
E 

 

Economic and Social 
Council 

 
UNITED 
NATIONS  
 

Distr. 
GENERAL 
 
EB.AIR/GE.1/2002/10 
3 June 2002 
 
ORIGINAL : ENGLISH 

 
ECONOMIC COMMISSION FOR EUROPE 

EXECUTIVE BODY FOR THE CONVENTION ON 
LONG-RANGE TRANSBOUNDARY AIR POLLUTION 

Steering Body to the Cooperative Programme for Monitoring and Evaluation  
of the Long-range Transmission of Air Pollutants in Europe (EMEP) 
(Twenty-sixth session, Geneva, 2-4 September 2002) 
Item 5 (b) of the provisional agenda 

NOx VERSUS VOC LIMITATIONS IN THE CONTROL OF GROUND-LEVEL OZONE: 
SYNTHESIS OF RESEARCH FINDINGS 

AND IMPLICATIONS FOR EMISSION CONTROLS 

Note prepared by the Chairman of the workshop in consultation with the secretariat 

Introduction 

1.       Some 40 atmospheric scientists and environmental policy officials from Europe and North 
America met on 3-6 December 2001 in Gerzensee (Switzerland) to compare different approaches to 
investigating the sensitivity of ground-level ozone to changes in NOx and VOC concentrations and to 
discuss the implications for emission control strategies.  The workshop brought together experts from 
Austria, Germany, France, Italy, the Netherlands, Switzerland, the United Kingdom and the United States 
as well as from the European Community’s Joint Research Centre and the EUREKA Environmental 
Project on the Transport and Chemical Transformation of Environmentally Relevant Trace Constituents in 
the Troposphere over Europe; Second Phase (EUROTRAC-2).  The Chemical Coordinating Centre, the 
Centre for Integrated Assessment Modelling and the Meteorological Synthesizing Centre-West of EMEP, 
as well as the UNECE secretariat, were also represented.  The workshop was chaired by Mr. Albrecht 
Neftel (Switzerland). 
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2.       The workshop was organized in association with the EUROTRAC-2 project on Limitation of 
Oxidant Production (LOOP).  Papers and presentations given at the workshop are on the workshop’s 
Internet site http://loop.web.psi.ch/Gerzensee-workshop/gerzensee_2.html. 

SYNTHESIS OF THE WHORKSHOP 

A. Are the simulations of the efficiency of VOC versus NO  x reductions sound? 

3.       There are no indications that there are inherent errors in the physical and chemical model 
schemes. Rather, uncertainties in emission inventories seem to be the main source of problems in photo-
oxidant modelling simulations.  However, model results need careful evaluation.  Such testing needs to 
consider more parameters than ozone concentrations alone. Correlation plots of indicator species (such 
as O3 vs. NOy, H2O2 vs. HNO3, LN/Q vs. log NOx) are valuable diagnostic tools to analyse the 
VOC/NOx sensitivity of ozone production.  Such ratios have been proposed as indicators to distinguish 
the VOC and NOx sensitivity of integrated ozone production, as their values show characteristically 
different ranges for the VOC and NOx sensitive integrated ozone production.  Reasonable variations of 
model parameters have to be checked to constrain the model answers.  Indicator values may help to 
elucidate reasons for model/measurement discrepancies.  However, both measuring and interpreting 
indicator species and their ratios are difficult, and models should not be tuned solely based on a 
model/measurement discrepancy of indicators. 

4.       Models should be tested on real situations, where decreases in VOCs and/or NOx occur, e.g. 
weekday vs. weekend, holiday effects, emission reductions over longer timescales, different reductions in 
different European regions.  In the Milan area, the month of August offers an interesting case; due to the 
general holidays (“ferro agosto”) during that month, human activities and emissions of NOx and VOC 
change considerably, as first investigations have shown.  

5.       There are many urban plumes observed in Europe, that are not captured by the coarse-grid 
EMEP model.  Model calculations from fine to coarse grids in the Milan area suggest that the averaged 
ozone concentrations over a fine grid is not much different from the corresponding mean ozone 
concentration in a coarse grid.  The question is still open if the sensitivity is changed by the grid resolution 
and how much these isolated plumes could affect the EMEP model domain on a large scale.  It seems 
likely that a coarse grid model such as the EMEP model may lose some of the VOC-sensitive part of an 
urban plume.  There is no quantification of how much regional plumes contribute to the ozone sensitivity 
of the EMEP model.  Furthermore, there is not enough experimental data (covering the long-term EMEP 
scale) to evaluate the model thoroughly; there is a lack of ozone stations in certain regions of Europe and 
a lack of long-term monitoring of indicator species.  The present VOC measuring network has been very 
valuable to evaluate the emission inventory.  However, further evaluation of the emission inventories is 
necessary as they still represent one of the main uncertainties in models. 



EB.AIR/GE.1/2002/10 
page 3 

 
6.       Whereas the AOT value (accumulated ozone dose over a threshold) was initially a useful 
parameter to link ozone concentrations to their environmental effects in some conditions, it is not useful 
for the interpretation of measurements and model simulations.  The concept of the AOT value involves a 
step function from “nothing to everything” at the threshold level.  The inherent uncertainty of both 
measured and modelled concentration data therefore leads to a much larger uncertainty in AOT values.  
Models can be expected to be most robust for mean ozone.  The proposed flux approach may also 
prove more robust than AOT40 (where the threshold is 40 parts per billion (ppb)), at least if no 
threshold is introduced or if this threshold is very low.  This so-called “level-II” approach is under 
development under the Working Group on Effects. 

B. Influence of and on aerosols? 

7.       The results published so far are not conclusive; they indicate that the general picture of ozone 
production on regional scales should not be greatly affected by the amount of aerosol load.  But the 
“PIPAPO” campaign in the Milan area showed that aerosols reduced NO2 photolysis rate (JNO2) by as 
much as 20% in the Milan plume.  Other effects of aerosols could be due to heterogeneous reactions 
(e.g. HONO formation on aerosols).  Night-time loss of NO2 via the formation of N2O5 and its 
adsorption on to aerosols might be an important process in the NO2 budget and should be considered in 
models.  High NO2 concentrations with unexplained NO2/NO ratios were observed in Paris in winter, 
which might be due to heterogeneous processes.  

8.       In general, the influence of heterogeneous processes on photochemistry is still uncertain and 
there is no sound basis for including it in models. 

C. Could there be "hidden" surprises? 

9.       Results from the “BERLIOZ” campaign in the Berlin area show that ozone production rates 
(P(O3) derived from the photo-stationary state (PSS), (P(O3) = JNO2 [NO2] - k[NO][O3] - PSS, where 
k is a constant) are unreasonably high for low-pollution events.  Similar findings were obtained in the 
United States during high-NOx events in the Nashville plume.  It is not recommended  to use 
photo-stationary steady-state theory to derive local ozone productions from point measurements. 

10. There could still be “missing” VOCs, which are not measured and not accounted for in the 
lumped mechanisms of the models. More explicit treatment of VOCs in models could change the 
VOC/NOx sensitivity. 

11. The treatment of vertical mixing influences model answers.  Vertical gradients of NOx and 
VOCs are often not taken into account in calculations based on ground-based measurements or are not 
well represented in model calculations due to limited vertical resolution.  
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D. What kinds of field activities are still needed? 

12. In order to meet EMEP requirements, a change in focus from episodic to long-term campaigns 
is needed.  Therefore, more monitoring stations with a comprehensive set of measured species (allowing 
a determination of odd-H radicals and a characterization of the ozone production) are required for urban 
and rural situations.  Vertical information on species composition and also mixing heights are of great 
importance for model evaluation.  

13. At least 10 specialized monitoring stations across Europe should be installed.  They should not 
only be geographically distributed, but also consider different VOC/NOx sensitive areas according to 
present EMEP model calculations.  Besides O3 and NOx, additional measurements of chemical species 
are needed to evaluate the emission inventory and the modelled chemistry:  

 Urban station Rural station 

Basic equipment O3, NOx, SO2 O3 NOx, SO2 

Emission evaluation Speciated VOCs, 
aldehydes, CO 

Speciated VOCs, 
aldehydes, CO 

Chemistry evaluation NOy, HCHO NOy, HCHO, H2O2, 
ROOH, JNO2 

A complement to “supersites” would be a strategy with mainly airborne measurements. However, aircraft 
measurements should be performed over a period of at least 2 months in order to be more valuable than 
year-round measurements on surface supersites. 

14. In the United States, emphasis is put on 4 or 5-week field campaigns including ground-based 
measurements at supersites and aircraft measurements.  Flight measurements cover episodic and non-
episodic days.  The United States is in the process of redefining its monitoring network.  

E. Can the knowledge be generalized? 

15. For the work under the Convention, source-receptor matrices need to be calculated to provide 
information about the effects of VOC and NOx emission reductions in one country on the seasonally-
averaged ozone concentrations (as well as on AOT or alternatives, such as on fluxes) in the other 
countries on a 50x50 km2 scale.  The EMEP model was set up for this purpose and it is currently the 
only model framework providing such information on a broad European scale. 

16. LOOP, on the other hand, has looked at a ozone production on a finer scale.  For this 
(single episodes on spatial scales of a few hundred kilometres), LOOP provides a series of tools to 
look at the limitation of ozone production.  Results for a small number of simulations (and mainly 
for Milan) indicate that bringing the modelling resolution down below 12x12 km2 does not 
significantly improve results.  However, these results need to be generalized through more 
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systematic and longer-term studies. 

17. For EMEP, it is important to take good account of modelling both on a finer smaller and a 
coarser scale.  The work should link up to the detailed urban modelling scale at selected areas in Europe. 
 It should also incorporate changes derived from air pollution on a hemispheric scale and take account of 
the possible influences of climate change. 

18. There is much experience of urban-scale modelling in the United States.  Recent work there has 
clearly demonstrated the need for long-term modelling over a range of scales in order to capture NOx-
VOC sensitivity, even for urban areas.  There is an increased emphasis on examining the results of 
models run with different assumptions over longer time periods, in order to present policy makers with a 
more statistical calculation of the effects of control measures. 

F. Final messages/remarks 

19. There is no revolution in the knowledge about the limitation of ozone production, i.e. the policy 
approach of the 1990s needs no fundamental modification. 

20. Integrated assessment models need simple ways to link ozone concentrations with precursors. 
As the scientific work within LOOP has shown, different state-of-the-art chemical transport models 
easily produce different NOx/VOC sensitivity for simulation of the same episode. These problems require 
further study before recommendations for integrated assessment models can be made.  

21. The workshop improved communication between scientists, environmental agencies and policy 
makers. When scientific results are presented to policy makers, it is important to show the uncertainties 
involved in an adequate manner.  Useful methods have been explored in the United States. 


