However, thestdlia long way to go for China

to establish a national carbon emissions markee. Cantral Government of China
plans to establish a national carbon emissions ehdok the power generation industry
in 2018, while the establishment of national carbomissions markets for the required
eight industries is likely to take a further twotkwee years.

Price is the principle governing factor in the oa#il carbon emissions market.
According to the experience from carbon pricinghe various regions, the Central
Government will provide a guiding price in the gaatages of carbon pricing. However,
the establishment of national carbon emissionseprior China raises very important
theoretical and practical issues.

Regional markets are the pioneers of the propoas@dnal carbon emissions market,
so the experience and trading data from the eggibnal markets will be helpful in
establishing the national market. While the nati@@@bon emissions market is under
construction, the regional markets will play an ortant role in carbon emissions
trading in terms of turnovers, volumes and pricesrey effectively represent the
national carbon emissions market. Therefore, the flem the regional markets should
be used to calculate national carbon emissiongsric

There are two carbon trading strategies in the reggny market, namely electricity
bidding and negotiated transactions. In all eigigfional markets, the turnover is the
sum of turnovers by electricity bidding’,() and by negotiated transactiong, J.
Similarly, the volume is the sum of volumes by #&ledy bidding (V,) and by
negotiated transactiong,). Consequently, the price is defined as follows:

b _Tij _ Tije + Tijn 1)
YOV Vie +Vin

wherei denotes the region= 1,2,3,4,5,6,7 representing Shenzhen, Beijingngging,
Guangdong, Shanghai, Tianjin and Hubei, respegtiaidj = 1,2,3, ... represents the
trading days.

The sample lengths of the regional markets aremifft. The Shenzhen market is the
earliest regional market, and so has about 12@gadays, while the Fujian market

was established in early-2017, and so has fewer3b8a trading days. As the data of
the Fujian market is not useful in establishingaora! prices, we use data from only

seven regions in establishing the national prices.
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Of the seven regional markets, Shenzhen has thestanumber of trading days, while
Chongging has the fewest number of trading daysaloulating national prices, we

need to use the data of a common period for thersmgional markets. As a result, the
period for calculating national prices should beado the observations available in
the Chongging market, which starts from 19 Junet201

As we have primary data for six regional markets, secondary data for seven regional
markets, we have two methods for calculating nalipnices. National prices based on
primary data are defined as follows:

NP, = Po1 Tij 5
1j — w6 Voo ( )
i=1"Y1ij

where 1 represents prices based on primary datal,2,...,6 represents Shenzhen,
Beijing Chongqing, Guangdong, Shanghai and Tiamgapectively, anf= 1,2,3, ...
represents trading day$,;; denotes the turnovers of province trading dayj for
primary data, and/;;; denotes the volumes of provinca trading dayj for primary
data.

Similarly, national prices based on secondary degadefined as follows:

X1 T 3
NPZj -7 Voi: ( )
i=1Y2ij

where 2 represents prices based on secondaryidath2,...,7 represents Shenzhen,
Beijing Chongging, Guangdong, Shanghai, Tianjin &ubei, respectively, and=
1,2,3,... represents trading days,; denotes the turnovers of provincén trading
dayj for secondary data, anid,;; denotes the volumes of provincen trading day

for secondary data.

7. Establishing National Prices Using Primary RegionaData

By the definition of equation (2), we use the pniyndata to establish NP1. As can be
seen fron Figure 9 NP1 starts high and almost reaches 70 yuans $tadecline to less
than 20 yuan on 8 July 2015, rises a little, aratihes 50 yuan on 1 February 2016.
After that, NP1 suddenly declines to an unbelieylv price, which is close to zero.
Thereafter, NP1 starts to rise again, reaches 86 three times in 2016, decreases to
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close to zero several times after February 2014 fiaally reaches 10 yuan by the end
of 2017.

It seems that NP1 is declining from June 2014 todbeber 2017, which indicates that
national carbon prices are overpriced at the beggnaf the sample. Moreover, NP1

varies substantially, with Table 10 showing thatiINRictuates considerably, with a

standard deviation of 12.90 (from Table 12). Thghbst price is 69.12 yuan and the
lowest price is only 0.22 yuan. The mean is 27 ya@#h and the median is 27.335 yuan,
which are very close.

[Figure 9 goes here]

It is important to understand the relationship &INwith the regional prices. From
Figure 10,it can be seen that the regional markets havetantid variations, both in
terms of their own variations and also in comparigith the other regions. The prices
in Beijing continues to fluctuate around 50, the@s in Shenzhen, Guangdong and
Tianjin continue to decrease, the prices in Shandgerease at first and then increase,
and the prices in Chongqging decrease at firsteas® suddenly, and then decrease.

[Figure 10 goes here]

However, NP1 fluctuates more than the regionalgstiovith many increases and
decreases throughout the sample period. NP1 ig ¢toshe highest NP1 values on
several occasions, such as on 3 September 2014s atgb close to the lowest NP1
values on several occasions, such as on 8 Aprt.ZDiis is mainly because of a lack
of liquidity in the regional markets, and where finees in the different regions can be
quite different. As a result, a lack of liquidity such that NP1 on some days may be
influenced substantially by one regional market] hance is not representative of all
the regions.

Table 10 Bows that NP1 is highly correlated with prices ma@Ggdong and Shenzhen,
with correlations of 0.646 and 0.636, respectivéhis is not surprising, as Guangdong
is the largest regional market by volume and Shemz& the earliest market with high
liquidity. The correlation of NP1 with prices inahijin is 0.539, which is surprising.
The Tianjin market is small, both by volume anchawer, and it is much less liquid
than Shenzhen, Guangdong, Beijing and Shanghaic®irelations of NP1 with the
prices in Chongging and Shanghai are low, at 08888 0.295, respectively. Beijing
has the lowest correlation with NP1, at 0.153. Tdw correlation arises because
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Beijing has few carbon permits and established maasious regulations for
participation, so the prices in Beijing are muchrenstable than in the other regional
markets.

[Table 10 goes here]

8. Establishing National Prices Using Secondary RegiahData

By the definition in equation (4), we can estabinsttional prices based on secondary
data (NP2). Fronfrigure 11t can be seen that NP2 starts from 60 yuan, deetines

to 17.36 very quickly, and varies around 30 yuam1® June 2015, NP2 declines to 20
yuan, and increases to 40 yuan on 10 November Z0igseafter, NP2 declines and
basically fluctuates around 20 yuan until 28 JudE72 During this period, NP2 reaches
50 yuan on 16 January 2017. After 28 June 2017,d¢eReases and reaches 1.76 yuan
on 10 October 2017, and then varies around 20 yuan.

[Figure 11 goes here]

Similar to the calculated national carbon emissiprises using primary data, NP1,
using secondary data shows that NP2 has a trendebheeases from 2014 to 2017. For
NP2, the highest price is 59.76 yuan and the lowek62 yuan. The mean and median
are close, at 24.050 and 23.835 yuan, respectiwdtly,a standard deviation of 8.665.
It seems that NP2 does not vary inordinately

The relationship between the regional prices ang@ iRvorth notindg=igure 12shows
that prices in Beijing are stable, varies arounéos®uch of the time, and is the highest
regional carbon emissions price., so that NP2gs than the Beijing prices. In fact,
NP2 is also less than the Shenzhen prices. ThesarncGuangdong and Shanghai both
decline from high prices. After decreasing, Shanghiaes increase to prices that are
close to Shenzhen prices, which means that NPiBasbelow Shanghai prices. While
Guangdong prices remain relatively low after desirggs NP2 is generally less than
Guangdong prices. Even if Chongqing prices alsticoe to decrease, it does not seem
to matter greatly as there is not an especiallyn ligrrelation between NP2 and
Chonggqing prices.

[Figure 12 goes here]
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Table 11 shows that NP2 is highly correlated witibEi prices, with a correlation of
0.600, as well as with Tianjin, with a correlatioin0.608. It is not surprising that there
is a high correlation between NP2 and Hubei as Had®unts for a large proportion
of the total turnovers in the seven markets, asd bBbs high liquidity. However, the
Tianjin market is not especially important, regasdl of turnovers, volumes or trading
frequencies. Both Guangdong and Shenzhen are hairhglated with NP2, with
correlations of 0.525 and 0.543, respectively. 8hen and Guangdong are both
important based on turnovers and volumes. The ledioa of NP2 with Chongqing is
lower, at 0.428. Shanghai prices are not very ligbtrelated with NP2, with at 0.235.
The correlation of NP2 with Beijing prices is unbeghbly low, at 0.035, which
suggests that Beijing does not have a great ingradtP2.

[Table 11 goes here]

9. Comparing National Prices from Primary and Seconday Data

As discussed above, NP1 is calculated using tinegpyi data from six regional markets,
while NP2 is calculated using the secondary daienfseven regional markets. For
Shenzhen, Beijing, Chongging, Guangdong, Shangiahil&njin, most of T1 and T2
are highly correlated, as are V1 and V2. Therefang, differences between NP1 and
NP2 arise mainly from the Hubei market.

By comparing Figures 10 and 11, it is clear thahdéP1 and NP2 start from high
prices, and decline to low prices. NP1 in the beigio of the sample is higher, at 70
yuan, while NP2 in the beginning is 60 yuan. Af&&16, both NP1 and NP2 vary
around 20 yuan, but NP1 reaches 20 at the end1af, 2¢hile NP2 reaches 10 yuan at
the end of 2017. Even though NP1 and NP2 both teni@écrease from 2014 to 2017,
they do not look very similar.

Table 12 shows that NP1 has higher mean, mediamarinum value than does NP2,

but NP2 has a higher minimum value than does NRé& standard deviations show that
the fluctuating range of NP1 is greater than ti&tf2. The standard deviation of NP1

is 12.90, which is dramatically larger than for NB28.67. The skewness and kurtosis
scores of NP1 are different from those of NP2, simolv that the distributions are not

normal. All these descriptive statistics suppoet thse that NP1 is noticeably different
from NP2.
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Table 13 also supports this conclusion. The caicelaf NP1 and NP2 is 0.688, which
means that NP1 and NP2 are quite different ovesétmple period. The differences
between NP1 and NP2 arise mainly from Hubei, wihschot surprising as Hubei is
important in terms of both turnovers and volumd®eréfore, Hubei cannot be ignored
in establishing national carbon emissions pricesthait using secondary data from
seven regional markets would seem to be more appte@nd accurate in establishing
national carbon emissions prices than using prirdatg from six regional markets.

[Tables 12 and 13 go here]

10. Concluding Remarks

The purpose of the paper was to establish natimarllon emissions prices for China,
based on available regional carbon emissions narlketcarbon emissions trading
market is widely seen as one of the most importaathods for reducing carbon
emissions in China and internationally, as well lm€ng a financial tradeable
commodity.

The Central Government of the People’s RepubliCluha decided to establish several
regional carbon markets in 2011. By the end of 2@ight regional markets had been
established. Moreover, the Central Government dedléne establishment of a national
carbon emissions market in September 2017, stawtiitly the power generation
industry.

The experience of the regional markets will be futlim establishing a national carbon
emissions market. One of the most pressing isssexcmted with the national market
that is under construction is to determine a naligmice, which should be closely
related to the regional prices, turnovers, andmels. In order to establish a national
price, it is necessary to obtain data from theaeai markets.

Regional carbon emissions can be obtained fromdwoces, namely primary and
secondary data. In this paper, we have carefulblyaed the two data sources and
compared them with each other, as well as withrélggonal prices. The differences
between the primary and secondary price data fer régional markets, and

subsequently with the national market, have beaméed. National prices based on
the primary and secondary sources have been es$tadh)ifor the first time, and the

advantages of each have been analyzed.
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Primary data from six regions are available, assamondary data from eight regions,
the difference being the lack of primary data farbdi and Fujian. Hubei is too large
to be ignored, whereas Fujian is not as importaahsequently, the calculated national
prices based on the primary data from the six redimarkets in Beijing, Guangdong,
Chongqing, Shanghai, Shenzhen and Tianjin, are edérldifferent from the national
prices based on the secondary data from the siamalgmarkets together with Hubei.

The national carbon emissions prices are basedmesponding prices in the regional
markets, which should have an important impact len riational carbon emissions
market that is under construction in China. Theepdpas established two sets of
national carbon emissions prices as a contribubtotine determination of a national
carbon emissions pricing scheme, as well as farottgions and countries worldwide.
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Table

1

Descriptive Statistics for Regional Prices

Region Mean | Median| Max Min Std. Dev.| Skewness Kurtosis
Beijing 50.06 51 77 31.84 6.35 0.04 5.77
Shanghai | 24.79 28.84| 4491 0.08%5 12.08 -0.36 1.64
Shenzhen | 42.65 37.85| 12297 2.12 18.15 1.16 3.73
Guangdong| 24.29 15.57 77 6.93 17.80 1.47 3.66
Hubei 20.22 22.01| 29.25 10.07 4.45 -0.26 1.64
Tianjin 19.99 22.39| 50.11 7.74 0.34 3.08
Chongging | 17.42 13.5 47.52 11.71 0.35 1.98
Fujian 30.16 30 42.28| 17.26 6.29 -0.14 1.75
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Table 2

Descriptive Statistics for Regional Turnovers

Region | Mean | Median Max Min [Std. Dev.|Skewnes&Kurtosis
Beijing | 331946/ 4998 7238610, O 926834 4 23
Shanghai | 409556] 5203 23174943 0 1697093 8 83
Shenzhen| 690989 65680 | 100000000 O |4077118 21 491
Guangdong 655539| 6763 47519182 0 |2370102 11 173
Hubei | 932969| 402938 | 29598300 0O |1972580 8 93
Tianjin 47955 0 11206984, O 500858, 17 312
Chongging| 29514 0 4457300 0 224810 13 208
Fujian | 229132 47613 | 4647190 0 560939 5 29
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Table 3

Descriptive Statistics for Regional Volumes

D

Region | Mean |Median| Max Min | Std. Dev. | Skewness| Kurtosis
Beijing | 6588 | 100 154960 18418 4 24
Shanghai | 25578 200 | 1379977 O 102684 6 54
Shenzhen| 23437| 1325 | 400000Q O 166807 21 462
Guangdong 45350 411 | 3712999 O 172010 12 216
Hubei |47372| 19804 | 1176200 O 92212 6 49
Tianjin 3419 0 827815 39359 16 289
Chongging| 8865 0 2112607 O 82367 20 471
Fujian 8114 | 1580 | 207264 23182 5 36
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Table 4

Correlations of Primary and Secondary Data - Beijirg

T1 Vi P1 T2 V2 P2
T1 1.000 0.993 0.064 0.993 0.987 0.05%
V1 0.993 1.000 0.019 0.987 0.994 0.011
P1 0.064 0.019 1.000 0.065 0.021 0.986
T2 0.993 0.987 0.065 1.000 0.993 0.064
V2 0.987 0.994 0.021 0.993 1.000 0.020
P2 0.055 0.011 0.986 0.064 0.020 1.000

Note: T1, T2, V1, V2, P1, P2 denote turnovers, volunmes @grices, respectively, for
Primary (1) and Secondary (2) data.
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Table 5

Correlations of Primary and Secondary Data - Shangai

T1 V1 P1 T2 V2 P2
T1 1.000 0.601 0.092 0.596 0.442 0.099
V1 0.601 1.000 -0.182 0.401 0.554 -0.07|7
P1 0.092 -0.182 1.000 0.123 -0.064 0.959
T2 0.596 0.401 0.123 1.000 0.728 0.131
V2 0.442 0.554 -0.065 0.728 1.000 -0.058
P2 0.099 -0.077 0.959 0.131 -0.05¢ 1.000

Note: T1, T2, V1, V2, P1, P2 denote turnovers, volunmes @arices, respectively, for
Primary (1) and Secondary (2) data.
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Table 6
Correlations of Primary and Secondary Data - Guangdng

T1 V1 P1 T2 V2 P2
T1 1.000 0.973 -0.103 0.624 0.591 -0.100
V1 0.973 1.000 -0.146 0.542 0.580 -0.14p
P1 -0.103 -0.146 1.000 -0.077 -0.15( 0.998
T2 0.624 0.542 -0.077 1.000 0.941 -0.074
V2 0.591 0.580 -0.150 0.941 1.000 -0.146
P2 -0.100 -0.142 0.998 -0.074 -0.14¢ 1.000

Note: T1, T2, V1, V2, P1, P2 denote turnovers, volunmes @arices, respectively, for
Primary (1) and Secondary (2) data.
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Table 7

Correlations of Primary and Secondary Data - Tianjn

T1 V1 P1 T2 V2 P2
T1 1.000 0.953 -0.040 0.933 0.886 -0.040
V1 0.953 1.000 -0.067 0.902 0.950 -0.06[7
P1 -0.040 -0.067 1.000 -0.035 -0.064 0.991
T2 0.933 0.902 -0.035 1.000 0.950 -0.03p
V2 0.886 0.950 -0.062 0.950 1.000 -0.068
P2 -0.040 -0.067 0.991 -0.036 -0.063 1.000

Note: T1, T2, V1, V2, P1, P2 denote turnovers, volunmes @arices, respectively, for

Primary (1) and Secondary (2) data.
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Table 8

Correlations of Primary and Secondary Data - Chonging

T1 V1 P1 T2 V2 P2
T1 1.000 0.619 -0.083 0.830 0.595 -0.084
V1 0.619 1.000 -0.130 0.516 0.982 -0.131
P1 -0.083 -0.130 1.000 -0.080 -0.121 0.999
T2 0.830 0.516 -0.080 1.000 0.526 -0.081
V2 0.595 0.982 -0.121 0.526 1.000 -0.12p
P2 -0.084 -0.131 0.999 -0.081 -0.1273 1.000

Note: T1, T2, V1, V2, P1, P2 denote turnovers, volunmes @arices, respectively, for
Primary (1) and Secondary (2) data.
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Table 9

Correlations of Primary and Secondary Data - Shenzén

T1 V1 P1 T2 V2 P2
T1 1.000 0.960 -0.066 0.972 0.906 -0.06b
V1 0.960 1.000 -0.102 0.938 0.947 -0.099
P1 -0.066 -0.102 1.000 -0.046 -0.08¢ 0.987
T2 0.972 0.938 -0.046 1.000 0.928 -0.048
V2 0.906 0.947 -0.088 0.928 1.000 -0.098
P2 -0.065 -0.099 0.987 -0.048 -0.09¢ 1.000

Note: T1, T2, V1, V2, P1, P2 denote turnovers, volunmes @arices, respectively, for

Primary (1) and Secondary (2) data.
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Table

10

Correlations of National (NP1) and Primary RegionalPrices

ShenzheﬂBeijing Chongging GuangdongShanghajTianjin| NP1
Shenzhen| 1.000 | 0.105 0.304 0.741 0.220 0.6p1 0.6B86
Beijing 0.105 | 1.000 0.275 0.411 0.493 -0.102.153
Chongging| 0.304 | 0.275 1.000 0.470 0.080 0.506 0.383
Guangdong 0.741 | 0.411 0.470 1.000 0.469 0.568 0.646
Shanghai | 0.220 | 0.493 0.080 0.469 1.000 -0.024.295
Tianjin 0.651 | -0.102 0.506 0.568 -0.024f 1.000 0.53P
NP1 0.636 | 0.153 0.383 0.646 0.295 0.539 1.0p0
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Table 11
Correlations of National (NP2) and Secondary Regial Prices

ShenzhenBeijing |Chongging/ Guangdong Shanghai Tianjin | Hubei| NP2
Shenzhen| 1.000 | 0.114 0.305 0.729 0.253 0.654 0.573.543
Beijing 0.114 | 1.000 0.278 0.419 0.55¢ -0.104 -0.222035
Chongging| 0.305 | 0.278 1.000 0.474 0.11¢ 0.515 0.490.428
Guangdong 0.729 | 0.419 0.474 1.000 0.55% 0.556 0.480.525
Shanghai | 0.253 | 0.559 0.118 0.555 1.00( -0.037 0.02@.235
Tianjin 0.654 | -0.104 0.515 0.556 -0.037| 1.000 0.7850.608
Hubei 0.573 | -0.222 0.497 0.487 0.024| 0.785 1.0000.600
NP2 0.543 | 0.035 0.428 0.525 0.23% 0.608 0.600.000
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Table 12
Descriptive Statistics for National Prices from
Primary (NP1) and Secondary (NP2) Data

Data Mean | Median| Max Min |Std. Dev|SkewnesgKurtosis
NP1 27.61 27.34 69.12 0.22 12.90 0.30 2.8
NP2 24.05 23.84 59.7q 1.52 8.67 0.44 3.9

[09]
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Table 13
Correlations of National Prices from
Primary (NP1) and Secondary (NP2) Data

Data NP1 NP2
NP1 1.000 0.688
NP2 0.688 1.000

44



Figure 1

Primary (P1) and Secondary (P2) Prices - Beijing
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Figure 2
Primary (P1) and Secondary (P2) Prices - Shanghai
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Figure 3
Primary (P1) and Secondary (P2) Prices - Guangdong
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Figure 4
Primary (P1) and Secondary (P2) Prices - Tianjin
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Figure 5

Primary (P1) and Secondary (P2) Prices - Chongging
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Figure 6
Primary (P1) and Secondary (P2) Prices - Shenzhen
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Figure 7
Secondary Prices — Hubei
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Figure 8
Secondary Prices — Fujian
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Figure 9
National Prices Using Primary Data
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Figure 10
Calculating National Prices Using Primary RegionaData
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Figure 11
National Prices Using Secondary Data
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Figure 12
Calculating National Prices Using Secondary Regioh®ata
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