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Outlook 
• Introduction: what we know 

 … and know that we do not know 

• What next? 
 Ambrosia forecasting system 
 Pollen or allergen? Free allergen in air? 
 Interaction with chemical and aerosol pollutants? 

• Mechanisms of interaction with chemical and aerosol air pollutants 
• Modelling experiment on allergen and diesel particles interaction 
• Conclusions 



Prevalence of allergic 
rhinitis in Europe 
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Adapted from Dahl, de Monchy, Chivato, Valovirta et al. Respir Med 2004; 98: 398-403 
Flags courtesy of www.theodora.com/flags used with permission 
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Mean medication score 



Motivation 

• High burden to the society, increasing 

• By far the most-direct impact among the air pollutants 

• Zero legislation at European level, very little at national 
one 

• Limited but EXISTING mitigation possibilities 

• Abundant adaptation options 

• Measures must be taken prior to exposure => forecast is 
needed 



What we know 

• Natural allergens are atmospheric pollutants 
 Far more direct and immediate than chemicals 

 Highly specific mitigation measures (note: they exist!) 

• Pollen (20-60 um in size) flies 
 … far: 103 km from source areas 

– dry deposition velocity ~1-2 cm sec-1  

– already 1% of mass reaching remote region is enough to cause symptoms 

• Observations-based forecasts miss the transport  
 OK during the local season if local sources are dominant  

 not acceptable at the beginning and end of the season 

• Dispersion models reproduce the transport  
 … but require extensive supplementary information  

 … and have problems with absolute concentration levels 

SILAM-BIRCH/OLIVE-POLLEN forecasting system 

Dispersion model 

SILAM 
(3 talks,  

2 posters @ITM) 
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• Uncertainties in 
 Phenological observations 

 Aerobiological observations 

 Model formulations 

 Input information of all kinds 

• Natural processes are stochastic and natural variability 
can be overwhelming 

What we know that we do not know (WK_WDK) 

Birches in 
Helsinki, 
Finland,  
October 29, 
2006 
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WK_WDK: phenological uncertainty 

• Question: how representative a single phenological 
station? 

• Solution: define a grid and examine all stations falling into 
the same cell 
 for each cell compute mean date of phenological phase for each 

year 

 “average” station reproduces this date in most of years (± 2 days) 

 “late” station is late in most of years (> 2 days) 

 “early” station is early in most of years (< -2 days) 

 “random” station jumps from year to year 
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WK_WDK: phenological uncertainty 

 
Proportion of the stations in the grid cell that in 70% case report: 
 early dates: > 2 days earlier than median over the corresponding grid cell  
 late dates: > 2 days later than median 
 representative (average): median+/- 2 days 
 random (stochastic): no clear behaviour with regard to the grid-cell median 

The smaller grid cell the bigger amount of “good” stations BUT 60% ARE RANDOM 

years 



WK_WDK: modelling uncertainty 

• Spring 2008 

• Birch 

• ECMWF NWP data 

• Combination heat sum 
map 

• Probabilistic blurring of 
the source term 

• SILAM v4.0 dispersion  

• Observations: European 
Aeroallergen Network 



Use and abuse of data assimilation 

• Birch pollen assessment for 2008 and 2009 (EU-MACC) 

• European Aeroallergen Network daily observational data 

• SILAM dispersion model 

• Data Assimilation: seasonal total of pollen emission  
 no assimilation of the air concentrations: useless! 

• Outcome:  
 First European birch re-analisys with data assimilation 

 DA eliminated model regional bias, improved temporal correlation 
– in close relation to quality of available source proxy: birch forest 

inventory 



Outlook 
• Introduction: what we know 
• What next?  

 Ragweed forecasting system 
 Pollen or allergen? Free allergen in air? 
 Interaction with chemical and aerosol pollutants? 

• Mechanisms of interaction with chemical and aerosol air pollutants 
• Modelling experiment on allergen and diesel particles interaction 
• Conclusions 



Next species: ragweed 

• Quite severe obstacles at every level 
 source areas are not quantified 

– tend to vary from year to year: invasive plant 

– large role of human activities in regions with unstable populations 

 phenological models are local and hard to generalize 

 annual plant – unknown creature for SILAM system 

• Status of the development 
 Agreement with EAN for the pollen data 

 Ideas how to create quantitative European map of ragweed 
distribution 

 A couple of phenological models selected for parameterization 

 Several environmental factors identified as potential governing 
parameters Error in determination of date of the pollen season start, [day] 



What next? Q1: Pollen or allergen? 

• Pollen is easy to measure and it carries the allergen 
 but counting is manual and tedious 

 but Hirst trap is low-volume sampler with high uncertainty 

 but allergen content of the grains may differ 

• People react on allergen 
 but measurements are manual, expensive, possibly with flaws 

 but modelling is difficult due to too few processes known 

• Can allergen be present in air separately from pollen? 
 “…we are dealing with both very small particles and rather big 

particles, which are known to carry allergen … Small allergen particles 
are released from the pollen grains when they are wetted…” 

 “… allergen does not travel separately from pollen grains, I could not 
find any in the last 5 years…. Anyway, allergen comes from pollen 
only… “ 

 

Grote & al 
2003, J 
Allergy Clin 
Immunol 
111:1017-23 



Interaction mechanisms to rule out 

• Pollen does not affect the release of the conventional air 
pollutants 
 however, it can be correlated with production of the biogenic 

organic species 

• Pollen does not affect the transport or removal of 
conventional air pollutants 
 But… 

 … anyway, 100-1000 pollens / m3 is much too low to constitute an 
important scavenging forcing 

 

Motta & al 2004 



Impact of air pollutants: plant stress 

• Plants in polluted environment are under chemical stress 
 Single grain seems to contain more aggressive substances in 

urban environment than in rural one 

• Total pollen production of urban-environment plants 
seems to be lower 
 or higher? Note the difference btw # grains per plant and # grains 

per m2 of area filled with plants: urban plants are usually smaller 

• Wayne et al, 2002: Doubling of the atmospheric CO2 
concentration stimulated ragweed pollen production by 
61% (P = 0.005) 



Impact of air pollutants: break the grains 

• High concentrations of air pollutants, (NOx, O3, PM) can 
lead to faster release of allergen from the pollen grains 
 mainly by damaging the grain 

• Behrendt & Becker (2001): To trigger responses in 
humans, allergens must become bioavailable and the role 
of air pollutants — for example diesel-exhaust particles — 
in this process is causing concern 

Motta et al 2006 

50ppm NO2 0.7ppm O3 



Pollen damage by NO2 and O3 

 



Allergen in air: nitration 

Traidl-Hoffmann & al 2009 

• Nearly the only process suggested (so far) is nitration of 
the allergen.  



Allergen + BC: coagulation experiment 

• SILAM Basic Aerosol 
Dynamics 
 coagulation-only simulations 

• Allergen: 1 ng / m3 
 approximation of distribution 

of Taylor et al, 2004 

• Diesel particles: 1 µg / m3 
and 10 µg / m3  
 typical low- and high-

pollution city levels 

• Atmospheric humidity: 0% 
and 70% 

Initial size distribution of allergen. 
Black: Taylor et al, 2004 observed 
Orange: SILAM-ABD approximation 



BC mass fraction mixed into allergen particles 

sum BC / sum OC
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Conclusions 

• Current knowledge is sufficient for quantitative pollen forecast a few 
days ahead at a continental scale 
 combination of local observations, dispersion modelling, and human 

expertise seems mandatory. Time for automatic forecasts has not yet 
come 

• New research directions include 
 allergen vs pollen 

 interaction with chemical pollutants 

 keep an eye on climate change 
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