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Figure 3. Latitudinal distribution of average (a) sulfur and (b)
nitrogen emission flux. The increase in sulfur emissions at
latitude ~68°N is due to nonferrous metal smelters in the Kola
Peninsula.

this information is not complete enough to allow us at this time
to assign quantitative estimates of uncertainty to the GEIA
inventories.

More quantitative assessments of the uncertainty associated
with emission estimates in some of the regional inventories used
are available. The estimates for the United States and Canada
[Saeger et al., 1989] and for Europe [Tuovinen et al., 1994] are
believed to be within 25%, with SO, emissions being more
accurately determined than NO, emissions. It should be
admitted, however, that, to date, no verification of these
estimates has been made even on regional scales. Verification
procedures for emission estimates on at least regional scales are
now being prepared within the UN/ECE Task Force on
Emissions Inventories (J.D. Mobley, U.S. Environmental
Protection Agency, personal communication, 1994).

To the uncertainty in the estimation of emissions described
above, the uncertainty of the gridding process must be added.
Except for smelter emissions, all other emissions in the default
SO, inventory and all emissions in the default NO, inventory
were gridded based on population as the surrogate, using the
1° x 1° file described in section 3.1. This file assigns each grid
cell to the country (or water area) occupying the major fraction
of the area of the cell. Thus for a particular grid cell emissions
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originating in countries other than the designated one must be
displaced to the nearest grid cell assigned to the country of
origin of the emissions. The regional data sets that were
received already gridded to the 1° x 1° GEIA grid may have used
additional surrogates to allocate their emissions. At this time,
quantitative estimates of the uncertainties associated with the
gridding procedures are not available.

Emissions in the GEIA inventories represent "typical”
conditions circa 1985; that is, special events, such as breakdown
of control equipment, temporary shutdown of individual sources,
are not captured. The uncertainty of using the GEIA inventories
to represent actual conditions for 1985 must be added to the
other uncertainties described above. If a more accurate
representation of actual conditions during 1985 is desired, the
GEIA inventories must be examined in light of surveys or other
reports that can describe exactly what occurred during the
periods and in the locales of interest.

6. Summary

Version 1 of the GEIA global inventories of annual emissions
of SO, and NO, from anthropogenic sources circa 1985, called
version 1A, is now available for use by the scientific
community. These inventories are distributed to a 1°x 1°
longitude/latitude grid and include the most current information
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Figure 4. Summary of the regional contributions to global
anthropogenic (a) SO, and (b) NO, emissions in the northern
and the southern hemispheres. The tropical regions are defined
as the latitude band from the equator to 23.5°, the midlatitudes
regions are defined between latitudes 23.5° and 60°, and the
polar regions are defined from latitude 60° to the poles.
Emissions in the southern hemisphere polar region are zero.
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Plate 2. Ratio of nitrogen to sulfur emissions. Areas with N/S ratios < 0.01 and > 400 are not included.

Table 4. Contributors to the GEIA Version 1A Inventories of Anthropogenic SO, and NO,

Emissions
Name Country Contribution

Hajime Akimoto* Japan Gridded SO, and NO, for 20 countries in East Asia
Frank Camovale® Australia Gridded and point source SO, and NO, for Australia
Jane Dignon® United States Global gridded NO, from fossil fuel combustion
Daniel Jacobd United States ~ Global gridded SO,
Nobuo Kato® Japan SO, and NO, for 20 countries in East Asia
S.M. Loyd* South Africa Gridded and point source SO, and NO, for S. Africa
Jennifer A. Logan? United States ~ Gridded 1° x 1° population file
Gordon McInnes# UN/ECE Area and point source SO, and NO, from CORINAIR
J. David Mobleyh United States  Gridded 1985 SO, and NO, from NAPAP
Hirohito Narita' Japan Gridded SO, and NO, for 20 countries in East Asia
Jozef Pacynal Norway Point source SO, and NO, in Asian part of former USSR
Peter Spiro® United States ~ Global gridded SO,
Leonor Tarrasén Norway Gridded SO, and NO, from EMEP
Yutaka Tonooka™ Japan Gridded and point source SO, for 5 countries in Asia

3 University of Tokyo, Japan.

b Coffey Partners Intemational PTY Lid., Hawthom, Victoria, Australia.

€ Lawrence Livermore National Laboratory, Livermore, California.

4 Yarvard University, Cambridge, Massachusetts.

€ National Institute of Science and Technology Policy, Japan.

f South African Department of National Health and Population Development, Pretoria.
£ European Environment Agency, Copenhagen.

!’ US Environmental Protection Agency, Research Triangle Park, North Carolina.
! Suuri-keikau Co. Ltd, Tokyo.

J Norwegian Institute for Air Research, Kjeller.

k Department of Mathematics, University of Utah, Salt Lake City, Utah.

1 Norwegian Meteorological Institute, Oslo.

M Institute of Behavioral Sciences, Tokyo.
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from the NAPAP regional inventories for the United States and
Canada [Saeger et al., 1989], EMEP, and CORINAIRSS for
Europe [Bouscaren, 1992; Sandnes and Styve, 1992], Asia [Kato
and Akimoto, 1992; Tonooka, personal communication, 1993],
Australia [Carnovale et al., 1992; Horseman and Carnovale,
1989], and South Africa (Lloyd, personal communication,
1993). SO, emissions for other regions of the globe were taken
from the work by Spiro et al. [1992] updated to 1985; NO,
emissions were taken from the work by Dignon [1992].
Diagrams of the relationship between the default inventories and
the regional inventories used are presented in Figure 1; a
detailed list of contributors is presented in Table 4.

We suggest that those requiring emission inventories for these
species standardize on the GEIA inventories, which we believe
are authoritative and which are freely available to all users. The
GEIA inventories generated by the work described here can be
acquired by anonymous FTP at ncardata.ucar.edu
(128.117.8.11). Please scan the README files at that location
for information about the NCAR Data Support Section. The
emission data reside on /pub/GEIA. Questions about data access
or programming issues can be directed to Debra Hopkins,
telephone (303)442-6866, e-mail hopkins@ncar.ucar.edu.
Scientific questions or administrative issues can be directed to
Paulette Middleton, telephone (303)442-6866, e-mail
Paulette@rmii.com.

The GEIA inventory effort on anthropogenic emissions of
SO, and NO, will not cease with the release of the version 1
inventories. These inventories will be periodically updated;
however, except for correcting major errors, the frequency of
updating will be chosen so that users will have ample time to
perform their studies and reach their conclusions before the next
version of a GEIA inventory is released. Inventories of SO, and
NO, updated to base year 1990 are planned for release in
approximately 1997. All who are interested in becoming
involved in these efforts, or contributing emissions inventory
information, are urged to contact any of the authors.
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