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General Response: We appreciate the referee’s in-depth comments, which are useful
for us to improve the clarity and the quality of this study, and to explain better certain
key aspects of this study. Accordingly, we have listed our responses to your comments
which have been classified and summarized as follows:

1. This methodology is very similar to previous works for China (Klimont et al., 2002;
Streets et al., 2003; Wei et al., 2008) and has few improvements.

Response: We appreciate the referee’s criticism. We have compared our methodol-
ogy as well as the results with previous work, and the major differences and more
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details are included in the revised manuscript. Generally, we compiled six emission
profiles corresponding to distinct vehicle categories running under particular modes,
as well as the gasoline evaporation emission profile, which ensured a better estimation
of the real-world emission inventories of speciated NMVOC including as many as 69
species. Besides, our speciated emission inventories gridded at a high spatial resolu-
tion covered a long period of time, and the manuscript included a discussion about the
temporal variation of contributions of various vehicle categories to speciated NMVOC
groups, which to the best of our knowledge has been the first time to report such re-
sults. It is therefore believed that these are some improvements and will be useful for
further air quality simulation (like the simulation of ozone and SOA formation), health
impact assessment and control strategy devised by policy-makers.

2. Compared with their previous paper (Bo et al., 2008), the only new work involved
in this paper is using VOC profiles to calculate the long term trend of speciated VOC
emissions from China’s vehicle fleet, but the quality of their results was downgraded by
the rough method and bold assumptions.

Response: We have summarized our new work and some improvements of our study
above, in comparison with previous work. Besides, we would hardly agree with the ref-
eree’s criticism about our method and assumptions. Generally, our method focused on
the determination of appropriate emission profiles based on a wide review of literature
relevant with emission profiles corresponding to various vehicle categories running un-
der particular modes, and we did not assume any bold hypothesis. Thus, we believe
the results were credible. In the following, we have responded and explained to all the
specific comments, criticism and questions from the referee to prove the credibility of
our method and results.

3. In the meanwhile, the method of simply averaging various VOC profiles is quite
questionable (see specific comments below).

Specific comment 1: Page 11056, Line 4-23. This method is quite questionable. The
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different profiles should not be simply averaged since they differed in the number of
samples, the types and technologies of tested vehicles, and the measurement meth-
ods. A simple example is, a study with ∼100 vehicles were usually more reliable than
a study with a few vehicles. We can find that the profiles varied significantly for several
important species. The authors should carefully compare the different profiles and give
appropriate weights for the profiles if an average profile is used.

Specific comment 2: Page 11056, Line 11, how is the profile normalized?

Response to specific comment 1: Before the way of averaging different profiles was
applied, the six distinct types of emission profiles were determined based on corre-
sponding measurement of the same vehicle type under the same or similar running
modes, to make sure that different emission profiles of the same type were compara-
ble and could be averaged. As for the number of measurement samples involved in
each specific study, we did not treat them differently, since there was no authoritative
assessment of the reliability levels of various studies and we respect for every work
done and trust the credibility of their results due to reliable measurement method and
detailed experiment procedures. This is why we did not assign different weights to dif-
ferent profiles of the same type and simply treated each specific profile equal, which we
believe is reasonable. The referee pointed out that the profiles varied significantly for
several important species. We have noticed that there were indeed some notably differ-
ent weight proportions for some species from different profiles measured by different
researchers. However, measurement of speciated NMVOC normally required elabo-
rate instrumental and strict experimental method, from which the results had certain
level of deviation, but were still within the acceptable quality level of a certain degree
of confidence. Even for well-controlled comparison experiments, the result deviation
could reach [-51.8%, 72.4%] (Tang et al., 2008). Nevertheless, we admit that our way
of averaging profiles can cause some uncertainty for the determined profiles and the
final emission inventories. Therefore, we conducted a Monte-Carlo based uncertainty
analysis to quantify the inaccuracy, which turned out to be quite acceptable.
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Response to specific comment 2: The relative weight proportion (w%) of each specific
species in a particular emission profile to be determined was normalized to the total
weight proportion (w%) of all species included in that profile, to avoid unrealistic over-
estimate or underestimate of the relative weight proportions (w%) of individual species,
and to reduce the potential discrepancy between the estimated emission profile and the
ideal one, which is not yet available and supposed to be perfectly representative of the
real-world situation based on statistically adequate measurements. This method of nor-
malization has been widely used in other studies (Na et al., 2002, 2004; Schmitz et al.,
2000; Kirchstetter et al., 1996; Duffy and Nelson, 1995; Duffy et al., 1999; Niedojadlo et
al., 2007), including the information-intensive profile database of USEPA’s SPECIATE
(2008).

4. First, I am particularly troubled by the lack of detailed information on how some
important parameters were generated (see specific comments below). This leaves the
reader uncertain about the validity of the data used in this estimation.

Specific comment 1: Page 11055, Line 15, the authors need to explain how the cold
start emissions were calculated, especially how they obtained the data of soak time
distributions for different vehicle types in China. The authors refer readers to Reference
Cai and Xie (2007), but this information is not given in this reference.

Specific comment 2: Page 11055, Line 16, “a normal (20 km/h) and (40 km/h) mode
or a freeway (80 km/h) normal” need to be explained more. Also, I think these three
speeds are too far from being representative of vehicle speeds in China during the
past 25 years. The average speed has changed a lot from 1980 to 2005. Moreover,
the average speeds differ significantly among different city sizes in China, 20 km/h is
common only in large cities such as Beijing and Shanghai. For most cities in China,
the average speed is over 30 km/h or even higher. Since the 1990s, numerous studies
have been conducted to understand the driving patterns in China, and the authors
should to look into these studies to improve their estimations.
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Specific comment 3: Page 11057, Line 9-10, the authors said “Table 3 summarizes the
utilization rate of TWC among gasoline vehicles based on the governmental statistical
data (NBS, 2006).” As far as I know, Chinese statistics did not release the utilization
rates of TWC. Utilization rates of TWC are very important in the entire estimation as
TWC affects VOC emissions significantly, so the authors need to present clearly how
the utilization rates of TWC among gasoline vehicles were generated based on the
government statistical data.

Response to specific comment 1: Thanks to the referee for putting forward this impor-
tant issue, which has a great impact on the estimation of vehicular NMVOC emissions,
since it has been estimated that in the USA between 10% and 30% of traffic NMVOC
emissions come from cold start emissions (Lents et al., 2004). Therefore, we used
the standard CORINAIR methodology incorporated by COPERT to calculate the cold
start emission factors of various vehicle categories (Ntzaichristos and Samaras, 2000).
By this methodology, the cold emissions are calculated as additional emissions per km
over hot emissions, and the formula and related details can be referred to Ntzaichristos
and Samaras (2000). To apply this methodology, the parameters requiring determina-
tion include: (1) the average trip length per vehicle trip (Ltrip). We used the default
value of 12.4 km by COPERT since the Ltrip for annual vehicle circulation should be
found in the range of 8 to 15 km according to a relevant analysis (André et al., 1998),
and it is proposed to use this value of 12.4 km unless firm national estimates are avail-
able (Ntzaichristos and Samaras, 2000). Recently some domestic studies on the Ltrip
in China revealed that the Ltrips for buses, private cars and taxies in Beijing were 8.5,
24.0 and 10.0 km, respectively (Shi et al., 2009), and the Ltrips for buses and pri-
vate cars were 9.5 and 7.2 km, respectively, in Hangzhou, the capital city of Zhejiang
province (Liu and Wang, 2004) and that the Ltrip is usually a little bit more than 10.0
km in several cities of Guangdong province (Zhang, 2005). These studies could justify
our selection of the 12.4 km value, given the lack of more credible information; (2) the
average monthly ambient temperature. These data for every province of China over
the studied period were obtained from China Meteorological Administration; and (3)
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the catalyst technology dependent cold start correction factor. This factor is a func-
tion of the level of emission legislation conformity for gasoline catalyst vehicles and the
functions for different gasoline catalyst vehicles are included in the CORINAIR method-
ology. The determination of the level of emission legislation conformity for gasoline
catalyst vehicles in China can be referred to established methodology (Cai and Xie,
2007). Therefore, the calculation of cold start emissions by the CORINAIR method-
ology does not need soak time distributions for different vehicle types. Actually, hot
soak emissions belong to part of evaporative NMVOC emissions, and its estimation by
the standard CORINAIR methodology as we used depends on average monthly am-
bient temperatures and the fuel volatility RVP of each province of China, which were
obtained by established methodology (Cai and Xie, 2007).

Response to specific comment 2: Actually, we have considered the temporal variation
of average speeds during the estimation of total NMVOC emissions in previous work
(Cai and Xie, 2007), where we chosen 30 km/h and 20 km/h to represent the urban
traffic situation in the 1980’s and the following years, respectively, mainly based on do-
mestic studies on driving patterns in China: Wang et al. (2007) reported that the aver-
age speeds in directly governed cities (Beijing, Shanghai, Tianjin and Chongqing) and
capital cities were all below 30km/h and the speeds in Beijing, Chongqing, Chengdu,
Changchun, Jiutai, Mianyang, Jilin and Zitong, eight representative cities of all types,
were 20.5, 27.4, 25.3, 25.8, 23.2, 32.2, 33.3 and 30.3 km/h, respectively; Liu and Ding
(2000) reported that the average speeds in most cities were below 20 km/h, with an
exception of the coastal city of Dalian with a speed of 33.5 km/h; Ye et al. (2007) re-
ported that the average speeds on the High-speed roads, the Main roads and other
roads were 27.5, 20.8 and 14.6 km/h, respectively; Yao et al. (2006) reported that
the average speeds in the city of Ningbo was only 22.8 km/h; Yao et al. (2004) re-
ported that the average speeds on urban roads and rural roads in Chengdu were 21.7
and 49.8 km/h, respectively; Lei (2007) measured the driving cycles on a bunch of
urban roads in the city of Wuhan and reported the average speeds were around 20
km/h. Based on these studies, it is clear that there were no significant differences in
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average speeds among different city sizes in China and we believe that 20 km/h was
representative for urban average speed in most cities of China. Nevertheless, we have
conducted an uncertainty analysis of the emission inventories, with a particular focus
on the bias of neglecting possibly various average speeds, to improve the quality of our
estimated emission inventories. Moreover, to clear the referee’s mind of doubt about
the representativeness of 20 km/h and 30km/h for urban, 40 km/h for rural and 80 km/h
for freeway in China during the past 25 years, we have the following explanations: the
vehicle population in Chinese cities in the 1980’s was much smaller than the years of
2000-2005, and the smoother traffic flow and much less traffic jams tended to raise the
average speeds of vehicles. However, the conditions of both roads and vehicles were
much poorer in the 1980’s than recently, which hindered the raise of speeds to a high
level. Taking into account of these two factors that influenced the average speeds, it
is reasonable to believe that the average urban speeds were relatively higher in the
1980’s (30 km/h) and decreased later (20 km/h), with the rapid growth of vehicle pop-
ulation in Chinese cities and relatively slower improvement of the road and vehicle
conditions. As for the rural speeds which remained constant, it was because the rural
road condition in the 1980’s was generally poorer than the urban road condition, but
the vehicles could probably run more fluently at around 40 km/h than running under
the urban conditions, due to much less traffic and loose traffic management (no traffic
lights at all) on rural roads. Later in the 1990’s and recent years, the positive effect of
the improvement of rural road and vehicle conditions on the raise of speed was sub-
stantially offset by the negative effect of the rapid growth of vehicle population running
on rural roads. Therefore, it is reasonable to assume that the speed of 40 km/h re-
main constant throughout the studied period especially when no more convincing data
on such speed were available. Finally, the case of freeway speeds was simple as the
regulation on freeway speed has almost remained the same since such type of road
appeared in China in 1989, despite the improvement of road and vehicle conditions.
Therefore, the speed of 80 km/h on freeway roads was assumed to remain constant
for the entire period of study.
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Response to specific comment 3: It is true that Chinese statistical bureaus do not re-
lease the utilization rates of TWC but they do release annual population data of various
vehicle categories, including gasoline vehicles of various technologies with different
engine cylinder capacities for all provinces. Meanwhile, China formulated a regula-
tion that required installing TWC on new gasoline vehicles coming into use from year
2000 (MEP, 1999), and another regulation prescribed that unleaded gasoline would
be provided for civil transportation from the beginning of year 2000 (GAQSIQ, 1999),
which ensured the satisfaction of the fuel quality requirement of using TWC by gasoline
vehicles. Taking these factors into account, it is reasonable to assume that gasoline
vehicles coming into use during the period of 1980-1995 were non-TWC gasoline ve-
hicles, and all newly-used gasoline vehicles since 2000 were TWC gasoline vehicles.
Therefore, for the period of 2000-2005 when both TWC gasoline vehicles and non-
TWC gasoline vehicles were running, the utilization rate of TWC for a specific year
can be calculated based on the cumulative population of newly-used gasoline vehicles
since 2000 and the total gasoline vehicle population in that year. For example, the
TWC utilization rate in 2000 was the proportion of newly-used gasoline vehicles in that
year to the total gasoline vehicle population in 2000, and TWC utilization rate in 2001
was the ratio of the sum of newly-used gasoline vehicles in 2000 and 2001 to the total
gasoline vehicle population in 2001.

5. Second, there is another concern that without in depth discussions in the paper the
conclusions drawn by the authors cannot be substantiated. As a specific study focused
on vehicle emissions, the discussion part should include the follows: (1) Comparison
with other studies. This is not the first work addressing speciated VOC emissions in
China. The authors should compare their estimates with previous studies (Klimont et
al., 2002, Streets et al., 2003, Wei et al., 2008) as well as tunnel/road side based VOC
profiles (Tsai et al., 2006; Tang et al., 2008); (2) how the emission trends were driven by
the recent regulations; and (3) how the emissions impact temporal and spatial patterns
of the ozone formation potentials. Also, the SPECIATE database by USEPA should be
included in the comparison as it contains a huge database and has been extensively
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used in VOC speciation studies.

Response: We have compared our results with the previous work in details, and
have discussed about the differences between estimates based on SPECIATE profiles
and our estimates, as well as the impact of recent emission regulations on emission
trends, which was included in a new section named “Comparison of Speciated NMVOC
Emission Inventories with Previous Estimates and Uncertainty Analysis” in the revised
manuscript. Given that our current study focuses on the estimation of vehicular spe-
ciated emissions and the discussion about temporal variation and spatial distribution
of emissions, the topic of how the emissions impact temporal and spatial patterns of
the ozone formation potentials is not included as we believe study on this important
issue should be conducted individually based on particular theory and methodology.
Besides, we had actually looked into previous work including Tang et al. (2008) before
our seven profiles were compiled based on a wide literature review. Profiles obtained
from tunnel studies like Tang et al. (2008) included mixtures of gasoline and diesel ex-
haust, evaporative sources, etc. While these types of profiles may be useful for source
apportionment modeling, they are not suitable for the purposes of emission inventory
development since they are mixtures of many emission sources. Tsai et al. (2006)
measured the vehicular fuel composition in four cities of South China, and found that
the toluene percent compositions for gasoline collected in the cities were all signifi-
cant higher than values reported from US, Canada and Korea (Conner et al., 1995;
Mclaren et al., 1996; Na et al., 2004), which we used to compiled the gasoline va-
por profile. Meantime, we have looked into another recently domestic research which
reported that the weight proportion of toluene in the vapor of the commonly-used do-
mestic gasoline was 3.33% (Lu et al., 2003), much lower than the 14% for Zhuhai and
10% for Guangzhou reported by Tsai et al. (2006) and much closer to the values we
had referred to. To better assess the quality of our estimates, we have reanalyzed in
our revised manuscript the uncertainty in relevant with the gasoline vapor profile, taking
into account of the results of Lu et al. (2003) and Tsai et al. (2006).
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6. Page 11055, Line 15-16, “which includes six situations corresponding to specific
vehicle category”, the six situations were unclear, and need to be clarified.

Response: Thanks to the referee for pointing out this obscure statement. The six
situations refer to different vehicle categories running under particular modes which
resulted in six distinct emission profiles. These six situations are: (1) gasoline vehi-
cles with TWC (three-way catalysts) running under the normal mode (20 km/h and 40
km/h); (2) gasoline vehicles without TWC running under the normal mode; (3) gaso-
line vehicles running under the freeway mode (80 km/h); (4) diesel vehicles running
under the normal mode; (5) diesel vehicles running under the freeway mode; and (6)
the emission profile for motorcycles.

7. Page 11057, Line 11, it is more reasonable to allocate vehicle emissions by road
networks than total GDP (Zheng et al., 2009).

Response: Thanks to the referee for recommending a theoretically good method for
spatial allocation of vehicular emissions. Actually, we tried to allocate our emission
inventories based on road networks. However, it turned out not to work for several
reasons. First, the accuracy and reliability of the recommended method depend to a
great extent on whether the detailed road network data throughout China is available
or not. Unfortunately, the complete data required by such a method are not available
and the public generally only have the access to some information on the road network
in some developed regions of China, like Beijing, Shanghai, and the Pearl River Delta
in Guangdong Province, with the road network information in the vast rural areas and
many underdeveloped cities of China a mystery. Moreover, construction of new road
network and reconstruction of older one go ceaselessly and so rapid that it is very
tough and often simply impossible to track and obtain the ever changing road network
information. This situation of lack of necessary and reliable road network data becomes
more serious for the earlier years of 1980-2000, when off-grade road and non-cement
or non-asphalt paved road occupied a dominant proportion and very little road network
information could be obtained for even major cities. Because of this, we were finally
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forced to quit the method for the spatial allocation of emissions. Second, it is true that
the method recommended by the referee has been applied in some studies and the
results turned out to be sound. However, the study by Zheng et al. (2009) focused on
a limited area where the social and economic development was at a high level and the
road network information was relatively complete, assuring the successful application
of their method. Thus, the data-demanding characteristic of the method hinders its
application in larger scale regions like the entire Guangdong province and many other
provinces of China, where the local road network data are incomplete and unable to
meet the strict standards required by the road network-based method. Therefore, we
abandoned the road network-based method to avoid possibly larger uncertainty and
inaccuracy due to serious lack of data than the GDP-based method, which we finally
selected and applied at a national scale for the whole studied period of 1980-2005,
based on the proved strong correlation between emissions and GDP. Moreover, com-
pared with the road network-based method, the GDP-based method could ensure the
consistency and comparability of the time-series results and meantime keep the pos-
sible inaccuracy to an acceptable level. Nevertheless, we have also pointed out the
limitation of our way of spatial allocation in our response to the comment of referee #2.

8. Page 11058, Line 6-7, “197 million vehicles in 2005” seems not correct, please
check.

Response: Thanks to the referee for carefully pointing out our lapsus calami. The right
number was 107 million (Cai and Xie, 2007). We have corrected this in the revised
manuscript.

9. Page 11058, Line 11, “increase of the VMT”, there is no evidence to say VMT in
China is increasing these years. Actually, VMT usually drops when total vehicle stock
increases. To be precise, it would be better to remove this. Or, it will be beneficial if the
authors can give the references that prove VMT in China is increasing.

Response: As justified by previous work (Cai and Xie, 2007; Bo et al., 2008), which
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were based on the annual VMT data reported in literatures (Li et al., 2003; Zhang et
al., 2004; He, 1999; Hu et al., 2002; Yu and Yu., 2008; Ye et al., 2007; Fu et al., 2008),
VMT in China did increase. Besides, the road length in China had increased from 890
thousand kilometers in 1978 to 3580 thousand kilometers in 2007, and the freeway
length had broken through 60 thousand kilometers by the end of 2008, it is therefore
believed that the annual VMT increased as well with the substantial development of the
road infrastructure in China. This was quite similar with the situation in the USA, where
the VMT increased with the growth of lane miles during the period of 1980-2007, with
a positive correlation coefficient of 0.93 between them (USDT, 2008).

10. Page 11058, Line 20, please explain why the proportion of evaporation emissions
would grow.

Response: Generally, evaporation emissions depend on the engine technology of vehi-
cles, fuel properties and the average monthly ambient temperatures. First, the impact
of fuel properties on the changing proportion of evaporation emissions could be ne-
glected, because the fuel properties had few changes during the period of 2000-2005,
since the national standards of gasoline for motor vehicles in operation (GAQSIQ,
1999) remained the same during the period, and was not replaced by a new one
(GAQSIQ, 2006) until the end of 2006. Besides, the average monthly ambient tempera-
tures in every province of China during the period showed little variance and therefore
had little influence on the changing proportion of evaporation emissions. Finally, we
focused on the impact of the emission standard updates of motorcycles, which was
the major reason: it was true that, for gasoline passenger cars and gasoline light duty
vehicles, the emission factors of both exhaust and evaporation emissions decreased
with the introduction of stricter emission standards. However, for these gasoline vehi-
cles, there was no significant difference in the decreases of both exhaust and evap-
oration emission factors. This means that the impact of stricter emission standards
implemented by these gasoline vehicles was not the answer to the referee’s question.
However, we should not ignore another type of gasoline vehicles with a tremendous
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population-motorcycles, and they were exactly the primary cause for the increase of
the proportion of evaporation emissions for the period of 2000-2005: emission factors
of motorcycles in China were high and had no control measures for fuel evaporation
emission, resulting in huge quantities of NMVOC emissions due to evaporation (MEP,
2007; Chan, 2002; Tsai, 2006). This situation stayed not improved until stricter emis-
sion standards for motorcycles came into force in 2007, when the limit for evaporation
had a definite value of 2 g/km, and the limits for exhaust emissions were 0.8 and 0.3
g/km for motorcycles with cylinder capacities not exceeding 150 mL and those ex-
ceeding 150 mL, respectively (MEP and GAQSIQ, 2007a, 2007b), in comparison with
the previously prescribed limits for exhaust emissions of as high as 4 g/km for two-
stroke motorcycles and 3 g/km for four-stroke motorcycles, which came into force in
2000 (MEP and GAQSIQ, 2000), when there was no control standard for evaporation
emissions. Therefore, the emission standard updates for motorcycles revealed that,
for motorcycles, the evaporation emission factor was always higher than the exhaust
emission factor, leading to more evaporation emissions than exhaust emissions from
motorcycles and thus the increase of the proportion of evaporation emissions of mo-
torcycles. Finally, the increase of the proportion of evaporation emissions of the whole
vehicle fleet was driven by the ever growing population of motorcycles producing more
evaporation emissions.

11. Page 11059, Line 7-12, “Although light duty vehicles (LDV) and heavy duty vehi-
cles (HDV), and motorcycles were recognized the primary contributors to total NMVOC
emissions in the 1980s and for the period of 1990–2005, respectively, contributions of
vehicle categories to the emissions of speciated NMVOC groups varied. . .”, I am not
sure the meaning of this sentence.

Response: We have rewritten the sentence to make it clear: Although it has been rec-
ognized that light duty vehicles (LDV) and heavy duty vehicles (HDV) were the primary
contributors to total NMVOC emissions in the 1980s, and motorcycles dominated in the
total emission contribution for the period of 1990-2005 (Cai and Xie, 2007), contribu-
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tions of vehicle categories to the emissions of speciated NMVOC groups varied.

12. Page 11059, Line 17-28 and its following paragraphs. For these paragraphs, the
analysis is difficult to understand because the terms of “passenger cars (PCs)”, “light-
duty vehicles (LDVs)”, “heavy-duty vehicles (HDVs)” and “buses” are confusing. In this
area, it is a common sense that PCs are a part of LDVs, and large buses are a part
of HDVs. If the authors have different definitions for these terms, they may need to
specify their vehicle categories somewhere at the front of the paper, so the readers
could understand these paragraphs.

Response: The terms of PCs, LDVs, HDVs and Buses were vehicle categories defined
by COPERT (Ntzaichristos and Samaras, 2000) and we have converted the vehicle cat-
egories defined by Chinese regulations to those by COPERT when we used COPERT
to calculate the emission factors of various categories. To avoid any misunderstanding,
we would remind the readers to refer to established methodology (Cai and Xie, 2007)
for details.

13. Page 11062, Line 6-7, “revealed that the NMVOC emission per unit of output was
much higher in China, mostly due to higher emission factors of vehicles and higher
VMT in China”. This is not true. US VMT is not lower than China VMT. I suggest
the authors to look into the Highway Statistics Series released by US Department of
Transportation to make a careful comparison of VMT between the U.S. and China, and
then make a precise statement here.

Response: Thanks to the referee for providing the data source of VMT in the U.S.,
which help us correct our imprecise statement about the VMT difference between the
two countries and then make a precise one. Upon careful comparison, we admit that
VMT in China was actually lower than that in the U.S. during the same period, as the
Highway Statistics Series released by US Department of Transportation reported that
the VMT in the U.S. in 2005 was about 3.0 trillion miles (USDT, 2008) compared with
the approximate 1.6 trillion miles in China in 2005. Given that the NMVOC emissions
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in China and the U.S. in 2005 were quite close, this discrepancy of VMT between the
two countries revealed that the emission per unit VMT in China was higher than that
in the U.S.. In other words, emission factors in China were higher. Therefore, one key
point to maintain the economic growth and meantime slow down the emission growth in
China should be promoting faster implementation of stricter emission regulations that
allow lower emission factors, so that the NMVOC emission per unit of output in China
would decrease. In conclusion, we have corrected our previously imprecise statement
and added the above discussion about the relationship of the discrepancy of NMVOC
emission per unit of output with the discrepancy of VMT between China and the U.S.
in the corresponding part of the revised manuscript.

14. Page 11068, Uncertainty analysis, the authors “ignored the uncertainty of the
gross NMVOC emissions since they were estimated by a reliable methodology using
best available raw data of emission factors and activity data (Cai and Xie, 2007).” The
uncertainties of total NMVOC emissions can not be ignored as it could be significant
(Streets et al., 2003; Bo et al., 2008). The authors need to present the total uncertain-
ties of speciated VOC emissions caused by the uncertainties in total VOC emissions
and VOC profiles. No matter how reliable the methodology and data are, an emission
inventory always has uncertainties, especially for an inventory for China. For example,
people always estimate Chinese VMT values based on very limited surveys and make
a bunch of assumptions because Chinese government doesn’t release VMT data, and
I am sure that (Cai and Xie, 2007) used the same way to obtain VMT, this method
definitely will involve uncertainties. Also, as mentioned above, the authors used very
limited speed ranges to represent vehicle speeds in all Chinese cities during 25 years,
this can not be called “best available raw data”, since many studies are already avail-
able to provide more reliable speed data than what were used in this paper.

Response: Thanks to the referee for his/her criticism about the ignorance of the uncer-
tainty analysis of the total NMVOC emissions. To improve the quality of our emission
inventories, we have conducted a Monte-Carlo based uncertainty analysis to quan-
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tify and present in the revised manuscript the total uncertainties of speciated NMVOC
emissions, including the uncertainty in total NMVOC emissions caused by speed-
dependent emission factors and VMT of various vehicle categories, as well as the
uncertainty of NMVOC profiles, which has been reassessed with particular considera-
tion of some recent studies focusing on the measurement of domestic gasoline vapor
profiles in China (Lu et al., 2003 and Tsai et al., 2006). The details are included in the
new section of Comparison of Speciated NMVOC Emission Inventories with Previous
Estimates and Uncertainty Analysis in the revised manuscript.

References

André, M., Hammarström, U., and Reynaud, I.: Driving statistics for the assessment of
air pollutant emissions from road transport, INRETS report, Bron, France, 186, 1998.

Bo, Y., Cai, H., and Xie, S. D.: Spatial and temporal variation of historical anthropogenic
NMVOCs emission inventories in China, Atmos. Chem. Phys., 8, 7297–7316, 2008,

Cai, H. and Xie, S. D.: Estimation of vehicular emission inventories in china from 1980
to 2005, Atmos. Environ., 41, 8963–8979, 2007.

Chan, L. Y., Lau, W. L., Zou, S. C., Cao, Z. X., and Lai, S. C.: Exposure level of
carbon monoxide and respirable suspended particulate in public transportation modes
while commuting in urban area of Guangzhou, China, Atmos. Environ., 36, 5831-5840,
2002.

Conner, T. L., Lonneman, W. A., and Seila, R. L.: Transportationrelated volatile hydro-
carbon source profiles measured in Atlanta, Journal of the Air & Waste Management
Association, 45, 383-394, 1995.

Duffy, B.L., and Nelson, P.F.: Non-methane exhaust composition in the Sydney harbour
tunnel: A focus on benzene and 1,3-butadiene, Atmos. Environ., 30, 2759-2768, 1995.

Duffy, B. L., Nelson, P. F., Ye, Y., and Weeks, I. A.: Speciated hydrocarbon profiles and
calculated reactivities of exhaust and evaporative emissions from 82 in-use light-duty

C3005

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/C2990/2009/acpd-9-C2990-2009-print.pdf
http://www.atmos-chem-phys-discuss.net/9/11051/2009/acpd-9-11051-2009-discussion.html
http://www.atmos-chem-phys-discuss.net/9/11051/2009/acpd-9-11051-2009.pdf
http://creativecommons.org/licenses/by/3.0/


ACPD
9, C2990–C3010, 2009

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

Australian vehicles, Atmos. Environ., 33, 291–307, 1999.

Fu, X. Q., Weng, Y. B., Qian, F. Z., Ye, W. B., Jin, Y. X., and Chen, Y. Y.: Study of the
VOC source profile and benzene compounds emission of various motor vehicles, Acta
Scientiae Circumstantiae (in Chinese), 6, 1056-1062, 2008.

General Administration of Quality Supervision, Inspection and Quarantine of the Peo-
ple’s Republic of China: National Standards of Unleaded Gasoline for Motor Vehicles
(GB 17930-1999), 1999.

General Administration of Quality Supervision, Inspection and Quarantine of the Peo-
ple’s Republic of China: National Standards of Gasoline for Motor Vehicles (GB 17930-
2006), 2006.

He, D. Q.: Study on urban vehicular pollution assessment system and emission control
target, Tsinghua University Doctor Thesis (in Chinese), 1999.

Hu, B. X., Zhu, H., and Tan, W. X.: A detailed list for exhaust in development models of
automobile technology in China, Journal of Wuhan Automotive Polytechnic University
(in Chinese), 2, 99-102, 2002.

Kirchstetter, T.W., Singer, B.C., and Harley, R.A.: Impact of oxygenated gasoline use
on California light-duty vehicle emissions, Environ. Sci. Technol., 30, 661-670, 1996.

Lei, W.: Study on the driving cycle and emission characteristics of Wuhan light-duty
vehicle, Wuhan Polytechnic University Master Thesis (in Chinese), 2007.

Lents, D., Nikkila, N., and Osses, M.: Lima vehicle activity study, International Sustain-
able Systems Research, http:// www.gssr.net/ive/i, 2004.

Li, W., Fu, L.X., Hao, J.M., Ma, H., Li, S.Q., and Hu, W.: Emission inventory of 10
kinds of air pollutants for road traffic vehicles in China, Urban Environment and Urban
Ecology (in Chinese), 2, 36-38, 2003.

Liu, L.H., and Wang, Z.: Characters analysis and planning of small and middle city

C3006

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/C2990/2009/acpd-9-C2990-2009-print.pdf
http://www.atmos-chem-phys-discuss.net/9/11051/2009/acpd-9-11051-2009-discussion.html
http://www.atmos-chem-phys-discuss.net/9/11051/2009/acpd-9-11051-2009.pdf
http://creativecommons.org/licenses/by/3.0/


ACPD
9, C2990–C3010, 2009

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

transport in China, Urban Transport of China (in Chinese), 1, 21-24, 2004.

Liu, X.L., and Ding, Y.: Research of vehicle driving cycle on the road in China’s cities,
Research of Environmental Sciences (in Chinese), 1, 23-27, 2000.

Lu, S.H., Bai, Y.H., Zhang, G.S., and Ma, J.: Study on the characteristics of VOCs
source profiles of vehicle exhaust and gasoline emission, Universitatis Pekinensis (Acta
Scientiarum Naturalium, in Chinese), 4, 507-511, 2003.

Mclaren, R. M., Gertler, A. W., Wittorff, D. N., Belzer, W., Dann, T., and Singleton, D. L.:
Real-world measurements of exhaust and evaporative emissions in the Cassiar tunnel
predicted by chemical mass balance modeling, Environ. Sci. Technol., 30, 3001–3009,
1996.

Ministry of Environmental Protection of the People’s Republic of China:
http://www.mep.gov.cn/tech/hjbz/sywbzgz/200703/t20070309_101474.htm, 2007.

Ministry of Environmental Protection of the People’s Republic of China: Technologies
and policies on prevention and control of pollution related with vehicular emissions,
1999.

Ministry of Environmental Protection of the People’s Republic of China, and General
Administration of Quality Supervision, Inspection and Quarantine of the People’s Re-
public of China: Limits and Measurement methods for evaporative pollutants from mo-
torcycles and mopeds (GB 20998-2007), 2007.

Ministry of Environmental Protection of the People’s Republic of China, and General
Administration of Quality Supervision, Inspection and Quarantine of the People’s Re-
public of China: Limits and Measurement methods for the emissions of pollutants from
motorcycles on the running mode (GB 14622-2007), 2007.

Ministry of Environmental Protection of the People’s Republic of China, and General
Administration of Quality Supervision, Inspection and Quarantine of the People’s Re-
public of China: Limits and Measurement methods for the emissions of pollutants from

C3007

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/C2990/2009/acpd-9-C2990-2009-print.pdf
http://www.atmos-chem-phys-discuss.net/9/11051/2009/acpd-9-11051-2009-discussion.html
http://www.atmos-chem-phys-discuss.net/9/11051/2009/acpd-9-11051-2009.pdf
http://creativecommons.org/licenses/by/3.0/


ACPD
9, C2990–C3010, 2009

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

motorcycles on the running mode (GB 14622-2000), 2000.

Na, K., Kim, Y. P., Moon, I., and Moon, K. C.: Seasonal variation of the C2-C9 hy-
drocarbons concentrations and compositions emitted from motor vehicles in a Seoul
tunnel, Atmos. Environ., 36, 1969-1978, 2002.

Na, K., Kim, Y. P., Moon, I., and Moon, K. C.: Chemical composition of major VOC
emission sources in the Seoul atmosphere, Chemosphere, 55, 585-594, 2004.

Niedojadlo, A., Becker, K.H., Kurtenbach, R., and Wiesen, P.: The contribution of traffic
and solvent use to the total NMVOC emission in a German city derived from measure-
ments and CMB modelling, Atmos. Environ., 41, 7108-7126, 2007.

Ntzaichristos, L., and Samaras, Z.: COPERT3–computer programme to calculate
emissions from road transport, methodology and emission factor (version 2.1), Eu-
ropean Environment Agency, Copenhagen, 2000.

Schmitz, T., Hassel, D., and Weber, F. J.: Determination of VOC-components in the
exhaust of gasoline and diesel passenger cars, Atmos. Environ., 34, 4639-4647, 2000.

Shi, L., Wang, Q.D., and Fu, M.L.: Application of situation of residents travel to estimate
vehicles emissions in Beijing, Journal of Beijing Technology and Business University
(Natural Science Edition, in Chinese), 2, 12-15, 2009.

Tang, J.H., Chan, L.Y., Chan, C.Y., Li, Y.S., Chang, C.C., Wang, X.M., Zou, S.C., Bar-
letta, B., Blake, D.R., Wu., D.: Implications of changing urban and rural emissions on
non-methane hydrocarbons in the Pearl River Delta region of China, Atmos. Environ.,
42, 3780-3794, 2008.

Tsai, W. Y., Chan, L.Y., Blake, D.R., and Chu, K.W.: Vehicular fuel composition and
atmospheric emissions in South China: Hong Kong, Macau, Guangzhou, and Zhuhai,
Atmos. Chem. Phys., 6, 3281-3288, 2006.

US Department of Transportation, Highway Statistics 2007,

C3008

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/C2990/2009/acpd-9-C2990-2009-print.pdf
http://www.atmos-chem-phys-discuss.net/9/11051/2009/acpd-9-11051-2009-discussion.html
http://www.atmos-chem-phys-discuss.net/9/11051/2009/acpd-9-11051-2009.pdf
http://creativecommons.org/licenses/by/3.0/


ACPD
9, C2990–C3010, 2009

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

http://www.fhwa.dot.gov/policyinformation/statistics/2007/, 2008.

US Environmental Protection Agency (USEPA), SPECIATE data base V. 4.2,
http://www.epa.gov/ttn/chief/software/speciate, Washington, DC, 2008.

Wang, Q.D., He, K.B., Yao, Z.L., and Huo, H.: Research in motor vehicle driving cycle
of Chinese cities, Environmental Pollution and Control (in Chinese), 10, 745-748, 2007.

Yao, Z.L., Ma, Y.L., He, K.B., Huo, H., and Guo, T.: A study on the real-world vehicle
emission characteristics in Ningbo, Acta Scientiae Circumstantiae (in Chinese), 26,
1229-1234, 2006.

Yao, Z.L., Wang, Q.D., and Hu, Y.X.: Study of vehicle driving cycle on realistic road in
Chengdu city, Journal of Beijing Technology and Business University (Natural Science
Edition, in Chinese), 1, 18-20, 2004.

Ye, S. B., Wang, Q. D., and He, X.: Tianjin on-road vehicle activity study, Journal of
Beijing Technology and Business University (Natural Science Edition, in Chinese), 2,
28-31, 2007.

Yu, Y. C. and Yu, M. Y.: Estimation and forecast of for-hire motor vehicle emission vol-
ume, Journal of Highway and Transportation Research and Development (in Chinese),
6, 154-158, 2008.

Zhang, T.: Analysis on characteristics of the resident trip and study on policy of the
transport development in medium or small urban, Transportation Science & Technology
(in Chinese), 3, 89-92, 2005.

Zhang, Y. H., Shao, M., and Yu, K. H.: Vehicle emissions, environmental impact and
control (in Chinese), Chemical Industry Press, Beijing, 2004.

Zheng, J.Y., Che, W.W., and Wang, Z.L.: Traffic flow and road network-based spatial
allocation of regional mobile source emission inventories, ACTA SCIENTIAE CIRCUM-
STANTIAE (in Chinese), 29, 815-821, 2009.

C3009

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/C2990/2009/acpd-9-C2990-2009-print.pdf
http://www.atmos-chem-phys-discuss.net/9/11051/2009/acpd-9-11051-2009-discussion.html
http://www.atmos-chem-phys-discuss.net/9/11051/2009/acpd-9-11051-2009.pdf
http://creativecommons.org/licenses/by/3.0/


ACPD
9, C2990–C3010, 2009

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

Interactive comment on Atmos. Chem. Phys. Discuss., 9, 11051, 2009.

C3010

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/C2990/2009/acpd-9-C2990-2009-print.pdf
http://www.atmos-chem-phys-discuss.net/9/11051/2009/acpd-9-11051-2009-discussion.html
http://www.atmos-chem-phys-discuss.net/9/11051/2009/acpd-9-11051-2009.pdf
http://creativecommons.org/licenses/by/3.0/

