
Thank you very much for your insightful comments, which are helpful to improve the
quality of this research data. Based on your comments, the provincial distribution
method in industrial sector and that in ground transport sector have been improved; an
additional comparison between this dataset and another two databases (MEIC and
PKU) at the provincial level of China has been added, and uncertainties of provincial
daily emission in industrial sector and ground transport sector have been re-estimated.
The revised parts that correspond to the comments are listed as follows:

Q1.The authors state in their introduction that "(current) estimates of China's CO2
emissions carry significant uncertainties" and "having timely and accurate CO2
emission estimates ... is therefore a fundamental prerequisite to designing
evidence-based policies for reducing China's CO2 emissions." But the paper does
not demonstrate that the new estimates are of any lower uncertainty than those
already found. Indeed, the methododology used introduces very significant
uncertainties with numerous assumptions and proxies. Can the authors argue that
this new dataset has lower uncertainty than previous estimates at the provincial
level?

Response:

This study addresses to the timelyness issue of current inventories of CO2 emissions. In order
to improve this issue, we had to use numerous assumptions and proxies as your comments
pointed out. These assumptions and proxies lead to higher uncertainty than other previous
inventories.
We compared our results with the other three datasets of china’s provincial CO2 emissions,
such as CEADs, MEIC, and PKU. Referring to CEADs (Shan et al., 2018), the uncertainties
ranges in national CO2 emissions during the period of 2010 and 2015 were between -15% and
25% with a confidence interval of 97.5%. In regard to MEIC (Zheng et al, 2018; Liu 2015),
the uncertainties of national carbon emissions from power sector ranged from -15% to 16%.
For PKU, the uncertainties reached 63.2% based the global grided CO2 emission map (Wang
et al., 2013).
In this study, uncertainties were from three parties, provincial proxies, national daily
emissions, and our assumptions. Given the uncertainties from provincial proxies, with a
confidence interval of 97.5%, our uncertainties are as follows: 1) for power sector, Two
provinces (2/31), BJ and JS have the lowest uncertainties at ±23% and ±26%, respectively;
the uncertainties in 14 provinces (14/31) were between 30% and 100%, and the uncertainties
in the other eight provinces (8/31) were more than 100%; 2) for industry sector, the province
with the lowest uncertainties is HEN (± 16%), 16 provinces (16/31) had the uncertainties
between 20% and 50%, 9 provinces (9/31) had the uncertainties between 50% and 100% and
the other 4 provinces (4/31) with the largest uncertainties beyond 100% are IM, BJ, Tibet, and
SH. 3) for ground transport sector, the uncertainties in more than 50% of provinces (16/31)
were less than 10%, the uncertainties in 6 provinces were between 10% and 20%, and the
uncertainties in the other 9 (9/31) provinces ranged between 20% and 50%.
As your mentioned in the following comments, our provincial daily variation in CO2



emissions has a strong dependence on national daily variation. Deng et al., (2021) discussed
the uncertainty of power emissions is within(±14%) and the uncertainty of China’s industrial
sector is 20% with a confidence interval of 68%.
In this study, we assumed that no temporal variation in emission factors, which might
introduce an uncertainty of 2% (Deng et al., 2021). In addition, the emissions from the ground
transportation sector are estimated by assuming that the relative magnitude in car counts (and
thus emissions) follow a similar relationship with TomTom congestion index in Paris.
(Gensheimer et al., 2021) pointed out the uncertainty could be more than 60% using the Paris
relationship between traffic congestion and traffic flow to estimate other regional traffic
conditions.
Fig. 1, 2, and 3 (at the end of this response letter) show the uncertainty range of daily
provincial emissions from power, industry, and ground transport, respectively. Table 1 lists
uncertainties of provincial average daily carbon emissions from 2019 to 2020. Table 2
provides the basic information of the other three datasets (CEADs, MEIC, and PKU).

Q2. On line 148, the authors write "The provincial dataset constructed in this study
includes daily CO2 emission data from the three main polluting sectors (power,
industry and ground transport) in China, which together account for more than 90%
of the total emissions." However, the data used to estimate these are for the power
sector, cement production, and road transport, and together these accounted for
only 55% of China's CO2 emissions in 2018 according to EDGAR v6.0. The way this
sentence is worded gives the strong impression that the data used cover the
majority of the total and implies robustness from this. However, it is not 90% but
55%. Please reword to reflect the true situation.

Response:

In the last version of the manuscript, only monthly provincial cement production was used as
proxies to estimate total emissions from industry sector, which do not cover nearly 90% of
China’s industrial emissions well. In the new method, we collected monthly provincial
production data of 35 industrial products to estimate emissions from industry sector. By
comparing the subsectors of industrial sector at the national level of China as presented in the
EDGAR2019 and CEADs dataset (Table 3 and Table 4), we found that these 35 products
could cover 9 subsectors of manufacturing industries, which accounted for nearly 90% of the
manufacturing industrial emissions (Table. 4).
We added Table 4 to show these 35 products and the 9 sub-sectors they belonged to.

Q3. Looking at the method used for road transport emissions, the national-level
estimates for China in CarbonMonitor (the starting point of this study) are based on
traffic congestion data tuned to traffic flows in one city: Paris. This method has been
shown to have high and variable uncertainty when applied to other cities and
countries (Gensheimer et al., 2021, who provide strong warnings that such



methods should be used with caution). Further, the correlation used is with traffic
flows (vehicles per hour), which in turn is assumed to correlate well with total
transport emissions.

Response:

Thank you very much for providing the study from (Gensheimer et al., 2021) for our
reference. As the study discussed, it is hard to develop a generalizable relationship between
the mobility data and traffic flow over all the study regions as we assumed. Using this
assumption could introduce more than 60% of uncertainties to the estimation of CO2
emissions than using governmental data.
We did not collect high temporal resolution of China’s governmental traffic data. We have
tried to build a new relationship between traffic flow and traffic congestion from Hong
Kong’s data to improve the ‘Paris relationship’. However, Hong Kong’s traffic flow is base on
a street near the airport, which not be used to establish the relationship between traffic flow
and traffic congestion well. Therefore, due to governmental data limitations, we do not have a
better way of assuming China’s provinces have a similar relationship between traffic flow and
traffic congestion with Paris.

Q4.Starting with an uncertain estimate of daily transport emissions in China, the
method in this paper then further disaggregates that by using vehicle ownership
data by province (annual, for the year 2018), on the assumption that the distance
travelled each day in one province is very likely to be close to the share of that
province's ownership of vehicles in China's total ownership. I find no discussion of
how the age of the vehicle fleet might vary by province, how the share of diesel,
petrol, electric might vary by province, and how driving behaviour might vary by
province (for example according to wealth or urban density), to take just three
examples. Nor do I find any discussion of how much passenger transport makes up
of total ground transport in each province, when we know that goods transport is a
large source of emissions. This method leaves me wondering whether the resulting
estimates are of any use at all, but the paper takes it as given that they are. Since
the details are not provided, I have looked at the data files and compared with NBS
data and find that the authors have used "Possession of Civil Vehicles" (the English
title), which appears to include all non-military vehicles. Please add sufficient details
so that others might better understand the methods used.

Response:

Thanks for your comments, using vehicle ownership as provincial proxies of carbon
emissions from ground transport does indeed need more discussions. In order to better
get the features of emissions from ground transport at the provincial level, we
expanded our proxies. We collected the provincial monthly productions of gasoline,
diesel, and automobiles, the provincial monthly GDP data, as well as 8 indicators of



provincial annual data relevant to ground transportation emission (Table 5). The
provincial volume of passenger traffic and goods traffic has been also included in
these 8 indicators. Vehicle ownership (Possession of Civil Vehicles) is also involved
in this data, including the ownership of civil passenger vehicles, that of civil trucks,
and that of other civil vehicles. In detail, the civil passenger vehicles include large,
medium, small and mini passenger vehicles, while the civil trucks include heavy,
medium, light, and mini trucks.

Q5. Looking at the power sector, CarbonMonitor made use of daily power generation
data to estimate daily CO2 emissions at the national level. However, daily data were
only available for six power companies so had to combine with monthly national
thermal generation data. Further, that method used a constant emission factor
across all thermal generation in China, despite significant swings in total power
generation caused by the pandemic early in 2020. While 'normal' changes in total
production might not have much effect on the emission factor of total thermal
generation over the country from month to month (and this is already debateable),
large drops lead to the very clear possibility that high-cost production drops out first,
potentially meaning inefficient power stations with higher emission factors. Whether
this is the case or not in China has not been discussed. In this article, only monthly
data were available at the provincial level, so the national CO2 emissions from
power generation on a particular day are scaled based on the province's share of
thermal generation in that month. Again, this leaves me wondering how accurate
the resulting daily estimates will be, given that the entire day-to-day variation
comes directly from the national estimates. I find no discussion of these issues in
the article.

Response:

Thanks for your comments, we have to respond to this question from three aspects.
First, in this study, we assumed that no discrepancies in Emission factors at the
provincial level, which induced uncertainty of (-15.8%, 23.7%) (Shan et al., 2018).
Second, referring to the effect of high-cost production drops on emission factor,
emission factor might be increasing owing to the inefficient power stations under a
lockdown of COVID-19 (Jan to May 2020), however, after May 2020, power
generation resumed because COVID-19 was effectively controlled. Third, we used the
following method to simply attribute the reason for the daily variation. we counted the
number of holidays and Mondays among the 50 days with the highest national
day-to-day variation in emissions of different sectors in 2019 and 2020 (Table 6). As
the daily variation was calculated as per the equation "(Eday+1-Eday) / Eday",
Monday was counted to facilitate reflecting the emission variations on Monday and
Sunday. Our results showed that more than half of the Top 50 daily variation was
caused by the effect of holidays or Mondays in 2019 (Table 4). Especially in
transportation sector, above 88% of the Top daily variation in emission was caused by
the effects of holidays and Mondays. In 2020, holidays and Mondays account for 44%,



40%, and 64% of the Top 50 daily change for power, industry, and transportation
sectors, respectively (Table 4). Since there are no specific holidays for some provinces,
the daily variation in emission caused by the effects of holidays and weekends was
supposed to be consistent in all provinces of China. Thereby, the national daily
variation can partially reflect the daily variation at the provincial level. It should be
noted that our method is indeed limited in reflecting provincial daily changes,
especially in power and industry sectors.

Q6. For the industry sector, CarbonMonitor used monthly data and then
disaggregated these to daily data using the power sector emissions estimates. As
that article puts it "assumes a linear relationship between daily electricity
generation for industry and daily industry production data to compute daily industry
production." Already a very strong assumption, with no discussion of how
reasonable it might be. Here these very approximate national daily estimates are
then disaggregated to provincial level using only monthly cement production data.
Again, it's very difficult to imagine that the resulting estimates of daily industry
emissions at provincial level are of high quality.

Response: Thanks for your comments. In the new method, we used monthly
production of 35 industrial products to instant cement production in order to better
estimate industrial emissions.

Q7. The article says that "at a provincial scale, only the data on cement production
was available, with other indicators from the steel, chemical and other industries
were missing." Does this refer to monthly data, or are indeed also no annual
provincial data for these other sectors to be found? If annual provincial data for
production in other industrial sectors are available, why are those not incorporated
into the method to disaggregate the national industry emissions? Doing so would
better constrain provincial estimates in this important sector compared to just using
cement production.

Response: Thanks for your comments. Just as explained in the reply to the Q2, in this
version of the manuscript, the provincial emission distribution in the industrial sector
includes the data of 35 types of industrial products, covering nearly 90% of the
emission in industrial sector.

Q8. Just before the concluding section, there is a short section discussing
uncertainty. No quantification of the uncertainty is presented here. Only a very
small number of the sources of uncertainty are briefly noted, and Monte Carlo
anslysis is mentioned, without any results being presented. This is far from
sufficient.



Response: Thanks for your comments. We have provided more detailed discussions
of uncertainties in Q1.

Q9. Overall, my sense is that this paper takes the approach that if a method can be
developed then the numbers should be shown, regardless of how heroic
assumptions might be. If I had a method with numerous untested assumptions to
estimate some number that allowed me to produce that number with 10 significant
figures, and then used a further method with numerous untested assumptions to
extend that to 15 significant figures, should I then report that number at 15
significant figures? The analogy here is to both temporal and spatial scales: while
the methods developed allow the calculation of daily provincial emissions, this is
equivalent to my example of calculating something to significant figures. Having a
method is not the same as having a reasonable method. The authors started the
article arguing that more accurate and more timely estimates were needed for
provincial emissions, but the method only appears to address the latter (timeliness)
and ignores the former (accuracy).

Response: As your comments pointed out, this study focus on the timeliness of
current inventories, in the last manuscript, we use only cement and vehicle ownership
as provincial proxies to disaggregate national daily data. And we also have a
substantial light discussion on uncertainties and comparison of the other datasets,
which makes us seem to overlook the accuracy of this dataset. In order to the accuracy
of our method, we expanded the range of proxies (please see more detail in Q2, Q4)
and quantified the uncertainties (more detail in Q1), and add the comparison of the
other three datasets (Q12).

Q10. Much of the results section analyses patterns over the year, which does not
require daily estimates, which is good. If the paper is rewritten to be an estimate of
monthly provincelevel emissions, this reviewer would be more satisfied of its
contribution.

Response: The impact of the short-term event (such as some public events, like the
COVID-19, or some long holidays, like the Chinese New Year) on carbon emission
can hardly be reflected by monthly data. Although our research on the impact of these
short-term events can hardly reflect the provincial differences in day to day variation
of emission, the provincial distribution method can be taken to approximately
estimate the provincial emissions of different sectors during the COVID-19 event,
holiday, weekend, or other periods.



Q11.Line 57: "However, these studies are based on provincial energy statistics".
The authors need to state clearly why this statement warrants 'however', with the
implication that this is a poor approach to estimating emissions.

Response: The original sentence on Line 57 has been changed into "These
researches are mostly based on the provincial energy statistical data sourced from the
yearbooks. There is at least one-year time lag between the data reflected situation and
the real situation, leading to an increase in the uncertainty in establishing the emission
reduction target and measuring the emission reduction effect.".

Q12. On line 296 the authors write that a result is consistent with three previous
studies, but since all three used the same underlying dataset (CarbonMonitor for
China), this is to be expected and the three studies cannot be used to support the
result. Exploring consistency with other studies relies on use of independent
datasets and/or methods.

Response: An additional comparison between this study and another two databases
(MEIC and PKU) at the provincial level of China has been added in addition to the
comparison between the research result and the CEADs in the old version. As the
statistics of the different database was conducted in a different year, the comparison
should be conducted on the basis of an assumption that "there was the same annual
rate of variation in emission", which however was quite strict. As revealed in different
databases, there is a very small inter-annual variation in the provincial contribution of
annual emission (Table 7). In view of this, a comparison was made on the provincial
contributions of this study and other datasets to reflect the difference in the provincial
emission distribution in this study and other studies. We found that the emission
contributions of Jilin Province and Heilongjiang Province estimated in this research
are obviously underestimated (for almost twice) compared with that estimated in other
researches. The emission contributions of other provinces (except Tibet) estimated in
this research are consistent with those shown in other databases. On a monthly scale,
our results were compared with the results of MEIC (Fig.4-7). The comparison results
show that this research data is consistent with the MEIC data in terms of the variation
trend of provincial monthly emission contribution (Fig.4). For power sector (Fig.5),
the two databases are relatively approximate as can be seen from the trend of
provincial monthly emission contribution; there is a large difference between Inner
Mongolia and Liaoning with respect to the monthly contribution. For industrial sector
(Fig.6), there is a difference in the monthly variation trend between Jiangsu,
Guangdong, Guizhou, and Xinjiang, and a large difference in the emission
contribution between Heilongjiang, Hubei, and Hebei. For transportation sector
(Fig.7), no significant difference in provincial monthly emission is shown in the
MEIC database. However, we found that more than 1% fluctuation is seen in the
monthly contribution to emissions in Liaoning, Guangdong, Zhejiang, Shaanxi and
Guizhou, and other regions.



Q13. It is very good to see that Tibet is included, for completeness, although
obviously that's achieved by way of very approximate proxies since energy data are
not available. I would like to see it mentioned that Tibet's emissions are the lowest
of all provinces. However, I see that CEADS has Tibetan emissions in 2014, so this
article is not the first to publish Tibet's emissions. Please rephrase.

Response: Thanks for your comments on the emission in Tibet. Indeed, there is data
on the emission in Tibet as disclosed on the CEADs in 2014 and estimated on another
two databases. However, in this research and the research of CEADs, the estimation
of emission in Tibet was made on the basis of statistical data, while that estimation in
MEIC and PKU was based on the sum of grid data. As discovered in the databases,
the provincial emission contribution of Tibet is quite small (all 0%). Assuming that
the inter-annual variation in emissions of Tibet is small, the emission of Tibet
estimated in this research is close to the results shown in CEADs and MEIC, but more
than 4 times different from the result shown in PKU. In addition, the emission of the
different sectors in Tibet estimated in this research was also compared with that
provided in the CEADs (Fig.7).

Q14. In the section "Trends in emissions from industry sector" the authors are
effectively comparing the ratio of monthly provincial cement emissions to national
total industrial emissions, because of the way provincial industrial emissions are
calculated, and all trends discussed are of that ratio. Given this, do the authors
believe that their interpretations in this section are useful? I do not.

Response: Thanks for your comments. Just as explained in the reply to the Q2, in this
version of the manuscript, the provincial emission distribution in the industrial sector
includes the data of 35 types of industrial products, covering nearly 90% of the
emission in industrial sector.

Q15. The results presented in the section "Trends in emissions from ground
transport" are entirely national, which is to be expected given the method uses no
additional information on sub-annual emissions at the provincial level over what the
national-level data already provide. This should be made clear to avoid readers
misunderstanding.

Response: In the last manuscript, daily trends in provincial emissions from ground
transport largely depended on national change. In the new manuscript, we have
enlarged the provincial indicators to emissions from ground transport. We collected 12
provincial indicators to allocate national emissions, 3 indicators at monthly scale, 1
indicator at the seasonal scale, and 8 indicators at yearly scale. In these 8 yearly
national indicators, two indicators, passenger traffic, and goods traffic are two
consecutive years, and the others are for 2019 (Table 3). Although it still shows the
provincial daily trends in CO2 emissions from ground transport sector because of only



3 monthly provincial indicators related to CO2 emissions from ground transport. But
as we mentioned in Question 5, daily changes in carbon emissions from ground
transport sector are more susceptible to the effects of holidays and Mondays, which
may not be very heterogeneous at the provincial scale. According to Table 5, the
impact of holidays and Mondays accounted for more than 60% of the daily change of
CO2 emissions from ground transport.

Q16. In the analysis of the effects of holidays, results are presented in the text only
for how the reduced emissions during holidays compare to the annual total, which is
of minor interest. That the most significant holiday in 2019 reduced emissions by
0.33% isn't very interesting in itself. That this holiday was 7 days in duration and
nevertheless reduced emissions by little more than one day's normal emissions
(1/365=0.27%) is perhaps more interesting, and also how much these holidays
reduce daily emissions compared to the normal for that time of year would be of
interest. Also of interest would be some discussion of what sorts of activities (e.g.
cement and steel factories) continue regardless of holidays, and which activities
decline (e.g. road passenger transport?), citing any literature on the subject.

Response:
As you pointed out, the reductions of emissions during Spring Festival were more
than one day’s normal emissions, especially in 2020, the duration of Spring Festival
coincided with the lockdown of COVID-19, the reduced emissions equaled around
two days emissions (Table 8 and Table 9). Compared with the power sector and
industry sector, emissions from ground transport dropped even more in the Spring
Festival of 2020. For the long holiday (Mid Autumn and National Day, 2020, 8 days),
the steelmakers maintain normal production during holidays, the manufacturing
industry has holidays with an average of 1-3 days, and no holidays for construction
and infrastructure industries
(https://news.metal.com/newscontent/101278794/A-summary-of-production-situation
-in-the-steel-industry-chain-before-the-holiday/).

Q17. In the light of the very large uncertainty of the numbers, it is not appropriate
to present results such as "91350.96 thousand tons". Please reduce the precision.
Further, I presume these are tonnes (called 'metric tons' in the US) rather than tons,
but if you do mean tons then you should make that clear.

Response: Thanks for your comments. More improvements about uncertainty in Question 1.
And we have changed all tonnes to metric tons.

Q18. Line 414: "changed little in those two years." Which two years? The two years
of this analysis, i.e. 2019 and 2020? If so, then your statement is that because there
was little change in proportions between those two years, you assume that there
was little difference between 2018 and 2019. This could be written more clearly
rather than leaving the reader to interpolate. Further, CEADS has provincial



emissions from 1997 and the authors should use the information therein to support
their assumption that provincial shares change little from year to year.

Response: We have reorganized the section on comparison of the other datasets, and
this previous description has been removed. For more details on the conclusions of the
model comparisons, please see the answer to question 12.

Q19. I think the authors should also provide the basic information for why this
comparison is being made: Is CEADS the only other dataset to provide provincial
emissions for China? Is it widely used? Is it considered a standard by which to
compare?

Response: We use Table 2 to demonstrate the basic information of the other three
datasets, including the item of the domain, temporal coverage and resolution, spatial
resolution, data source, references, emission sectors, and the method of emission
calculation.

Q20. The final sentence of the conclusions states "more work is still required in
order to improve the provincial daily CO2 emission estimates from the lower
emitting sectors, such as the residential, aviation and shipping sectors". I'm greatly
concerned that the authors do not think that any further work is required to improve
the sectors that are covered by the paper, given their very approximate nature.

Response: Thanks for your comments. In subsequent research, there are the following
problems to be further improved: First, regarding the 9 industrial subsectors, it was
assumed that different products had the same emission contribution to this sector.
However, the different product has different emission factor. In subsequent research, it
is needed to make clear the contributions of the emission factors to the subsectors to
reduce the uncertainty caused by this assumption. Second, in the emission estimation
for transportation sector, TomTom database was used to estimate the traffic flow in
China. However, the TomTom database intrinsically only contains the data of 22 cities
in China, so that the estimation based on this database is biased. We hope to find an
alternative containing the data of more provinces in China in place of TomTom
database in subsequent research. Third, among the provincial distribution indexes of
transportation sector, the monthly data was based on the provincial productions of
gasoline, diesel, and automobiles. But, the emission of transportation sector may be
more relevant to the provincial consumption of gasoline, diesel, and automobiles.

Figures



Figure 1. The uncertainties of emissions from power sector in China’s 31 provinces.



Figure 2. The uncertainties of emissions from industrial sector in China’s 31 provinces.

Figure 3. The uncertainties of emissions from ground transport sector in China’s 31 provinces.



Figure 4. Comparison of the total provincial contributions to national emissions in this
study to those reported by the MEIC dataset at monthly scale.



Figure 5. Comparison of the provincial contributions to national emissions from power
sector in this study to those reported by the MEIC dataset at monthly scale.



Figure 6. Comparison of the provincial contributions to national emissions from
industrial sector in this study to those reported by the MEIC dataset at monthly scale.



Figure 7. Comparison of the provincial contributions to national emissions from ground
transport sector in this study to those reported by the MEIC dataset at monthly scale.



Figure 8. Comparison of Tibet’s CO 2 emissions from this study and CEADs

Tables



Table 1. Uncertainties of provincial average daily carbon emissions from 2019 to 2020.
Power Industry Trans

BJ 23% 126% 4%

TJ 69% 99% 15%

HEB 44% 70% 6%

SX 104% 63% 20%

IM 136% 128% 33%

LN 77% 55% 27%

JL 36% 45% 36%

HLJ 48% 39% 32%

SH 32% 107% 6%

JS 26% 20% 13%

ZJ 55% 22% 8%

AH 54% 39% 5%

FJ 86% 35% 12%

JX 49% 43% 1%

SD 43% 20% 6%

HEN 44% 15% 8%

HUB 43% 30% 13%

HUN 41% 41% 11%

GD 56% 28% 7%

GX 65% 55% 9%

HAN 115% 73% 23%

CQ 46% 50% 6%

SC 30% 45% 12%

GZ 154% 50% 4%

YN 77% 51% 9%

Tibet 50% 111% 41%

SAX 83% 24% 8%

GS 218% 43% 31%

QH 486% 75% 39%

NX 150% 34% 57%

XJ 184% 49% 32%

Table 2. The basic information of the datasets of CEADs, MEIC and PKU.
Dataset PKU MEIC CEADs
Domain Province Province Province
Temporal
Coverage

1960-2014 2000-2016 1997-2018
2014 (Tibet)

Temporal
resolution

Yearly Monthly Yearly



Spatial
resolution

0.1 degree 0.25 degree,
Provincial scales

National,
Provincial, and city
scales

Data
sources

http://inventory.pku.edu.
cn/

http://meicmodel.org/?
page_id=560

https://www.ceads.net.cn
/

References (Tao et al., 2018);
(Wang et al., 2013)

(Zheng, 2018)
(Liu, 2015)

(Shan et al., 20018)

Emission
sectors

Energy
Industry
Transportation

Power
Industry
Transportation

17 fuel types and fuel
types in 47 sectors.
Energy production
Industry
Industry process
(Cement)
Service, Urban and rural
households

Emission
calculation
method

Apparent consumption Sectoral approach Apparent consumption

Table 3. Sectoral contribution to China’s CO2 emissions(%)

Sector EDGAR(2019) CEADs(2018) CM(2019) CM(2020)

Power 43.67 53.00 43.54 43.93
Industry 39.21 32.67 39.09 40.48
Residential 7.69 7.66 7.67 7.67
Ground
Transport

8.83 6.67 8.81 7.69

Domestic
aviation

0.60 0.60 0.49

International
aviation

0.30 0.12

Table 4. Sectoral construction of manufacturing industries and construction in different
datasets.
EDGAR(2019) CEADs(2018) CM(National) This study

(Provincial)
Mining and
quarrying(1.20%)

Mining and
quarrying(1.20%)
1. Ferrous Metals Mining

and Dressing



2. Nonferrous Metals

Mining and Dressing

3. Nonmetal Minerals

Mining and Dressing

4. Other Minerals Mining

and Dressing

Construction
(1.30%)

Construction
(2.00%)

Manufacturing
(89.36%)

Manufacturing
(97.00%)

Manufacturing Manufacturing

-Iron and steel
(50.61%)

5. Smelting and Pressing

of Ferrous Metals

6. Rubber Products

7. Plastic Products

8. Raw Chemical

9. Materials and

Chemical Products

10. Petroleum Processing

and Coking

11. Petroleum and

Natural Gas Extraction

12.Smelting and Pressing
of Nonferrous Metals

13. Metal Products

14.Nonmetal Mineral

Products

15.Transportation

Equipment

16. Instruments, Meters,

Cultural and Office

Machinery

17. Ordinary Machinery

18. Electric Equipment

and Machinery

19. Equipment for Special

Purposes

20.Electronic and

Telecommunications

Equipment

21. Food Processing

22.Food Production

23. Beverage Production

24. Tobacco Processing

25. Papermaking and

-Iron and steel
1. Crude steel production

2. Crude iron ore

-Iron and steel
1. Crude steel production

2. Crude iron ore

-Chemical and
petrochemical
(15.36%)

-Chemicals
3. Sulfuric acid

4. Caustic soda

5. Soda ash

6. Ethylene

7. Chemical fertilizer

8. Chemical pesticide

9. Primary plastic and

synthetic rubber

-Chemical and
petrochemical
3. Sulfuric acid

4. Caustic soda

5. Soda ash

6. Ethylene

7. Chemical fertilizer

8. Chemical pesticide

9. Primary plastic and

synthetic rubber

10. Plastic products

11. Chemical fiber

-Non-ferrous
metals
(3.12%)

-Cement
10. Cement and clinker

production

-Non-ferrous
metals
12. ten kinds of

nonferrous metals

13. Refned copper

14. Electrolyzed

aluminum

15. Aluminum

-Non-metallic
minerals
(22.33%)

-Others
11. ten kinds of

nonferrous metals

12. Refned copper

13. Lead

14. Zinc

Electrolyzed aluminum

15.Cement and clinker

production

16. Plain glass

17. Phosphate ore

-Non-metallic
minerals
16. Cement and clinker

production

17. Plain glass

18. Phosphate ore

-Transport
equipment
(1.11%)

-Transport
equipment
19. Civil steel ships

20. Automobiles

21. Rail vehicles



Paper Products

26. Printing and Record

Medium Reproduction

27. Cultural, Educational

and Sports Articles

28.Furniture

Manufacturing

29. Logging and

Transport of Wood and

Bamboo

30. Timber Processing,

Bamboo, Cane, Palm

Fiber & Straw Products

31. Textile Industry

32. Garments and Other

Fiber Products

33. Leather, Furs, Down

and Related Products

34. Chemical Fiber

18. Metal smelting

equipment

19. Cement equipment

20.Industrial boilers

21.Salt

22. Feed

23. Refned edible

vegetable oil

24. Fresh and frozen meat

25. Milk products

26. Liquor

27. Soft drinks

28. Wine

29. Beer

30. Tobaccos

21.machine-made
paper and
paperboards
20. Yarn

21. Cloth

34.Silk and woven fabric

-Machinery
(2.42%)

-Machinery
22. Metal smelting

equipment

23. Cement equipment

24. Industrial boilers

25. Mobile

communication base

station equipment

26. Large tractor

27. Medium tractor

28. Small tractor

-Food and tobacco
(2.89%)

-Food and tobacco
29. Salt

30. Sugar

31. Beverage

-Paper, pulp and
printing
(1.13%)

-Paper, pulp and
printing
32. machine-made
paper and
paperboards
33. Newsprint

-Wood and wood
products
(0.11%)

-Wood and wood
products

-Textile and leather
(0.93%)

-Textile and leather
34. Yarn

35. Cloth

Industry not
elsewhere
specified(8.13%)

35.Medical and

Pharmaceutical Products

36. Other Manufacturing

Industry

-Scrap and waste

Table 5. provincial data relevant to transport emissions

Monthly provincial data Seasonal provincial data Yearly provincial data
1. Gasoline production
2. Diesel production
3. Automobile
production

1. GDP 1. Total length of rail lines in
operation (2019)
2. Total length of bus and tram
lines in operation (2019)



3. Road miles (2019)
4. Number of cabs (2019)
5. Goods traffic (2019, 2020)
6. Passenger traffic (2019,
2020)
7. Vehicle ownership (2019)
8. Population density (2019)

Table 6. Top 50 of sectoral daily change in CO2 emissions

Table 7. The comparison of provincial CO2 emissions with the dataset of CEADs, MEIC
and PKU

This study CEADs MEIC PKU

Emis Contr Emis Contr Emis Contr Em Co

Year 19 20 19 20 16 17 18 16 17 18 15 16 17 15 16 17 14 14



Tabel 8. The reduced emissions during holidays on national scale and China’s average
daily emissions

BJ 72 69 1% 1% 89 85 90 1% 1% 1% 81 86 91 1% 1% 1% 68 1%

TJ 164 158 2% 2% 147 141 154 2% 1% 1% 150 149 154 2% 2% 2% 69 1%

HEB 914 905 10% 9% 748 726 912 8% 7% 9% 692 681 697 7% 7% 7% 446 7%

SX 444 456 5% 5% 449 488 542 5% 5% 5% 426 416 442 4% 4% 4% 296 4%

IM 512 533 5% 6% 590 639 724 6% 6% 7% 585 580 613 6% 6% 6% 224 3%

LN 400 396 4% 4% 457 479 521 5% 5% 5% 464 460 469 5% 5% 5% 289 4%

JL 135 136 1% 1% 201 204 196 2% 2% 2% 212 207 213 2% 2% 2% 179 3%

HLJ 141 139 1% 1% 269 269 248 3% 3% 2% 240 239 244 2% 2% 2% 220 3%

SH 160 152 2% 2% 188 190 191 2% 2% 2% 168 168 175 2% 2% 2% 88 1%

JS 816 818 9% 8% 724 736 764 8% 7% 7% 750 761 786 8% 8% 8% 399 6%

ZJ 413 408 4% 4% 372 382 389 4% 4% 4% 411 410 435 4% 4% 4% 241 4%

AH 400 391 4% 4% 362 371 399 4% 4% 4% 361 361 382 4% 4% 4% 292 4%

FJ 258 271 3% 3% 213 230 261 2% 2% 2% 263 244 265 3% 3% 3% 153 2%

JX 211 217 2% 2% 213 224 237 2% 2% 2% 220 217 228 2% 2% 2% 193 3%

SD 866 864 9% 9% 833 806 902 9% 8% 9% 898 917 931 9% 10% 9% 578 8%

HEN 426 420 4% 4% 513 494 491 5% 5% 5% 542 544 560 6% 6% 6% 445 7%

HUB 452 434 5% 4% 311 325 322 3% 3% 3% 287 277 285 3% 3% 3% 319 5%

HUN 214 211 2% 2% 294 310 306 3% 3% 3% 275 266 276 3% 3% 3% 282 4%

GD 568 577 6% 6% 518 542 568 5% 5% 5% 552 550 598 6% 6% 6% 353 5%

GX 211 217 2% 2% 211 221 232 2% 2% 2% 203 203 211 2% 2% 2% 193 3%

HAN 34 32 0% 0% 40 42 42 0% 0% 0% 56 55 55 1% 1% 1% 28 0%

CQ 116 116 1% 1% 154 158 161 2% 2% 2% 164 155 160 2% 2% 2% 153 2%

SC 248 250 3% 3% 310 309 296 3% 3% 3% 326 316 323 3% 3% 3% 359 5%

GZ 270 244 3% 3% 249 255 253 3% 3% 2% 200 209 215 2% 2% 2% 160 2%

YN 217 228 2% 2% 180 195 212 2% 2% 2% 169 164 166 2% 2% 2% 206 3%

Tibet 6 6 0% 0% 6 7 8 0% 0% 0% 27 0%

SAX 261 287 3% 3% 265 262 276 3% 3% 3% 276 272 278 3% 3% 3% 214 3%

GS 126 134 1% 1% 152 151 163 2% 2% 2% 159 154 155 2% 2% 2% 123 2%

QH 46 45 0% 0% 56 53 52 1% 1% 0% 50 49 54 1% 1% 1% 31 0%

NX 153 165 2% 2% 137 175 192 1% 2% 2% 146 135 159 2% 1% 2% 56 1%

XJ 338 373 4% 4% 370 404 422 4% 4% 4% 362 374 395 4% 4% 4% 161 2%



2019 2020

Total Power Industry Total Power Industry Transport

New Year 3283 1979 1309 3589 1971 971 647

Spring 29698 17955 11886 66788 28398 23140 15249

Qingming 3405 2415 933 3636 2357 -486 1765

Labor Day 8330 4848 3554 10818 5843 2910 2065

Duanwu 5356 2234 3170 3661 1079 1354 1227

Mid-Autum

n

Festival

1666 1007 611

32199 8874 20042 3283

National

Day
13094 7077 5995

Average 26334 11737 11142 26381 11496 11524 2135

Tabel 9. The ratio of average daily reduced emissions during the holidays to average
daily emissions over the year

2019 2020

Total Power Industry Total Power
Industr

y

Transpor

t

New Year 4% 6% 4% 4% 6% 3% 10%

Spring 16% 22% 16% 28% 25% 20% 71%

Qingming 1% 7% 3% 3% 7% -1% 28%

Labor Day 8% 11% 8% 6% 10% 5% 19%

Duanwu 3% 6% 10% 7% 3% 4% 19%

Mid-Autumn

Festival
5% 3% 2%

21% 10% 21% 19%

National Day 7% 9% 8%


