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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  
 
It is estimated that storms are responsible for more than 50% of primary damage to European forests 
(Gardiner, 2013). In Ireland storms are also a frequent disturbance factor causing trees to be uprooted 
(windthrown) or to be snapped. Occasionally major storms are experienced; most recently Storm 
Darwin, which affected areas in the south-west of Ireland in February 2014, resulted in damage to over 
8000 ha of forest.  
 
Storm damage has negative financial implications for forest owners arising from the reduced value of 
the damaged stand (Nieuwenhuis and Fitzpatrick, 2002) and increased salvaging costs. During the period 
1971 to 1998, windthrown volumes accounted for 15.1% of the volume sold in Ireland (Fitzpatrick, 
2000). Other economic losses could potentially arise from the decision to harvest stands before the age 
of optimum economic return in an effort to reduce risk (Gardiner and Quine, 2000). Wind damage also 
disrupts planning and wind damaged areas are ideal breeding grounds for insects and fungi (Peltola, 
2006).  
 
Increases in extreme wind speeds in the winter are predicted for Ireland (Nolan et al, 2012). It is 
therefore important that steps are taken to minimise the risk of wind damage and increase the 
resilience of forests to storms. In Ireland the issue has particular urgency due to the increasing number 
of private forests that are due to be thinned for the first time.  

 
The research described in this report was undertaken to help identify windthrow vulnerable sites and to 
suggest what silvicultural treatments should be adopted to minimise the risk of windthrow occurring. 
Specifically it sets out to: 

a) identify the factors that influenced the occurrence of windthrow in forest stands during Storm 
Darwin; 

b) determine the role of thinning in individual tree stability.    
 

 

2. Research Approach  

Specify the research methodologies employed, emphasising novel techniques and also 

outline any modifications from the original approved project proposal  
 
The research objectives were addressed by employing both empirical and mechanistic approaches. 
 
As an initial step to the empirical work, a range of datasets were assembled in a geographic Information 
System (GIS) as follows:  
 

1. The areas and locations of forests that were windblown during Storm Darwin were available 
from Rapid Eye imagery. This is high-resolution satellite imagery which was available for the 
time period immediately after Storm Darwin and was derived from a German/Canadian satellite 
platform (McInerney et al., 2016). The imagery had a spatial resolution of 5 x 5 m;  

2. A database of forest cover called “Forestry 15” covering all forests in Ireland planted up to 2015 
was available. The dataset covers the area of private and public owned forests in Ireland 
digitised as forest parcels representing forest stands and containing information about area, 
species, year of establishment, ownership category (i.e. public; private) for each stand;  

3. A national soil map was provided by Teagasc (Gardiner and Radford, 1980);  
4. A topex (topographic exposure) map of Ireland, produced by Teagasc;   
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5. A map of mean annual wind speed (SEAI, 2003); 
6. Miller’s (1986) windzone map of Ireland, which divided the country into five wind zones, A to E, 

representing zones of high windiness in the west to zones of lower windiness in the midlands 
and east of the county; 

7. A digital elevation model and maps of annual precipitation and distance from the coast. 
 
For each stand in the forestry 15 dataset, the rapid eye imagery was overlaid and the proportion of the 
stand that was blown was calculated in a GIS. In turn information about the soil type, topex, mean 
annual speed, windzone, elevation, annual precipitation and distance from the coast was calculated for 
each stand.  
 
Information on silvicultural operations such as ground preparation and thinning and crop information 
(such as top height, mean dbh etc) were not available from the datasets described above. Thus to 
identify which site, crop and silvicultural factors influenced windblow occurrence during Storm Darwin, 
it was necessary to gather additional data in the field. A stratified random sample of 118 forest stands 
from the region of the country that was most affected by the highest windspeeds, i.e. Counties Cork, 
Kerry, Limerick, Galway and Clare in the south-west, was selected for study.  Within each of these stands 
site information (i.e. elevation, soil type, location, wind speed, topex, slope, drainage, land class 
surrounding the forest), crop data (i.e. mean dbh, top height, mean height:dbh ratio, tree species, basal 
area, stem density, yield class), and silvicultural factors (i.e. features of the ground preparation method, 
thinning) were recorded. The occurrence of windthrow (recorded as a binary variable – yes/no) was also 
noted. 
 
A second study focused on the mechanics of tree stability by employing a tree pulling experiment. This 
work was undertaken in a Sitka spruce stand that had been planted in 1995 in the north-west of Ireland. 
Three thinning treatments were applied to three plots each in the stand in 2010: a light thinning; a 
medium thinning; and a heavy thinning (involving the removal of 20%, 32%, and 38% of the average 
stand volume respectively). A second thinning intervention took place in the nine plots in 2015. A 
further treatment which was assigned to three additional plots in 2013 represented a delayed medium 
thinning. There was also an unthinned control. Using a winch system, four trees of mean diameter at 
breast height were pulled in each of the 15 plots (2 trees were adjacent to drains; two were not). The 
mode of failure was noted. The force and displacements were recorded and the critical overturning 
moment for each tree was calculated. Additional characteristics of the pulled trees were recorded 
including stem, crown and root parameters. Some plot characteristics, such as basal area and stems per 
hectare and the water table depth, were also noted.  
 
An opportunity arose during the course of the project to try to understand how forest owners perceive 
risks to their forest stands and how they reacted to Storm Darwin. Hence although this was not an initial 
objective of the project, it was considered an important avenue to explore as Storm Darwin represented 
for many forest owners their first experience of the risks that the forests they had established face. Thus 
interviews were held with 42 stakeholders, including forest owners, with the aim of providing insights 
into the response of the industry post storm. In particular, the main difficulties owners faced just after 
the storm were identified; whether forest owners were satisfied with the responses offered by the 
forestry decision makers and the forest professionals was also explored. The strategies that owners and 
other stakeholders intended to adopt to minimize windthrow risk in the future were identified.  

 

3. Research Achievements/Results  

Outline main results achieved 
 
Empirical results 
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Wind damage was noted in 36 of the 118 stands visited. In all cases damage was in the form of 
uprooting. An initial analysis identified the following:  

1. windthrow occurred more frequently in stands on poorly drained sites than on well drained 
sites;  

2. stands on ploughed sites experienced windthrow more frequently than those on sites that had 
been mounded or where pit planting had occurred;  

3. as top height, age, mean dbh and basal area of stands increased the likelihood of windthrow 
occurring increased;  

4. as yield class increased the likelihood of windthrow occurring declined.  
 
Each of the factors outlined above were shown to significantly influence the occurrence of windthrow 
when considered in isolation. However many were correlated and in order to understand which of these 
factors were the key influential factors in windthrow occurrence a stepwise logistic regression was 
conducted. This analysis found that top height and drainage status were the key factors influencing 
whether stands experienced windblow during storm Darwin. The analysis indicates that for every 1 
metre increase in top height, the probability of windthrow occurrence increased by 1.37. Furthermore, 
the odds of windthrow occurring on poorly drained sites were just over 12 times as high as they were on 
sites where drainage was very good; on sites where drainage was either very poor or good, the odds of 
windthrow occurring were almost three times those on sites where drainage was very good. A model to 
predict windthrow risk based on top height and drainage has been produced; a second model was also 
developed using soil category instead of drainage status. The first model requires an on-site visit to 
record drainage status in order to make an assessment of windblow risk while the second model could 
be utilized in a GIS to predict the probability of windblow occurring where height and soil category are 
available for each stand. 
 
 
Mechanistic results 
On average, the critical overturning moments of the trees in heavy, medium and lightly thinned 
treatments were greater than those in the unthinned treatment. Trees from the plots that had received 
a medium thinning also had higher average critical overturning moments than those from plots where 
the medium thinning had been delayed. However these differences along with influence of tree position 
were not statistically significant.  The best predictor variables for critical overturning moment were tree 
weight and root plate width. Overall, trees in the plots that had received a medium or heavy thinning 
(not delayed) had on average greater diameters (at breast height, at 3 m and at 6 m) with lower 
height/dbh ratios and wider and deeper crowns with lower centres of gravity than trees in unthinned 
plots. 
 
 
Stakeholders perception of windblow 
The main difficulties that private forest owners, affected by the Storm, faced were: 

1. logistical (i.e. challenges to accessing contractors to harvest the damaged stands);  
2. financial (due to downgrade in timber damaged during the Storm; loss in potential value of the 

crop).  
At the same time it was clear that the dramatic drop in timber price that generally occurs after a major 
storm event did not occur following Storm Darwin. Also for some owners according to their specific 
socio-economic situation and the age of the forest (i.e. those relatively close to financial maturity), they 
welcomed the opportunity to harvest that the storm provided. 
The storm had a profound effect on the owners interviewed and made some of them question their 
decision to afforest land. They also considered themselves to be collateral victims of a national policy 
(afforestation) that didn’t work as well as they had expected. This feeling was particularly strong during 
the 2 year period following the storm when the Windblow Reconstitution Scheme had not yet been 
introduced. As regards to adapting their management in light of the Storm events there was little 
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evidence that they plan to make any changes. Finally the most important impacts of Storm Darwin were 
psychological. Beyond economic losses, forest owners lost self-esteem and trust in their own decision 
and also in forestry decision makers.  
 

 

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 work undertaken in this project is the first to focus on catastrophic windthrow (i.e. uprooting and 
breakage of trees that occurs after major storms) in Ireland. It identified the role of site, crop and 
silvicultural factors have in influencing whether stands experience catastrophic windthrow; only the 
height of the stand and the degree of waterlogging of the soils are important factors. These findings are 
in line with results from other studies i.e. that many silvicultural and management factors have a limited 
influence on the occurrence of windthrow when extreme wind speeds are recorded. The results suggest 
that for catastrophic windthrow there are few actions that forest owners can take to minimise the 
occurrence of windthrow. However given the influence of tree height on windblow occurrence – 
reducing  rotation lengths may help alleviate windthrow risk, however the financial implications of 
adopting such an approach would need to be fully investigated.   

 
For endemic windthrow, many studies have indicated that thinning is an important factor. The tree 
pulling experimental work identified that trees in thinned plots had on average higher critical 
overturning moments than trees in unthinned plots, and that on average critical overturning moment 
increased with increasing thinning intensity. The trees in plots where thinning was delayed had on 
average lower critical overturning moments compared to trees in plots where thinning was conducted 
on time. The results suggest that thinning, if being considered as a management option, should be 
practiced on time or early if possible; this would allow the trees the necessary time to respond to the 
increased growing space and increase their lateral root growth therefore enhancing stability. Delayed 
thinning should be avoided as trees are taller and have smaller crowns and root systems when thinned; 
they would have a limited opportunity to respond to the increased growing space especially on short 
rotations. 
 
Storm Darwin was the first storm in which large areas of private forests were affected. This study was 
the first to assess Irish forest owners’ reactions to a major disturbance factor and provided insights into 
how the experience influenced their actions, their opinion of their decision to engage in afforestation, 
and their views of the forest industry as a whole.  

 

 

4(a) Summary of Research Outcomes 

 

(i)  Collaborative and Industry links developed during this research 
 
Links with Irstea, the National research Institute for agricultural and environmental engineering in 
France, were developed during this research and a researcher, Dr. Philippe Deuffic, from that Institute 
worked with the WINDRISK project in UCD for a 10 month period from September 2015 to June 2016. Dr 
Deuffic undertook the work on forest owners.  
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(ii)  Outcomes where new products, technologies and processes were developed 

and/or adopted  

 
Not relevant. 
 

(iii) Outcomes with economic potential  
Any initiative that reduces the occurrence of windthrow and its associated economic losses will have 
economic potential. The model produced in this project can be used to predict the probability of 
windthrow occurring with increasing top height. Forest owners and managers could use this to 
determine the top height at which probability of windthrow occurring is too high in their estimation; 
and they could fell in advance of this. While this might lead to smaller timber volumes there will be a net 
economic gain if windthrow was to be averted. Similarly implementing a thin on time/thin early option 
is also important for the long-term economic returns from forest stands. 
 

(iv) Outcomes with national/ policy/social/environmental potential 
 
The results from the interviews with owners and stakeholders highlight to policy makers and indeed the 
industry as a whole that some form of emergency response plan needs to be developed so that when 
such events occur again (possibly with increased frequency given climate change projections and the 
age profile of the forest estate); a quicker and more coordinated action plan needs to be implemented. 
Because of the financial implications for growers a stable system of insurance – (private or public 
liability) - should be available to limit economic losses for all forest stakeholders (from forest owners to 
forest policy makers). 

 

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.  

None published to date but there are plans to publish at least two from the project. 

 

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

at conferences  
A research note on windthrow has been drafted and submitted to COFORD for consideration for 
publication as a COFORD connects. 

 

(iii) National Report 
None 
 

(iv) Workshops/seminars at which results were presented  
 

1. Forestry Walsh Fellow Day in Teagasc (Athenry) in May 2016 with Teagasc researchers and technicians. 
Presentations on their research were given by Gonzalo González Fernández and Cian Gallagher.  

2. Teagasc Walsh Fellow day (Dublin) in October 2016 with Teagasc researchers and technicians.  
Presentations on their research were given by Gonzalo González Fernández and Cian Gallagher.  

3. A one-day seminar on Forest Management, Forecasting and Timber quality on 24 May, 2017, at UCD. 
Presentation entitled “Factors influencing the occurrence of windthrow in forest stands during Storm 
Darwin” given by Cian Gallagher. 

4. A one-day seminar on Forest Management, Forecasting and Timber quality on 24 May, 2017, at UCD. 
Presentation entitled “The influencing of thinning and proximity to drains on tree stability in Sitka spruce” 
given by Niall Farrelly. 
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(v)  Intellectual Property applications/licences/patents 
 
None. 

(vi) Other 

 
None. 

 

 

 

 

 

 

 

 

5. Scientists trained by Project 

 

Total Number of PhD theses:       ____ 

 

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:       __2__ 

 

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

submitted please give the anticipated submission date 
 
Cian Gallagher, 2017, Factors influencing the occurrence of windthrow in forest stands during Storm Darwin. 

MAgrSc, UCD. 

Gonzalo González Fernández, 2017. The influence of thinning on tree stability in Sitka spruce (Picea sitchensis 

(Bong.) Carr.). MScAgr, UCD. 

 

6. Permanent Researchers  

 

Institution Name Number of Permanent staff 

contributing to project  

Total Time contribution (person 

years) 

   

UCD 1                0.270 

Teagasc 2                0.167 

Total 3           0.437 
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7. Researchers Funded by DAFM 

 

Type of Researcher Number Total Time contribution (person 

years) 

Post Doctorates/Contract 

Researchers 

0  

PhD students 0 0 

Masters students 2 4 

Temporary researchers 0 0 

Other   

Total 2 4 

 

 

 

8. Involvement in Agri Food Graduate Development Programme 

 

Name of Postgraduate / contract 

researcher 

Names and Dates of modules attended 

None  

  

  

  

  

  

 

 

 

9. Project Expenditure 

 

Total expenditure of the project:     €135,565.96 

 

Total Award by DAFM:      €174,850 

 

Other sources of funding including benefit in kind and/or  

cash contribution(specify):      €0 

 

 

Breakdown of Total Expenditure 

Category UCD Teagasc 
Name 

Institution 3 

Name 

Institution 4 
Total 

Contract staff 0 0   0 
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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  
 
Dr. Philippe Deuffic, a researcher at Irstea, the National research Institute for agricultural and environmental 
engineering in France commenced working with the WINDRISK project in UCD for a 10 month period from 
September 2015 to June 2016. Dr Deuffic is a forest sociologist with a particular interest in studying forest owners' 
perceptions of risk. His employer funded his sabbatical at UCD and his involvement  allowed the quantitative work 
on the bio-physical factors influencing windthrow risk to be complemented with a better understanding of how 
owners perceive risks to their forest stands and how those perceptions may be influenced.  

 
 
 

11. Future Strategies  

Outline development plans for the results of the research.   
 
The work on tree pulling was particularly novel as it analysed the effect of thinning and thinning 
intensity on tree stability. Due to the small number of trees that were available and the high degree of 
variability in overturning moments between trees in treatments it was difficult to detect significant 
differences between treatments. However on average the stability of trees was enhanced by thinning on 
time over those trees in the unthinned or delayed thinning treatments. As these results represent one 
particular site type, it may be necessary to replicate the experiment to cover a range of soil types (e.g. 
peats, peaty gleys and more poorly drained soils) to see if similar results  emerge. Therefore further tree 
pulling experiments could be carried out to aid our understanding of stability in forests. 
 
 
 

 

12. Consent to Publish Final Report on the DAFM Website and/or Through Other 

Dissemination channels 

 

Temporary staff 0 0   0 

Post doctorates 0 0   0 

Post graduates 43999.20 43,999.99   87,999.19 

Consumables 398.65 1,061.51   1,460.16 

Travel and 

subsistence 
7363.77 4,247.08   11,610.85 

Sub total 51,716.62 49,308.58   101,070.20 

Durable 

equipment 
0 0   0 

Other 0 4,174.70   4,174.70 

Overheads 15,528.49 14,792.57   30,321.06 

Total 67,290.11 68,275.85   135,565.96 
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I consent to this report being made available to the public, through the Department’s 

website and other dissemination channels. * 

 

 

Yes  No  

 

 

 

13.  Declaration 

 

 

I declare that the information contained in this final report is complete and true to the 

best of my knowledge and belief. 

 

 

Signed:  _____ ________ Project Coordinator 

 

 

Date:   ___30/8/17____ 

 

*IPR sensitive information that the coordinator does not wish to make public should be 

highlighted in red font. All text in red font in this report will not be made publicly 

available by DAFM. 

 

 

 

 

 

 

 

Guidelines for the Completion of Final Report 

 

The attached Final Report Template should be completed for DAFM projects funded 

under the 2006, 2007, 2008, 2010 and 2011 Calls.  

 

The aim of the final report is to provide a summary of all aspects of the research project. 

A final report is required for all projects and a percentage of the grant award will be 

withheld until it is submitted and deemed satisfactory.  

 

Please note that the Department of Agriculture, Fisheries and the Marine may publicise 

information included in the Final Report. All sections of the report must be completed. 

Incomplete reports will not be accepted by DAFM and will be returned to the project 

coordinator for completion.  
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Two copies of the final report are required, 1) a signed hard copy and 2) an 

electronic copy. 

 

A guideline of up to 400 words per relevant section is recommended. 

 

Project Details 

The project title, project reference number and actual start and actual finish date should 

be noted. Indicate on the research continuum from basic/fundamental research to 

applied/pre-commercial research where you feel the research project fits by placing ‘x’ in 

the most appropriate box. Indicate in the section provided the priority area of research 

this project relates to from the National Prioritisation Research Exercise* (NRPE) 

report, There are 14 priority areas of Research as follows; 
 

A Future Networks & Communications  H Food for Health  

B Data Analytics Management, Security & 

Privacy  

I Sustainable Food Production and 

Processing  

C Digital Platforms, Content & Applications  J Marine Renewable Energy  

D Connected Health & Independent Living  K Smart Grids & Smart Cities  

E Medical Devices  L Manufacturing Competitiveness  

F Diagnostics  M Processing Technologies and Novel 

Materials  

In addition, key words relating to the project should be included in this section.  

*http://www.agriculture.gov.ie/research/14researchprioritisationactionplans 

 

1. Rationale for Undertaking the Research 

This section of the final report should provide background information on why the 

research was needed. It should clearly outline the reason for carrying out the research 

and identify the problem / knowledge gap that needed to be addressed. It should address 

the question ‘why was this research needed? 

 

2. Research Approach 

Information provided on research approach should address the questions ‘how the 

research was carried out?’ Details should include work carried out and research 

methodologies used to address the issues identified in the ‘rationale for undertaking the 

research’. Emphasis should be placed on novel techniques, materials, technology and 

equipment used. Scientific or technical difficulties encountered in the research and any 

significant modifications from the original proposal must be noted. Please note that this 

section does not require fine scientific detail, but is designed to give the reader an overall 

view of the research methods employed.  

 

3. Research Achievements/Results 

This section is simply designed to address the question ‘what are the results of the 

research’. Emphasis should be placed on novelty and innovation. Tabulated scientific 

results are not required but a succinct summary of results obtained from each task should 

be illustrated.  
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4. Impact of the Research 

A summary of the impact of the research should be provided through the project outputs 

and outcomes. The benefits / improvements the research has made to the area under 

investigation should be elucidated. Specifically, describe how the outcomes of the 

research have benefited the end users such as industry, consumers, regulatory 

authorities, policy makers and the scientific community.  

 

4(a).  Summary of Research Outcomes 

The outcomes reported must detail the wider effect of the project from a sectoral or 

national perspective; these may be in the medium or long term. The summary of research 

outcomes is a critical component of the final report. It is imperative that this section is 

completed fully and precisely, as DAFM is required to report on the outcomes of all 

research projects. In addition, this data is essential to DAFM in justifying value for money 

of its research programmes and in securing future funding. Therefore, please ensure that 

information in this section is accurately reported.  

 

4(b). Summary of Research Outputs 

Research Outputs are what are produced by the project in terms of activities, events, 

services that reach people. The summary of research outputs is a critical component of 

the final report as it provides quantitative data on the research. It is imperative that this 

section is completed fully and precisely, as DAFM is required to report on the outputs of 

all research projects. In addition, this data is essential to DAFM in justifying value for 

money of its research programmes and in securing future funding. Therefore, please 

ensure that information in this section is accurately reported.  

  

 

 

 

5. Scientists trained by the project  

The total number of PhD and MSc theses produced as a direct result of work carried out 

on this DAFM project should be noted. In addition, the authors, institutions and titles of 

the theses and submission dates should be specified. If theses have not been submitted 

before completion of the final report, please give details including the anticipated 

submission date.  

 

6. Permanent Researchers  

The number of permanent research staff who contributed to the project (on a cost 

neutral basis) per institution and associated time contribution must be captured.  

 

7. Researchers Funded by DAFM  

Details of numbers, total time contribution (in months) and of all, post doctorates (PD) 

&contract researchers; PhD students; Masters students; temporary researchers and 

other staff funded by DAFM should be included.  

 

8. Involvement in Agri Food Graduate Development Programme 
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The names of students / researchers that participated in the Agri Food Graduate 

Development Programme should be included in addition to the names and dates of modules 

undertaken.  

 

9. Project Expenditure 

The aim of this section is to provide a summary of expenditure during the lifetime of the 

project. Please note that it is imperative that all figures included in this section 

correspond to figures included in the last progress report submitted and evaluated by 

DAFM. The names of the institutions involved must be included in the tables provided.  

 

10.  Leveraging 

The aim of this section is to summarise any additional resources’/funding leveraged from 

this award from other sources e.g. Additional Staff (type of staff, value of staff 

secured), National/EU funding secured, EI Commercialisation Fund 

 

11. Future Strategies 

Future strategies to further develop the outputs of the research should be indicated. If 

the outputs of the research have not been taken up by end users, explain why this is the 

case. What further advances / work is required in your area of research in order for the 

outputs to taken up by industry / consumers / end users? What follow-on research is 

required in this area to realise an end product? If further funding is required for 

research in this area, where do you intend to apply for funding e.g. Enterprise Ireland?  

 

12. Consent to Publish Final Report on DAFM Website  

The coordinator should indicate whether or not they consent to the publication of this 

final report on the DAFM website and/or through other dissemination sources. IPR 

sensitive material will not be published. The coordinator must indicate sensitive material 

by highlighting the text in red font where appropriate in the final report. 

 

13.Declaration 

The project coordinator must sign and date the report. Unsigned reports will be deemed 

incomplete and will not be accepted.  The coordinator must also indicate their consent to 

the publication of this final report.  

 

 


