
HAL Id: hal-00301029
https://hal.science/hal-00301029

Submitted on 18 Jun 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Impact of different emission inventories on simulated
tropospheric ozone over China: a regional chemical

transport model evaluation
J. Ma, J. A. van Aardenne

To cite this version:
J. Ma, J. A. van Aardenne. Impact of different emission inventories on simulated tropospheric ozone
over China: a regional chemical transport model evaluation. Atmospheric Chemistry and Physics
Discussions, 2004, 4 (1), pp.507-532. �hal-00301029�

https://hal.science/hal-00301029
https://hal.archives-ouvertes.fr


ACPD
4, 507–532, 2004

Emission uncertainty
and ozone modelling

J. Ma and
J. A. van Aardenne

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Print Version

Interactive Discussion

© EGU 2004

Atmos. Chem. Phys. Discuss., 4, 507–532, 2004
www.atmos-chem-phys.org/acpd/4/507/
SRef-ID: 1680-7375/acpd/2004-4-507
© European Geosciences Union 2004

Atmospheric
Chemistry

and Physics
Discussions

Impact of different emission inventories
on simulated tropospheric ozone over
China: a regional chemical transport
model evaluation
J. Ma1 and J. A. van Aardenne2

1Chinese Academy of Meteorological Sciences, People’s Republic of China
2Max Planck Institute for Chemistry, Mainz, Germany

Received: 7 November 2003 – Accepted: 14 January 2004 – Published: 22 January 2004

Correspondence to: J. A. van Aardenne (aardenne@mpch-mainz.mpg.de)

507

http://www.atmos-chem-phys.org/acpd.htm
http://www.atmos-chem-phys.org/acpd/4/507/acpd-4-507_p.pdf
http://www.atmos-chem-phys.org/acpd/4/507/comments.php
http://www.copernicus.org/EGU/EGU.html


ACPD
4, 507–532, 2004

Emission uncertainty
and ozone modelling

J. Ma and
J. A. van Aardenne

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Print Version

Interactive Discussion

© EGU 2004

Abstract

The importance of emission inventory uncertainty on the simulation of summertime tro-
pospheric Ozone over China has been analyzed using a regional chemical transport
model. Three independent emissions inventories, that are (i) emission estimates from
the Emission Database for Global Atmospheric Research (EDGAR) for the year 1995,5

(ii) a regional emission inventory used in the Transport and Chemical Evolution over
the Pacific (TRACE-P) program with emissions for the year 2000 and (iii) a national
emission inventory used in the China Ozone Research Program (CORP) with emis-
sion estimates for the year 1995, are used for model simulation over a summer period.
Methods used for the development of the inventories are discussed and differences10

in simulated ozone and its precursors with these emission inventories are analyzed.
Comparison of the emission inventories revealed large differences in the emission es-
timates (up to 50% for NOx, ∼100% for NMVOC and ∼1000% for CO). Application of
the different emission inventories in three model simulations showed minor differences
in both surface O3 in rather unpolluted areas in China and at higher altitudes (50015

mbar). In polluted areas, differences in surface O3 are 30–50% between the different
model simulations which seems rather small taking into account the large differences in
the emission inventories. Additional sensitivity runs showed that the difference in NOx
emissions as well NMVOC emissions is a dominant factor which controls the differ-
ences in simulated O3 concentrations while the impact of differences in CO emissions20

is relatively small. Although the CO emission estimate by CORP seems to be under-
estimated, there is no confidence to highlight one emission inventory better than the
others.

1. Introduction

Emission inventories are applied both in policymaking and in scientific research, there-25

fore a variety of emission inventories exist, each with different characteristics (Pacyna
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and Graedel, 1995). Since it is impossible to measure each individual emission source
on the scale of a country or region, large-scale emission inventories are constructed
using an emission factor approach. As a result, emissions inventories are inaccurate
representations of the emission that has actually occurred. For Asian emission inven-
tories, this inaccuracy could be large because measurement data on emission factors5

are often not available resulting in application of emission factors from European or
North American studies (e.g. Van Aardenne et al., 1999).

In the past decades, photochemical air quality models have evolved greatly with ad-
vancements, in not only the description of physical and chemical processes, but also
the computational implementation, including numerical methods. The lack of knowl-10

edge on the accuracy of emission inventories, i.e. emission inventory uncertainty, ap-
pears to be a major limitation in the current ability to predict the dynamics of ozone, as
well as the impact of control strategies (Russel and Dennis, 2000). Although modelling
studies often claim that assessment of the emission inventory uncertainty is important,
it is often not addressed to what extent uncertainty in the emission inventories really15

matter for the outcome of atmospheric modelling studies.
In this paper, results are presented of an analysis, which test the sensitivity of a

regional chemical transport model Ma et al. (2002a) used to calculate summertime tro-
pospheric ozone over China to the uncertainty in the anthropogenic emission estimates
of NOx, CO and NMVOC. The principle of this sensitivity run is that three independent20

emission inventories for China are used while keeping all other model settings (includ-
ing non-Chinese emissions) constant.

2. Anthropogenic emission inventories

The used emission inventories are (i) emission estimates for the year 1995 from the
Emission Database for Global Atmospheric Research (EDGAR v32; Olivier et al., 1999,25

2002), (ii) regional emission inventory used in the Transport and Chemical Evolution
over the Pacific (TRACE-P) program with emission estimates for the year 2000 (Streets
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et al., 2003) and (iii) national emission inventory used in the Chinese Ozone Research
Programme (CORP) with emission estimates for the year 1995 (Bai, 1996).

The inventories are different in (i) year for which emissions are calculated, (ii) level
of detail that is included, (iii) information source for emission factors and activity data,
and (iv) method of distributing emissions to (1◦×1◦) grid cells. The inventories share5

an important issue: due to the nature of emission factor calculations all inventories
are known to be inaccurate representations of the emissions that have taken place
in China over the year 1995. The extent to which the inventories are inaccurate is
unknown. Furthermore, it is not assessed which inventory is the most accurate one.

2.1. The EDGAR v3 emission inventory10

The EDGAR database presents a global estimate of several compounds including NOx,
CO, and NMVOC for the year 1990 and 1995 (Olivier et al., 1999; 2002). Emissions are
calculated using an emission factor approach and emissions by sector are distributed
on a 1◦×1◦ grid based mainly on population maps.

The Methodology of EDGAR is described in detail in (Olivier et al., 1996, 1999,15

2002). Activity data by country – and thus for China- were taken from datasets compiled
by international organizations which have performed consistency checks on the data.
For example, energy data have been taken from the Energy Statistics of OECD and
non-OECD countries (IEA/OECD, 1997) and industrial production data from Industrial
Commodity Production Statistics database (UN, 1998). Applied emission factors are a20

mixture of global default emission factors when no specific information was available
and emission factors for (groups) of individual countries based on national or regional
studies. For China, most emission factors for NOx, CO and NMVOC are global or
regional default factors taken from the literature (Olivier et al., 2002 and references
therein). Examples of country specific factors are those for CO and NOx from coalmine25

fires.
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2.2. The TRACE-P emission inventory

As input for the TRACE-P project, Streets et al. (2003) have constructed a regional
emission inventory for Asia with annual total emissions by country representing emis-
sion estimates for the year 2000. Emissions of several compounds, including NOx, CO
and NMVOC are calculated on the country level. Chinese emissions are calculated by5

province. Emissions of NMVOC are further specified into 6 categories.
The data used consist of actual statistical data for the year 2000, model forecasts

values based on 1995 values and trend extrapolations from emission estimates for the
late 1990’s. For China, activity data have been taken from studies on the Chinese
situation. For example, fuel use by sector and province taken from work by Sinton and10

Fridley (2000). Emission factors were applied both from studies on China (e.g. vehicle
emission factors from Fu et al., 2001) and from global studies (e.g. biomass burning
factors from Andreae and Merlet, 2001). Emissions by sector are distributed on 1◦×1◦

grid cells based on population maps but also on for example road network maps.

2.3. The CORP emission inventory15

For the CORP programme, Bai (1996) has calculated an emission inventory for China
with NOx emissions representative for the year 1992. This inventory has been updated
for the year 1995 with CO emissions added. Unfortunately, this update has not been
published. For modelling purposes, Ma et al. (2002a) added NMVOC emissions us-
ing a NOx/NMVOC factor based on Berntsen et al. (1996). The NOx emissions have20

been calculated based on emission factors measured in China (Bai, 1996). For CO
emissions, the source of information is unknown. Activity data have been taken from
a variety of information sources on either State, Province and city level (Bai, 1996 and
references therein). In general, energy statistics were available on at least the province
level and for one fourth of the provinces data was available on the prefecture level. Ac-25

tivity data on industrial processes was taken from Ministerial yearbook publications.
The calculated emissions were distributed on a 1◦×1◦ grid by dividing emissions by
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prefecture area. For grid boxes that contain more than one prefecture, the emission in
the grid is averaged using weighted emission values.

2.4. Differences between emission inventories

Table 1 presents a summary of the emission estimates for Chinese NOx, CO and
NMVOC with Fig. 1 presenting the emission on grid. As shown in Table 1, the NOx5

emissions range from 11 Tg (TRACE-P) to 19 Tg (CORP) with the CORP inventory
being about 50–60% higher than both the EDGAR and TRACE-P work. Although the
EDGAR and TRACE-P NOx budget are comparable (∼10%), large differences can be
seen in sector emissions. For the CORP inventory, no sector information is available.

CO emissions range from 10 Tg (CORP) to 116 Tg (TRACE-P). EDGAR and10

TRACE-P emissions are differing with 30% while the CORP values seem unrealisti-
cally low. Again, EDGAR and TRACE-P show large sector differences. For example,
transport emissions in EDGAR are 1/3 of the TRACE-P estimate while domestic emis-
sions in EDGAR are twice the TRACE-P value.

NMVOC emissions range from 11 Tg (EDGAR) to 25 Tg (CORP) with 45% difference15

between TRACE-P and the other inventories. Emissions by sector between EDGAR
and TRACE-P show large differences, except for domestic emissions.

The distribution of emissions (Fig. 1) shows a common feature between the inven-
tories with low emissions in western China and high emissions in the east. In contrast
with TRACE-P and CORP, EDGAR assigns zero emissions to western China (Tibetan20

Plateau). The distribution of NOx emissions show higher peak values by EDGAR and
CORP with more equal distribution values of TRACE-P. For example, the Shanghai
region shows value >300 Gg per year in EDGAR and CORP while TRACE-P shows
values of 100–200 Gg per year. For CO emissions, CORP shows very low CO values
(100–200 Gg in eastern China) in comparison with the >200 Gg values in EDGAR and25

TRACE-P inventories. As with the NOx emissions, the distribution of NMVOC emis-
sions show higher values in the CORP inventory (200–300 Gg) in comparison with the
more equally distributed emissions within the EDGAR and TRACE-P inventories.
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As shown above significant differences are observed between the three emission
inventories. Based on the available information it cannot be assessed which inven-
tory provides the most accurate emission estimate for the year 1995. In general the
following can be stated:

– EDGAR: emission estimates at higher aggregation levels than the other invento-5

ries (both budget and grid). However, calculations are representative for the year
1995 and based on international datasets.

– TRACE-P: rather detailed emission inventory, which has used detailed geograph-
ical maps to distribute the emissions. However, emissions are not representative
for the year 1995.10

– CORP: emission calculations at detailed prefecture level in China (budget and
grid). Emissions are representative for the year 1995 and emission factors based
on local measurements have been used. However, documentation of the inven-
tory is insufficient.

3. Regional ozone modelling15

The model used in this study is a 3-D regional chemical transport model (Ma et al.,
2002a), which is extended from the Regional Acid Deposition Model (RADM) and
aimed at studying the distribution and budget of tropospheric ozone and its precursors
over China. The model domain covers China with a horizontal resolution of 100 km.
In the vertical, the model extends up to pressure levels of 10 mbar for meteorological20

simulations and to the local thermal tropopause for chemical integration. The mete-
orological fields for the model run are provided with the Fifth-Generation NCAR/Penn
State Mesoscale Model (MM5). In addition to updated anthropogenic surface emis-
sions, natural NMVOC emissions, aircraft emissions and lightning NOx sources are
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taken into account. The initial fields and lateral boundary condition for most chemi-
cal traces are provided with a global chemical transport model for ozone and related
chemical tracers (MOZART).

The three emission inventories have been implemented into the model followed by a
sensitivity run for each inventory. The model simulation is performed for a summertime5

period, 1–15 July 1995 over which the results are averaged and analyzed. While dif-
ferent emission inventories are used for China, the EDGAR inventory was applied for
other countries in the model domain in all simulations. Since all other model settings
are kept constant, the difference in simulated ozone will be due to various independent
emission inventories for China. The model sensitivity has been tested for (i) ozone10

precursor concentrations, (ii) net ozone production, (iii) ozone concentrations, (iv) val-
idation of the model using Global Atmospheric Watch (GAW) measurements and (v)
exceedance of ozone standards.

3.1. Ozone precursor concentrations

Figure 2 presents the difference in calculated NOx, CO and CH2O for the three model15

simulations. For illustrative purposes, the model results using the EDGAR emission
estimates for China are shown as a base case (Fig. 2a). The model results using
TRACE-P (case C1) and CORP (case C2) are presented as deviations from this ref-
erence case (case B). Selection of the EDGAR emission inventory as references is
arbitrarily based on the fact that it is widely used in atmospheric modelling. It does20

however not imply that it is better than the other inventories.
In much of the troposphere, ozone production is limited by the abundance of NOx

(WMO, 1995). In China, most NOx emissions are confined in the boundary layer near
the surface (Ma et al., 2002a), which are mainly from fossil fuel combustion. Figure 2a1
presents surface NOx concentrations calculated using EDGAR. Due to the short life-25

time, high NOx concentrations are found in areas with large NOx emissions. High
NOx concentrations of 3–9 ppbv are found in the eastern and middle part of China.
Low NOx concentrations are found in the western China, notably around the Tibetan
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Plateau. Peak values of NOx (>9 ppbv) can be seen around the Chengdu, Shanghai
and Beijing areas.

The relative differences between the reference case and the calculations using
TRACE-P and CORP are shown in Figs. 2b1 and 2c1 respectively. Large differences
in NOx concentrations will be found in areas where emissions are different (see Fig. 1).5

These differences are visible in North China (including Beijing and Shijiazhuang),
Northeast China (including Shengyuang and Haerbin) as well as in the Sichuan Basin
(including Chengdu and Chongqing) and East China regions (including Shanghai and
Nanjing). Both TRACE-P and CORP simulations show up to 200% higher NOx concen-
trations in the low emission areas in the western and northern parts of China. These10

differences appear to be larger in western China for TRACE-P, while the CORP simula-
tion results in large difference with EDGAR in Northeast China. In the areas in Central
and Eastern China with large emissions, the EDGAR simulation results in 20–100%
higher NOx concentrations than TRACE-P and CORP. The difference can be around 3
ppbv or higher which is comparable to the NOx levels in the polluted rural areas of East15

Asia (WMO, 1995).
The primary source of CO is estimated to come predominantly from anthropogenic

origin. In addition, the oxidation of CH4 and NMVOC provide an important secondary
source of CO in the atmosphere (Von Kuhlmann, 2001). In the EDGAR simulation
(Fig. 2a2) higher CO concentrations (>400 ppbv) are found in eastern China and lower20

concentrations in the west. Peak CO concentrations (700–900 ppbv) are found in the
Chengdu area of the Sichuan Basin, a larger area of North China below Beijing and a
small area of East China near Shanghai. While CO concentrations from the TRACE-P
simulation are comparable with EDGAR (Fig. 2b2), CO concentrations from the CORP
simulation show values of up to 100% lower in eastern China.25

Since NMVOC includes many species that are involved in the oxidation reactions for
ozone formation (Atkinson, 2000), lumped NMVOC species are used for the purpose
of simplification and efficient calculation of the model (Ma et al., 2002a). Therefore,
it is not convenient to compare the results with observations or other model studies if
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the concentrations of total NMVOC are presented. Propene-equivalent NMVOC was
used to analyze the relationship between ozone and its precursors in Chameides et
al. (1992). In this paper distribution of CH2O are shown. As shown in Fig. 2a3, CH2O
concentrations follow the pattern of NOx and CO concentrations (Figs. 2a1, 2a2). In
the regions with high emissions the EDGAR and TRACE-P simulations (Fig. 2b3) show5

comparable concentrations. In low emission areas, the results from TRACE-P show
larger CH2O concentrations. The difference between the EDGAR and CORP simula-
tions is rather large. The CORP simulations show differences larger 200% in North and
Northeast China.

3.2. Net ozone production10

Figure 3a shows the net ozone production for the boundary layer (Fig. 3a1) and free
troposphere (Fig. 3a2) as calculated in the EDGAR simulation. The largest net ozone
production values are found in the polluted regions of eastern China, with maximum
values of 10–15 ppbv/day. Figurs 3b and 3c show the differences between the EDGAR
and the TRACE-P and CORP simulations. In general, the CORP simulation results15

in higher net ozone production in the boundary layer, especially in North and North-
east China. The largest differences are up to 6 ppbv/day, which is nearly 30–50%
of maximum net ozone production estimated for the polluted regions of eastern China
(Mauzerall et al., 2000; Ma et al., 2002a). The EDGAR and TRACE-P simulations differ
with higher net ozone production in Northeast China for TRACE-P and with higher val-20

ues using EDGAR for the Sichuan Basin and East China regions. This difference is rel-
atively small in comparison to the CORP simulation. In the free troposphere (Figs. 3a2,
3b2, 3c2) the difference in net ozone production is confined to limited regions, but its
magnitude is still considerable, reaching to 1 ppbv/day or more in some regions.
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3.3. Ozone concentrations

Figure 4 presents simulated O3 concentrations at the surface (4a1) and at 500 mbar
height (4a2) using the EDGAR inventory together with differences with the TRACEP
(4b1, 4b2) and CORP (4c1, 4c2) simulations. High O3 concentrations are found in
Central east and Northeast China and on the Tibetan plateau where altitudes fall in5

the middle troposphere. For surface ozone, the differences occur mainly in Northeast
China and the East China Sea. Both the CORP and TRACE-P simulations result in
ozone concentrations with the difference reaching up to 50% at some locations (e.g.
Shanghai area) but in general the differences are less than 30%. Differences in ozone
concentration at 500 mbar show a different pattern. Here the differences occur over10

the Sichuan Basin, East China and its down-stream regions over the sea. This corre-
sponds to the corridor where O3 is predominantly attributed to photochemistry (Ma et
al., 2002b). The EDGAR simulations show slightly higher values (up to 5%) than the
TRACE-P simulation. Results from CORP and EDGAR are comparable, except for the
Guizhou area with up to 3% higher concentrations in the CORP simulation.15

To determine whether it is the combination of different emission estimates or the dif-
ference in one species that controls the difference in ozone concentrations additional
model simulations were performed which are discussed here briefly. In scenario 1
(SN1), TRACE-P NOx emissions were combined with EDGAR CO and NMVOC. The
other scenario’s are emissions of EDGAR varied for one species taken from another20

inventory: (SN2) CORP NOx, (SC1) TRACE-P CO, (SC2) CORP CO, (SH1) TRACE-P
NMVOC, (SH2) CORP NMVOC. Differences in simulated surface O3 due to the use of
these scenarios are compared with the reference simulation using the EDGAR emis-
sion inventory for all species.

As shown in Fig. 5a1, the difference between EDGAR and TRACE-P (Fig. 4a1) is25

caused dominantly by the difference in NOx emissions, in addition, partly by the dif-
ference in NMVOC emissions (Fig. 5c1). The difference in the CO emission between
EDGAR and TRACE-P has little effect on simulated surface O3 (Fig. 5b1).

517

http://www.atmos-chem-phys.org/acpd.htm
http://www.atmos-chem-phys.org/acpd/4/507/acpd-4-507_p.pdf
http://www.atmos-chem-phys.org/acpd/4/507/comments.php
http://www.copernicus.org/EGU/EGU.html


ACPD
4, 507–532, 2004

Emission uncertainty
and ozone modelling

J. Ma and
J. A. van Aardenne

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Print Version

Interactive Discussion

© EGU 2004

The difference between CORP and EDGAR (Fig. 4c1) is caused by the combined
effect of difference in the emission of NOx (Fig. 5a2), CO (Fig. 5b2) and NMVOC
(Fig. 5c2). This effect, however, is not a simple addition of the emission differences
but is an effect of the non-linear characteristics of ozone chemistry.

3.4. Diurnal variation of ozone at GAW stations5

Measurements of ozone and its precursors are sparse in China, especially in the ru-
ral areas. Surface ozone was observed at the three WMO Global Atmosphere Watch
(GAW) background stations in the CORP programme (Zhou, 1996). Figure 6 presents
the simulated mean diurnal cycles of O3 at stations Mt. Waliguan (WLG), Lin’an (LA)
and Longfengshan (LFS). The location of these stations is shown in Fig. 4a1 with mark-10

ings A (WLG), B (LA) and C (LFS).
Simulated daily variations of O3 at the WLG and LA stations do not show large

difference between the three simulations. The differences between the simulations and
observation are relatively small with a good fit at LA and with some underestimation at
WLG station.15

As can be expected, simulated O3 at WLG stations is nearly the same for all three
simulations. The source of O3 at WLG is mainly from long-range transport outside
China (Ma et al., 2002b). The sources of O3 at LA are both from photochemistry inside
and transport outside China (Ma et al., 2002b). The close agreement between the
simulation at LA are due to the small differences in emission estimates for the rural20

areas of south China and dominant sea winds.
Simulated daily O3 variations at LFS stations show different results. While the CORP

simulation reproduces observed O3 during the day, there is an underestimation for both
EDGAR and TRACE-P calculations. Because LFS is in the summer downstream of
polluted areas, the emission inventory differences in Northeast and North China might25

contribute to the differences found at this station.
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3.5. Exceedance of ozone standards in selected grid cells

As shown in Fig. 4, differences in simulated surface O3 are large in North and Northeast
China. This could have implications for studying ozone exceedance in major cities in
that area. Figure 7 presents the hourly O3 variation in selected model grid cells where
six large cities in North and Northeast China are located. The government of China5

has set several ozone standards of which the first level standard of 60 ppbv hourly
maximum has been applied. Although the size of model grid cell is not small enough
to resolve a city, the simulated results can be an indicator of air quality al least for the
regions where these cities are. As shown in Fig. 7, several cities show an exceedance
of this standard, especially in the first days of the simulation period. For the city of10

Beijing and Tianjin, it is clearly visible that the EDGAR simulation does not lead to
exceedance of the ozone standard while the TRACE-P and CORP simulations result
in exceedance during several days. For the other cities, no significant differences are
visible.

4. Conclusions15

In this paper the sensitivity of simulated ozone to different emission inventories of
ozone precursors has been studied. Three independent emission inventories (EDGAR,
TRACE-P and CORP) with emission estimates for NOx, NMVOC and CO in China have
been used as input for simulation with a regional chemical transport model (Ma et al.,
2002a).20

Large differences were found in the simulated precursor concentrations. For both
NOx and NMVOC the EDGAR calculations resulted in lower concentrations in the
northern part of China. For NOx these differences are up to 200% while for NMVOC
these differences are up to 100% in comparison with TRACE-P and up to 200% with
CORP. Simulation of CO concentrations using EDGAR and TRACE-P are comparable25

with differences of about 20%. The CORP simulation results in significant lower CO
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concentrations (up to 100%) than the other simulations. These differences are most
likely caused by the different CO emission budgets with CORP estimating 5–6 lower
CO emissions than the other tow inventories.

Although large differences were found in the precursor concentrations and significant
differences occurred in the boundary layer net ozone production values, the differences5

in ozone concentration are relatively small for a regional ozone model. Differences in
surface ozone occurred mainly in North and Northeast China with as well as in the
East China Sea. Both CORP and TRACE-P simulations showed higher ozone con-
centrations than the EDGAR simulations with differences of up to 50% in the Shanghai
and Beijing area. For most of the model domain, however, differences are only 5–30%.10

Differences in O3 at 500 mbar occur mainly over the Sichuan Basin, North China and
its down-stream regions over the sea, with maximum differences of 1–2 ppbv. Applica-
tion of TRACE-P generally resulted in lower O3 values at 500 mbar in comparison with
EDGAR and CORP.

The results from additional local simulations in which one species from the TRACE-15

P and CORP emission inventory was mixed with the EDGAR estimates for the other
species showed that the difference between TRACE-P and the EDGAR simulations can
be attributed mainly to the NOx emission inventory differences, less to NMVOC and
not to CO emission inventory differences. Given the discussion above on precursor
concentrations, the difference in ozone calculations between EDGAR and TRACE-P20

are mainly related to the difference in distribution of the NOx emissions. The differences
between EDGAR and CORP ozone calculations is less clear and seems to be the
combined effect of differences in NOx, CO and NMVOC emissions.

The main purpose of this paper is to discuss to what extent uncertainty in regional
emission inventories really matters for the outcome of atmospheric modelling studies.25

As far as surface O3 in rather unpolluted areas and O3 at higher altitudes (500 mbar)
are concerned, the different simulations show that the application of different emission
inventories did not result in significant differences. For the higher altitudes, photochem-
istry and atmospheric transport play a more important role than the variation (uncer-
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tainty) in surface emissions. For the unpolluted areas, the relative differences in the
emission inventories were found to be large but due to the low emissions values this
does not have a large effect on simulated ozone values.

As far as surface O3 in polluted areas is concerned, the results show that 30–50%
differences in ozone concentrations values were found. Maximum differences of 105

ppbv were found in the region where the big cities of Beijing and Tianjin are located.
Although the inventories show large differences, regional modelling of ozone shows
concentrations within 30–50% which – at first sight – does not seem very large for this
type of modelling, especially when the emission inventories show large differences.

For more localized studies, for which the model suitability could be questioned, sig-10

nificant differences were observed. In the area where maximum differences (10 ppbv)
were found, ozone levels in Beijing and Tianjin were above the exceedance level in
the TRACE-P and CORP calculations while the EDGAR calculations did not lead to
exceedance. In this case the difference in emission inventories did matter. In addition,
the comparison of the diurnal O3cycles with the measurements made at a WMO/GAW15

regional background station, the Longfengshan station, was dependent on which emis-
sion inventory was used for the model calculation.

In the opinion of the authors, a difference of 30–50% in simulated ozone values,
between model calculations using either a (i) inventory of high aggregation level with
several global default emission factors, (ii) detailed inventory with emissions not repre-20

sentative for 1995 and (iii) detailed inventory of NOx emissions with unknown method
for CO and a scaling of NOx emissions to reach NMVOC estimates, is not extremely
large. In this perspective the uncertainty in emission inventories does not lead to im-
portant different insights and the strain on emission inventories being the limitation in
regional ozone modelling seems to be unjustified, especially when meteorological vari-25

ations or chemical reactions within the model could also lead to large variation in the
model outcome.

Finally, a question to be answered is which inventory should be used for simulating
summertime ozone in China in 1995? If the measurements at the Longfenshang sta-
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tion in Northeast China are used as an indicator, one should have more confidence
in the CORP emission inventory than in the EDGAR and TRACE-P emission invento-
ries. However, given its large underestimation of CO emission values this confidence
seems to be misplaced. In general, there is no confidence to highlight which emission
inventory is better than the other at the present time. Either a detailed comparison5

of methodology of the three emission inventories or the availability of more measure-
ments to validate the model result could provide this insight. Unfortunately, this is not
possible due to lack of documentation on the CORP inventory and the limited amount
of measurement data.
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Table 1. Chinese emissions of NOx, CO and NMVOC as presented in the three independent
emission inventory studies.

NOx (Tg NO2 yr−1) CO (Tg CO yr−1) NMVOC (Tg yr−1)
EDG TRA COR EDG TRA COR EDG TRA COR

Industry 4.8 2.8 7.6 18.0a 1.6 3.7
Domestic 1.8 0.7 66.3 44.0 6.3 5.6
Transport 1.5 2.6 13.5 38.0 1.7 5.3
Power generation 3.9 4.4 0.3 1.2 0.1
Biomass burning 0.02 0.8 0.4 15.7 0.03 2.7
Other 0.01 0.3 0.2
Total 12.2 11.3 18.8 88.4 115.7 10.0 11.1 17.4 24.8b

Sources: Olivier et al. (2002) for EDGAR data (EDG), Streets et al. (2003) for TRACE-P data
(TRA) and Bai (1996) for CORP data (COR). Sectional information for CORP is not available.
a industry contains power generation emissions. b NMVOC emissions have been estimated by
using a NOx-NMVOC scaling factor.
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Figure 1. Anthropogenic surface emissions of NOx, CO, NMVOC over China according to the EDGAR, TRACE-P and CORP estimates. Units are Gg yr-1 per 10 x 10 grid. 

Fig. 1. Anthropogenic surface emissions of NOx, CO, NMVOC over China according to the
EDGAR, TRACE-P and CORP estimates. Units are Gg yr−1 per 1◦×1◦ grid.
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Figure 2. Difference in surface NOx, CO and CH2O due to the use of different emission inventories EDGAR, TRACE-P and CORP (denoted as cases B, C1 and C2, respectively). Simulated 
results with EDGAR are given as reference and the differences are shown with the relative deviations of TRACE-P and CORP to EDGAR. Fig. 2. Difference in surface NOx, CO and CH2O due to the use of different emission inventories

EDGAR, TRACE-P and CORP (denoted as cases B, C1 and C2, respectively). Simulated
results with EDGAR are given as reference and the differences are shown with the relative
deviations of TRACE-P and CORP to EDGAR.
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Figure 3. Differences in calculated net production of ozone, P(O3), for the boundary layer (BL) and the free 
troposphere (FT) due to the use of different emission inventories EDGAR, TRACE-P and CORP (denoted 
as cases B, C1 and C2, respectively). Simulated results with EDGAR are given as reference and the 
differences are shown with the deviations of TRACE-P and CORP to EDGAR. 

Fig. 3. Differences in calculated net production of ozone, P(O3), for the boundary layer (BL) and
the free troposphere (FT) due to the use of different emission inventories EDGAR, TRACE-P
and CORP (denoted as cases B, C1 and C2, respectively). Simulated results with EDGAR are
given as reference and the differences are shown with the deviations of TRACE-P and CORP
to EDGAR.
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Figure 4. Differences in simulated O3 at the surface and 500 mbar height due to the use of 
different emission inventories EDGAR, TRACE-P and CORP (denoted as cases B, C1 and C2, 
respectively). Simulated results with EDGAR are given as reference and the differences are shown 
with the deviations of TRACE-P and CORP to EDGAR. 

Fig. 4. Differences in simulated O3 at the surface and 500 mbar height due to the use of
different emission inventories EDGAR, TRACE-P and CORP (denoted as cases B, C1 and C2,
respectively). Simulated results with EDGAR are given as reference and the differences are
shown with the deviations of TRACE-P and CORP to EDGAR.
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Figure 5. Differences in simulated surface O3 due to the use of different emission rates of 
EDGAR, TRACE-P and CORP for a specific species while keeping rest the same as those of 
EDGAR. The simulated result with EDGAR is taken as reference, which is given in Figure 
4a1. The differences are shown with the relative deviations to EDGAR when TRACE-P NOx, 
CO and NMVOC (denoted as SN1, SC1 and SH1) and CORP NOx, CO and NMVOC 
(denoted as SN2 SC2 and SH2) are used. 

Fig. 5. Differences in simulated surface O3 due to the use of different emission rates of EDGAR,
TRACE-P and CORP for a specific species while keeping rest the same as those of EDGAR.
The simulated result with EDGAR is taken as reference, which is given in Fig. 4a1. The differ-
ences are shown with the relative deviations to EDGAR when TRACE-P NOx, CO and NMVOC
(denoted as SN1, SC1 and SH1) and CORP NOx, CO and NMVOC (denoted as SN2 SC2 and
SH2) are used.
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Figure 6. Simulated mean diurnal cycles of surface O3 at the three WMO/GAW background 

stations Mt. Waliguan, Lin’an and Longfengshan for different emission inventories EDGAR, 

TRACE-P and CORP (denoted as blue, green and red lines, respectively). Observations (circles, 

with bars for standard deviations) are also shown for comparison. The geographic position of the 

stations is given in Figure 4a1 and denoted by A, B and C for Mt. Waliguan, Lin′an and 

Longfengshan, respectively. 

Fig. 6. Simulated mean diurnal cycles of surface O3 at the three WMO/GAW background
stations Mt. Waliguan, Lin’an and Longfengshan for different emission inventories EDGAR,
TRACE-P and CORP (denoted as blue, green and red lines, respectively). Observations (cir-
cles, with bars for standard deviations) are also shown for comparison. The geographic position
of the stations is given in Fig. 4a1 and denoted by (a), (b) and (c) for Mt. Waliguan, Lin’an and
Longfengshan, respectively.
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Figure 7. Simulated hourly variations of surafec O3 for the selected model grid cells with different 
emission inventories EDGAR, TRACE-P and CORP (denoted as blue, green and red lines, 
respectively). The grid cells are denoted with the name of big cities which are included in the grid 
cells. The first-level ozone standard (60 ppbv) is shown with black dashed lines. 

Fig. 7. Simulated hourly variations of surface O3 for the selected model grid cells with different
emission inventories EDGAR, TRACE-P and CORP (denoted as blue, green and red lines,
respectively). The grid cells are denoted with the name of big cities which are included in the
grid cells. The first-level ozone standard (60 ppbv) is shown with black dashed lines.
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