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1. Rationale for Undertaking the Research  

This section should outline the rationale for carrying out the research and identify the 
need / problem to be addressed  
 
Common ash (Fraxinus excelsior) is a native broadleaf tree species in Ireland that is now threatened 
by the emerging lethal fungal disease of ash dieback (Hymenoscyphus fraxineus) (DAFM 2013). 
Modelling results from the University of Cambridge suggest that airborne dispersal is an important 
driver of spread of H. fraxineus spores, although quantitative data on sporulation and spore survival 
are poor. 
 
The spread of ash dieback disease raises at least two policy priorities for Ireland: i) should Ireland seek 
EU protected zone status for ash dieback?; ii) what management strategy to adopt if ash dieback is to 
be controlled? An understanding of the ability of ash dieback to disperse from a local infection source 
would be welcome information for both of these policy decisions.  
 
This project’s aim was to develop model predictions of the likely dispersal distances of viable H. 
fraxineus spores. The project is in collaboration with Prof Christopher Gilligan’s team at the University 
of Cambridge, who have performed similar modelling for parts of the UK, and have been responsible 
for advising DEFRA in the UK on their ash dieback policy. The project includes representatives from 
the Forest Service (DAFM) and AFBI on its steering committee. 
 

 

2. Research Approach  

Specify the research methodologies employed, emphasising novel techniques and also 
outline any modifications from the original approved project proposal  
 
The modelling used the UK Met Office’s NAME atmospheric dispersion model, Version 6.4 (Jones et 
al. 2007). We used this model because we judged it to require the least development time, largely 
because the model has already been integrated with the UK Met Office’s UKV numerical weather data 
for Ireland (1 km x 1 km resolution). There is also an existing user base for the NAME model, and an 
active support network at the UK Met Office’s headquarters in Exeter. A license was obtained to use 
UKV meteorological data provided by the UK Met office.  
 
The NAME model was parameterised for four critical infection sites in Ireland (in counties Clare, 
Tipperary, Limerick, Leitrim). H. fraxineus spore emission data from Norway were analysed to produce 
H. fraxineus spore emission rate predictions for Ireland as a function of date and time of day (Burns et 
al. in prep). These estimated spore emission rates, a spore viability of three days, and published data 
on spore size distributions, densities and shapes were used as input parameters into the NAME model. 
Total spore deposition around each of the four infection sites was calculated for every 3 day interval 
between June and September from 2011 until 2014.  
 
The NAME model was extended to include atmospheric physics for non-spheroidal spore particles. 
This extension was used to test for the effect of particle shape upon the dispersal ability of H. fraxineus 
spores. 



 
 
 
 
 
 
 

3. Research Achievements/Results  

Outline main results achieved 
 
The research produced: 

1. A review of the literature on H. fraxineus spore life-history that was used to inform the 
modelling. A scientific manuscript on spore emission characteristics and their relation to 
meteorological variables is in preparation (see point 2). 

2. New statistical estimates for the strength of H. fraxineus spore emissions as a function of 
time of day (Figure 1), date and meteorological variables. 

3. Quantitative results on the relative spore deposition over Ireland from infected sites in 
England, Wales and Scotland (undertaken by University of Cambridge). 

4. Quantitative results on the distribution of spore deposition around four sites of infection in 
Ireland (undertake by University College Dublin). A quantitative comparison of the spore 
deposition on Ireland from sources in England, Wales and Scotland compared to each of our 
four source locations in Ireland was not possible because absolute values for the number of 
spores emitted is not available. All results are expressed as the proportion of spores from a 
source. 

a. Dispersal kernel predictions for the spatial extent of spore dispersal around each of 
the four infection sources (Figure 2) 

b. GIS shape files of the spatial distribution of spore deposition predictions (i.e. 2D 
dispersal kernels) for each of the four infection sources. 

 
The modelling showed that spore deposition was highest close to the infection source, and decreased 
by an order of magnitude at a distance of approximately 30 km from the source (no reliable results 
are available for deposition close to the source, within 1km). Whilst there were differences in the 
predictions from the four sites, the qualitative results were very similar. Whilst the spore dispersal 
kernels for any one day differed between sites, the dispersal kernel for spores, averaged over a year 
were very similar among sites. The dispersal kernels were fairly well approximated by an exponential 
decay function.  
 
Whilst the highest spore deposition occurred within 30 km of the source, some spores travelled more 
than 100 km within the 3 day period of the simulation. The spread of ash dieback disease is likely to 
be driven by some of these the long-distance dispersing spores (the tail of the dispersal kernel). The 
precise relationship between spread of ash dieback disease and spore dispersal will require the spore 
infectivity (probability of infection given that a spore is deposited upon an ash tree) to be estimated. 
The infectivity of each spore is currently unknown at present. This project attempted some estimates 
from the data, but we did not obtain reliable results. 
 
From every billion (109) spores released from 707 sources in England, Wales and Scotland (sources 
correct as of May 2015), no more than 10 spores are deposited in Ireland (Figure 3). The distribution 
of this small fraction of spores is concentrated on the east coast (Figure 4). The highest numbers of 
spores from England, Wales and Scotland is predicted to occur in June (Figure 3). 
 



 

 
 

 
 

Figure 1: The variation in the number of airborne Hymenoscyphus fraxineus spores as a function 
of time of day (emission rate = number of spores observed per hour) at a site in Norway in 2010 
(data from Hietala et al. 2013). The average time of maximum emission across all days in 2010 is 
represented by the vertical solid line. The zero on the x-axis, t=tref, corresponds to 00 h (Central 
European Time, UTC/GMT+1h). The average and one standard deviation spore emission rate are 
represented by the solid and dotted lines respectively. A Gaussian fit to the peak of the spore 
emissions is represented by the dot-dashed line (Burns et al. in prep). 

Figure 2: An example of a model 
prediction for the airborne dispersal 
kernel of deposited spores from 
Hymenoscyphus fraxineus. The 
dispersal kernel shows the number of 
spores (number km-2) as a function of 
distance from an infection source, 
averaged over all years for which 
simulations were performed (2011-
2014).  



 
 

Figure 3: The fraction of Hymenoscyphus fraxineus spores released from England, Wales and 
Scotland, and deposited in Ireland throughout the summer months (produced by the University of 
Cambridge). Note that the y-axis is in units of number of spores deposited per billion spores 
released. 
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Figure 4: The relative distribution of Hymenoscyphus fraxineus spores released from 
England, Wales and Scotland averaged over the year (produced by the University of 
Cambridge). The map is a raster image at a 1 km resolution. The colour scale 
represents relative deposition of spores. From every 109 spores released no more 
than 10 are expected to be deposited on the island of Ireland. 



4. Impact of the Research 

A summary of the impact of the research should be provided through the project 
outputs and outcomes however please provide a synopsis of the benefits / 
improvements the research has made to the area under investigation. Outline the 
benefits of the research to end users, e.g. industry, consumers, regulatory authorities, 
and scientific community etc 
 
The research has provided the Forest Service (DAFM) with a state-of-the-art quantitative estimate 
on the extent of H. fraxineus spore dispersal that directly addresses their policy questions and has 
helped them advise upon whether Ireland should seek an EU protected zone status for ash dieback 
disease.  
The research also demonstrates the use of atmospheric dispersion models (such as NAME) in guiding 
policy and control of airborne pathogens. A modelling framework is now in place to address future 
questions of airborne pathogen dispersal. 
 
The statistical analysis of the H. fraxineus spore emissions will help the scientific community 
understand the ecological drivers of H. fraxineus spore life-history. This will contribute to future 
modelling and experimental studies. 

 

4(a) Summary of Research Outcomes 

 

(i)  Collaborative and Industry links developed during this research 
 

Collaborative links have been made with University of Cambridge, UK Met. Office, Forest 
Service (DAFM), and the Norwegian Institute of Bioeconomy Research 
 

(ii)  Outcomes where new products, technologies and processes were 

developed and/or adopted  
NA 
 

(iii) Outcomes with economic potential  
NA 
 

(iv) Outcomes with national/ policy/social/environmental potential 
 
Results from this 1 year project have contributed to the national policy on the 
management of ash dieback disease through advice to the Forest Service (DAFM). Detailed 
GIS files and user guides have been provided to the Forest Service (DAFM) of the 
modelling results from the four sites in Ireland.  

 

4 (b)  Summary of Research Outputs 

 

(i) Peer-reviewed publications, International Journal/Book chapters. 
Acceptable Format: Walsh, D.R., Murphy, O., Cosgrave, J. (2008).  Echinococcosis - an 
international public health issue. Research in Veterinary Science 774, 891-902.  

 
Burns P., Timmermann V., Yearsley J.M., (in prep) Meteorological controls on pathogenic 
spore emissions. [Submission 2017] 

 



 

(ii) Popular non-scientific publications and abstracts including those 

presented at conferences  
Burns P., Timmermann V., Yearsley J.M., Meteorological controls on pathogenic spore 

emissions. (Presentation to FRAXBACK COST action final conference, Riga, March 
2016) 

 

(iii) National Report 
NA 

 

(iv) Workshops/seminars at which results were presented  

 
Presentation to the NAME user workshop (Exeter, June 2015) 

 

(v)  Intellectual Property applications/licences/patents 
NA 

 

(vi) Other 

 

5. Scientists trained by Project 

 

Total Number of PhD theses:       __0__ 

 

Please include authors, institutions and titles of theses and submission dates.  If not 

submitted please give the anticipated submission date 
 
 

Total Number of Masters theses:       __0__ 

 

Please include authors, institutions and titles of theses and submission dates.  If not 

submitted please give the anticipated submission date 
 
 

6. Permanent Researchers  

 

Institution Name Number of Permanent staff 

contributing to project  

Total Time contribution (person 

years) 
University College 
Dublin 

2 0.3 

University of 
Cambridge 

2 0.1 

AFBI 1 0.01 

Total 5 0.41 

 
 
 
 
 



 

7. Researchers Funded by DAFM 

Type of Researcher Number Total Time contribution (person 

years) 

Post Doctorates/Contract 

Researchers 

1 1 

PhD students   

Masters students   

Temporary researchers   

Other   

Total 1 1 

 

8. Involvement in Agri Food Graduate Development Programme 

 

Name of Postgraduate / contract 

researcher 

Names and Dates of modules attended 

None None 

 

9. Project Expenditure 

Total expenditure of the project:     €60,847.68 
Total Award by DAFM:      €67091 

Other sources of funding including benefit in kind and/or  

cash contribution(specify):      €0 

 

Breakdown of Total Expenditure 

 

Category 

University 

College 

Dublin 

Name 

Institution 2 

Name 

Institution 3 

Name 

Institution 4 
Total 

Contract staff      

Temporary staff      

Post doctorates 45994    44,422 

Post graduates      

Consumables      

Travel and 
subsistence 

1372.88    1372.88 

Sub total 47366.88    45,794.88 

Durable equipment      

Other 3604.08    3,604.08 

Overheads 12486    11,448.72 

Total 63456.96    60,847.68 



 

10. Leveraging 

Summarise any additional resources’/funding leveraged by this award from other 

sources i.e. Additional Staff, National/EU funding secured, EI Commercialisation Fund  
 

None during the duration of the project. 
 

11. Future Strategies  

Outline development plans for the results of the research.   
 
The infectivity of the H. fraxineus spores is an open question that this project did not succeed in 
estimating. The probability of a spore starting a new infection if it is deposited on an ash tree stand is 
an important epidemiological parameter that will be required for future ash dieback epidemiological 
studies. 
 
The modelling framework is in place to develop airborne pathogen dispersal research. Dr Burns sought 
to develop this by applying for a Marie-Curie fellowship and an Irish Research Council fellowship. 

 


