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Abstract. The importance of emission inventory uncertainty 1 Introduction

on the simulation of summertime tropospheric ozone over

China has been analyzed using a regional chemical transEmission inventories are applied both in policymaking and
port model. Three independent emissions inventories, thain scientific research, therefore a variety of emission inven-
are (i) emission estimates from the Emission Database fotories exist, each with different characteristics (Pacyna and
Global Atmospheric Research (EDGAR) for the year 1995,Graedel, 1995). Since it is impossible to measure each in-
(i) a regional emission inventory used in the Transport anddividual emission source on the scale of a country or re-
Chemical Evolution over the Pacific (TRACE-P) program gion, large-scale emission inventories are constructed using
with emissions for the year 2000 and (jii) a national emis- an emission factor approach. As a result, emissions inven-
sion inventory used in the China Ozone Research Progranories are inaccurate representations of the emission that has
(CORP) with emission estimates for the year 1995, are usedctually occurred. For Asian emission inventories, this in-
for model simulation over a summer period. Methods usedaccuracy could be large because measurement data on emis-
for the development of the inventories are discussed and difsion factors are often not available resulting in application of
ferences in simulated ozone and its precursors with thesemission factors from European or North American studies
emission inventories are analyzed. Comparison of the emis¢e.g. Van Aardenne et al., 1999).

sion inventories revealed large differences in the emission |pthe past decades, photochemical air quality models have
estimates (up to 50% for NO ~100% for NMVOC and  eyolved greatly with advancements, in not only the descrip-
~1000% for CO). Application of the different emission in- tjon of physical and chemical processes, but also the compu-
ventories in three model simulations showed minor differ- tational implementation, including numerical methods. The
ences in both surface0n rather unpolluted areas in China |ack of knowledge on the accuracy of emission inventories,
and at higher altitudes (500 mbar). In polluted areas, differ-j e emjission inventory uncertainty, appears to be a major
ences in surface £are 30-50% between the different model |imijtation in the current ability to predict the dynamics of
simulations which seem rather small taking into account thegzone, as well as the impact of control strategies (Russel and
large differences in the emission inventories. Additional sen-pennjs, 2000). Although modelling studies often claim that
SlthIty runs showed that the difference in N@miSSionS as assessment of the emission inventory uncertainty is impor-
well NMVOC emissions is a dominant factor which controls tant, it is often not addressed to what extent uncertainty in
the differences in simulateds@oncentrations while the im-  the emission inventories really matter for the outcome of at-
pact of differences in CO emissions is relatively small. Al- mospheric modelling studies. This is a dilemma that often
though the CO emission estimate by CORP seems to be Ungrises in discussion between modellers and the emission in-
derestimated, there is no confidence to highlight one emisyentory community. In order to pinpoint the emission in-
sion inventory better than the others. ventory as cause for the difference between model calcula-
tions and observations, quantitative information is needed on
how much the emission inventory is an inaccurate calcula-
tion of the ‘real’ emission. Although most of the processes
leading to emissions are understood, data on these processes
Correspondence tal. A. van Aardenne (activity data or emission factors) are often not available in
(aardenne@mpch-mainz.mpg.de) the amount of detail required for accurate emission inventory
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Table 1. Chinese emissions of NQCO and NMVOC as presented in the three independent emission inventory studies.

NOx (Tg NO, yr—1) CO (Tgcoyrl NMVOC (Tg yr—1)
EDG TRA COR EDG TRA COR EDG TRA COR
Industry 48 28 76 183 1.6 37
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 44 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 10.0 111 174 bus

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 availatffelndustry contains power generation emissidhNMVOC emissions have been
estimated by using a NONMVOC scaling factor.

construction. Gathering of these data is a time consumin@.1 The EDGAR v3 emission inventory

task and in order to decide how much effort should be spent

on the construction of an inventory, insight in the extent to The EDGAR database presents a global estimate of several
which an inventory should be accurate is needed. compounds including NQ CO, and NMVOC for the year
I;‘L990 and 1995 (Olivier et al., 1999, 2002). Emissions are

In this paper, results are presented of an analysis, whic . L o
Icalculated using an emission factor approach and emissions

tests the sensitivity of a regional chemical transport mode 2 o )
(Maetal., 2002a) used to calculate summertime tropospheripy sectpr are distributed on #41° grid based mainly on
ozone over China to the uncertainty in the anthropogenicDOpmat'on maps. . . . .
emission estimates of NOCO and NMVOC. The princi- Th_e methodology of EDGAR is des_c_rlbed in detail in
ple of this sensitivity run is that three independent emission(O“VIer etal., 1996’_ 1999, 2002). Activity data by coun-
inventories for China are used while keeping all other model™Y B and thus for Chlng— were taken from datasets compllgd
settings (including non-Chinese emissions) constant. by international organizations which have performed consis-
tency 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 Commaodity Production Statistics database”
2 Anthropogenic emission inventories (UN, 1998). Applied emission factors are a mixture of emis-
sion factors for groups of individual countries based on na-
tional or regional studies and global default emission factors

Th mission inventori re (i) emission im for ; ) .
e used emissio entories are (i) emission estimates %hen no specific information was available. For China, most

the year 1995 from the Emission Database for Global Atmo-emission factors for NQ CO and NMVOC are global o re-

spheric Research (EDGAR v32; Olivier et al., 1999, 2002)'gional default factors taken from the literature (Olivier et al.,

(C"%é?n%LZTaIIE\?oTJEEfno&ltet%tgré;csiﬁg ('_rllF;Zngg?Sprzrtanmd 2002 and references therein). Examples of country specific
. o : prog factors are those for CO and N@om coalmine fires.
with emission estimates for the year 2000 (Streets et al.,

2003) and (iii) national emission inventory used in the Chi- 2.2 The TRACE-P emission inventory
nese Ozone Research Programme (CORP) with emission es-

timates for the year 1995 (Bai, 1996). As input for the TRACE-P project, Streets et al. (2003) have
The inventories are different in (i) year for which emis- constructed a regional emission inventory for Asia with an-
sions are calculated, (ii) level of detail that is included, (iii) nual total emissions by country representing emission esti-
information source for emission factors and activity data, andmates for the year 2000. Emissions of several compounds,
(iv) method of distributing emissions to9(%1°) grid cells.  including NQ,, CO and NMVOC are calculated on the coun-
The inventories share an important issue: due to the nature dfy level. Chinese emissions are calculated by province.
emission factor calculations all inventories are known to beEmissions of NMVOC are further specified into 6 categories.
inaccurate representations of the emissions that have taken The data used consist of actual statistical data for the
place in China over the year 1995. The extent to which theyear 2000, model forecasts values based on 1995 values
inventories are inaccurate is unknown. Furthermore, it is notand trend extrapolations from emission estimates for the
assessed which inventory is the most accurate one. late 1990’s. For China, activity data have been taken from
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Fig. 1. Anthropogenic surface emissions of @O, NMVOC over China according to the EDGAR, TRACE-P and CORP estimates. Both
EDGAR and CORP estimates are for the year of 1995, and TRACE-P is for the year of 2000. While EDGAR and TRACE-P NMVOC
emissions are independent on fémissions, CORP NMVOC emissions are scaled tg e@issions. Units are Gg y# per 1° x 1° grid.

country specific studies. For example, fuel use by sectoffor the inventory. The NQ emissions have been calculated
and province were taken from by Sinton and Fridley (2000).based on emission factors measured in China (Bai, 1996).
Emission factors were applied both from studies on ChinaFor CO emissions, the source of information is unknown.
(e.g. vehicle emission factors from Fu et al., 2001) and fromActivity data have been taken from a variety of information
global studies (e.g. biomass burning factors from Andreaesources on either State, Province and city level (Bai, 1996
and Merlet, 2001). Emissions by sector are distributed onand references therein). In general, energy statistics were
1°x1° grid cells based on population maps but also on foravailable on at least the province level and for one fourth of

example road network maps. the provinces data was available on the prefecture level. Ac-
tivity data on industrial processes was taken from Ministerial
2.3 The CORP emission inventory yearbook publications. The calculated emissions were dis-

tributed on a 1x 1° grid by dividing emissions by prefecture
For the CORP programme, Bai (1996) has calculated ararea. For grid boxes that contain more than one prefecture,
emission inventory for China with NOx emissions represen-the emission in the grid is averaged using weighted emission
tative for the year 1992. This inventory has been updatedsalues.
for the year 1995 with CO emissions added. Unfortunately,
this update has not been published. NMVOC emissions wer®.4  Differences between emission inventories
not included in the CORP emission inventory. For modelling
purposes, Ma et al. (2002a) added NMVOC emissions usTable 1 presents a summary of the emission estimates for
ing a NGQ/NMVOC factor based on Berntsen et al. (1996). Chinese NQ, CO and NMVOC with Fig. 1 presenting the
These NMVOC emissions of Ma et al. (2002a) are usedemission on grid. As shown in Table 1, the N@missions
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Fig. 2. Difference in surface N@ CO and CHO 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. Note that the relative differences are large fanN¥@stern China due to low emissions

and concentrations of NOn unpolluted areas.

range from 11Tg (TRACE-P) to 19Tg (CORP) with the TRACE-P and CORP, EDGAR assigns zero emissions to
CORP inventory being about 50-60% higher than both thewestern China (Tibetan Plateau). The distribution of \NO
EDGAR and TRACE-P work. Although the EDGAR and emissions show higher peak values by EDGAR and CORP
TRACE-P NQ budget are comparable-(0%), large dif-  with more equal distribution values of TRACE-P. For exam-
ferences can be seen in sector emissions. For the CORP iple, the Shanghai region shows valt800 Gg per year in
ventory, no sector information is available. CO emissionsEDGAR and CORP while TRACE-P shows values of 100—
range from 10 Tg (CORP) to 116 Tg (TRACE-P). EDGAR 200Gg per year. For CO emissions, CORP shows very
and TRACE-P emissions differ by 30% while the CORP val- low CO values (100-200 Gg in eastern China) in compari-
ues seem unrealistically low. Again, EDGAR and TRACE-P son with the>200 Gg values in EDGAR and TRACE-P in-
show large sector differences. For example, transport emisventories. As with the NQ emissions, the distribution of
sions in EDGAR are 1/3 of the TRACE-P estimate while do- NMVOC emissions show higher values in the CORP inven-
mestic emissions in EDGAR are twice the TRACE-P value. tory (200-300 Gg) in comparison with the more equally dis-
NMVOC emissions range from 11Tg (EDGAR) to 25Tg tributed emissions within the EDGAR and TRACE-P inven-
(CORP) with 45% difference between TRACE-P and thetories.
other inventories. Emissions by sector between EDGAR and
TRACE-P show large differences, except for domestic emis- As shown above significant differences are observed be-
sions. tween the three emission inventories. Based on the available
The distribution of emissions (Fig. 1) shows a common information it cannot be assessed which inventory provides
feature between the inventories with low emissions in west-the most accurate emission estimate for the year 1995. In
ern China and high emissions in the east. In contrast withgeneral the following can be stated:
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— EDGAR: emission estimates at higher aggregation lev-for China, the EDGAR inventory was applied for other coun-
els than the other inventories (both budget and grid).tries in the model domain in all simulations. Since all other
However, calculations are representative for the yeamodel settings are kept constant, the difference in simulated
1995 and based on international datasets. ozone will be due to various independent emission inven-

] o ~ tories for China. The model sensitivity has been tested for

— TRACE-P: rather detailed emission inventory, which (j) 5z0ne precursor concentrations, (ii) net ozone production,
has used detailed geographical maps to distribute thejiiy oz0ne concentrations, (iv) validation of the model us-
emissions. However, emissions are not representativé,g Global Atmospheric Watch (GAW) measurements and
for the year 1995. (v) exceedance of ozone standards.

— CORP: emission calculations at detailed prefecture
level in China (budget and grid). Emissions are rep-
resentative for the year 1995 and emission factors base
on local measurements have been used. However, do
umentation of the inventory is insufficient.

3.1 Ozone precursor concentrations

f’iigure 2 presents the difference in calculatedyNOO and
CCHZO for the three model simulations. For illustrative pur-
poses, the model results using the EDGAR emission esti-
mates for China are shown as a base case (Fig. 2a). The
3 Regional ozone modelling model results using TRACE-P (case C1) and CORP (case
C2) are presented as deviations from this reference case (case
The model used in this study is a 3-D regional chemical transB). Selection of the EDGAR emission inventory as refer-
port model (Ma et al., 2002a), which is extended from the Re-ences is arbitrarily based on the fact that it is widely used
gional Acid Deposition Model (RADM) and aimed at study- in atmospheric modelling. It does however not imply that it
ing the distribution and budget of tropospheric ozone and itgS better than the other inventories.
precursors over China. The model domain covers China with In much of the troposphere, ozone production is limited
a horizontal resolution of 100 km. In the vertical, the model by the abundance of NO(WMO, 1995). In China, most
extends up to pressure levels of 10 mbar for meteorologicaNOx emissions are confined in the boundary layer near the
simulations and to the local thermal tropopause for chem-surface (Ma et al., 2002a), which are mainly from fossil fuel
ical integration. The meteorological fields for the model combustion. Figure 2al presents surfaceN@ncentrations
run are provided with the Fifth-Generation NCAR/Penn calculated using EDGAR. Due to the short lifetime, high
State Mesoscale Model (MM5). The chemical gas-phaséNOx concentrations are found in areas with largeNfis-
mechanism in the model was initially developed by Stock-sions. High NQ concentrations of 3-9 ppbv are found in the
well (1986), and modified by updating the rate constants, in-eastern and middle part of China. Low N@oncentrations
troducing the effective photodissociation of ozone, incorpo-are found in the western China, notably around the Tibetan
rating the permutation reactions of organic peroxy radicals,Plateau. Peak values of N@>9 ppbv) can be seen around
and replacing the lumped N®N,Os reaction rate expres- the Chengdu, Shanghai and Beijing areas.
sions with the explicit ones (Ma et al., 2000). The revised The relative differences between the reference case and
chemical mechanism was well compared with the explicitthe calculations using TRACE-P and CORP are shown in
NCAR'’s Master Mechanism using the trace gas concentraFigs. 2bl and c1, respectively. Large differences in Man-
tions observed at the China regional background atmosphericentrations will be found in areas where emissions are differ-
observatory as model initial conditions. The mechanism wasent (see Fig. 1). These differences are visible in North China
further improved by adding acetone as a tracer into the mode{including Beijing and Shijiazhuang), Northeast China (in-
and including parameterization of heterogeneous reactions afluding Shengyuang and Haerbin) as well as in the Sichuan
N2Os and NG on sulfate aerosols (Ma et al., 2002a). The Basin (including Chengdu and Chongging) and East China
model implemented with this mechanism was used for theregions (including Shanghai and Nanjing). Both TRACE-P
study of tropospheric ozone over China by Ma et al. (2002a,and CORP simulations show up to 200% highenr/¢Oncen-
b). In addition to updated anthropogenic surface emissionsirations in the low emission areas in the western and north-
natural NMVOC emissions, aircraft emissions and lightning ern parts of China. These differences appear to be larger in
NOy sources are taken into account. The initial fields andwestern China for TRACE-P, while the CORP simulation re-
lateral boundary condition for most chemical traces are pro-sults in large difference with EDGAR in Northeast China. In
vided with a global chemical transport model for ozone andthe areas in Central and Eastern China with large emissions,
related chemical tracers (MOZART). the EDGAR simulation results in 20-100% higher Nédn-

The three emission inventories have been implementedentrations than TRACE-P and CORP. The difference can be
into the model followed by a sensitivity run for each inven- around 3 ppbv or higher which is comparable to theyNO
tory. The model simulation is performed for a summertime levels in the polluted rural areas of East Asia (WMO, 1995).
period, 1-15 July 1995 over which the results are averaged The primary source of CO is estimated to come predomi-
and analyzed. While different emission inventories are usedantly from anthropogenic origin. In addition, the oxidation
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show comparable concentrations. In low emission areas, the
results from TRACE-P show larger GB concentrations.
The difference between the EDGAR and CORP simulations
is rather large. The CORP simulations show differences
larger 200% in North and Northeast China.

3.2 Net ozone production

T110E 120E

b1) Net P(03) in BL: C1-B  (ppbv/d)  b2) Net P(03) in FT: C1-B  (ppbv/d)
- ;

son[ T —~11 Figure 3a shows the net ozone production for the boundary
N S E layer (Fig. 3al) 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. Figures 3b and ¢
[ . - I T - show the differences between the EDGAR and the TRACE-
SoE—Toor 7o T20¢ SoE oo 1o 120 P and CORP simulations. In general, the CORP simulation

et PR In B 025 WI‘W s € A results in higher net ozone production in the boundary layer,
ST ’ i gl especially in North and Northeast China. The largest differ-
on) oo ences are up to 6 ppbv/day, which is nearly 30-50% of maxi-
) o mum net ozone production estimated for the polluted regions

S 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 values using EDGAR for the Sichuan Basin and
Fig. 3. Differences in calculated net production of ozone, (O East China regions. This difference is relatively small in
for the boundary layer (BL) and the free troposphere (FT) due tocomparison to the CORP simulation. In the free troposphere
the use of different emission inventories EDGAR, TRACE-P and (Figs. 3a2, b2, c2) the difference in net ozone production is
CORP (denoted as cases B, C1 and C2, respectively). Simulategonfined to limited regions, but its magnitude is still consid-

results with EDGAR are given as reference and the differences argrable, reaching to 1 ppbv/day or more in some regions.
shown with the deviations of TRACE-P and CORP to EDGAR.

LR T00E TTDE 120E ECH 100E T10E 120E

3.3 Ozone concentrations

of CH4 and NMVOC provide an important secondary source Figure 4 presents simulatecs©@oncentrations at the surface
of CO in the atmosphere (Von Kuhimann, 2001). In the (4a1) and at 500 mbar height (4a2) using the EDGAR inven-
EDGAR simulation (Fig. 2a2) higher CO concentrations tory together with differences with the TRACEP (4b1, b2)
(>400ppbv) are found in eastern China and lower concenand CORP (4c1, c2) simulations. Highs @oncentrations
trations in the west. Peak CO concentrations (700-900 ppbvire found in Central east and Northeast China and on the Ti-
are found in the Chengdu area of the Sichuan Basin, &etan plateau where altitudes fall in the middle troposphere.
larger area of North China below Beijing and a small areafor surface ozone, the differences occur mainly in Northeast
of East China near Shanghai. While CO concentrationsChina and the East China Sea. Both the CORP and TRACE-
from the TRACE-P simulation are comparable with EDGAR P simulations result in ozone concentrations with the differ-
(Fig. 2b2), CO concentrations from the CORP simulation ence reaching up to 50% at some locations (e.g. Shanghai
show values of up to 100% lower in eastern China. area) but in general the differences are less than 30%. Dif-
Since NMVOC includes many species that are involvedferences in ozone concentration at 500 mbar show a different
in the oxidation reactions for ozone formation (Atkinson, pattern. Here the differences occur over the Sichuan Basin,
2000), lumped NMVOC species are used for the purposeEast China and its down-stream regions over the sea. This
of simplification and efficient calculation of the model (Ma corresponds to the corridor where @ predominantly at-
et al., 2002a). Therefore, it is not convenient to comparetributed to photochemistry (Ma et al., 2002b). The EDGAR
the results with observations or other model studies if thesimulations show slightly higher values (up to 5%) than the
concentrations of total NMVOC are presented. Propene-TRACE-P simulation. Results from CORP and EDGAR
equivalent NMVOC was used to analyze the relationship be-are comparable, except for the Guizhou area with up to 3%
tween ozone and its precursors in Chameides et al. (1992)iigher concentrations in the CORP simulation.
In this paper distribution of CkD are shown. As shown in The reasons for the smaller difference in simulated ozone
Fig. 2a3, CHO concentrations follow the pattern of N@nd  concentration than in its precursors, for instance xN&e
CO concentrations (Figs. 2al, a2). In the regions with highcomplicated. In unpolluted areas (e.g. western China), an-
emissions the EDGAR and TRACE-P simulations (Fig. 2b3) thropogenic N@ emissions as well as its concentrations are

Atmos. Chem. Phys., 4, 877-887, 2004 www.atmos-chem-phys.org/acp/4/877/
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Fig. 4. Differences in simulated §at the surface and 500 mbar Fig. 5. Differences in simulated surfaces@ue to the use of differ-

height due to the use of different emission inventories EDGAR, ent emission rates of EDGAR, TRACE-P and CORP for a specific

TRACE-P and CORP (denoted as cases B, C1 and C2, respectively$pecies while keeping rest the same as those of EDGAR. The sim-

Simulated results with EDGAR are given as reference and the dif-ulated result with EDGAR is taken as reference, which is given in

ferences are shown with the deviations of TRACE-P and CORP toFig. 4al. The differences are shown with the relative deviations to

EDGAR. EDGAR when TRACE-P N@, CO and NMVOC (denoted as S1,
S3 and S5) and CORP NQCO and NMVOC (denoted as S2, S4
and S6) are used, respectively.

low, and ozone is controlled mainly by the transport (Ma et

al., 2002b). The differences in N@missions as well as its . . . o i .
concentrations may be rather larger in relative sense. How: estimated to be 6 to 9ppby, i.e. 20-30% increase in rela-

ever, the differences in simulated ozone concentrations ar%::';Ciaseéhgﬁage;ggzlegﬁeﬂiig{?gﬁg;gﬁ&gi:jg?ﬁf’
smaller due to rather small fraction of ozone attributed to 9

in situ photochemistry. In polluted areas (e.g. most parts og'able' _ o o )
eastern China), anthropogenic Nemissions as well as its To determine whether it is the combination of different
concentrations are high, and ozone is controlled mainly byeMission estimates or the difference in one species that

photochemistry (Ma et al., 2002b). Ozone concentration<Lontrols the difference in ozone concentrations, additional
should be sensitive to the variations in N€oncentrations model simulations were performed which are discussed here

and thus its emissions. However, the amount of ozone probriefly. _The model sensitivity runs were performed with the
duced per N@ emitted is not linear (Liu et al., 1987; Lin et SC€narios below, where EDGAR emissions were replaced
al, 1988; Trainer et al., 1993). With NQzone production  With TRACE-P or CORP for one species.

increases at high NQevels and decreases at high N@v-

els, and the NQthreshold is around 1-10 ppbv, depending S1: TRACE-P NQ with EDGAR CO and NMVOC;

on NMVOC conditions and so on (Poppe et al., 1998). Gen-S2: CORP NQ with EDGAR CO and NMVOC;

erally, surface NQlevels in polluted areas of eastern China S3: TRACE-P CO with EDGAR N@and NMVOC;

fall in this range (Fig. 2al). Therefore, the differences in S4: CORP CO with EDGAR NQand NMVOC;

simulated ozone vary and can be opposite in sign with theS5: TRACE-P NMVOC with EDGAR NQand CO;
differences in simulated NQ(Figs. 2b1, 3b1 and 4b1). Ka- S6: CORP NMVOC with EDGAR NQand CO.

sibhatla et al. (1998) estimated that the net ozone production

efficiency (OPE) ranges from 2 to 3 ppby fpbv-! NOy in Differences in simulated surfaces@ue to the use of these
the eastern United States during summer. Assuming a 100%cenarios are compared with the reference simulation using
NOy increase at 3 ppbv NCand 30 ppbv @, the Gy increase  the EDGAR emission inventory for all species.
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3.4 Diurnal variation of ozone at GAW stations

Measurements of ozone and its precursors are sparse in
China, especially in the rural areas. Surface ozone was ob-
served at the three WMO Global Atmosphere Watch (GAW)
background stations in the CORP programme (Zhou, 1996).
Figure 6 presents the simulated mean diurnal cycles;atO
stations Mt. Waliguan (WLG), Lin’an (LA) and Longfeng-
shan (LFS). The location of these stations is shown in
Fig. 4al with markings A (WLG), B (LA) and C (LFS). Sim-
ulated daily variations of @at the WLG and LA stations do
not show large difference between the three simulations. The
differences between the simulations and observation are rel-

atively small with a good fit at LA and with some underesti-
mation at WLG station.

As can be expected, simulatecs @ WLG stations is
nearly the same for all three simulations. The source of O
at WLG is mainly from long-range transport outside China
(Ma et al., 2002b). The sources of@t LA are both from
1 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
rural areas of south China and dominating sea winds. Sim-
ulated daily @ variations at LFS stations show different re-
sults. While the CORP simulation reproduces observed O
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 differ-
ences in Northeast and North China might contribute to the
differences found at this station.

O:s (ppbv)

—— —_— 3.5 Exceedance of ozone standards in selected grid cells
0 4 8 12 16 20 24

Local Time (hr) As shown in Fig. 4, differences in simulated surfacgea®e
large in North and Northeast China. This could have im-
Fig. 6. Simulated mean diurnal cycles of surfacg @t the  plications for studying ozone exceedance in major cities in
three WMO/GAW background stations Mt. Waliguan, Lin'an and that area. Figure 7 presents the hourly @riation in se-
Longfengshan for different emission inventories EDGAR, TRACE- |acted model grid cells where six large cities in North and

P and CORP (denoted as blue, green and red lines, respectivelyly,heast China are located. The government of China has

Observations (circles, with bars for standard deviations) are alsqu o ara) 070ne standards of which the first level standard
shown for comparison. The geographic position of the stations is

given in Fig. 4al and denoted by A, B and C for Mt. Waliguan, of 60'ppbv hourly mgXImum has been applied. Although
Lin'an and Longfengshan, respectively. 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
As shown in Fig. 5al, the difference between EDGAR andFig. 7, several cities show an exceedance of this standard, es-

TRACE-P (Fig. 4al) is caused dominantly by the differencepecially in the first days of the simulation period. For the city
in NOy emissions, in addition, partly by the difference in of Beijing and Tianjin, it is clearly visible that the EDGAR
NMVOC emissions (Fig. 5¢1). The difference in the CO simulation does not lead to exceedance of the ozone stan-
emission between EDGAR and TRACE-P has little effectdard while the TRACE-P and CORP simulations result in
on simulated surface £JFig. 5b1). The difference between exceedance during several days. The maximum difference in
CORP and EDGAR (Fig. 4cl) is caused by the combinedhourly-averaged ozone concentration can reach up to 40 ppbv
effect of difference in the emission of N(Fig. 5a2), CO  or 100% in relative sense. For the other cities, ozone concen-
(Fig. 5b2) and NMVOC (Fig. 5¢2). This effect, however, is trations rarely exceed the standard, but the relative deviation
not a simple addition of the emission differences but is andue to different emission inventories is still high sometimes
effect of the non-linear characteristics of ozone chemistry. with a maximum of near 100%.
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4 Conclusions o3 L B B B B A

E 80 [ Beijing 7
In this paper the sensitivity of simulated ozone to different & e -/+ - - H-|M-F- f-g-\----------- =
emission inventories of ozone precursors has been studiedg 40 [

Three independent emission inventories (EDGAR, TRACE- ~ #[
P and CORP) with emission estimates for JIMVOC and 100 [
CO in China have been used as input for simulations with a z 8%
regional chemical transport model (Ma et al., 2002a). jg ,
Large differences were found in the simulated precursor 20l
concentrations. For both N@Gnd NMVOC the EDGAR cal- [
culations resulted in lower concentrations in the northern part
of China. For NQ these differences are up to 200% while 60 [ ‘\ 7777777777 4
for NMVOC these differences are up to 100% in comparison a0 W, J 1
with TRACE-P and up to 200% with CORP. Simulation of 20 |
CO concentrations using EDGAR and TRACE-P are compa- 10§ [ " ‘Sr‘]e‘ny‘ang‘j
rable with differences of about 20%. The CORP simulation 80 - ]
results in significant lower CO concentrations (up to 100%) jg I
than the other simulations. These differences are most likely S ¢
caused by the different CO emission budgets with CORP es- 0 [
timating 5-6 lower CO emissions than the other two inven- 123 ,
tories. 60 [
Although large differences were found in the precursor 40f
concentrations and significant differences occurred in the 207
boundary layer net ozone production values, the differences 10 . :
in ozone concentrations are relatively small for a regional 3
ozone model. Differences in surface ozone occurred mainly &
in North and Northeast China with as well as in the East S ||/ 1
China Sea. Both CORP and TRACE-P simulations showed A = e L A T R A R R SR R A A A
higher ozone concentrations than the EDGAR simulations T2 3 45 67 D:y ongu:)f’ 12 13 14 15 16
with differences of up to 50% in the Shanghai and Beijing
area. For most of.the mode! domain, however, dlffer_ences':ig_ 7. Simulated hourly variations of surfacezQor the se-
are only 5730%' lefe.rences |n3@1't 500 mt?ar occur mainly lected model grid cells with different emission inventories EDGAR,
over the Sichuan Basin, North China and its down-stream reTRACE-P and CORP (denoted as blue, green and red lines, re-
gions over the sea, with maximum differences of 1-2 ppbvspectively). The grid cells are denoted with the name of big cities
(less than 5%). Application of TRACE-P generally resulted which are included in the grid cells. The first-level ozone standard
in lower O3 values at 500 mbar in comparison with EDGAR (60 ppbv) is shown with black dashed lines.
and CORP.
The results from additional local simulations in which
one species from the TRACE-P and CORP emission invenulations show that the application of different emission in-
tory was mixed with the EDGAR estimates for the other ventories did not result in significant differences. For the
species showed that the difference between TRACE-P andigher altitudes, photochemistry and atmospheric transport
the EDGAR simulations can be attributed mainly to the,NO play a more important role than the variation (uncertainty) in
emission inventory differences, less to NMVOC and not to surface emissions. For the unpolluted areas, the relative dif-
CO emission inventory differences. Given the discussionferences in the emission inventories were found to be large
above on precursor concentrations, the difference in ozonéut due to the low emissions values this does not have a large
calculations between EDGAR and TRACE-P are mainly re-effect on simulated ozone values.
lated to the difference in distribution of the N@missions. As far as surface @in polluted areas is concerned, the
The differences between EDGAR and CORP ozone calcuresults show that 30-50% differences in ozone concentra-
lations is less clear and seems to be the combined effect afons values were found. Maximum differences of 10 ppbv
differences in N@, CO and NMVOC emissions. were found in the region where the big cities of Beijing and
The main purpose of this paper is to discuss to what ex-Tianjin are located. Although the inventories show large dif-
tent uncertainty in regional emission inventories really mat-ferences, regional modelling of ozone shows concentrations
ters for the outcome of atmospheric modelling studies. within 30-50% which — at first sight — does not seem very
As far as surface @in rather unpolluted areas ang @t large for this type of modelling, especially when the emis-
higher altitudes (500 mbar) are concerned, the different simsion inventories show large differences.
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For more localized studies, for which the model suitabil- Atkinson, R.: Atmospheric chemistry of VOCs and NOx, Atmo-
ity could be questioned, significant differences were ob- spheric Environment, 34, 2063-2101, 2000.
served. In the area where maximum differences (10 ppbv)Bai, N. B.: The emission inventory of GOSQ,, and NG in China,
were found, ozone levels in Beijing and Tianjin were above in The Atmospheric Ozone Variation and Its Effect on the Cli-
the exceedance level in the TRACE-P and CORP calcula- Mate and Environmentin China, edited by Zhou, X. J., 145-150,
tions while the EDGAR calculations did not lead to ex- _ 'eteorological Press, Bejjing (in Chinese), 1996.

ceedance. In this case the difference in emission inventoriegemtsen’ T, Isaksen, I. S. A, Wang, W.-C., and Liang, X.-Z.:
’ Impacts of increased anthropogenic emissions in Asia on tropo-

did ma,tter' In addition, the comparison of the d'um@l@', spheric ozone and climate: A global 3-D model study, Tellus,
cles with the measurements made at a WMO/GAW regional 48 13-32, 1996.
background station, the Longfengshan station, was depenchameides, W. L, Fehsenfeld, F., Rodgers, M. O., Cardelino, C.,
dent on which emission inventory was used for the model Martinez, J., Parrish, D., Lonneman, W., Lawson, D., Ras-
calculation. mussen, R., Zimmerman, P., Greenberg, J., and Middleton, P.:
In the opinion of the authors, a difference of 30-50% in  Ozone precursor relationships in the ambient atmosphere, J. Geo-
simulated ozone values, between model calculations using Phys. Res., 97 (D5), 6037-6055, 1992.
either a (i) inventory of high aggregation level with several Fu, L., Hao., J., He, D., He, K., and Li, P.: Assessment of vehic-
global default emission factors, (i) detailed inventory with ~ Ular pollution in China, Journal of Air and Waste Management
emissions not representative for 1995 and (iii) detailed inven- _ :‘fggggt_'%n’ 51, d6§§/_2%6% 2|001' Al bal COECD
tory of NOy emissions with unknown method for CO and a -eyon  melease 4.2, Energy baiances o

. .. . . countries, Energy balances of Non-OECD countries, lvation
scaling of NG emissions to reach NMVOC estimates, is not Datasystemsinc, 1997.

extremely large. In this perspective the uncertainty in emis-agibhatla, P., Chameides, W. L., Saylor, R. D., and Olerud, D.:
sion inventories does not lead to important different insights  Relationships between regional ozone pollution and emissions
and the strain on emission inventories being the limitation in  of nitrogen oxides in the eastern United States, J. Geophys. Res.,
regional ozone modelling seems to be unjustified, especially 103, 22663-22 669, 1998.

when meteorological variations or chemical reactions withinLin, X., Trainer, M., and Liu, S.: On the nonlinearity of tropo-
the model could also lead to large variation in the model out-  spheric ozone production, J. Geophys. Res., 93, 15879-15888,
come. 1988.

Finally, a question to be answered is which inventory Liu, S., Fehsenfeld, F., Parrish, D. D., Wllllams_, E'? Fahey, D. W.,
should be used for simulating summertime ozone in China uebler. G., and Murphy, P.. Gzone production in the rural tro-
in 19957 If the measurements at the Longfenshang station in posphere and the implications for regional and global distribu-

. - tions, J. Geophys. Res., 92, 4191-4207, 1987.
Northeast 'Chlna are used as an |n.d|c_at0r', one should hgv,gla’ 3., Li, W. L., and Zhou, X. J.: Improvements of RADM1 gas
more confidence in the CORP emission inventory than in  phase chemical mechanism, J. Environ. Sci. Health, A35, 1931—
the EDGAR and TRACE-P emission inventories. However, 1939, 2000.
given its large underestimation of CO emission values thisma, J., Liu, H., and Hauglustaine, D.: Summertime tropospheric
confidence seems to be misplaced. In general, there is no ozone over China simulated with a regional chemical transport
confidence to highlight which emission inventory is better model, Part 1. Model description and evaluation, J. Geophys.
than the other at the present time. Either a detailed compar- Res., 107 (D22), 4660, doi:10.1029/2001JD001354, 2002a.
ison of methodology of the three emission inventories or theMa, J., Zhou, X., and Hauglustaine, D.: Summertime tropospheric
availability of more measurements to validate the model re- ©Zone over China simulated with a regional chemical transport
sult could provide this insight. Unfortunately, this is not pos- To°7de[|)'szartfélzo‘érC..elgof(t)rz'gl;;'ggﬁrgjo%idg%est’ élbg;k;)phys. Res.,
sible due to lack of documentation on the CORP inventoryM (D22), » JOLLY. ' .

d the limited f d auzerall, D. L., Narita, D., Akimoto, H., Horowitz, L., Walters,
and the limited amount of measurement data. S., Hauglustaine, D. A., and Brasseur, G.: Seasonal character-
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