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A b s t r a c t  
To meet the urgent need of atmospheric chemistry and climate modellers a global 
emissions source database called EDGAR has been developed jointly by TNO and 
RIVM to estimate for 1990, on a regional and on a grid basis, annual emissions of 
greenhouse gases (CO2, CH4, N20, CO, NOx, non-methane VOC, SOx), of NH3, and 
of ozone depleting compounds (halocarbons). The aim was to establish the global 
emissions from both anthropogenic and biogenic sources: a complete set of data 
required to estimate the total source strength of the various gases with an lo x lo 
resolution (altitude resolution of 1 km), as agreed upon in the Global Emissions 
Inventory  Activity (GEIA) of the In terna t ional  Atmospheric Chemis t ry  
Programme (IGAC). The data comprise demographic data, social and economic 
factors, land use distributions and emission factors (with due emphasis on the 
uncertainty). As understanding in this field is still changing, due attention is paid to 
flexibility regarding the disaggregation of sources, spatial and temporal resolution 
and species. The objective and methodology chosen for the construction of the 
database are presented, as well as the type and sources of data and the approach 
used for data collection. As an example, the construction of the N20 inventory is 
discussed. 

1. In troduc t ion  
Atmospheric chemistry and climate modellers require gridded global emissions 
data as input into their models. Within RIVM there is a need to monitor globally 
the climate affecting emissions and to gather the basic underlying data as input to 
the emissions calculation modules of RIVM's climate model IMAGE 2.0 
(Integrated Model to Assess the Greenhouse Effect) as well as to support the 
validation of this model (Alcamo et a l . ,  1994). On a regional scale, emission data 
are required for tropospheric ozone modelling, e.g. as performed with the LOTOS 
model (Builtjes, 1992). 

To meet these needs, a global emission source database called Emission 
Database for Global Atmospheric Research (EDGAR) has been constructed, which 
is able to generate for the base year 1990 on a regional and on a grid basis the 
annual global emissions of the greenhouse gases CO2, CH4, N20, CO, NOx (NO and 
NO2), non-methane VOC and SOx (SO2 and SO4), of NH3, and of ozone depleting 
compounds (halocarbons) from both anthropogenic and biogenic sources. The 
finest spatial resolution of the data is loxlo (with an altitude resolution of 1 km for 
aircraft emissions), as agreed upon in the Global Emissions Inventory Activity 
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(GEIA) of the International Atmospheric Chemistry Programme (IGAC), which is 
part  of the International Geosphere-Biosphere Programme (IGBP). The temporal 
resolution is monthly for most natural sources, supplemented with information on 
the temporal variation of the other sources. The data comprise demographic data, 
social and economic factors, land use distributions and emission factors. As 
insights in this field are still changing, due attention is paid to flexibility regarding 
the disaggregation of sources, spatial and temporal resolution and species. 

Based on the conclusions of a feasibility study performed by TNO (Baars et al., 
1991), RIVM and TNO have carried out a project to establish this global database. 
The work consists for one part of data selection, collection and processing, and for 
the other part  of implementation of the database system (information analysis, 
system design, software development). Version 2.0 of the database system has 
been completed in January 1995. The database is located at RIVM and serves as 
an analysis tool, as an emissions generator for other atmosphere modelling groups, 
both within RIVM and TNO and externally, and acts as the database to provide 
the IMAGE model with the basic data to drive the model calculations on emissions. 
In this short paper we will, subsequently, discuss the functionality as requested by 
the future users, the approach used in data selection and collection, as an example 
the construction of the gridded N20 inventory, and the structure of the database 
system. For a more detailed description we refer to Olivier et al. (1994). 

2. User's  r e q u i r e m e n t s  
EDGAR is designed to be used by modelling groups involved with atmospheric 
chemistry, for scenario studies and for policy assessments. The needs of Dutch 
modelling groups within the Dutch National Research Programme on Global Air 
Pollution and Climate Change (NRP) were identified in the feasibility study. The 
functionality proposed to fulfil the needs of potential users was discussed at a 
workshop held in 1992, in which participants from different atmospheric modelling 
groups were present. Users of the inventories are institutes and universities in the 
Netherlands such as RIVM, TNO, the Royal Netherlands Meteorological Institute 
(KNMI), the Netherlands Energy Research Foundation (ECN), the Agricultural 
University Wageningen (LUW), and others in particular those co-operating within 
the NRP, as well as international research groups. Access of publicly available 
data will be by FTP (File Transfer Protocol) from RIVM's anonymous FTP site 
(internet address: info@rivm.nl; node address: 131.224.1.22), by WWW, or through 
e-mail. 

3. Data  se lect ion  and quality assurance  
Data selection on activities has been done on the basis of internationally accepted 
statistical data, assembled by an international organization which has performed 
consistency checks of the data. With respect to emission factors, representativity 
and availability of data as well as compliance with GEIA, OECD and European 
emission database systems are important  aspects taken into consideration. 
Although for outside users only emissions estimates for major source categories 
will be made available, a full data source description of the underlying data is 
available for all data included in EDGAR. 

In order not to duplicate activities worldwide, RIVM and TNO are co-operating 
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amongst  others with activities in the f ramework of the Global Emissions 
Inventory Activity (GEIA), which is an activity of IGAC in which inventories are 
developed and exchanged between the participating international group. TNO and 
RIVM coordinate the GEIA inventories on anthropogenic VOC and on N20 
emissions. Besides these inventories/contributions from EDGAR to GEIA, results 
from early finished inventories by GEIA and other inst i tutes are included in 
EDGAR. Inventories of NO x from soils and of NH3 are also performed within the 
GEIA framework. 

Although it was not planned to include specific country inventories, national 
greenhouse gas inventories such as submitted to the Conference of Parties under 
the Framework Convention on Climate Change (FCCC) may also be included in 
the database, since an option will be provided to include and select alternative data 
sets (e.g. national sets) for emissions calculations. This facilitates comparison of 
data sets and creation of new global totals and maps by combining different sets. 

To guarantee  the quality of the data, besides full reference to and a careful 
selection of the data source, quality checks are performed on the result of the final 
data processing. Quality assurance will be implemented following fixed procedures 
on data processing (e.g. by detailed logging of all quality checks) (Van der Maas et 
al., 1994). Although all sources are dealt with the research was focused on the 
major source categories. To the extent possible, compliance with developed GEIA 
inventories is pursued. 

4. Source  categories  and related data 
EDGAR consists of landuse-related processes, part ial ly on a grid basis and 
partially on a country basis, energy related processes on a country basis, other 
industr ia l  production and consumption processes, waste handl ing and other 
sources on a country basis. Major point sources are included or used as distribution 
parameters ;  allocation functions (thematic maps) are used to convert country 
emissions to gridded emissions. 

Activity data are taken from statistical data available, e.g. from IEA (energy 
data), UN (industrial production and consumption), FAO (agricultural data). For 
biogenic sources we use gridded data, e.g. of soil types, as the basic activity data. 
This also defines the basic source categories used in EDGAR (Table I). 

Emission factors were evaluated separately. Existing inventories,  e.g. of 
LOTOS, Corinair and NAPAP, are used to derive national or regional emission 
factors for surface sources. Emission factors for biogenic sources are often a 
function of the local climatic conditions, such as temperature ,  so here a more 
advanced approach is required. In the latter case the effective emission factors, e. 
g. per grid cell, have been calculated by the emissions module of IMAGE and the 
results have been imported in the EDGAR database. 

The allocation of emissions on a grid is dealt with in three ways. For major point 
sources, such as power plants and large basic materials producing industries, point 
source data are used to allocate part of national activities. If these are not present 
or not available - and also in case of a remaining part  of national activities (while 
attr ibuting the other part to point sources) - a distribution function will be used to 
allocate national emissions to the grid cells. 

Finally par t  of the activity data were already collected at grid level. For 



654 

e s t ima t ing  regional emissions we use the regional sub-division of the world as 
defined within the IMAGE 2.0 model as defaults (Alcamo et al., 1994). 

Table I 
Major source categories used in EDGAR and dominant  sources of trace gases. 

Source category C02 CH4 N20 CO NOx VOC SOx HCs 

Transpor ta t ion  x x x x x 
Power generation x x x 
Other  combustion x x x x 
(industry, residentials) 
Fossil fuel production x 
Gas distribution x 
Solvent use x 
Halocarbon use 
Other  industr ial  processes x x x 
Waste  disposal x 
Agriculture x x 
Live stock ( ruminants)  x 
Biomass burning x x x x x x 
Terres t r ia l  ecosystems (soils) x x x x 
Oceans x x 
Other  na tura l  sources x x x 

5. Example: construction of the N20 inventory 
The construction of the N20 emissions inventory is a good example of how different 
types of emission sources have been combined to arrive at  a spatial ly dis t r ibuted 
inventory.  The major  source categories for N20  are summar ized  in Table II and 
include fuel combustion and industr ia l  processes, biomass burning,  arable  land, 
grasslands and animal excreta, and natural  emissions from soils. 

For soils under natural vegetation we used the results o fBouwman  et al. (1993) 
and Kre i l eman  and Bouwman  (1994), because of the be t t e r  a g r e e m e n t  wi th  
a tmospher ic  models and observations. For more details we refer to Bouwman  et 
al., 1995. For grassland soils the N20 emission was es t imated  wi th  the above 
described method for soils under  na tu ra l  vegetation, using Olson et al. (1983) to 
allocate grass lands  (Bouwman et al., 1995). 
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For arable land the estimates of the emissions from fertilized fields show a great  
uncer ta in ty  (Eichner, 1990; Bouwman, 1990). The method tha t  gave the best 
correlation with atmospheric observations was included in EDGAR (Bouwman et 
al., 1995). Recently, Khalil and Rasmussen (1992) identified animal excreta as a 
source of N20. Our estimate for nitrogen excretion for different animal categories is 
described in Bouwman et al. (1995). For large scale biomass burning during forest 
clearing, savanna  burning and shifting cultivation, and for agricultural  residue 
burning,  we adopted the emission factors proposed by Crutzen and Andreae  
(1990). The amounts  of biomass burned and the grid distribution are from Hao et 
al. (1990). For agricultural waste burning we use a total volume of 909 Tg C yr-1 
(Andreae, 1991). Emission factors are from Crutzen and Andreae (1990). The 
es t imated emission was distributed tentatively over the arable land area within 
grid cells. The so-called post-burn effects of human activity in tropical forests, which 
may change emission rates of biogenic trace gases, are decribed in (Bouwman et 
al., 1995). 
Studies and measurements  of enhanced N20 emissions following savanna burning 
are too scarce to make even a tentative estimate for this process. 

Our emission estimate for fossil fuel combustion has been based on national 
energy data  from IEA (1992) and emission factors from De Soete (1993) and 
(Olivier, 1993). The calculated country totals are distr ibuted according to the 
gridded population densities of Logan (1993). For fuelwood combustion, we used a 
tentat ive estimate based on consumption data of FAO (1991) and IEA (1992) and 
an tenta t ive  emission factor (see De Vries et al., 1994). Here too, we used the 
population density of Logan (1993) as allocation function for the national totals. 
Adipic Acid (AA) production data are primarily based on the production capacity 
and locations of plants given by Castellan et al. (1991). Emission factors are based 
on Reimer et al., 1992. For manufacturing of Nitric Acid (HNO3 or NA), which is 
mainly used as feedstock in fertilizer production, global production estimates from 
UN statistics (UN, 1993) and by the industry (McCulloch, 1993, pers. comm.) are 
inconsistent.  Therefore, we adopted statist ics of N-fertilizer production as a 
correlate for NA production (IFA, 1992). Emission factors were selected from 
ranges described in Bouwman et al. (1995). In the absence of point source data, 
distribution of emissions was done using population density as a surrogate. 

This example shows tha t  the various sources of N20 need to be t rea ted  
differently. Our est imates per category compare ra ther  well with global totals 
est imated by Pepper et al. (1992) (see Table II). It also clearly i l lustrates tha t  by 
taking the process type of approach combined with activities defined either for 
areas  (countries), points or grid cells, the est imation of emission factors as 
discussed above, and the use of selected thematic maps, we are able to construct 
an integrated gridded emissions inventory. 

6. Structural design of the database system 
The central concept of the database system is the process approach. In principle, 
no emissions data  are stored in the database, but the underlying processes tha t  
cause the emissions: activity levels, environmental factors and locations (Van der 
Maas et al, 1994). A process is defined as an activity in which a product or waste 
mater ia l  is t ransformed into another product or waste material ,  where energy is 
used and emissions are produced. This definition is quite general and can be used in 
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many ways. A process can be the production of steel, the manufacturing industry 
in general, the production of corn, public transportation, painting of boats, the 
production of electricity etc. 

Emissions, energy use and waste stream are calculated by multiplying the 
process level with the load factors. Thus, the emissions of compound x for a list of 
processes are calculated as: 

P 
Emissionx =E ALi * EFix 

i=1 

where: 
P = the total number of processes 
ALi = process level (activity level) of process i 
EFix = is the environmental load factor (here emission factor) of 

compound x for process i in a historical year. 

Basic functionalities of the software are: system set-up (emission source 
categories, correspondence tables, definition of activity levels, emission compounds 
etc.), data import (conversion, checking, analysis, and processing), emissions 
calculations, inspections and exporting of results (maps, tables, aggregated input 
data). 

The development of this global database framework is part of the development 
of a comprehensive system of environmental databases at RIVM/LAE called 
RIM+, which have a national, European and global scope (Van der Laan and 
Bruinsma, 1993). EDGAR differs mainly from the other parts by the quantity of 
data to be processed, the emphasis on the location of activities (countries, regions, 
points or grid cells), and by the specific import/export and data analysis facilities. 

7. Limitations 
Version 2.0 of EDGAR, which is in operation from January 1995, includes a data 
set covering all major sources, but does not yet include fully assessed uncertainty 
estimates, and has a limited functionality in modelling and calculating past and 
future emissions. Also time profiles to distribute emissions over months are only 
partially included in version 2.0 of EDGAR. The main goal has been to create a 
database with the information necessary to calculate globally gridded emissions in 
the base year 1990. We envisage that later versions will be expanded with a 
linkage to the IMAGE model for scenario calculations on grid. 

Acknowledgements  
The project is part of the Global Emissions Inventory Activity (GEIA), which is an 
activity of the International Global Atmospheric Chemistry Programme (IGAC), 
and of the Dutch National Research Programme on Global Air Pollution and 
Climate Change (NRP). This project is funded by the Climate Change Department 
of the Dutch Ministry of Housing, Physical Planning and Environment (Global 
Biosphere project, no. MAP-481507/771060) and by the Dutch NRP (no. 851060). 



658 

R e f e r e n c e s  
Alcamo, J., Kreileman, G.J.J., Krol, M., and Zuidema, G.: 1994, 'Modeling the Global 
Society-Biosphere-Climate System. Part I: Model description and Testing. Water, 
Air and Soil Pollution, 76, 1-35; special issue "IMAGE 2.0". 
Andreae, M.O.: 1991, 'Biomass burning: its history, use and distribution and its 
impact on environmental quality and global climate', In: Levine, J.S. (Ed.), Global 
biomass burning, MIT Press, Cambridge, pp. 3-28. 
Baars, H.P., Berdowski, J.J.M., and Veldt, C.: 1991, 'Preliminary study on a global 
emissions database (EDGAR)', TNO Institute of Environmental Sciences, Delft, 
TNO report R 91/136, June 1991. 
Bouwman, A.F.: 1990, 'Exchange of greenhouse gases between terrestrial 
ecosystems and the atmosphere', In: Bouwman, A.F. (Ed.), Soils and the 
greenhouse effect, Wiley and Sons, Chichester, pp. 61-127. 
Bouwman, A.F., Fung, I., Matthews, E. and John, J.: 1993, 'Global analysis of the 
potential for N20 production in natural soils', Global Biogeochem. Cycles 7, 557-597 
Bouwman, A.F., van der Hoek, K.W. and Olivier, J.G.J.: 1995, 'Uncertainty in the 
global source distribution of nitrous oxide'. J. Geophys. Res. In the press. 
Builtjes, P.J.H." 1992, 'The LOTOS - Long Term Ozone Simulation - project. 
Summary report', TNO Institute of Environmental Sciences, Delft, report IMW-R92 
/240. 
Castellan, A., Bart, J.C.J. and Cavallero, S.: 1991, 'Industrial production and use of 
adipic acid', Catalysts Today 9, 237-254. 
Crutzen, P.J. and Andreae, M.O.: 1990, 'Biomass burning in the tropics: impact on 
atmospheric chemistry and biogeochemical cycles', Science 250, 1669-1678. 
De Soete, G.G.: 1993, 'Nitrous oxide from combustion and industry. Chemistry, 
emissions and control', In: Van Amstel, R.A. (Ed.), Proceedings of the International 
Workshop Methane and Nitrous Oxide: Methods in National Emission Inventories 
and Options for Control, Amersfoort, The Netherlands, February 3-5, 1993, pp. 
287-337. 
De Vries, H.J.M., Olivier, J.G.J., Van den Wijngaart, R.A., Kreileman, G.J.J. and 
Toet, A.M.C.: 1994, 'Model for Calculating Regional Energy Use, Industrial 
Production and Greenhouse Gas Emissions for Evaluating Global Climate 
Scenarios', Water, Air and Soil Pollution, 76, 79-131; special issue "IMAGE 2.0". 
Eichner, M.J.: 1990, 'Nitrous oxide emissions from fertilized soils: summary of 
available data', J. of Environ. Qual. 19, 272-280. 
FAO: 1991, 'Agrostat PC, Computerized Information Series 1/3: Land use', FAO 
Publications Division, Food and Agricultural Organization of the United Nations, 
Rome. 
Hao, W.M., Liu, M.H. and Crutzen, P.J.: 1990, 'Estimates of annual and regional 
releases of CO2 and other trace gases to the atmosphere from fires in the tropics, 
based on the FAO statistics for the period 1975-1980', In: Goldhammer, J.G. (Ed.), 
Fire in the Tropical Biota. Ecological Studies 84, Springer Verlag, Berlin, pp. 440- 
462. 
IEA: 1992: 'Energy balances of OECD countries 1989-1990'. OECD/IEA, Paris. 
Data diskettes dated 15-04-1992. 
IFA: 1992, 'Nitrogen fertilizer statistics 1986/87 to 1990/91, Information & 
Market Research Service, A/92/147', International Fertilizer Industry Association, 
Paris, France. 
Khalil, M.A.K. and Rasmussen, R.A.: 1992, 'The global sources of nitrous oxide', J. 



659 

Geophys. Res. 97, 14651-14660. 
Kreileman, G.J.J. and Bouwman, A.F.: 1994, 'Computing land use emissions of 
greenhouse gases', Water, Air and Soil Pollution 76, 231-258; special issue " 
IMAGE 2.0". 
Logan, J.: 1993: personal communication. 
Olivier, J.G.J.: 1993, 'Working Group Report. Nitrous Oxide Emissions from Fuel 
Combustion and Industrial Processes. A Draft Methodology to Estimate National 
Inventories', In: Van Amstel, R.A. (Ed.). Proceedings of the International Workshop 
Methane and Nitrous Oxide: Methods in National Emission Inventories and Options 
for Control, Amersfoort, The Netherlands, February 3-5, 1993, pp. 347-361. 
Olson, J.S., Watts, J.A. and Allison, L.J.: 1983, 'Carbon in live vegetation of major 
world ecosystems. ORNL 5862', Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, Environmental Sciences Division Publication No.1997. National 
Technical Information Service, U.S. Dept. Commerce. 
Pepper, W., Leggett, J., Swart, R., Wasson, J., Edmonds, J. and Mintzer, I.: 1992,' 
Emission scenarios for the IPCC; an update. Assumptions, methodology, and 
results. Prepared for IPCC Working Group 1', May 1992. 
Reimer, R.A., Parrett, R.A. and Slaten, C.S.: 1992, 'Abatement of N20 emission 
produced in adipic acid', Proceedings of 5 th International Workshop on Nitrous Oxide 
emissions, Tsukuba (JP), July 1-3, 1992. 
UN: 1993, 'Industrial Commodity Production Statistics', UN-ECE Statistical 
Division through International Environmental Data Service (IEDS), Geneva, 
Switzerland. Data on diskette. 
Van der Laan, W.P.M. and Bruinsma, P.H.: 1993, 'Environmental Information and 
Planning Model RIM+', Toxocol. and Env. Chemistry 40, 17-30. 
Van der Maas, C.W.M., Berdowski, J.J.M., Olivier, J.G.J., Bouwman, A.F.: 1994,' 
Emission Database for Global Atmospheric Research (EDGAR). Background 
Document', RIVM, Bilthoven, RIVM report 776 010 001 (in prep.). 




