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Gothenburg Protocol

Goals

emissions to be reduced

SO2 (59%)

NOx (42%)

NMVOC (28%)

NH3 (6%)
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Goals of the project

•What are the impacts of various emission scenarios in Europe 
within the framework of revised Gothenburg Protocol on air 
quality in 2020?

focus on PM, ozone damage indicators and nitrogen deposition

•How did the emission reductions since 1990 affect the air 
quality?

1990    2005
backwards

2020
forwards

Goals
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Air Quality Model System

Emissions

concentrations,
dry and wet deposition 

Meteorology

Initial and Boundary 
Concentrations

ECMWF

WRF

CAMx (5.40)

CB05 (gas-phase)
SOAP (aerosols)
RADM (aqueous)
oligomerization

MOZART
global air

quality model

anthropogenic: TNO
biogenic: PSI

CAMx: Comprehensive Air quality Model with extensions (ENVIRON)
WRF: Weather Research and Forecasting Model (NCAR)

Method
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Model Domains

horizontal resolutions

domain 1

0.250° x 0.125°

domain 2

0.083° x 0.042°

vertical resolution: 14 layers up to 7 km asl
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Method

year description

2006 Validation case 

1990 Retrospective study

2005 Reference case RC*

2020 BL (baseline) *

2020 Mid*

2020 MTFR* (maximum technically 
feasible reduction)

*Annual data per country from IIASA calculated by GAINS, (CIAM4/2011)

Emission scenarios used in this study
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Method

GAINS: The Greenhouse Gas and Air Pollution Interactions and Synergies Model
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Comparison of modeled PM2.5 with measurements (2006)

Chaumont

Model Performance
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OA

NO3

SO4

NH4

Payerne

20 10

10 10

Annual average PM2.5
(g/m3) 

PM2.5 (past)

RC 2005

~40% decrease

Change (%) in PM2.5
between 1990 and 2005

RC 2005 - 1990

8

45

24

-10

-100

-34

-50
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PM10 (past)

9

Change (%) in average PM10 between 1990 and 2005

good agreement

model : ~40% decreasemeasurements: 30-50% decrease

20051990

-34

-48

Change (%) in average PM2.5 between 2005 and 2020

PM2.5 (future)

10

~30% decrease

BL 2020 – RC 2005 MTFR 2020 – RC 2005

~45% decrease

0

-70

-24

-38

0

-80

-24

-52
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AOT40, damage indicator for vegetation

11

AOT40 (ppm.h) (Accumulated dose of ozone Over the Threshold of 40 ppb, April-September, daytime)

reference case, 2005

5 -30 ppm.h

15-25 ppm.h
higher in the south

10-30 ppm.h, higher in the south

no significant trend 
between 1992 and 2005

model measurements (EMPA/NABEL)

2005

40

0

36

6

1992

AOT40 (past)

ozone trends (Logan et al, 2012)

12

although change in background ozone
was taken into account, 

it might still need to be revised

Difference in AOT40 (%) between 1990 and 2005 
RC 2005 - 1990

~35% decrease

100

-100

-12

-48
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European Domain Swiss Domain

Difference in AOT40 (%) between 2005 and 2020 
BL 2020 - RC 2005

AOT40 (future)

~60% decrease

13

0

-100

-36

-80

SOMO35, damage indicator for health impacts
SOMO35 (ppb.d) (Sum of Ozone Means Over 35 ppb, 8-hr running, entire year)

1000 – 5000 ppb.d

14

European Domain Swiss Domain

reference case, 2005
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SOMO35 (ppb.d) trends in Switzerland (from FOEN)

modelled change 2005-1990

SOMO35 (past)
Comparison with measurements in Switzerland

sensitive to background ozone

15

measurements

~20 % decrease

100

-100

5

-35

European Domain Swiss Domain

Difference in SOMO35 (%) between 2005 and 2020 
BL 2020 - RC 2005

SOMO35 (future)

~40% decrease
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Nitrogen Deposition (kg N ha-1 y-1) reference case, 2005

total N

oxidized N reduced N

Model
5-40 kgN ha-1 y-1

Measurements
(Schmitt et al., 2005)
5-38 kgN ha-1 y-1

Nitrogen deposition
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Ammonia emissions (Meteotest)

54

10 48

Difference in Nitrogen Deposition (%)

BL 2020 – RC 2005RC 2005 - 1990

Nitrogen deposition (past, future)

~10 % decrease in the north
~25% decrease in the south

no significant change in the north
~15% decrease in the south

18

15

-30

10

-30
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Conclusions

PM: The model could reproduce the relative changes of about 40% in annual average 
concentrations of PM between 1990 and 2005.  

Assuming the baseline scenario for 2020, ~30% decrease in PM2.5 is expected in Europe.

Ozone damage indicators: AOT40 and SOMO35 could be modelled reasonably well for the 
reference year, but their trends cannot be confirmed by measurements. These results 
indicate their sensitivity to  the background ozone levels which need to be revised. 

Assuming constant background ozone concentrations over Europe after 2005, AOT40 and 
SOMO35 were predicted to decrease significantly until 2020.

Nitrogen deposition in Switzerland: Good model performance. Fraction of reduced N 
species is larger in the north due to high NH3 emissions. 

Nitrogen deposition decreased by about 25% since 1990 and further decreases were 
predicted for 2020 in the south mainly due to reduction of oxidized species.
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