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Highlights 15 

• Powerline companies collect a range of data on bird mortalities and mitigation. 16 

• The value of such data is widely recognised among stakeholders. 17 

• Sharing of bird data among stakeholders will inform best mitigation practices.  18 
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Abstract 19 

There is in an ongoing expansion of powerlines as a result of an increasing global demand for energy. 20 

Powerlines have the potential to negatively impact wild bird populations through collisions and/or 21 

electrocution, and reducing bird powerline collision and electrocution risk is a priority for companies 22 

running high-voltage powerlines (known as Transmission System Operators (TSOs)). Most TSOs are 23 

legally required to assess any potentially significant impacts via Enivronmental Impact Assessments, and 24 

so potentially collect a significant amount of data on the presence of species, species behaviour, and 25 

observed mortality rates. The value of such data, if available, for reducing and preventing bird casualties 26 

could be enhanced by increasing availability across TSOs and other decision-makers. We review the 27 

extent to which the sharing of data is happening, and how the quality, scope and availability of bird data 28 

collected by European TSOs could be improved, through use of a questionnaire and workshop with TSOs, 29 

conservationists and academics. Sixteen European TSOs responded to the questionnaire and 30 30 

stakeholders attended the workshop. There was wide recognition of the value of different types of data on 31 

birds at powerlines, and a positive attitude to working together to share and enhance data across 32 

stakeholders to achieve the shared goal of reducing bird mortalities. Key barriers to the sharing of data 33 

included a lack of a centralised database, the lack of standardised methods to collect bird data and 34 

concerns over the confidentiality of data and reports. In order to overcome these barriers and develop a 35 

collaborative approach to data sharing, and ultimately inform best practice to reduce significant negative 36 

impacts on bird populations, we suggest a stepwise approach that (1) develops guidance around the field 37 

methods and data to be collected for mitigation effectiveness and (2) shares meta-data / bibliography of 38 

studies of powerline impacts / mitigation effectiveness for birds. In time, a more structured approach to 39 

the sharing of data and information could be developed, to make data findable, accessible, interoperable 40 

and reusable.  41 

Keywords: Environmental Impact Assessment; bird electrocution; bird collision; human-wildlife conflict; 42 

mitigation; Transmission System Operators   43 
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1. Introduction 44 

Worldwide there are thousands of kilometres of powerlines transporting generated energy from both 45 

traditional (e.g. coal) and renewable sources (e.g. wind, solar, hydropower) to the end user. The global 46 

demand of electricity is predicted to grow at 2.1% per year to 2040, and so powerline networks are 47 

expanding globally (International Energy Agency, 2019). When inappropriately designed, overhead 48 

powerlines pose a collision and electrocution risk to certain bird species, leading to potentially 49 

detrimental effects on some avian populations (e.g. Schaub et al., 2010; Boshoff et al., 2011; Jenkins et 50 

al., 2011). The likelihood of powerline-related mortality is dependent on species-specific factors such as 51 

flight behaviour, aerodynamic capability, life-history strategies, sensory perception and morphological 52 

features (Bevanger, 1994; Bernardino et al., 2018), with large-bodied species such as raptors, cranes and 53 

storks particularly vulnerable to collision and electrocution (Janss, 2000; Rubolini et al., 2005).  54 

Placement of powerlines on migratory pathways (Kirby et al., 2008) and in areas with important habitat 55 

features (Garrido & Fernández-Cruz, 2003; Oppel et al., 2021a), as well as a number of powerline-56 

specific factors such as the number of vertical wire levels, wire height (Bernardino et al., 2018) and the 57 

design of pylons and poles (Lehman et al., 2007; Hernández-Lambraño et al., 2018) are also important 58 

factors in the rate of bird mortalities. 59 

In light of the dangers of poorly sited and/or designed powerlines to some avian populations, there is a 60 

recognised need to mitigate against powerline collisions and electrocutions for conservation purposes and 61 

to meet legislative requirements. Strategic Environment Assessments (SEA) and Environmental Impact 62 

Assessments (EIA) are processes that aim to identify and mitigate any significant negative impacts on the 63 

environment and are legislative requirements in most countries. Mitigation to reduce significant negative 64 

impacts on birds can be through careful planning of line design, burying powerlines underground, the 65 

installation of wire insulation, perching deterrents and line-marking devices to reduce bird collisions and 66 

electrocutions (Prinsen et al., 2012). Indeed, careful route planning and underground cabling are thought 67 

to be the most effective solutions in reducing or completely eliminating bird collisions and electrocutions 68 

altogether, whilst line marking and other mitigation measures that are usually implemented post-69 

construction have shown to reduce mortalities in most cases (Bernadino et al., 2018). 70 

Bird collisions and electrocutions can have financial consequences for energy companies due to 71 

disruptions to power supplies and costs associated with repairs, as well as financial costs and interruptions 72 

to the consumers (Küfeoğlu and Lehtonen, 2015). As well as complying with national and international 73 

legislation (European Commission, 2018), it is therefore in the company’s interest to adopt the best 74 

mitigation practices to maintain reputation and public acceptance.  75 
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A number of studies have examined mitigation design and effectiveness (e.g. Janss & Ferrer, 2001; 76 

Barrientos et al., 2011; Barrientos et al., 2012; Sutherland et al., 2020) and a review of bird collisions 77 

with powerlines found that research on this issue has advanced in recent decades (Bernardino et al., 78 

2018). However, the authors of the review conclude that more scientific evidence is needed on what 79 

powerline-specific factors are affecting bird collisions, to support recommendations of good practice to 80 

reduce bird collisions, and to understand the population-level impacts of induced mortality. Furthermore, 81 

improved understanding of mitigation effectiveness and the scale of impacts is hampered by much of the 82 

data on bird collisions being either unavailable and/or inaccessible to different stakeholders making 83 

decisions on mitigation measures (Prinsen et al., 2012).  84 

It is vital to engage the energy industry, including Transmission System Operators (TSOs; companies 85 

responsible for controlling and operating transmission grids), in these issues to identify hotspots of high 86 

avian mortality for mitigation and to understand the effectiveness of different mitigation options. 87 

However, there is a danger that progress in this regard could be hampered by conflict - real or perceive - 88 

between conservation NGOs, eager to highlight and reduce the risk of bird mortality, and industry 89 

concerned about public perception and the cost of mitigation. Instead, approaches are required that 90 

encourage dialogue between different interest groups (Redpath et al., 2013). One potential approach to 91 

achieve this, whilst also informing decision making on mitigation measures, could be to bring together 92 

data collected on bird presence, bird mortality and effectiveness of mitigation techniques by energy 93 

companies in a systematic fashion, and through a single resource, so that best practices can be shared 94 

widely between different stakeholders. Given the common goal of conservation organisations and 95 

electricity companies, sharing of data and subsequent application of measures is likely to be more 96 

effective if stakeholders work collaboratively (D’Amico et al., 2018). 97 

The power of such large-scale data collation is shown by work on collision risk vulnerability for birds and 98 

bats at wind farms, where a global literature review and subsequent meta-analysis of collision mortality 99 

rates of species identified the most vulnerable species, revealed hotspots of their occurrence and made 100 

recommendations for mitigation at a global level (Thaxter et al., 2017). Whilst similar collision risk 101 

approaches have been taken for powerlines at a regional or country level (e.g. Pérez-García et al., 2017; 102 

Hernández-Lambraño et al., 2018; D’Amico et al., 2019), it could be valuable to undertake such 103 

assessments across a wider, continental scale, particularly to inform decision-making in areas where 104 

existing data and monitoring of birds and mitigation measures is low or inaccessible (Oppel et al. 2021b). 105 

Furthermore, issues of variable data quality, lack of standardisation of methods and reporting, lack of 106 

availability of grey literature and lack of general sharing of information have been identified as 107 

limitations in the context of wind energy mitigation (Fernández-Bellon, 2020) and are likely to show 108 
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parallels with the powerline sector. In order for such an international effort of data sharing to succeed, 109 

companies that have access to bird data associated with powerlines must first be willing to collect and 110 

share such data.  111 

Here, through use of a questionnaire and workshop, we aim to assess (i) the type of bird data (e.g. 112 

fatalities, abundance, distribution etc.) collected by TSOs in Europe and (ii) the potential for wider 113 

sharing of data among TSOs, and between non-governmental organisations (NGOs) and researchers. 114 

Given the legislative requirements associated with the construction of powerlines, we expect to find that 115 

most TSOs collect at least some data related to bird adundance, mortalities and mitigation effectiveness, 116 

but are unsure of the scale and type of data collected. Due to the common goal of reducing impacts of 117 

powerlines on birds that likely exists between different stakeholders, we expect to find a willingness to 118 

share data on risks and effective mitigation approaches, but recognise that there could be a number of 119 

barriers to doing so, which we seek to identify to inform future work. Our study provides a first insight 120 

into the potential for data and information sharing among TSOs and with other stakeholders on a 121 

continental scale, to inform the development of future collaborative approaches to reduce the conflict 122 

between bird conservation and energy transmission.  123 

2. Methods 124 

We used a combined questionnaire and workshop approach to undertake the audit in which a 125 

questionnaire was circulated to a wide-range of participants and analysed, prior to a workshop at which 126 

the results of the questionnaire analysis was presented and refined / discussed in more detail (Pearce-127 

Higgins et al. 2017).  128 

2.1 Questionnaire design 129 

A questionnaire aimed at TSOs in Europe was designed to obtain information on the bird data collected 130 

by the company or external contractors (e.g. ecological consultants). It was circulated in December 2018 131 

and January 2019 to all 11 TSO members of the Renewable Grids Initiative (a collaboration between 132 

TSOs and NGOs across Europe), as well as five other TSOs that have mutual partnerships and contacts 133 

with the authors. The questionnaire contained 26 questions (see Supplementary Material 1) divided into 134 

five sections: (1) reasons for data collection and partnerships with organisations, (2) collection of bird 135 

collision/electrocution data, (3) collection of bird presence/abundance data, (4) making use of the data, 136 

and (5) sharing the data. 137 
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The number of TSOs providing an answer to a specific option per question are presented and any 138 

comments made by the respondents are summarised for each question. Respondents could often choose 139 

more than one option for each question, so answers do not always sum up to the maximum number of 140 

respondents answering each question.  141 

2.2 Workshop 142 

In April 2019 we held an interactive two-hour workshop in Brussels, Belgium, to gain further 143 

understanding on the value of bird data and information, and potential ways of effectively sharing such 144 

data. The participants were selected to include a mix of stakeholders (TSOs, NGOs and Others (academic 145 

researchers and consultants)). The results from the questionnaire were presented at the workshop before 146 

attendees were split into three mixed groups of 10 participants each and asked to undertake the following 147 

tasks: (i) to review the value of collecting bird data, (ii) to understand the benefits of sharing data to 148 

different stakeholders and (iii) to discuss potential ways of improving effective sharing of data. Feedback 149 

from the workshop groups contributed to the ideas captured in the discussion, and more quantitative 150 

results were derived from task two when each participant was asked to identify the importance of 151 

different data types and topics both for them as stakeholders, and for sharing amongst the wider 152 

community (Supplementary Table 1).  153 

To test the extent that different stakeholders ranked the importance of data differently, we performed 154 

statistical analyses on the responses for the second aim of the workshop (understanding the benefits of 155 

data sharing). Generalised Linear Models (GLM) were fitted with binomial error structures to test for 156 

differences in what TSOs, NGOs and Others (as three stakeholder groups) thought were the most 157 

important data / information types and topics, in which the number of stickers placed by each stakeholder 158 

type for each combination of data was modelled as a function of the total number of stakeholders in each 159 

group. We tested for differences among the three groups of the workshop (which contained a mix of 160 

stakeholders) to control for potential ‘group’ effects. We also tested for any interactions between the 161 

terms (for example, if there was an observed difference in the importance of data types, the interactive 162 

term would test if this depended on the topic, such as electrocution or abundance). Analyses were 163 

conducted in the statistical package SAS 9.4 (SAS Institute Inc., 2016).   164 
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3. Results 165 

3.1 Questionnaire 166 

Sixteen TSOs from across Europe responded to the questionnaire (Table 1), although four TSOs that 167 

operate in Germany answered the questionnaire jointly, so there was a total of 13 questionnaire responses. 168 

Table 1 Transmissions system operators, and the countries in which they operate, that responded to the 169 

questionnaire.  170 

Transmissions System Operator (abbrv.) Country of operation 

Austrian Power Grid (APG) Austria 

Elia Belgium 

Fingrid Oyj (Fingrid) Finland 

Réseau de Transport d'Électricité (RTE) France 

Amprion* Germany 

50Hertz* Germany 

Transnet BW* Germany 

TenneT* Germany 

Mavir Hungary 

Terna Rete Italia S.p.A. (Terna) Italy 

AS "Augstsprieguma tikls" (AST) Latvia 

TenneT The Netherlands 

Polskie Sieci Elektroenergetyczne S.A. (PSE) Poland 

Redes Energéticas Nacionais (REN) Portugal 

EirGrid Republic of Ireland 

Swissgrid Switzerland 

*answered jointly.  171 
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3.2 Reasons for bird data collection and partnerships with organisations 172 

Two of the TSOs stated that they have no legal requirement to collect bird data by regional, national or 173 

other authorities pre-construction of powerlines, and four stated that they have no legal obligation post-174 

construction. All others stated that they have some legal obligation to collect bird data (Fig. 1). Two 175 

comments explained that the legal requirements for bird data collection depended on the scale (and 176 

potential impact) of each project.  177 

 178 

Fig. 1 The number of Transmission System Operators that had legal requirements to collect bird data 179 

pre- or post-construction of powerlines at a regional, national or other level, and the number of TSOs 180 

that had no legal requirements to collect bird data (total n = 13 TSOs). Note that some TSOs provided 181 

multiple answers. 182 

All but three TSOs stated that they have partnerships with NGOs to some capacity; over half (n = 7) had 183 

partnerships on a national level; two TSOs worked with NGOs at some sites on the ground, two involved 184 

NGOs as key stakeholders in decision-making and two work with NGOs in another capacity. Some TSOs 185 

appeared to have strong partnerships with multiple NGOs; for example, collaborating with different 186 

NGOs to develop collision-risk maps and to develop good-practice guidance. Some usually involved local 187 

and national NGOs when planning infrastructure and have worked with NGOs on specific scientific 188 

projects. One of the TSOs who said they have no involvement with NGOs stated that they plan on doing 189 
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in the future and another stated that they involve NGOs if there are specific questions they may be able to 190 

advise on.  191 

3.3 The range of bird data collected by TSOs 192 

Nine TSOs stated that they collect at least some bird mortality / injury data; four of these collected both 193 

systematic (i.e. using a specific method as part of a monitoring programme) and opportunistic (e.g. when 194 

there is a power outage) data, four collected data only systematically and one collected bird mortality data 195 

only opportunistically.  196 

One TSO stated that they have not collected data on bird presence/abundance but relied on existing 197 

external data sources on bird presence/abundance for pre-construction consent. Nine TSOs used external 198 

contractors to collect presence data for pre-construction consent and six for post-construction monitoring.  199 

Seven TSOs stated that they had specific methods for observing birds during presence surveys. A variety 200 

of methods were listed by the TSOs including line transects, point counts, vantage point counts, car 201 

transects for specific bird groups (e.g. bustards), nest box observations and radar-monitoring.  202 

3.4 Making use of bird data 203 

The majority (n = 11) of the 13 TSOs stated that they have modified, replaced or re-designed 204 

infrastructure in some way based on their bird data, with nine stating that they deployed bird diverters on 205 

existing lines, and two that they placed markers on lines based on predictions of where there will be 206 

higher collision risks. Five TSOs stated that, before construction, route planning might be adjusted in 207 

higher risk areas. Eight of the 11 TSOs that answered the question have an inventory of their 208 

modifications and all knew how many pylons or km of powerlines have been modified.  209 

3.5 Sharing of bird data 210 

Just over half of TSOs that answered stated that they have not shared bird mortality/injury, bird presence, 211 

or data on location of bird deflectors with NGOs (Table 2). Four TSOs stated that they shared mortality 212 

data and data on location of bird deflectors with NGOs, and five stated that they shared bird presence 213 

data. Over half of TSOs stated that they have not shared any of the types of data with other power 214 

companies. Most sharing was not to fulfil legal requirements (Table 2). One TSO has in the past shared 215 

large amounts of bird presence data to the ‘open data’ section on their website – the data were collected as 216 

part of a project with a local NGO and the data are now publicly available. This TSO is moving towards 217 

an open-data approach in relation to their bird presence data. Another TSO shared their data as part of a 218 

collaborative programme with a university.   219 
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Table 2 The number of Transmission Systems Operators to share bird and/or mitigation data with NGOs, 220 

other power companies, government-run databases, or others, such as academics. 221 

 222 

Two of the 12 TSOs that answered the question stated that effective sharing of bird data is already simple. 223 

The most common concerns about effective data sharing were that there is no centralised database (n = 7), 224 

the lack of resources to do so (n = 6), and it is unclear who to share the data with (n = 5), or what data to 225 

share (n = 4; Fig. 2). Some TSOs also stated that their data are confidential (n = 4), with one particularly 226 

emphasising this point in relation to endangered species. Two TSOs voiced concerns about commercial 227 

interest or other reasons to prevent effective data sharing. For example, one respondent said that few birds 228 

are affected by their powerlines, so sharing collision/electrocution data might be damaging for public 229 

relationships.  230 
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 231 
Fig. 2 The number of Transmission System Operators that provided different reasons for the prevention 232 

of effective sharing of bird data (total n = 12, note that multiple reasons could be provided by each 233 

respondent). 234 

Seven of the 12 TSOs that answered the question said that a centralised database would help to inform 235 

their decision making on reducing bird interactions with powerlines, whilst the other five said such a 236 

database would not. Five respondents suggested that a centralised database would not be useful because 237 

data concerning bird-powerline interactions are localised and/or may not be relevant to other countries, 238 

although one TSO suggested that sharing would be useful for the most vulnerable species. A common 239 

requirement suggested in the comments was that methods should be standardised in order for the data to 240 

be comparable.  241 

Two TSOs said they would be willing, and six potentially willing, to share their data with a centralised 242 

database. The five TSOs that said they would not be willing justified this with a range of reasons; they 243 

have no data to share, data on sensitive species are confidential, there is no recognisable benefit or need, 244 

or that data are already shared with a national database. 245 

Six of the 10 TSOs that answered the question about financing a centralised database said that industry 246 

should finance such a database; six said that government agencies should and two said that NGOs should. 247 

3.6 Workshop 248 

The importance of different data types varied significantly between stakeholders and whether they 249 

considered the data important for sharing, or for their own operations (significant 3-way interaction χ2
8 = 250 
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23.17, P = 0.003; Fig. 3). Raw field-collected data from specific studies were most important to NGOs in 251 

order to understand the impacts on particular species. Most other types of data were less important, 252 

although the importance of peer-reviewed studies did not differ significantly from field-collected data 253 

(Fig. 3a). More than 50% of NGO representatives found it important to share study data, but also found 254 

unpublished reports, peer-reviewed literature and meta-analyses important to share, albeit significantly 255 

less so (Fig. 3b). Raw field-collected data from specific studies and peer-reviewed studies were 256 

significantly more important to TSOs than other forms of data, although at least 40% also wanted access 257 

to the results of literature reviews and meta-analysis to understand the best available evidence on impacts 258 

and mitigation potential (Fig. 3a). Similar preferences were expressed by TSOs for data sharing (Fig. 3b). 259 

Other stakeholders also wanted access to study data more than other forms of data (Fig. 3a), but thought it 260 

important to share all forms of data and information, particularly meta-analses and literature reviews, 261 

recognising the value of the overall synthesis they provide (Fig. 3b).  262 

 263 
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Fig. 3 Predicted importance (proportion of each stakeholder listing data type as important) of different 264 

data types to different stakholders for (a) themselves and (b) for sharing. Predicted importance ± SE 265 

derived from binomial error GLM (see methods).  266 

There was however no significant difference between stakeholders and the importance of different topics 267 

of data for the stakeholder or for sharing (2-way interaction χ2
6 = 6.66, P = 0.35). However, there was 268 

significant variation between the types of data and the topic of data (significant 2-way interaction χ2
12 = 269 

30.60, P = 0.002; Fig.4). Thus, there was consistency between stakeholders, and between sharing and 270 

importance to them, in terms of the types of data that are important. The most important data (supported 271 

by more than 50% of individuals) were, therefore: (i) study data on the impacts of powerlines on 272 

abundance, collision and electrocution, (ii) published studies on the impacts of powerlines on abundance, 273 

electrocution and mitigation effectiveness and (iii) the results of literature reviews and meta-analysis on 274 

the success of mitigation (Fig. 4). The greatest interest in study data was to document impacts of 275 

powerlines on the abundance, collision and electrocution of birds, which significantly contrasted with a 276 

keenness in other forms of data for these impacts. Conversely, the greatest interest in the data on 277 

mitigation was from meta-analyses and reviews, demonstrating a lack of knowledge about the likely 278 

effectiveness of mitigation which all stakeholders would value robust evidence about.  279 

 280 

Fig. 4 Predicted importance of different data sources (meta-analysis, peer-review etc) for the different 281 

types of data (bird abundance, collision, etc.). Predicted importance ± SE derived from binomial error 282 

GLM (see methods).  283 
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4. Discussion 284 

Through use of a questionnaire and workshop, we assessed the scope and quality of bird data and the 285 

potential for wider sharing of data among TSOs, non-governmental organisations (NGOs) and researchers 286 

to inform environmental management decisions around powerline infrastructure across Europe. 287 

Whilst the majority of European TSOs collect at least some data on bird presence and/or mortalities at 288 

powerlines to inform environmental management decisions, it is clear from our results that the amount of 289 

data and frequency of collection differs among companies.  Unless the data are collected for a specific 290 

scientific purpose (e.g. as part of a specific study) or where powerlines are situated in a particularly bird-291 

sensitive location, monitoring is undertaken relatively infrequently. Most TSOs have some form of 292 

partnerships with NGOs, with some already collaborating in academic research through data collection, 293 

financial support and/or guidance, leading to peer-reviewed publication (e.g. Panuccio et al., 2018; 294 

D’Amico et al., 2019; Moreira, 2019), and this tends to be where the most intensive data are collected.  295 

4.1 Importance of certain data 296 

Our results demonstrate that there was interest in the results of peer-reviewed studies being made more 297 

available and accessible (Fig. 3), particularly recognising the particular stamp of quality assurance that 298 

peer-review provides. Lack of access to peer-reviewed scientific articles by environmental management 299 

decision makers is not a new issue (e.g. Pullin et al., 2004) and may be addressed by collating only the 300 

summaries and key messages from papers, as has been achieved more broadly by Sutherland et al. (2020).  301 

The provision of raw data and unpublished reports (or ‘grey literature’), such as EIA reports, was 302 

particularly valued by NGOs and discussions suggested that making such unpublished reports available 303 

could provide an important forum to identify and address particular issues and to build trust between 304 

environmental management decision makers. Indeed, data from some internal reports provided by TSOs 305 

have already been utilised in peer-reviewed meta-analyses (e.g. Barrientos et al., 2018) and may therefore 306 

provide an important source of information to prioritise and inform future conservation efforts around 307 

powerlines, if made more widely available. The high value associated with the provision of study data, 308 

particularly for NGOs (Fig. 3), was to identify areas where powerlines were having high impacts on bird 309 

populations. Many TSOs collect such data, although much of these data are not systematic. TSOs are 310 

concerned about the reputational risk from making data and results of studies of powerline impacts more 311 

available, whilst NGOs are keen that such data are used to inform conservation solutions. This poses an 312 

apparent dilemma, which is not surprising given the plethora of human and environmental factors 313 

concerned with environmental management. However, the fact that many TSOs already collaborate 314 
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effectively with NGOs and academic groups provides evidence that effective collaboration and working 315 

between different stakeholders to address the issues of avian mortality associated with transmission lines 316 

is possible.  317 

There was a particular need for access to studies on mitigation effectiveness, with agreement that one of 318 

the critical uncertainties that remains is over the effectiveness of different line-marking approaches. 319 

Whilst evidence is accumulating that line-marking is effective, the relative efficacy of different 320 

approaches is not well understood (Bernardino et al., 2018). Data/articles used to inform the effectiveness 321 

of different mitigation techniques was therefore flagged as one of the most important to capture, alongside 322 

meta-analysis and review of the results of multiple studies to guide industry in the most effective 323 

approaches to use. 324 

SEAs and EIAs should ensure appropriate siting of powerlines in the early planning stages, which is one 325 

of the most effective measures to reduce bird collisions (Bernadino et al., 2018). For a robust assessment, 326 

these processes require quality information about the location and abundance of potentially vulnerable 327 

species and habitats, as well as information on the movements and behaviour of birds, in order to identify 328 

the most sensitive geographical areas. Sensitivity approaches, first developed in relation to wind energy 329 

(e.g. Bright et al., 2008) are increasingly being applied to the environmental management of powerlines 330 

(e.g. Pérez-García et al., 2017; Hernández-Lambraño et al., 2018; D’Amico et al., 2019). Not only do 331 

such sensitivity maps inform SEAs, potentially minimising the cost and difficulty of securing consent for 332 

transmission line construction by avoiding the most sensitive areas, but they can also be used to prioritise 333 

the monitoring and marking of existing transmission lines. Improving access to data on the occurrence, 334 

abundance and movements of birds to inform SEAs and EIAs was identified as a high priority by the 335 

stakeholders at the workshop and should be one of the main foci of potential data sharing. This would 336 

include increasing the availability of data from NGOs and other organisations involved in wider bird 337 

monitoring, and also improve the flow of abundance and distribution data collected as part of EIAs and 338 

other surveys, to more centralised data repositories to make them more openly available (see Pearce-339 

Higgins et al. 2018).  340 

These conclusions reflect the results of a recent review of renewable energy and biodiversity conservation 341 

that the use of spatial decision support tools, improved understanding on the impact of renewable energy 342 

and testing mitigation systems were required to evaluate different future scenarios (Agha et al., 2020). 343 

The availability of spatial data, particularly to inform multi-criteria decision-making, can be an important 344 

tool for achieving consensus in where renewable energy infrastructure should be sited (Hanssen et al., 345 

2018), and is an important pre-requisite to minimise the conflict associated with renewable energy 346 



` 

19 

 

development (Bright et al., 2008); low rates of avian mortalities at UK wind farms probably result from 347 

their avoidance of areas of high bird activity (Warren & Birnie, 2009). The monitoring of birds and their 348 

interactions with renewable energy infrastructure is required to support meta-analyses of the cumulative 349 

impacts of renewable energy infrastructure, regarded as a priority (Smith & Dwyer, 2016). The 350 

recommendations of our workshop provide a way forward to fill these data gaps, which is especially 351 

urgent in areas with rapidly increasing power networks (Puig et al., 2021).  352 

4.2 Sharing of data and the creation of a centralised database 353 

Although the idea of a centralised database for bird data was welcomed by around half of the TSOs, in 354 

order for this to be effective, the aims of data sharing should be made explicit and data sharing needs to 355 

be made simple and cost-effective. We found that the most common barrier to effective data sharing was 356 

that there is currently no centralised database (Fig. 2), suggesting that there would be support for such a 357 

system if created and properly resourced. Although potentially slight, contributing to a centralised 358 

database would take time and cost money, and these factors would need to be considered by TSOs. 359 

However, for companies not already collecting large amounts of data and/or in partnership with other 360 

organisations that store data, such as NGOs, a centralised database has the potential to archive data that 361 

are not currently being stored in an accessible format.  362 

For others, there is a stronger need for the development of more model-based products such as a 363 

repository of sensitivity maps (e.g., Pérez-García et al., 2017; Hernández-Lambraño et al., 2018; 364 

D’Amico et al., 2019), including interactive online mapping tools that identify sensitive areas on an 365 

international scale as has been done for the wind energy sector (Migratory Soaring Birds Project, 2021). 366 

Stakeholders could see the value developing tools like this, which would reduce the conflict between bird 367 

conservation and transmission-line deployment. The two priorities are linked, as having a centralised 368 

system where TSOs can input data that can be included in modelling studies might be an important 369 

avenue to aid scientific research and ultimately reduce risk of population-level impacts on birds.  370 

The lack of standardisation of methods to collect bird data was flagged as a key barrier in the collection 371 

and sharing of data by the stakeholders. To address this deficiency, improved standardisation and 372 

guidance of methods is suggested, as has been highlighted in the wind farm industry (e.g. Bernardino et 373 

al., 2013; Fernández-Bellon, 2020). This would also help TSOs that are not yet sharing data with the 374 

design of studies and database formats to ensure that they are transferable. We suggest that the FAIR 375 

principles for scientific data management and stewardship (data being Findable, Accessible, Interoperable 376 

and Resusable) could form a useful guide for development in this area (Wilkinson et al., 2016). The 377 
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standardisation of methods, or at least appreciation that methods across studies are not standardised, 378 

should be recognised before attempted collation of data and information.  379 

Confidentiality concerns were also highlighted as a barrier to sharing data, particularly in relation to data 380 

on sensitive species as well as locations of pylons and lines. Similar concerns also applied to making 381 

unpublished reports available, given the potential risk of misrepresentation and adverse publicity relating 382 

the environmental management decisions. A potential way forward would be to share meta-information 383 

about studies and data that could be available across a trusted network of organisations. Similarly, a 384 

bibliography of unpublished reports could be an alternative or complementary solution, with the potential 385 

for those reports to then be requested within the network. This would enable data to be findable, 386 

accessible, and if supported with sufficient meta-data, reusable (Wilkinson et al., 2016). The main cost to 387 

those contributing studies and data would be in ensuring that the meta-data were accurate and that studies 388 

were properly archived. As well as improving information exchange and therefore increasing the 389 

knowledge and information to inform the development of solutions to this conflict, this system would 390 

provide a relatively limited and safe space within which trust could grow among stakeholders. Such a 391 

model of a centralised hub providing information about data and studies which could be made available 392 

on request, is similar to one of the potential models by which citizen science biodiversity recording data, 393 

which are also associated with challenges of data ownership and confidentiality, may be made more 394 

openly available (Pearce-Higgins et al. 2018).  395 

4.3 Summary and Conclusions  396 

In summary, there is wide recognition of the value of different types of data and information on birds at 397 

powerlines, and a positive attitude to working together across TSOs, NGOs and other stakeholders, such 398 

as academic researchers. Indeed, involving of a range of stakeholders when making environmental 399 

management decsisons, such as implementing best mitigation measures, is critical to ensure success 400 

(Haddaway et al. 2017). There is a shared goal among stakeholders to reduce bird mortalities, whether it 401 

be for conservation or economic reasons, which is a good foundation for addressing a significant human-402 

wildlife conflict. The collection of a range of data related to bird ecology and demography, mitigation 403 

measures and environmental data is imperative to inform what impacts powerlines have on populations 404 

and how these impacts can be reduced, as conceptualised in Figure 5. Ultimately, sharing standardised 405 

high-quality data may help to inform best mitigation practices, for example adopting the FAIR principles. 406 

However, in order for this to be achievable, a stepwise approach might be required to foster increased 407 

data sharing and collaboration through time. This would require: (i) the development of guidance around 408 

the field methods and data to be collected for EIAs and studies of impact and mitigation effectiveness, (ii) 409 
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the sharing of meta-data / bibliography of studies of powerline impacts / mitigation effectiveness to 410 

increase the visibility of relevant studies being conducted, and (iii) a scoping study of the structure of data 411 

and information already being collected and shared, as a first step to developing a cost- and time-effective 412 

way of sharing data / information on a wide scale.  413 

 414 

Fig. 5 Conceptual framework for how data / information (top) informs derived products (middle) and 415 

activities required of TSOs (bottom).   416 



` 

19 

 

Author contributions 417 

Esther Kettel: methodology, formal analysis, investigation, writing – orginal draft, writing – review and 418 

editing, visualisation; Chris Thaxter: methodlogy, investigation, writing – orginal draft, writing – review 419 

and editing; Steffen Oppel: methodology, writing – review and editing; Andrew Carryer: 420 

conceptualization, methodology, project administration, funding aquistition; Liam Innis: writing – 421 

review and editing; James Pearce-Higgins: conceptualisation, methodology, formal analysis, 422 

investigation, writing – orginal draft, writing – review and editing, visualisation, supervision, project 423 

administration, funding acquisition. 424 

Declaration of competing interests 425 

The authors declare no competing financial interests or personal relationships that could influence the 426 

work reported in this paper.   427 

Acknowledgements 428 

We thank everyone who participated in the survey and in the workshop, and particularly Luca Moiana, 429 

Maeve Flynn, Pedro Fernandes, Ricardo Martins and Célcile Saint-Simon for taking the extra time to 430 

discuss their answers over the phone. Thanks also go to those who helped to distribute the questionnaire, 431 

including Noa Steiner and Alice Collier.  432 

Funding 433 

This work was supported by a European Union LIFE program operating grant awarded to the Renewables 434 

Grid Initiative.  435 



` 

19 

 

References 436 

 437 

Agha, M., Lovich, J.E., Ennen, J.R. & Todd, B.D. (2020) Wind, sun, and wildlife: do wind and solar 438 

energy development 'short-circuit' conservation in the western United States? Environmental Research 439 

Letters 15: 075004 440 

Barrientos, R., Alonso, J.C., Ponce, C. and Palacín, C. (2011) Meta-analysis of the effectiveness of 441 

marked wire in reducing avian collisions with power lines, Conservation Biology 25: 893 – 903. 442 

Barrientos, R., Martins, R.C., Ascensāo, F., D’Amico, M., Moreira, F. and Borda-de-Água, L. (2018) A 443 

review of searcher efficiency and carcass persistence in infrastructure-driven mortality assessment 444 

studies, Biological Conservation 222: 146 – 153. 445 

Barrientos, R., Ponce, C., Palacín, C.A., Martín, B. and Carlos, J. (2012) Wire marking results in a small 446 

but significant reduction in avian mortality at power lines: a BACI designed study, PLoS One 7: e32569. 447 

Bernardino, J., Bevanger, K., Barrientos, R., Dwyer, J.F., Marques, A.T., Martins, R.C., Shaw, J.M., 448 

Silva, J.P. and Moreira, F. (2018) Bird collisions with power lines: state of the art and priority areas for 449 

research, Biological Conservation 222: 1 – 13. 450 

Bernardino, J., Bispo, R., Costa, H. and Mascarenhas, M. (2013) Estimating bird and bat fatality at wind 451 

farms: a practical overview of estimators, their assumptions and limitations, New Zealand Journal of 452 

Zoology 40: 63 – 74. 453 

Bevanger, K. (1994) Bird interactions with utility structures: collision and electrocution, cause and 454 

mitigating measures, Ibis 136: 412 – 425.  455 

Boshoff, A.F., Minnie, J.C., Tambling, C.J. and Michael, M.D. (2011) The impact of power line-related 456 

mortality on the Cape Vulture Gyps coprotheres in a part of its range, with an emphasis on electrocution, 457 

Bird Conservation International 21: 311 – 327. 458 

Bright, J., Langston, R., Bulman, R., Evans, R., Gardner, S. and Pearce-Higgin, J. (2008) Map of bird 459 

sensitivities to wind farms in Scotland: A tool to aid planning and conservation, Biological Conservation 460 

141: 2342–2356. 461 



` 

19 

 

D’Amico, M., Catry, I., Martins, R. C., Ascensão, F., Barrientos, R. and Moreira, F. (2018) Bird on the 462 

wire: Landscape planning considering costs and benefits for bird populations coexisting with power lines, 463 

Ambio 47: 650–656. 464 

D’Amico, M., Martins, R.C., Álvarez-Martínez, J.M., Porto, M., Barrientos, R. and Moreira, F. (2019) 465 

Bird collisions with power lines: Prioritizing species and areas by estimating potential population-level 466 

impacts, Diversity and Distributions DOI: 10.1111/ddi.12903. 467 

European Commission (2018) Guidance on Energy Transmission Infrastructure and EU nature legislation. 468 

European Commission, Brussels. 469 

Fernández-Bellon, D. (2020) Limited accessibility and bias in wildlife-wind energy knowledge: A 470 

bilingual systematic review of a globally distributed bird group, Science of the Total Environment 7373: 471 

140238. 472 

Garrido, J.R. and Fernández-Cruz, M. (2003) Effects of power lines on a white stork Ciconia ciconia 473 

population in central Spain, Ardea 50: 191 – 200. 474 

Haddaway, N.R., Kohl, C., Rebelo da Silva, N., Schiemann, J., Spök, Stewart, R., Sweet, J.B. and 475 

Wilhelm, R (2017) A framework for stakeholder engagement during systematic reviews and maps in 476 

environmental management, Environmental Evidence 6: 11. 477 

Hernández-Lambraño, R. E., Sánchez-Agudo, J. Á. and Carbonell, R. (2018) Where to start? 478 

Development of a spatial tool to prioritise retrofitting of power line poles that are dangerous to raptors, 479 

Journal of Applied Ecology 55: 2685-2697. 480 

International Energy Agency (2019) World Energy Outlook 2019. International Energy Agency, Paris. 481 

Janss, G.F.F. (2000) Avian mortality from power lines: a morphologic approach of a species-specific 482 

mortality, Biological Conservation 95: 353 – 359. 483 

Janss, G.F.E. and Ferrer, M. (2001) Avian electrocution mortality in relation to pole design and adjacent 484 

habitat in Spain, Bird Conservation International 11: 3 – 12. 485 

Jenkins, A.R., Shaw, J.M., Smallie, J.J., Gibbons, B., Visagie, R. and Ryan, P.G. (2011) Estimating the 486 

impacts of power line collisions on Ludwig’s Bustards Neotis ludwigii, Bird Conservation International 487 

21: 303 – 310. 488 



` 

19 

 

Kirby, J.S., Stattersfield, S.H., Butchart, S.H.M., Evans, M.I., Grimmett, R.F.A., Jones, V.R., O’Sullivan, 489 

J., Tucker, G.M. and Newton, I. (2008) Key conservation issues for migratory land- and waterbird species 490 

on the world’s major flyways, Bird Conservation International 18: S49 – S73. 491 

Küfeoğlu, S. and Lehtonen, M. (2015) Interruption costs of service sector electricity customers, a hybrid 492 

approach, International Journal of Electrical Power & Energy Systems 64: 588 – 595. 493 

Lehman, R. N., Kennedy, P. L. and Savidge, J. A. (2007) The state of the art in raptor electrocution 494 

research: A global review, Biological Conservation 136: 159-174. 495 

Moreira, F. (2019) Love me, love me not: perceptions on the links between the energy sector and 496 

biodiversity conservation, Energy Research & Social Science 51: 134 – 137. 497 

Migratory Soaring Birds Project (2021) Soaring bird sensitive map [online]. URL: 498 

https://migratorysoaringbirds.birdlife.org/en/sensitivity-map#gsc.tab=0 (accessed 17 March ’21). 499 

Oppel, S., Ruffo, A.D., Bakari, S., Tesfaye, M., Mengistu, S., Wondafrash, M., Endris, A., Pourchier, C., 500 

Ngari, A., Arkumarev, V., Nikolov, S.C., (2021a) Pursuit of ‘sustainable’ development may contribute to 501 

vulture crisis in East Africa. Bird Conservation International in press.Oppel, S., Arkumarev, V., Bakari, 502 

S., Dobrev, V., Saravia-Mullin, V., et al. (2021) Major threats to a migratory raptor vary geographically 503 

along the eastern Mediterranean flyway. Biological Conservation: 109277. 504 

Panuccio, M., Agostini, N., Bogliani, G. and Dell’Omo, G. (2018) Migrating raptor counts: the need for 505 

sharing objectives and field protocols, and the benefits of using radar, Bird Study DOI: 506 

10.1080/00063657.2018.1506423. 507 

Pérez-García, J.M., DeVault, T.L., Botella, F. and Sánchez-Zapata, J.A. (2017) Using risk prediction 508 

models and species sensitivity maps for large-scale identification of infrastructure-related wildlife 509 

protection areas: the case of bird electrocution, Biological Conservation 210: 334 – 342. 510 

Pearce-Higgins, J.W., Brown, D.J., Douglas, D.J.T., Alves, J.A., Bellio, M., Bocher, P., Buchanan, G.M., 511 

Clay, R.P., Conlkin, J., Crockford, N., Dann, P., Elts, J., Friis, C., Fuller, R.A., Gill, J.A., Gosbell, K., 512 

Johnson, J.A., Marquez-Ferrando, R., Masero, J.A., Melville, D.S., Millington, S., Minton, C., Mundkur, 513 

T., Nol, E., Pehlak, H., Piersma, T., Robin, F., Rogers, D.I., Ruthrauff, D.R., Senner, N.R., Shah, J.N., 514 

Sheldon, R.D., Soloviev, S.A., Tomkovich, P.S. & Verkuil, Y.I. (2017) A global threats overview for 515 

Numeniini populations: synthesising expert knowledge for a group of declining migratory birds. Bird 516 

Conservation International 27:6-34 517 

about:blank


` 

19 

 

Pearce-Higgins, J.W., Baillie, S.R., Boughey, K., Bourn, N.A.D., Foppen, R.P.B., Gillings, S., Gregory, 518 

R.D., Hunt, T., Jiguet, F., Lehikoinen, A., Musgrove, A.J., Robinson, R.A., Roy, D.B., Siriwardena, 519 

G.M., Walker, K.J. & Wilson, J.D. (2018) Overcoming the challenges of public data archiving for citizen 520 

science biodiversity recording and monitoring schemes. Journal of Applied Ecology 55: 2544-2551 521 

Puig, D., Moner-Girona, M., Kammen, D.M., Mulugetta, Y., Marzouk, A., Jarrett, M., Hailu, Y., 522 

Nakićenović, N. (2021) An action agenda for Africa's electricity sector. Science 373, 616-619.Pullin, 523 

A.S., Knight, T.M., Stone, D.A. and Charman, K. (2004) Do conservation managers use scientific 524 

evidence to support their decision-making? Biological Conservation 119: 245 – 252. 525 

Prinsen, H.A.M., Smallie, J.J., Boere, G.C. and Píres, N. (2012) Guidelines on how to avoid or mitigate 526 

impact of electricity power grids on migratory birds in the African-Eurasian region. AEWA Conservation 527 

Guidelines No. 14, CMS Technical Series No. 29, AEWA Technical Series No. 50, CMS Raptors MOU 528 

Technical Series No. 3, Bonn, Germany. 529 

Redpath, S.M., Young, J., Evely, A., Adams, W.M., Sutherland, W.J., Whitehouse, A. et al. (2013) 530 

Understanding and managing conservation conflicts. Trends in Ecology & Evolution 28: 100–109. 531 

Rubolini, D., Gustin, M., Bogliani, G. and Garavaglia, R. (2005) Birds and powerlines in Italy: an 532 

assessment, Bird Conservation International 15: 131 – 145. 533 

SAS Institute Inc. (2016) SAS® 9.4 Language Reference: Concepts, Sixth Edition. Cary, NC: SAS 534 

Institute Inc. 535 

Schaub, M., Aebischer, A., Gimenez, O., Berger, S. and Arlettaz, R. (2010) Massive immigration 536 

balances high anthropogenic mortality in a stable eagle owl population: Lessons for conservation, 537 

Biological Conservation 143: 1911 – 1918. 538 

Sutherland, W.J., Dicks, L.V., Ockendon, N., Petrovan, S.O. and Smuth, R.K. (2020) What Works in 539 

Conservation 2020f. Open Books Publishers. Cambridge, UK. 540 

Smith, J.A. & Dwyer, J.F. (2016) Avian interactions with renewable energy infrastructure: an update. The 541 

Condor 118: 411-423 542 

Thaxter, C.B., Buchanan, G.M., Carr, J., Butchart, S.H.M., Newbold, T., Green, R.E., Tobia, J.A., Foden, 543 

W.B., O’Brien, S. and Pearce-Higgins, J.W. (2017) Bird and bat species’ global vulnerability to collision 544 

mortality at wind farms revealed through a trait-based assessment, Proceeding of the Royal Society B 284: 545 

20170829. 546 



` 

19 

 

Warren, C.R. & Birnie, R.V. (2009) Re-powering Scotland: Wind Farms and the ‘Energy or 547 

Environment?’ Debate. Scottish Geographical Journal 125: 97-126. DOI: 10.1080/14702540802712502 548 

Wilkinson, M., Dumontier, M., Aalbersberg, I. et al. (2016) The FAIR Guiding Principles for scientific 549 

data management and stewardship. Scientific Data 3: 160018 https://doi.org/10.1038/sdata.2016.18 550 


