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Abstract. Being the largest contributor to the global source from those derived using a national statistics and population-
of fossil-fuel CQ emissions, China’s emissions need to be based approach for the various economic development levels,
accurately quantified and well understood. Previous studindustrial and energy structures, and even large point emis-
ies have usually focused on the amount of national emission sources within China and each province.

sions and rarely discussed their spatiotemporal distributions,

which are also crucial for both carbon flux and carbon man-

agement. In this study, we calculated China’sx@&missions

from fossil fuel use and industrial processes using provinciall  Introduction

statistics and then mapped those emissions at Ge¥olu-

tion on a month|y basis. Several key Steps have been |mp|eC02 emiSSiOﬂS, which come from combustion of fossil fuel
mented to gain a better understanding of the spatiotempoa”d industrial processes, are a major input to the global car-
ral distributions, including (1) development and application Pon cycle (Gregg et al., 2008). Existing emission estimates
of China’s CQ emission inventories using provincial statis- are usually made at national and regional level on annual ba-
tics; (2) separate calculations of emissions from large poin§is (Boden et al., 2011; EIA, 2010; IEA, 2012; Olivier et al.,
sources and accurate identification of their geographical 102011). However, previous studies have argued that existing
cations; (3) development of 1 km1km gridded population anthropogenic C® emission inventories may have poten-
and GDP (gross domestic product) data for China from 200dial biases (Gurney et al, 2005; Marland, 2012). Especially
to 2009 and application of them as dynamic spatial proX_for China, a recent study revealed that an 18 % gap of Chi-
ies to allocate emissions; and (4) monthly variation curvesh€se CQ emissions corresponded to approximately 1.4 bil-
of CO, emissions from various sectors that were developedion tons, which was greater than total emissions from Japan
for each province and applied to our inventory. China’s to- (Guan et al., 2012). Actually, there has long been a concern
tal CO, emission from fossil fuels and industrial processesabout the accuracy and reliability of China’s energy statistics
has increased from 3.6 billion tons in 2000 to 8.6 billion (Sinton, 2001). Akimotoa et al. (2006) suggested that there
tons in 2009, which may be off by 14-18% and is enoughWere substantial differences in energy consumption data for
to skew global totals. The resulting spatiotemporal distriou-China between official statistics, and verified province-by-

observations. However, few data on £€nissions estimated
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on a sub-national spatial scale (e.g. province and city) exisfossil fuel consumption were further divided into three sub-
in China (Guan et al., 2012; Wang et al., 2012; Zhao et al.,sectors of industrial energy consumption (IEC), transporta-
2012). tion energy consumption (TEC) and other energy consump-
Given that it is the largest emitting country, China’s to- tion (OEC). Emissions from fossil fuel use for international
tal emissions have already raised great concerns worldwidébunker were not calculated here. Emissions from industrial
However, the uncertainties of spatiotemporal distributions ofprocesses (INP) here referred to direct Ggnissions from
these emissions, which are crucial for both carbon manageehemical or physical transformation of materials during non-
ment and potential future climate models (Gregg and An-combustion industrial production (e.g., cement, steel, etc.)
dres, 2008), are rarely discussed. Previous studies usuallgrocesses (Wang et al., 2012).
applied population density as a proxy to distribute national Data on energy consumption for the whole of society
emissions (Andres et al., 1996; Brenkert, 2003; Olivier et al.,and for each sector in various provinces were derived from
2005). This methodology often works fairly well, but is not provincial energy balance tables in the China Energy Statisti-
appropriate for explaining China’s emission distribution be- cal Yearbook (NBSC, 2001-2010a), with exception of trans-
cause of the extremely uneven development and per capitportation fuel consumption. For Tibet, G@missions from
emissions within the country (Wang et al., 2012). Most exist- IEC and OEC have not been calculated in this study because
ing studies quantified seasonal or monthly variations 0§ CO there are not any statistical data on energy consumption for
emissions based on monthly energy sales or consumptiothe whole society and industrial sectors. As Chinese official
data (Blasing et al., 2005; Gregg and Andres, 2008; Lose)statistics report only road transport fuel consumption caused
et al., 2006; Rotty, 1987), which is impractical in China be- by commercial activity, this study calculated fuel use by road
cause the provincial governments do not report monthly fueltransportation as the product of vehicle mileage traveled and
use by sector. Therefore, monthly variation curves were usuthe relevant fuel economy. Data on vehicle populations were
ally established by weighting the monthly fractions of na- taken from the statistical yearbooks (NBSC, 2001-2010b)
tional thermal electricity generation or values of industrial for each province. For Tibet, only total vehicle populations
outputs (Gregg et al., 2008; Streets, 2003). However, resultbut not vehicle populations by type are given in 2000—2001.
for monthly variations of C@emissions over years in China So we have to estimate it by multiplying total population in
are still scarce, especially at the sub-national level. these two years by the proportion of different vehicle type
In this study, we calculated China’s GCemissions in 2002. Vehicle mileage traveled (VMT) and fuel economy
from fossil fuel consumption and industrial processes using(FE) data were taken from previous studies (Wang et al.,
provincial statistical data and mapped emissions a2 2010, 2011). Industrial products were taken from the sta-
monthly resolutions. The methodology used in this work aretistical yearbooks for each province and the China Cement
presented in Sect. 2, where we give a general overview offearbook. In contrast to previous studies, this study sub-
methods, data, and data sources for our emissions inventstituted cement production with clinker production (cement
ries and highlight the major improvements comparing with production will be used if no clinker production data in a
existing studies. In Sect. 3, we present our results from tofew provinces like Tibet) in order to calculate @@missions
tal CO, emissions, and their spatial and temporal variationsfrom the cement industrial process.
between 2000 and 2009. The differences between our results Using Crystal Ball, the Monte Carlo stochastic simulation
and other data sets are also discussed. Finally, in Sect. 4, wapproach was employed to model probability distributions of
summarize our major findings and highlight future improve- key input parameters, and uncertainties estimated. Activity
ments for present inventories. data (AD), such as energy consumption and industrial pro-
duction, are primarily from two sources: China’s provincial
statistics and national statistics, which do not match well. A

2 Methodology and data triangular distribution function is assumed for AD data for
limited samples (Brinkman et al., 2005; Wu et al., 2010). The
2.1 Provincial CO; emissions and uncertainties national data point was set as the minimum value, and then

the maximum value was calculated by adding up the provin-
We adopt the IPCC (Intergovernmental Panel on Climatecial AD data and absolute difference between provincial and
Change) sectoral approach (IPCC, 2006) to develop CO national statistics. Table S1 summarized the key characteris-
emission inventories of fossil fuel consumption and indus-tics of distribution function curves for emission factors (EFs).
trial processes for 31 provinces from 2000 to 2009 in ChinaMonte Carlo sampling number was set as 10 000.
(excluding Hong Kong, Macao and Taiwan). To avoid double
counting, total fossil fuel consumption data were calculated2.2 Temporal variation
from a production perspective based on final energy con-
sumption (excluding transmission losses), plus energy usetEC and INP are the largest two contributors, accounting re-
for transformation (primary energy used for power gener-spectively for 74 and 11 % of China’s total anthropogenic
ation and heating) minus non-energy use. Emissions fronCO, emissions. Temporal variations of emissions from these
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emissions as large point sources (LPS) and identify their
locations exactly by latitude and longitude. Power plants
ranking in the top 80% in terms of electricity production
(CEC, 2000-2009) and cement plants with capacity above
1Mtyr—1 (ACC, 2003, 2006; CCTEN, 2009) were selected

two sectors are also significant, especially for IEC. Previous2s LPS in this study. We derived the geographical coordinate
studies have shown that emissions from the combustion oPf LPS by checking their addresses with Google Earth. Some
||qu|d fue|s’ which are main|y consumed by transportaﬁon, LPS that could not be identified for lack of information were
are relatively constant throughout the year (Gregg and Andncluded in area emissions. For example, 861 LPS, which
dres, 2008). Thus, monthly variations of total £@nissions ~ emitted 2304 million tons C§) have been separately calcu-
are dominated by those of IEC and INP. As £€mission lated in 2009. However, geographical coordinates of 40 LPS
factors changed little for specific energy type throughout thedccounting for 3.78 % of the total LPS emissions were not
year, monthly variation of emission is consistent with that of available and were treated as area sources.
AD, such as energy consumption and industrial productions. The emissions from other sources (except LPS) were
Monthly variations of IEC emissions in various provinces treated as area emission and allocated to each grid &t 0.25
were estimated on the following assumptions: (1) monthlyresolution via the proxies of population and/or GDP (gross
variations of emissions from electricity generation and com-domestic product, Table S2). The 1 ki km gridded data
bustion during steel production are consistent with the varia-0f China’s population and GDP densities (Yang et al., 2009;
tion of respective productions. Monthly thermal power gen- Liu et al., 2005) from 2000 to 2009 were developed and ap-
eration and steel production are available in provincial statis-Plied in this study. Fig. 1 shows the schematic methodology
tics (NBSC, 2001-2010b); (2) because the data on monthlyor the development of spatial distributions of our inventory.
heat production are not available in China, we assumed heat
consumption is equal to the production. Monthly variations
of residential and industrial heat consumption are respec3 Results and discussion
tively indicated by the variations of residential energy use
(Streets, 2003) and industrial added values (NBSC, 2001-3.1 China’'s CO; emission trends 2000-2009
2010b); and (3) monthly industrial added values (NBSC, . o . .
2001-2010b) were used as proxy to reflect variations O,_(:hlna’g CQ emissions due to fossil fuel consumption and
emissions from other industries. Similarly, monthly variation industrial processes both grew between 2000 and 2009, and

curves of emissions from the INP sector were established usiot@l emissions increased from 3.6 to 8.6 bilgion tons, with
ing monthly industrial production (e.g., cement and steel pro-2N @nnual average growth rate (AAGR) of 10% (Fig. 2). The
duction). uncertainties of total emissions are quantified using Monte-

Carlo simulation, producing a 90 % confidence interval (CI)
2.3 Spatial distribution from —7.6t0 6.9 % in 2005 te-9.8 t0 8.5 % in 2009. The un-
certainty ranges of total emissions have become wider since
As power plants accounted for nearly 30% of China’s to- 2005 because the gaps between provincial and national en-
tal emissions (Zhao et al., 2012) and cement production acergy consumption statistics become more significant from
counted for 60 % of emissions from INP, we mapped thosethis year on, especially for coal consumption (Table S3).

Fig. 1. Schematic methodology for the development of spatial dis-
tributions.
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over 10%. However, the provincial AAGR between 2007
and 2009 slowed down to 6%, which was 45% less than
that during the period 2000-2007. As well as the general im-
provement in energy use efficiency (Zhang et al., 2009), it
may be also related to the global recession of 2008—-2009
(Peters et al., 2011). Furthermore, some important events,
e.g., 2008 Olympic Games (Wang et al., 2012), have also
impacted on individual provincial COemissions. For ex-
ample, CQ emissions from Beijing, China’s capital, showed

a relative decline over recent years due to measures asso-
ciated with 2008 Olympic Games. Tianjin, Hebei, Shaanxi
and Shandong are the surrounding provinces or municipali-
ties of Beijing that were required to take measures to ensure
good air quality during the games. Thus, many temporary
measures for controlling or shutting down energy intensive
and heavy polluting industries, such as cement, coke, iron
and steel enterprises, during the games period also slowed
down the CQ emission growth rate in 2008. As China’s gov-
ernment has been developing Inner Mongolia to be a strate-
gic state energy base and will build it into China’s largest
power base (Clark and Isherwood, 2011a, b; Xinhua News
Agency, 2008), its thermal power generation reached over
200 million kWh by the end of 2009, which is five times the
level in 2000. These made G@missions of Inner Mongo-

lia increase with the highest AAGR at 17 % during the past
decade.

Our emission inventory was compared with various exit-
ing data sets of the CDIAC (Carbon Dioxide Information
Analysis Center), IEA (International Energy Agency), EIA

@ (b) (Energy Information Administration), PBL (Netherlands En-
vironmental Assessment Agency), from Zhao et al. (2012)
Fig. 3. COz emissions of 31 provinces and municipalities in and Guan et al. (2012). Overall, most of the existing results
China: (a) total emissions, million tong(b) per capita emissions, gre statistically similar. However, there are still some minor
ton/person. Shandong, Hebei, Jiangsu, Henan, Guangdong, Liaonyitferences between our results and the previous studies re-
ing, Shanxi, Inner Mongolia, Zhejiang and Anhui were the ten sulting from the differences in methodology and included
provinces that contributed most to accumulated,GEnissions . . .
sources. For example, fossil fuel @@missions of various

from 2000 to 2009. They emitted 36.5 billion tons of £0which tudi ble bef 2004. but it
accounted for 61.5 % of total Chinese emissions during that period.S udies were comparablée betore » butour resufts are ap-

As the largest C@ emitting province, Shandong itself contributed Parently greater than those from the CDIAC, IEA, EIA and
8.7 % of China’s total emissions from 2000 to 2009, with an AAGR PBL since 2005 (Fig. 4a), which used the national statis-
of 14 % (second only to Inner Mongolia). Inner Mongolia was the tics of energy consumption and industrial production. The
seventh largest contributor to accumulated,@nissions, but had ~ gap between our results and CDIAC reached 0.84 gigatonnes
the highest AAGR at 17 % during the past decade. Geographical loCO, in 2008, which is larger than Germany’s annual emis-
cations and abbreviations for the 31 provinces in China’s mainlandsions. Discrepancies mainly arise from inconsistencies in en-
are shown in Fig. S1. ergy consumption, especially coal consumption, among var-
ious statistics (Table S3). As some researchers (Akimotoa et
al., 2006; Guan et al., 2012; Zhao et al., 2012) have already
All Chinese provinces also showed increased,@nis-  discussed possible reasons for this difference and brought at-
sions during the past decade, although there were fluctuaention to the problems of China’s energy statistics between
tions for several provinces in individual years (Fig. 3a). As national and provincial levels, we did not repeat the discus-
shown in Fig. 3b, per capita emissions for all the provincessions here. Another example is that although we applied the
also show growth trends, which will put huge pressure onsame provincial statistical data as Guan et al. (2012) and
the local governments as they seek to realize their carbozhao et al. (2012), there are still minor differences among
mitigation ambitions. The AAGR for C®emissions varied these three results, which is mainly due to different calorific
from 3.4 (Beijing) to 17.0% (Inner Mongolia) for individ- values (CVs) and oxidation rates (ORs, Table S4) applied
ual provinces and over half the provinces had an AAGR ofin calculating local specific emission factors. Our applica-
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Fig. 5. Spatial distributions (0.Z5resolution) and changes (2000—
2009) in CGQ emissions from energy consumption and industrial
processes in China.

Fig. 4. Comparison of China’s C®emissions among various data
sets:(a) emissions of fossil fuel(b) emissions from cement pro-
duction. It should be noted that different data sets include differ-
ent components in total emissions, e.g., CDIAC, IEA and PBL data
omit emissions from fossil fuel use for international bunker (EF-
FIB), but EIA country-level data include EFFIB by incorporating industrial solid waste (e.g., carbide slag) (ACC, 2011) in

sions from the national total emissions in various data sets to ensurssing cement production data.
the results be comparable.

3.2 Spatial distribution

tion of IPCC recommended CVs and ORs for various fossilChina’s CQ emission inventories (2000-2009) were devel-
fuels may slightly overestimate (by 2—4 %) the £€&mit- oped at 0.25 resolution in this work. As shown in Fig. 5,
ted to the atmosphere. Furthermore, this study’s calculation€0, emissions of most geographical grids increased and spa-
(Sect. 2) of emissions from transportation energy consumptial distributions changed greatly in the past decade. In 2000,
tions (TEC) could reflect some smuggling oil consumption emissions were concentrated in the most developed regions,
(not recorded in the statistics) in China, which could alsolike Beijing, Shanghai and Guangdong (Fig. S2). In 2009,
contribute to the final emissions. high-emission centers expanded and new centers appeared in
CO; emissions from cement production processesShandong, Inner Mongolia, Hebei and some new city clusters
recorded in this study were close to those of Zhao etin southwestern China (Fig. 5a). Grids with higher emission
al. (2012) and PBL results, but much lower than the CDIAC intensities and more rapidly increasing emissions are mostly
and Guan et al. (2012) results (Fig. 4b). As £€nissions  located in the eastern area, where there have already existed
happen during the clinker production process, we calculatediigher emissions (Fig. 5b). As Inner Mongolia is becoming
emissions by using clinker production rather than cementChina’s strategic state energy base and largest power base,
production. Nearly 10 % of the cement clinker comes from grids with higher emissions have also obviously appeared
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analysis are higher in certain grids, and ratios less than 1 indicate
our analysis are lower. The ratios of cells having zero emissions in  se Lsoo N
CDIAC and larger than zero emissions in our results are defined to
be 100.

400 N Laoo
during the past decade. Significant decreases of emissions 3~ 30°N
are usually due to the elimination or reduction in some grid
cells of LPS with outdated technologies in the past decade ,, | oo
(Zhang et al., 2009; Zhao et al., 2013). €02 emissions (Mtf3) :
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Spatial distribution characteristics of our refined £O PP . 050-500 + 5001000 © 10001500 ® 15902000
emission inventories were found to be obviously different N ——r—— e —
from CDIAC's (Fig. 6). The differences between the maps
are clearly explained by the differences in the methodology (0)
and available information, which could be summarized into S°E  0°E 1PE NPE  130°E  130°E
the following three major points.

First our basic emission inventory was developed using 7 57
provincial statistics and then aggregated to get national emis-
sions. Therefore, on one hand, China’s total,@&mMissions 40N Lago
are different among various studies as illustrated in Fig. 4;
on the other hand, comparing with previous studies, e.g.,
CDIAC (Andres et al., 2011a), ODIAC (Oda and Maksyutov, ™" [+
2011) and FFDAS (Rayner et al., 2010), using the national
total as the basic emissions inventory to allocate into various e Laoe

. . H - H CO2 emissions (Mt/a) .

provinces ar}d I'ocatlons, our inventories are directly galcu— o e 05100 . 100200 » 200500 A 500-1300
lated at provincial levels, thus definitely different to theirs at | 7e - 0s0-so0 + s00-1000 @ 1000-1500 @ 1500-2000 @ 002000
the provincial resolution. o W wr s e oo

Second in addition to various absolute emissions, an-
other important reason for the spatial differences between
our results and CDIAC's is the process of LPS. As shown
in Figs. 6 and 7b, most cells with a ratio greater than 1.5Fig. 7.Geographical locations and G@missions of the large point
contained LPS, but emissions from LPS are included in are&ources. Red circles are emissions from power plants and blue tri-
sources and allocated to all cells using the proxy of pop_angles are emissions frgm Fhe non-lcombustion processes of cement
ulation in CDIAC. However, the emissions from LPS are P/2nts: The bigger the size is, the higher annuap @@issions are.

. ' . . The number of LPS has increased from 240 in 2000 to 821 in 2009
usually intense and poorly correlated Wlth populgtlon (Oda(TabIe S5) and their emissions in each province also increased.
and Maksyutov, 2011). Most LPS are situated in eastern
China (Fig. 7), and C® emissions from large coal-fired
power plants accelerated from 2000 to 2009, especially in the
province of NM (Inner Mongolia) as we illustrated above.

©
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Our selected LPS contributed over 25% of national total 1o
emissions and the fractions exceeded 35% for some indi
vidual provinces like Anhui, Guizhou, Ningxia, and Zhe- g_ |
jiang (Table S5). It means that 25-35 % of total emissions § :
have been accurately allocated in the geographical locations£ s
which greatly improves the spatial resolution of our inven-
tory.

Third, the application of population density as a spatial
proxy to distribute China’s C®emissions will inevitably in-

o
L

-
L

Fractions of CO, emi

troduce uncertainties in CDIAC and our distributions (where This study ----CDIAC

population is used as the spatial proxy, see Fig. 1). As = 5358555855 5855585358555R525852585%3
per capita emissions vary greatly across different provinces & g g g g g 5 g g
(Fig. 3b), due to unbalanced regional development, itisnot =~~~ °©~ % % % % %
surprising that large errors are introduced when population is (a) National level

used as a proxy to allocate emissions in various areas. Special

policy and development characteristics in some provinces,,; . average | I

(such as Beijing and Inner Mongolia) of China also make

the.ir emission trends very differept f.rom. others (l_:ig.. 3),  Heilongjiang | o

which further influence the spatial distributions of emissions.

Furthermore, CDIAC assumed little change in spatial den- g, jnai . I

sity of population and used population density data of 1984

(Andres et al., 1996, 2011a) to distribute £€missions for Beijing o s

all other years. This means that fractions of each grid’s emis- I
sion to the total emissions remain the same in different years, 0O 10 20 30 40 50 80 70 80 80 100
which are equal to the fraction of each grid’s population to Fractions of GO, emissions(%)

the total population in 1984. This assumption is proper for W Jan&Feb W Mar Apr = May June July
the developed countries with little change in the spatial dis- Aug MSep  MOct Nov.  MDec

tribution of population. However, it will lead to serious prob-
lems where there is rapid urbanization as in China (Yusuf,

_2008; Zhang a?nd Song, 2003)'_Whi0h hqs had gregt Changqﬁg. 8. Monthly variations of emissionga) is the average monthly

in the p(_)pulatlon and thus emissions distribution in recent.,es for China from 2000 to 200%b) is for some important

years (Fig. S3). provinces in 2009 (the results of other provinces are not shown
here).

(b) Provincial level

3.3 Temporal distribution

China’s total CQ emissions show strong seasonal variationsof China, such as Heilongjiang and Beijing, were very high
with a peak in December and a significant valley from Jan-during January and February. However, the heating effect on
uary to February for all years (except 2008) (Fig. 8a). Therethe variation of total national emissions is very small because
are three explanations for the emission peak in Decemberlit contributes only about 1 % to total G@missions in China.

(1) compared to the average, 12-43 % more electricity and Moreover, it could be found that our monthly variations
76 % more heat are generated in this month to meet the decurve of China’s total C@emissions is similar to that of the
mand of air conditioning and heating (NBSC, 2001-2010b); CDIAC before 2008. But obvious differences were found for
(2) it could be found that the cement production in Decem-the year of 2008, which could be explained by the fact that
ber was 9-21 % higher than the average, while it was 27-monthly fuel consumption data in 2008 was estimated via
42% lower from January to February (NBSC, 2001-2010b).Monte Carlo methods in CDIAC due to lack of data (Andres
The cement plants have to produce more in this month to balet al., 2011b). There is no doubt that the CDIAC’s monthly
ance the supply and demand after the Spring Festival. (3) Iturve estimated by Monte Carlo methods in 2008 will be
could also be a result of data manipulation to meet annuakimilar to the previous years. However, monthly variations
quotas by the end of the year to meet annual energy conef national emissions in 2008 were very different as com-
servation targets or to match economic development (Greg@ared with other years for the following reasons: (1) signif-
et al., 2008; Guan et al., 2012). Industrial activities usuallyicant reduction in industrial activities and hence £énis-
stop for several days during the period January—February fosions in China in the second half of the year could have been
traditional Chinese holidays of Spring Festival, which lead caused by the global financial crisis that started in September
to the reduction of C@ emissions. It should be noted that of 2008 (Fig. S4); and (2) measures for controlling or shut-
fractions of heating-related emissions in northern provinceging down energy intensive and heavy polluting industries in
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Beijing and the surrounding areas during the 2008 Olympic 4

Games (Sect. 3.1) also reduced £ issions in the summer

of this year. In our study, we took advantage of the updatec 7 * I I

data for the year of 2008 to calculate the emissions, whict g o I | N I s - I T

will reflect the reality more accurately and also lead to the § I I I

great differences comparing to CDIAC since the beginning & ° B | I I
4 | |

of 2008.

We developed monthly emission curves at China’s provin- ]
cial levels (Fig. 8b only showed some of them), and found *"
each province has its own characteristics in monthly varia- -

tions of CQ emissions which can differ greatly with the na-
tlona.l .averag?' For example, the 'T“pa.Ct of reducing IndH.SmalFig. 9. Contribution of CQ emissions from electricity generation
activities during the Spring Festival is smaller on Beijing, for 31 provinces in the summer (June, July and August) of 2009.

Shanghai and Heilongjiang than on other provinces. As heatThe y axis represents the difference between the fractions gf CO

ir?g Contrit_’Ute_d nearly 8% to Heilqngjiang’s total @@mis-  gmissjons from electricity generation during summer in each of the
sions, which is well above the national average level of 1%,31 provinces and 25 %. We calculate it based on the fractions of

growing heating consumptions in these two months have off-CO, emissions from electricity generation during summer in each
set the impact of reducing industrial activity. For Beijing and of the 31 provinces, minus 25 %.

Shanghai, tertiary industries, which respectively accounted

for nearly 75 and 60 % of their GDP, become more prosper-

ous during the Spring Festival, and increased emissions fronduced to the spatial distribution of emission, although the re-
tertiary industry offset the impact of industrial activity re- gional total is unaffected.

ductions. Another example is the different power generation Comparing with the CARMA data setvivw.carma.org,
structures among various provinces. Hydropower is seconavhich has already been applied (Oda and Maksyutov, 2011;
in importance to thermal power and accounted for 16.6 %Wang et al., 2013) in calculating emissions from global
(NBSC, 2001-2010b) of total electricity generation in 2009. power plants, the following points should be stressed: (1)
However, it is significantly limited by precipitation, which is CARMA only provides data for 2000, 2004, 2007 and 2009,
influenced by the monsoonal climate and varies greatly fromwhich introduces significant uncertainty when extending
province to province and season to season. Therefore, theemissions to other years because of rapid development of
mal power will be adapted to the variation of hydropower to new power plants with advanced technologies and elimina-
meet electricity demand. As shown in Fig. 9, summer con-tion of old ones with outdated technologies in China; (2)
tributed over 25 % of annual GGemissions from electricity CO», emissions from power plants were 3.12 billion tons in
generation for most provinces in China. However, the situa-2007 using the CARMA data set, accounting for over 40 %
tions differed in some provinces with a larger proportion of of China’s total emissions, which is much higher than our
hydropower (Lindner et al., 2013), such as Yunnan, Guangxiand other published results (25-35 %) (Zhao et al., 2012).
Sichuan, Qinghai, Hubei and Fujian. As high rainfall in sum- Estimates of emissions from China’s individual plants in
mer brings abundant hydropower resources, thermal electric€ARMA (Table S6) also show great differences to our lo-
ity production and thus C&®emissions from thermal power calized results (Table S7); and (3) the CARMA data set indi-
plants are reduced. Therefore, application of national averageates the city center as the location of a reported power plant,
temporal variation curves would cover the differences amongwhich could introduce big spatial errors (Table S7) compar-
various provinces in China, which may have an impact on at4ing to our LPS database, which mapped emissions to the big
mospheric carbon concentration simulation (Gurney et al.chimneys of 80 % of the power plants (Fig. S5). Therefore,

ons(%)

ractions of GO.

2005). one should be cautious when the CARMA data set is applied
to estimate emissions of power plants in China.
3.4 Uncertainties in spatial distributions As the county is China’s basic statistical administrative

unit and is comparable to the spatial resolution (8)2%our

The most important step (except the calculation of provin-work, it seems more reasonable to develop the inventory at
cial and sectoral C®emissions, which has already been dis- 0.25 resolution based on current existing data sets. Caution
cussed in Sects. 3.1 and 3.2) to reduce uncertainty in spatiahould be taken if a higher resolution inventory, like ODIAC
distributions of our emission inventory is the separate calcu{1 km resolution), is developed, because every tiny error for
lation of emissions from LPS. We comprehensively checkedan individual LPS and even small point sources will impact
the address of each LPS from various sources, which includemissions in such small grids, and only the evaluation of LPS
the Internet and other available materials (ACC, 2003, 2006{assumed no errors or omissions) is not enough to produce
CCTEN, 2009; CEC, 2000-2009). However, if the informa- such high resolution inventories for China. Furthermore, the
tion about LPS is not accurate enough, errors will be intro-original national emissions inventory, or even our provincial
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inventory, with some proxies may also introduce greater un-Regional Environmental Quality and Foundation Research Project
certainties when higher resolution inventories are developedof Jiangsu Province (Natural Science Fund No. BK2011017).
The contents of this paper are solely the responsibility of the au-
thors and do not necessarily represent official views of the sponsors.
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