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Introduction

Anthropogenic emission data for global and regional model

applications is typically provided as annual data on fixed

grids with spatial resolution between 0.1° x 0.1° and 0.5° x

0.5° (see Table 1 and Table 2). Usually, they cannot be used

directly in chemistry transport models (CTM). They need to

be interpolated on the CTM grids used as well as vertically

distributed. The temporal distribution is typically constructed

from fixed time profiles for the annual, weekly and daily

variation for certain emission sectors and regions (see Fig. 1

as an example).

However, realistic time profiles will vary depending on

location and on meteorological conditions, because of e.g.

 Temperature dependent heating demand

 Regionally varying habits for working hours

 Regionally varying fertlizer applications

 Temperature dependent emission factors

Spatio-temporal allocation of

anthropogenic emissions

Agricultural emissions

… can be divided into manure management and fertilizer

application (Fig. 2). Emissions from manure management

depend on ambient temperature, wind and legal restrictions.

Improved temporal profiles for ammonia emissions were

developed taking additional information into account (Fig. 3).

Emissions from residential heating

… depend on outside temperatures. They can be modelled

using meteorological information (Fig. 4).

Natural emissions

Natural emission calculations use maps representing the

spatial distribution of the emitters (e.g. land use, tree species

distribution, soil properties). Meteorological information

drives the temporal allocation of the emissions .

Biogenic emissions depend on plant type and age, leaf age

and past weather (see Fig. 5 displaying the methods used in

MEGAN).

Natural emissions are often calculated inside CTMs. Special

models exist for dust and volcanic emissions.

Conclusions & Outlook

Anthropogenic emissions used in regional and global

chemistry transport model applications are often distributed

in time and space in a rather static way.

New methods consider grid cell specific information like land

use, animal densities, ambient temperature or wind in order

to distribute e.g. emissions from agriculture or residential

heating.

Detailed georeferenced datasets can help to improve the

temporal and spatial allocation of emissions, today and in

the future. Examples for those are:

 AIS data from ships

 car densities from toll roads

 traffic jam information

 use of fireworks on special occasions

 Up-to-date land use data

 operation times of power plants and industrial

facilities

 ….

Table 1: Collection of global emission inventories. 
References: 1) Granier et al., 2011, 2) Diehl et al., 2012, 3) Lamarque et al.,2010 ,   4) van der Werf et al., 2006, 5) van 
Vuuren et al., 2011,   6) Olivier et al., 1995  , 7) Janssens-Maenhout et al., 2010,  8) Olivier et al., 2002, 9) Radu et al., 
2012,  10) Klimont et al., 2017,  11)  Janssens-Maenhout et al., 2015,  12). Pacyna et al., 2006, 13) Wilson et al., 2006

Figure 1: Temporal profiles for annual, weekly and hourly emission 
variations for 10 SNAP sectors provided by TNO as they are used 
in many chemistry transport model systems applied for Europe 
(Denier van der Gon et al., 2011).

Inventory
Release 

Year CO NOx SO2 NMVOC NH3 N2O CH4 PM2.5 PM10 OC BC HM Period Temporal
Spat
ial Reference

MACCity 2012 x x x x x x
1960 -
2020 Monthly 0.5° 1 – 4)

RCPs 2010 x x x x x x x x
2005 -
2100

Decadal, 
Decadal-
Monthly 0.5° 5)

EDGARv4.2 2011 x x x x x x x
1970 -
2008 Yearly 0.5° 6 – 8)

PEGASOS_PBL-
v2 2014 x x x x x x x x x

1970 -
2100 Yearly 0.5° 9)

ECLIPSE_GAINS
_4a 2013 x x x x x x x x x x

2005 -
2050 Yearly 0.5° 10 )

HTAP v2.2 2015 x x x x x x x x x
2008 & 
2010 monthly 0.1° 11)

AMAP 2016 Hg
1990 –
2015

Yearly, 
every 5 
years 0.5° 12 – 13)

Table 2: Collection of regional emission inventories. 
References: 14) Kuenen et al., 2014,  15) Vestreng et al., 2007,  16) Verstreng et al., 2009, 17) Amann et al., 2005,  18)  
Sahu et al., 2008, 19) Ohara et al., 2007, 20) Li et al., 2017,  21) US EPA 2016, 22) www.meicmodel.org , 23). Li et al., 
2017 and references therein

Inventory Region
Release 

Year CO NOx SO2 NMVOC NH3 N2O CH4 PM2.5 PM10 OC BC HM Period Temporal Spatial Reference
TNO-

MACC-II
Europe

2013 x x x x x x x x
2003 -
2009 Yearly 0.5° 14)

EMEP Europe
2007 x x x x x x x x

1980 -
2020 Yearly 0.5° 15 – 17)

SAFAR-
India

India
2012 x x x

1991 -
2011 Decadal 1° 18)

REAS Asia
2007 x x x x x x x x

1980 -
2020 Yearly 0.5° 19)

MIX China 2017 x x X x x x x x x
2008 & 
2010

Monthly 
/ Yearly 0.25° 20)

US NEI USA 2017 x x x x x x x
2008-
2017

Yearly, 
every 3 
years

flex-
ible 21)

MEIC China 2017 x x X x x x x
1990-

present Monthly 22 – 23)

Figure 4: (a) Temporal distribution of CO emissions from 
residential heating in Europe using standard profiles (green) and 
temperature dependent time profiles (red). (b) Variability of CO 
emissions from residential heating for the same grid cell 
between different years. From Bieser et al. (2011).

Figure 3: Left: Weekly time profiles for ammonia emissions from manure application in five 
Flemish provinces (Hendriks et al., 2016). Right: Mean annual profile of ammonia emissions in 
North West Europe. Standard monthly profiles are denoted as STP, dynamic profiles as DTP 
(from Backes et al., 2016).

Figure 2: Break-
down of agricultural 
emissions into 
subsectors in order 
to improve their 
spatial distribution 
(from Backes et al., 
2016).

Figure 5: MEGAN2.1 schematic diagram. LAI: Leaf Area Index. PFT: Plant Functional Type. Diagram 
adapted from Sakulyanontvittaya et al. 2012.
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