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Introduction 

The International Single Species Management Plan (ISSMP) for the NW/SW European population of the 
Greylag Goose Anser anser (Polowny et al., 2018) was developed according to Paragraph 4.3.4 of the AEWA 
Text, Annex 3. This provides for developing ISSMPs for populations which cause significant damage, in 
particular, to crops and fisheries. In addition, it responds to AEWA Resolution 6.4, which requested the 
establishment of a multispecies goose management platform and process to address the sustainable use of 
goose populations and to provide for the resolution of human-goose conflicts, targeting as a matter of priority 
Barnacle and Greylag Geese.  

The ISSMP for the Northwest/Southwest European population of the Greylag Goose was adopted at the 7th 
Session of the Meeting of the Parties to AEWA (MOP7), 4-8 December 2018 in Durban, South Africa. The 
ISSMP provides a mandate for developing a population-specific Adaptive Flyway Management Programme 
(AFMP) for the Northwest/Southwest European population of the Greylag Goose, recognising that there are 
regional differences in migratory behaviour and the human-wildlife conflicts involved within this population. 
The AFMP shall be formally adopted by the European Goose Management International Working Group 
(EGM IWG) and then reviewed periodically. 

The process for the development of the Greylag Goose AFMP was formally adopted by the European Goose 
Management International Working Group (EGM IWG) at the EGM IWG4 in June 2019 in Perth, UK 
(document AEWA/EGMIWG/4.12/Rev.1) and a first draft of the AFMP was submitted to the EGM IWG5 in 
June 2020 and adopted, as document AEWA/EGMIWG/5.14 (pending the missing sections to be developed).       

In addition, document AEWA/EGMIWG/5.12 was provided as an overview and roadmap for the finalisation 
of the pending GG AFMP sections and for the implementation of the AFMP for the Northwest/Southwest 
European population of the Greylag Goose in the next 6 years until 2026. 

During the intersessional period and ahead of the 6th Meeting of the EGM IWG (EGM IWG6), the EGMP 
Data Centre, the Secretariat and the Greylag Goose Task Force (established at EGM IWG5), developed the 
missing sections of the GG AFMP. 

The draft GG AFMP, including the new sections was circulated for consultation within the Greylag Goose 
Task Force on 19 April 2021, providing members of the Task Force an opportunity to comment on the newly 
added sections and initiate a national consultation process.  

This is the final version of the document adopted at EGM IWG6 and including all additions/updates agreed 
on at the meeting. 

Table 1 provides an overview of the sections remaining to be developed under this AFMP in the upcoming 
years, as agreed at EGM IWG5.  

 

 

 

 

 

 

 

https://egmp.aewa.info/sites/default/files/meeting_files/documents/AEWA_EGM_IWG_4_12_GG_AFMP_rev_1.pdf
https://egmp.aewa.info/sites/default/files/meeting_files/documents/AEWA_EGM_IWG_5_14_AFMP_GG_Rev.1.pdf
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Table 1. Overview of the AFMP sections remaining to be developed, including timeline, lead and resources required (and 
secured). 

AFMP sections under 
development 

Timeline Lead Resources required 

Annex 4: Population models By May 2023 tbd Not estimated yet 

Annex 5: Impact models By May 2022 

(but pending 
funding) 

EGMP Data Centre 

  

EUR 150,000 (shared between 
Greylag Goose and Barnacle 
Goose over 2 years)      

The timeline shown in Table 2 provides an overview of the envisaged process starting from the EGM IWG4 
in June 2019 up until 2026, in which various elements of the AFMP can realistically be developed and 
delivered subject to the availability of resources.
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Table 2. Overview of the next steps and timeline for the finalisation and the implementation of the AFMP. The steps required for the transition to dynamic management at MU-level 
as of 2023 are highlighted in “red”. A crucial element of the MU-level management is the availability of annual estimates of the national breeding numbers. Two alternative methods 
are proposed in Chapter 5 of the AFMP. In this table Option A is highlighted with a "green” background and Option B with “blue” one. Option A, in green is considered to be extremely 
difficult and costly to perform, hence option B, in blue is the only reasonably feasible solution. The work to describe the details for this option is in progress and presented in the EGMP 
Population Status and Assessment Report. 

Process EGM IWG4 
June  
2019 

EGM IWG5 
June 2020 

EGM IWG6 
June 2021 

EGM IWG7 
June 2022 

EGM IWG8 
June 2023 

EGM IWG9 
June 2024 

EGM IWG10 
June 2025 

EGM IWG11 
June 
 2026 

AFMP 
development 

AFMP process 
agreed 

1st Draft AFMP 
ready for adoption 

Review and adopt 
complete AFMP, 
including missing 
sections 

        Evaluation and 
revision AFMP 

 MUs agreed 
  

FRVs agreed FRVs finalised           

   Population targets 
agreed 

            

   Info-Gap-based 
decision making 
at population level 
(management 
criterion and 
change of harvest 
rate agreed) 

    End of Info-Gap-
based decision 
making & start 
of model-based 
decision making 
at MU level 

      

       Pilot impact 
model developed 
for one country 

Impact model 
expanded to 2+ 
countries 

      

AFMP 
implementation 

  Annual workplans 
developed 

Review annual 
workplans 

Review annual 
workplans 

Review annual 
workplans 

Review annual 
workplans 

Review annual 
workplans 

Review annual 
workplans 
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Indicators   Collection of data 
for indicators1 
starts  

Collection of data 
for indicators 

Collection of data 
for indicators 

Collection of data 
for indicators 

Collection of data 
for indicators 

Collection of data 
for indicators 

Collection of data 
for indicators 

      Baseline for 
indicator IV.1 
reported 

    Reporting on all 
indicators 

  

Harvest 
management 

      Evaluation of bias 
in offtake 
completed 

        

       Systematic 
monitoring in 
place 

        

     Harvest 
assessment at 
population level 

Harvest 
assessment at 
population level 

Harvest 
assessment at MU 
level 

Harvest 
assessment at MU 
level 

Harvest 
assessment at MU 
level 

Harvest 
assessment at MU 
level 

   Mid-winter counts Mid-winter counts Mid-winter counts Mid-winter counts Mid-winter counts Mid-winter counts Mid-winter counts 

   July counts July counts July counts July counts July counts July counts July counts 

   Common Bird 
Monitoring 

Common Bird 
Monitoring 
  

Common Bird 
Monitoring 

Common Bird 
Monitoring 

Common Bird 
Monitoring 

Common Bird 
Monitoring 

Common Bird 
Monitoring 

     Breeding 
population survey 

    Breeding 
population survey 

    

 
1 see Table 3 and Annex 6 
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   Collection of 
offtake data 

Collection of 
offtake data 

Collection of 
offtake data 

Collection of 
offtake data 

Collection of 
offtake data 

Collection of 
offtake data 

Collection of 
offtake data 

   Crippling rate 
monitoring 

Crippling rate 
monitoring 

Crippling rate 
monitoring 

Crippling rate 
monitoring 

Crippling rate 
monitoring 

Crippling rate 
monitoring 

Crippling rate 
monitoring 
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It is key to recognise that the population cannot be managed appropriately, let alone at the MU-level, based on 
the results of the Info-Gap analysis and this approach should be used only temporarily for a short period of 
time (it will be ceased in 2023) while securing the preconditions for the transition to dynamic management. 
The steps required for this transition to dynamic management at MU-level as of 2023 are highlighted in “red” 
in Table 2. A crucial element of the MU-level management is the availability of annual estimates of the national 
breeding numbers. Two alternative methods are proposed in Chapter 5 of the AFMP. In Table 2 of this 
document, Option A is marked with "green” background and Option B with “blue” one.  

The aim of the AFMP is to establish an agreement amongst Range States on the implementation of those 
activities in the Greylag Goose ISSMP that require coordination at the population and/or at Management Unit 
(MU) levels. Specifically, this AFMP addresses the following activities:  

1) Establish Management Units (MUs; Chapter 1), hierarchical Favourable Reference Values (FRVs; 
Chapter 2) and population targets (Chapter 3 and Annex 3) at flyway, MU and national levels 
iteratively to ensure that national targets are consistent with the flyway targets and with legal 
requirements at all levels;  

2) Establish an internationally coordinated population management programme for both MUs, including 
offtake under hunting and, if necessary, under derogations (Chapter 4 and Annex 4) encompassing 
monitoring, assessment and decision-making protocols (Chapter 6 and Annex 7); 

3) Establish indicators to assess progress toward the Fundamental Objectives (Chapter 5 and Annex 6) 
and guide the implementation of further activities of the Greylag Goose ISSMP through population-
specific workplans (Annex 1).  

In addition, this AFMP will assist Range States in coordinating2 the implementation of their derogation 
schemes and contain information that is relevant for assessing the need for derogations at Range State level 
(Annexes 2 and 5).   

The AFMP provides a framework for joint management of the NW/SW European population of Greylag Goose 
to ensure that the fundamental objectives (FOs) agreed in the ISSMP are achieved. However, each Range State 
remains responsible for national planning and implementation, including of derogation measures if needed, 
within the framework of the ISSMP. 
 
This AFMP covers the period of 2020 – 2026. 

1. Definitions of Management Units (MUs) 

The ISSMP has mandated the EGM IWG to define the Management Units (MUs) in the AFMP to recognise 
regional differences in migratory behaviour and human-wildlife conflicts. The EGM IWG at its 4th meeting in 
June 2019 (Doc. AEWA/EGMIWG/4.143) agreed to distinguish two MUs (Figure 1): 

MU 1 (migratory) 
Breeding: Norway, Sweden, Denmark, Finland 
Stopovers: Denmark, Germany, France 
Wintering: Netherlands, Belgium, Denmark, Sweden, France, Spain, Portugal4 

 
2As agreed at EGM IWG6, “coordination” in this context does not mean that Range States will be expected to de facto 
coordinate their use of derogations under the EGMP. EU Member States, in particular, maintain their full rights to make 
use of derogations as provided under the EU Birds Directive. The exact process and its implementation will be further 
discussed and defined within the Greylag Goose Task Force. 
3https://egmp.aewa.info/sites/default/files/meeting_files/documents/AEWA_EGM_IWG_4_14_Def_GG_MUs.pdf  
4 Portugal was originally not included by the population also winters there.  

https://egmp.aewa.info/sites/default/files/meeting_files/documents/AEWA_EGM_IWG_4_14_Def_GG_MUs.pdf
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MU 2 (sedentary)  
Breeding: Germany, Netherlands, Belgium, France 
Wintering: Germany, Netherlands, Belgium, France 

Figure 1. Agreed management units of the NW/SW European population of Greylag Goose. 

 
2. Definitions of Favourable Reference Values (FRVs) 

The ISSMP has mandated the EGM IWG to set the Favourable Reference Values (FRVs) in the AFMP for the 
breeding and non-breeding seasons. The FRVs represent the minimum levels of population size, range and 
habitat necessary to consider a population being in Favourable Conservation Status (FCS). Following the EGM 
IWG4, a revised document setting out the principles of defining FRVs for the NW/SW European population 
of the Greylag Goose was circulated on 5 August 2019 and later revised based on written feedback from Range 
States and a workshop held with the European Commission (EC) and EU Member States on 31 January 2020 

(AEWA/EGMIWG/Inf.5.105). Range States were requested to define their national Favourable Reference 
Range (FRR), Favourable Reference Habitat (FRH) and the breeding Favourable Reference Population (FRP) 
values. If no information was provided by the Range States, the breeding numbers reported for the 2013-2018 
period under Article 12 of the EU Birds Directive6 were used. National FRV values were aggregated at MU- 
and population-level and summarised in Table 3. 

 
5https://egmp.aewa.info/sites/default/files/meeting_files/information_documents/AEWA_EGM_IWG5_Inf_5_10_Defin
ing_FRVs_for_GG.pdf 
 
6Available at http://cdr.eionet.europa.eu/ for each EU Member States under European Union (EU) obligations > Birds 
Directive > Report on Implementation Measures.  

             
   

https://egmp.aewa.info/sites/default/files/meeting_files/information_documents/AEWA_EGM_IWG5_Inf_5_10_Defining_FRVs_for_GG.pdf
https://egmp.aewa.info/sites/default/files/meeting_files/information_documents/AEWA_EGM_IWG5_Inf_5_10_Defining_FRVs_for_GG.pdf
https://egmp.aewa.info/sites/default/files/meeting_files/information_documents/AEWA_EGM_IWG5_Inf_5_10_Defining_FRVs_for_GG.pdf
https://egmp.aewa.info/sites/default/files/meeting_files/information_documents/AEWA_EGM_IWG5_Inf_5_10_Defining_FRVs_for_GG.pdf
http://cdr.eionet.europa.eu/
http://cdr.eionet.europa.eu/dk/eu/
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Table 3. National, management unit and population level FRVs. Management Unit 1 (MU1) includes: Norway, Sweden, 
Denmark, Finland (Breeding); Denmark, Germany, France (Stopovers); Netherlands, Belgium, Denmark, Sweden, 
France, Spain, Portugal (Wintering) and MU2 includes: Germany, Netherlands, Belgium, France.  

Country  bFRP 
(pairs) 

 bFRR  
(km2) 

bFRH 
(Y/N) 

 wFRP 
(inds) 

 nFRR 
(km2) 

nFRH 
(Y/N) 

Norway 10,000  269,300 Y 436   194,200 Y 
Sweden 12,000     155,900 Y 23,883   78,000  Y 
Finland 2,700  22,000 Y n.a.   n.a. n.a. 
Denmark  6,400     45,400 Y  9,931  49,500 Y 
Germany  49,780F  203,338F ?  191,636   ?  ? 
Netherlands 21,000 37,869 Y  107,321  38,136 Y 
Belgium 2,000   21,800 Y    11,146 29,300 Y 
France         200 256,400  Y    3,350  512,300  Y 
Spain  n.a.   n.a. n.a.     24,698   ?  ? 
Total MU1   31,100    

492,600 
4/0 112,893  ?  3/0 

Total MU2 72,980  519,407  3/0 264,916  ? 2/0 
Total Population 104,080   

1,012,007  
7/0 370,400  ? 5/0 

 
Keys: 
inds:  individuals 
b:   breeding 
n:   non-breeding (i.e. both staging and wintering) 
w:   wintering  
Y/N: Yes/No 
n.a.:  not applicable 
?:  no data provided 
F:   in the absence of FRVs provided by the country, a single value FRV is calculated based on the 

geometric mean of the minimum and maximum population estimate reported by the country for 2013-
2018 to the European Commission under Article 12 of the EU Birds Directive 

*:  The sum of national nFRRs in all Range States of this MU 

3. Favourable Reference Population (FRP) 

The FRP for the breeding season (bFRP in Table 3) is 31,000 pairs for MU1, 73,000 pairs for MU2 and 
104,000 pairs for the whole population after rounding.  

The 4th Meeting of the European Goose Management International Working Group (EGM IWG4) requested 
assurances that the Favourable Reference Populations for the breeding and for the non-breeding season are 
consistent with one another (see page 7 in Doc. AEWA/EGMIWG/Inf.6.10). Accordingly, the national 
wintering FRPs were calculated from the national breeding FRPs, using the same factor of 3.63 individuals to 
convert pair into mid-winter numbers as in the MCDA7 (Johnson, 2020b) and using the available re-sighting 

 
7 A multiplier factor of 3.63 has been used by Johnson in the Multi-criteria Decision Analysis (MCDA) to convert 
breeding pairs into mid-winter population estimate based on the conversion factor of 3.85 developed by Schekkerman 
(2012) between breeding pairs and July total population sizes and taking into account of mortality between July and 
January.    

https://egmp.aewa.info/sites/default/files/meeting_files/information_documents/aewa_egm_iwg_inf_6_10_defining_FRVs_for_GG.pdf
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data of neck-banded birds (Table 4) 8.. The calculated FRPs for the mid-winter season are presented in Table 
3 for each country (wFRP). The wintering FRP is 370,000 individuals for the entire population after 
rounding (Table 4) Theoretically, an estimate of mid-winter FRPs can be calculated based on the breeding 
numbers for both MUs, but these values cannot be used in practice because in winter the two MUs mix 
particularly in Germany, the Netherlands and Belgium and a proportion of the birds winter outside of the range 
of the NW/SW European population9.  

Table 4. Distribution of re-sightings of Greylag Goose in wintering countries from various breeding countries  
Wintering 
Breeding countries 

NO SE DK DE NL BE FR ES Other 

Norway (NO)1  0.3% 3.3% 14.7% 47.5% 2.0% 2.3% 29.8%  
Sweden (SE)1 1.0% 53.7% 7.8% 8.2% 25.5% 0.3% 1.0% 1.9% 1.0% 
Finland (FI)2  3.9%  3.9% 3.9%   19.4% 69.0% 
Denmark (DK)3   13.7% 9.6% 19.2% 4.1% 5.5% 48.0%  
Germany (DE)3    98.2% 1.8%     
Netherlands (NL)1   0.2% 3.5% 92.5% 3.2% 0.1%   
Belgium (BE)4     5.0% 95.0%    
France (FR)4       100.0%   

 
Keys: 
1 Based on data for mid-winter in the period of 2008-2012 in Bacon et al. (2019) 
2 Based on data for January in Appendix 2 in Andersson et al. (2001) 
3 Based on data for mid-winter in the period in all years in Bacon et al. (2019) 
4 Assumed. Breeding populations in these countries are very small and unlikely to influence the results 
significantly.  

4. Favourable Reference Range (FRR) 

The breeding FRR is estimated at 492,600 km2 for MU1, 519,000 km2 for MU2 and 1,012,007 km2 for the 
entire population after rounding.  

The FRR for the non-breeding season cannot be determined for the population and its MUs because national 
FRRs are not yet set in Spain and Germany (Table 3).  

5. Favourable Reference Habitat (FRH) 

All countries from MU1 reported that there is sufficient habitat to support the FRP in the breeding season. In 
MU2, there is sufficient habitat to support the FRP in Belgium and the Netherlands. No assessment is received 
from Germany (Table 1). Thus, the FRP is set at the level of the 2013–2018 level (Current Value) of the 
breeding population there and it is logically not possible that there would be not enough habitat to support the 
current population in that country. Consequently, there is sufficient habitat to support the FRP in all countries 
of the flyway.  

 
8 At the time of performing this calculation it was not possible to take into account the differences in resighting 
probabilities in different countries and to account for the spatial and temporal biases in the national datasets. Therefore, 
the wintering FRPs should be revised during the planning of the second AFMP when more representative tracking data 
is expected to be available. 
9 Therefore, there is a difference of c. 7,500 birds between the sum of the wFRPs of the two MU and the wFRP of the 
population derived by adding up the calculated national wFRP values within the range of the flyway of the NW/SW 
European population of Greylag Goose.     
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For the non-breeding season, sufficiency of habitat cannot be assessed separately for the two MUs because 
of the mixing of individuals. Therefore, it is only evaluated at the national and at the population level. 

Two countries (Germany and Spain) have not reported whether there is sufficient habitat to support the 
wintering FRP. In all the five other countries, there is sufficient habitat to support the FRP (Table 3).  

 
Figure 2. Best single value estimates or geometric means of the minimum and maximum breeding population estimates 
for MUs 1 and 2 of the NW/SW European population of Greylag Goose population compared to the FRP and the target 
population size. The bold red lines represent the FRPs, the dark blue lines represent the agreed targets. DV: approximated 
based on Heath et al. (2000), AV: based on BirdLife International (2004), 2010s: based on BirdLife International (2015), 
ISSMP: based on the figures in Table 4 in the ISSMP, CV: based on EU Member States Birds Directive Article 12 reports, 
for Norway were used the values from the ISSMP; FRP: based on the FRP figures in Table 3 in this document. 

6. Population targets above the FRVs 

The ISSMP has also mandated the EGM IWG to set population targets above the FRP in the AFMP and it has 
been agreed to use the Multi-criteria Decision Analysis to solicit expert knowledge and stakeholder opinion. 
The MCDA process, see Johnson (2020b) in Annex 3 for details, has identified two candidate targets with 
nearly identical scores, 0.7514 and 0.7513, respectively. Therefore, the preferred target was identified by the 
EGM IWG at its 5th meeting in June 2020. 

Targets for MU1 and MU2: 70,000 and 80,000 breeding pairs, respectively, resulting in an approximate 
wintering population size of 545,000 individuals.      
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The proposed wintering population size target is approximately 70% of the population size reported in the 
ISSMP. This represents approximately 80% of the size of the breeding population in the ISSMP for MU1 and 
approximately 70% for MU2.  

In MU1, the target (70,000 pairs) is more than twice as much as the FRP (31,000 pairs), but the target is only 
10,000 – 15,000 pairs less than the ISSMP or the Current Value (Figure 2). Therefore, maintaining this 
population around the target would require a rather tight management of the offtake both through harvest and 
derogation at both the staging and wintering areas. Close coordination between the MU1 Range States is 
necessary and consideration needs to be given to the presence of MU1 birds in the areas of overlap with MU2 
in the non-breeding season when devising management measures for MU2. MU1 is a high priority for 
establishing a dynamic, model-based management system.  

In MU2, the target of 80,000 pairs is 10% higher than the FRP. In this MU, the CV is much higher than the 
value reported in the ISSMP mainly because of the substantially higher estimate for Germany (Figure 2). 
Current Values of the national populations in Germany, Belgium and France are close to the national bFRPs. 
Therefore, these populations require a tight management to ensure that they are maintained above the bFRP. 
However, a more substantial reduction c. 58,000 pairs) of the breeding population is possible in the 
Netherlands without failing to maintain the population around the target.  
      

7. Population Models to support harvest management 

By adopting the ISSMP, Range States have agreed to maintain the population around the target level (Means 
Objective 4) and, to this end, to “establish an internationally coordinated population management programme 
(including both hunting and, if necessary, killing under derogations) for the transboundary management units 
encompassing monitoring, assessment and decision-making protocols” (Action 4.2). 

Population models are important tools of adaptive flyway management to forecast the impacts of various off-
take levels on the population size. However, up-to-date, coordinated, and reliable monitoring data on 
abundance and offtake throughout the flyway is not available currently. Hence, it is not possible to establish a 
model-based management of the population at this time. 

Furthermore, Johnson (2020a; Annex 4 to this AFMP) concluded that reported estimates of Greylag Goose 
population size and/or offtake at the flyway level are likely biased. It suggests that the most pressing need is 
to investigate and strengthen monitoring protocols for Greylag Goose population size estimation and offtake 
both under hunting and derogation. 

Hence, in the face of this deep uncertainty, an information-gap (“info-gap”) decision model was developed to 
allow decision makers in the interim to make informed choices about the magnitude of offtake until more 
reliable monitoring information is available for the NW/SW European population of Greylag Goose.  

As true levels of abundance and offtake on a management-unit basis are unknown, it is necessary to use the 
growth rate of the flyway population as an interim management criterion. The growth rate criterion has been 
selected based on the results of the MCDA analysis (Johnson, 2020b), which shows that the population target 
is likely to be at least 20% less than the current population size. In the face of deep uncertainty about current 
levels of offtake and abundance, a precautionary approach of seeking to reduce population size is necessary. 
Therefore, during EGM IWG5, in June 2020, it was proposed to adopt a management criterion of 15% 
reduction in population size over 10 years, which means an annual growth rate of lambda = 0.98 (Figure 3).  
As it is unlikely to meet this criterion precisely, a growth rate of 0.96 < lambda < 1.00 was      suggested as an 
acceptable range (i.e., population size decreasing by less than 4%/year).  Accordingly, an increasing 
population, or a population declining more than 4% per year, would be considered unacceptable.  Note that 
the lower limit of annual lambda = 0.96, if realized, would reduce population size by 34% in 10 years.  
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Based on this criterion, the info-gap analysis suggested that 40% increase in the nominal level of offtake 
compared to the offtake values mentioned in the ISSMP might be needed to achieve the above management 
criterion. However, the probability of meeting this management criterion is low (<20%) under all investigated 
scenarios in the face of deep uncertainty. This means that there is an 86% probability that the population will 
either increase or decline by more than 4% annually. Furthermore, the current level of offtake, and whether 
that has changed from that reported in the ISSMP, is unknown.  Moreover, the info-gap analysis does not take 
into account special needs and population trajectories of the MUs and their different segments, and thus it 
carries a high risk of not meeting the MU-specific population targets if not replaced by a more reliable decision-
making tool.  Therefore, the info-gap decision analysis does not provide a sound basis for adaptive, dynamic 
decision-making, which ultimately will be necessary to reliably manage Greylag Goose abundance in 
accordance with population targets in the two management units.  Only up-to-date, coordinated, and reliable 
monitoring data on abundance and offtake from throughout the flyway will allow us to realize that goal. In 
order to establish the preconditions for the dynamic, model-based management of the population in the long-
term, the following actions need to be implemented before the 2023/2024 hunting season: 
 

1) Establish the necessary monitoring frameworks outlined in Chapter 6; 
2) Develop and present new population models by the EGM IWG in 2023.  

During EGM IWG5, the Range States agreed on the management criterion of 15% reduction in population 
over 10 years, according to which up to 40% increase in the nominal level of offtake was possible. Thus, this 
criterion is used until a dynamic, model-based management shall be implemented in 2023/202410.  

 
10 Note that this management criterion applies to the entire flyway population and does not consider the status of the 
two separate MUs relative to their respective targets. 
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Figure 3. The proposed management of the NW/SE European population of Greylag Goose in relation to the FRP (bold 
red line) and to the population targets (blue line). The past population development is represented by the bars showing 
the annual imputed IWC totals and the arrow indicates the projected population trajectory based on the recommended 
15% decline in 10 years.  

8. Monitoring indicators and programmes 

The ISSMP has mandated the EGM IWG to define in the AFMP indicators to measure the progress towards 
its Fundamental Objectives and to design a monitoring programme to collect the data for these indicators. The 
proposed indicators are presented in Table 5 for each Fundamental Objective and detailed indicator factsheets 
describing the rationale of the indicator selection, a more detailed definition of the indicator and the 
methodology of data collection, data flow, indicator calculation, gap filling and methodological uncertainties 
is provided in Annex 6. 

Table 5. Indicators for fundamental objectives 
Fundamental 
objective 

Related indicators Reporting  
dates 

I. Maintain the 
population at a 
satisfactory level  

I.1 Population size compared to the target population 
size 

Annually by 1  April 
(see also Chapter 6) 

I.2 Range extent compared to Favourable Reference 
Range (FRR) 

31 Dec. 2025 
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II. Minimize 
agricultural damage 
and conflicts 

II.1 Relative change in damage payments 31 Dec. 2025 

III. Minimize the 
risk to public health 
and air safety 

III.1 Risk of zoonotic influenza transmission to the 
general public 

No national reporting 
required 

III.2 Number of bird strikes with aircrafts caused by 
Greylag Goose 

31 Dec. 2025 

III.3 Number of Greylag Geese passing over commercial 
airports 

31 Dec. 2025 

IV. Minimize the 
risk to other flora 
and fauna 
 

IV.1 Area of natural habitat or habitat of threatened 
species negatively affected by Greylag Goose 

31 Dec. 2025 

V. Maximise 
ecosystem services 

V.1 Number of people enjoying watching geese 31 Dec. 2025 

V.2 Number of recreational Greylag Goose hunters 31 Dec. 2025 

V.3 Number of Greylag Geese killed and used 31 Dec. 2025 

VI. Minimise costs 
of goose 
management 

VI.1 Relative change in cost of goose management 31 Dec. 2025 

VII. Provide hunting 
opportunities that are 
consistent with 
maintaining the 
population at a 
satisfactory level  

VII.1 Available sustainable hunting quota Annually at the EGM 
IWG meeting 
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9. Protocols for the iterative phase 

Management evaluation and adaptation of the NW/SW European population of Greylag Goose follows three 
iterative phases running in parallel (Figure 4):   

1. A 10/12-year cycle of the ISSMP11;  
2. Two 6-year cycles of the AFMP, and within the AFMP:  

3. 1-year cycles of:  
i. Indicators/monitoring related to population models/harvest assessment;  

ii. Update of population models and harvest assessment;   
iii. Annual implementation of actions by range states;  
iv. Update work plans. 

 

     

 
Figure 4. Flow chart of the three iterative phases of the AFMP 

 

 

 
11 The lifespan of the ISSMP is 10 years. However, it might be logical for the EGM IWG to recommend to the AEWA 
MOP to expand it to 12 years to include two 6-year-long AFMPs. 
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10. 10/12-year cycle of the ISSMP  

The 10/12 year12 cycle of the ISSMP encompasses evaluation and adaptation related to:   

● Goals;  
● Objectives (Fundamental, Means and Process);   
● Alternative actions related to objectives.   

11. 6-year cycle of the AFMP  

The 6-year cycle of the AFMP encompasses evaluation and adaptation related to:  
● Management Units (Chapter 1);  
● FRVs (Chapter 2);  
● Box 1 (Annex 2);  

● Population target (Chapter 3, Annex 3);   
● Population models (Chapter 4, Annex 4);  
● Impact models (Annex 5);  
● Protocol for the iterative phases (Chapter 6);  
● The range of and methods for indicators and programs (Chapter 5, Annex 6); 
● The state of indicators and evaluation towards achieving objectives (Chapter 5, Annex 6).  

 
The AFMP is evaluated and adapted next time in 2026 by the EGM IWG.  

12. 1-year cycles within the AFMP  

The annual cycle within the AFMP encompasses monitoring and assessment related to:   
● The state of indicators related to population models/harvest assessment (Action 4.2 in the ISSMP);  
● Evaluating progress toward achieving objectives;  
● Identify appropriate management actions;  
● Increase understanding of population dynamics;  
● Refine models of population dynamics;  
● Update and report on work plans for the Task Force, Data Centre, AEWA Secretariat and Range 

States (Annex 1);  
● National implementation and, if needed, adaptation of harvest regulations.  

  
Indicators/monitoring related to objectives and population models   

Short-term (2020-2022) needs to set the stage for MU-based models in 2023  

From June 2020 to June 2022 the “info-gap” decision model will be used to identify possible management 
actions at the population level (Chapter 4, Annex 4). However, the info-gap does not allow management of 
Greylag Goose towards separate abundance targets in the two management units. Therefore, the following 
activities shall take place to set the stage for MU-based models in 2023 (in parenthesis the relevant years for 
this phase are listed): 

1. An evaluation of potential bias in reported offtake in each range state (between 2020-2022); 
2. Development and implementation of a coordinated and systematic monitoring program including 

development of indicator fact sheets for the long-term data need (2020-2022); 

 
12 Currently the timespan of the ISSMP is 10 years, but it might be logical to expand it by two years to include two 6-
year AFMP cycles. 
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2. Monitoring of:   
a. Mid-winter population counts for each range state (January 2021 and 2022);  
b. Breeding pairs per range state derived either from: 

Option A:  Summer counts per range state + proportions of young and older birds (July 
202013 and 2021) + development of protocol to convert summer counts to 
breeding pairs (2020-2022); 

Option B:  Number of breeding pairs per range state from reporting to the Article 12 of 
Bird Directive for the period of 2013-2018 + Common Bird Monitoring 
Index (2020 and 2021); 

c. Offtake (harvest + derogation) per range state, distinguished between "breeding” period (1 
February-31 July) and "post-breeding" period (1 August-31 January) seasons where possible 
(season 2020/21 and 2021/22); 

d. Crippling rate for the same periods as offtake (season 2020/21 and 2021/22);   
e. Multi-state Capture-Marking-Resighting (CMR) analysis to estimate annual survival rates and 

MU transition probabilities (between 2020-2022); 
3. Data collation and analysis (April-May 2021 and 2022);  
4. Harvest assessment at population level (May 2021 and 2022);  
5. Decision making (EGM IWG) (mid-June 2021 and 2022);  
6. Implementation by Range States (2021 and 2022).  

 
During the period June 2020-June 2022, it will not be possible to make management recommendation at MU 
level.  Furthermore, for optimal management recommendations, monitoring data shall be submitted the same 
year as the data is collected, e.g. monitoring activities from the season 2020/2021 shall ideally be submitted by 
30 April 2021 and used during the assessment in 2021. However, during the period 2020-2022, this is not 
possible, and management recommendations will be based on data from the previous season. Hence the 
assessment in 2021 will be based on data from the season 2019/20, and the assessment in 2022 will be based 
on data from the season 2020/21. This also means that existing data from before 2019/2020, which is not 
already submitted to the Data Centre, should be submitted before the assessment in 2021. 

Progress on monitoring activities are reported in the annual EGMP Population Status and Assessment Report.  

Long-term needs for annual monitoring  
To be able to carry out modelling of abundance and offtake as well as management at MU level, a coordinated 
and systematic monitoring program must be established and maintained. The monitoring program and the 
specific activities are listed below. The activities shall start up at the time indicated below in parenthesis and 
thereafter continued and take place each year, and every 3 year for “Number of breeding pairs per range state 
from reporting of the Bird Directive” in Option B: 

1. Monitoring of:   
a. Midwinter counts for each range state (from January 2023 onwards);   
b. Breeding pairs per range state based on: 

Option A:  Summer counts per range state + proportions of young and older birds (from 
July 2022 onwards); 

Option B:  Number of breeding pairs per range state from reporting to the Article 12 of 
Bird Directive for the period of 2013-2018 + repeated in every 3 or 6 years 
(i.e. in 2021 and/or 2024, to be agreed by the EGM IWG) + Common Bird 
Monitoring Index (from 2022 onwards) 

 
13 Only for existing setups. 
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c. Offtake (harvest + derogation) per range state, distinguished between "breeding” period (1 
February-31 July) and "post-breeding" period (1 August-31 January) seasons (from season 
2022/23 onwards);  

d. Crippling rate for the same periods as offtake (from season 2022/23 onwards) 
e. Multi-state CMR analysis including the process of capturing and marking 
f. Optional: samples of tail fans or wings in early autumn to index reproductive success 

2. Data collation and analysis (from April-May 2023 onwards) 
3. Optimal harvest strategy at MU level (from May 2023 onwards)  
4. Decision making (EGM IWG) (from mid-June 2023 onwards)  
5. Implementation by Range States (from 2023 onwards)  

Based on this information, it will be possible to make the first management recommendation at MU level at 
the EGM IWG meeting in 2023 the earliest, provided that necessary data is made available.  Furthermore, 
during the assessment in 2023 and onwards, up-to-date data have to be available, hence during the assessment 
in 2023 data from the season 2022/2023 shall be used.  

Monitoring data is to be submitted to the EGMP Data Centre on an annual basis, and in a timely manner before 
the annual IWG meeting, hence no later than 1 April. This is for the Data Centre and Modelling Consortium to 
perform the assessment and the EGMP Data Centre to produce status reports providing recommendations to 
the annual IWG meetings.  
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Annex 1. Annual workplans 

According to the ISSMP for the NW/SW European population of Greylag Goose, the AFMPs set out annual 
workplans for the ISSMP actions relevant for the population/management unit. At the current stage, due to the 
limited data available on the population size and offtake, Greylag Goose harvest cannot be managed at MU-
level.  In addition, most management actions will be overlapping. Therefore, it is proposed to establish one 
workplan for both management units. As the role of the workplan is to guide the implementation of the ISSMP, 
the prioritisation and timescale agreed in the ISSMP provides a framework for the work planning process. The 
ISSMP prioritises actions as Essential, High and Medium priority and assigns time-scales to actions as follows: 
Immediate: launched within the next year, Short: launched within the next 3 years, Medium: launched within 
the next 5 years, Long: launched within the next >5 years, Ongoing: currently being implemented and should 
continue, Rolling: to be implemented perpetually. In essence, this timescale system can be seen as a mechanism 
to stagger the implementation of actions taking into account both their dependencies and urgencies (Figure 5).  

The timescale in combination with the priorities set in the ISSMP can be used to phase the implementation of 
actions. Thus, the most important would be to implement Essential actions that have an Immediate timing, 
followed by High priority with Immediate timing, etc. 

Implementation of the ISSMP requires work by different entities (Figure 6). Some actions should be done at 
national level as part of national workplans.  

 

Figure 5. Timescale for the implementation of the ISSMP for the NW/SW European population of Greylag Goose. 

To facilitate coordination amongst Range States and to develop these specific workplans, a species-specific 
Task Force for the Greylag Goose (AEWA/EGMIWG/5.15) was established at EGM IWG5.         

In addition, the coordination of cross-cutting tasks have been taken up by a cross-cutting TF (e.g. the 
Agriculture TF) and through coordination amongst the EGMP Task Force coordinators during joint meetings.       

Each EGM IWG entity contributing to the implementation of the ISSMP for the NW/SW European population 
of Greylag Goose uses a common structure to produce its own workplan. This structure includes the ISSMP 
actions relevant for the time period (i.e. 2020/2021 between the 5th and 6th meeting of the EGM IWG), their 
priority and timescale as defined in the ISSMP, list of activities to be implemented by the entity (e.g. a Range 
State, the Greylag Goose Task Force, Data Centre and the relevant cross-cutting Task Forces). It is 
recommended that in the initial period, the EGM IWG entities focus on implementing the activities that have 
a timescale of Immediate or Short and focus first on the Essential ones followed by High and then by the 
Medium priorities as capacity allows.       

                
 

 

 Immediate 

 

Launched 
within next 
year, 
i.e. by 2019 
 

 Short 

 

Launched 
within next 3 
years, 
i.e. by 2021 

 Medium 

 

Launched 
within next 5 
years, 
i.e. by 2023 

 Long 

 

Launched 
within the next 
5+ years 
i.e. can be 
later than 
2023 

https://egmp.aewa.info/sites/default/files/meeting_files/documents/AEWA_EGM_IWG_5_15_ToR_GG.pdf
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Following various online meetings in the period of 2020-2021, the workplans of the Greylag Goose TF, the 
Agriculture TF, the EGMP Data Centre, as well as the national workplans have been developed and shall be 
adopted in June 2021 at EGM IWG6.  The workplans are envisaged to be dynamic workplans, regularly 
updated and potentially serving a reporting purpose on the progress of implementation.       

 

Figure 6. Entities contributing the implementation of the implementation of the Greylag Goose ISSMP and would need 
to develop annual workplans. 

The current version is presented here as at 18 May 2021. 

The online workplans are periodically updated and the up to date version is available at: 
https://docs.google.com/spreadsheets/d/1M64HWxzVagM9W0mG8iMMeVYS3_-
M44W6QsHvvUonST8/edit#gid=1472654637       

The current version is presented here as at 18 May 2021. 

  

 
ISSMP 
Action 

 

Activities of 
the 

population- 
specific TF 

 
Activities of 
cross-cuting 

TFs 
 
Activities of 

the Data 
Centre 

 
Activities of 
individual 

Range States  

https://docs.google.com/spreadsheets/d/1M64HWxzVagM9W0mG8iMMeVYS3_-M44W6QsHvvUonST8/edit#gid=1472654637
https://docs.google.com/spreadsheets/d/1M64HWxzVagM9W0mG8iMMeVYS3_-M44W6QsHvvUonST8/edit#gid=1472654637
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Annex 2. Box 1 of the ISSMP for the Greylag Goose – Analysis Concerning Damage and Site 
Protection 
 

Summary 

• The population of Greylag Goose is increasing on the long-term and stabilising on the short-term 

• We have limited knowledge and data on the actual costs in most ranges states but see increasing costs 

in the Netherlands in a period with a relatively stable population. 

• Due to a high variation between the views from the different range states, there is high degree of 

uncertainty towards what methods that have an effect to prevent damage. 

• Greylag Goose is one of the goose species most frequently reported to have been involved in 

birdstrikes. 

• Many airports expect an increase in problems associated with the presence of geese in the future. 

Aim 

The International Single Species Management Plans (ISSMP) for the Barnacle Goose Branta leucopsis (Jensen 
et al. 2018) and Greylag Goose Anser anser (Powolny et al. 2018) and the related population-specific Adaptive 
Flyway Management Programs (AFMP) aim to establish an agreement amongst Range States on the strategic 
goals and objectives of the conservation and management of the species and more specifically each of the 
populations and management units.  

The ISSMP requires the use of a more detailed analysis concerning damage and site protection, as set out in 
Box 1 of the ISSMP with the purpose to share information on the effectiveness of the measures to prevent 
damage and to assist Range States in assessing the need for derogations from the provisions of Article 5 of the 
Birds Directive and in coordinating the implementation of their derogation schemes.   

At the 4th Meeting of the AEWA European Goose Management International Working Group (EGM IWG 4; 
Perth, Scotland 18-20 June 2019), the EGM IWG agreed on the proposed outline and content of the AFMP 
and took note of the proposed timelines and steps, as well as data and resources needed.  

This text aims at reporting the obtained information in a transparent way, providing a baseline for the future 
work. 

Box 1 

The ISSMP envisages the use of more detailed analysis of data on damage to agriculture and risk to air safety 
and to other flora and fauna as set out in Box 1 (Fig. 1) and the following action to improve consistency in 
states’ decision-making regarding derogations and the consistency of their justifications: “Create a toolbox for 
decisions in relation to determining significant damage (including metrics, benchmarking, verification, 
monitoring, various management techniques to prevent damage, compensation).” 

Similar processes were proposed for the two species, Greylag Goose and Barnacle Goose. 
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Timeline 

In the spring of 2020, The EGMP Range States of the Barnacle Goose and the Greylag Goose responded to a 
detailed questionnaire with several sheets in an Excel file for each of the two species. The requests on air safety 
issues were kept separately since other national institutions were expected to be better capable of replying to 
these questions. Due to problems at airports, because of the crisis following the Covid-19 pandemic, the 
reporting on these issues was performed over a longer period, covering 2020 and spring 2021. The process 
was reported at the EGMP IWG5 meeting in 2020 and the final results should be reported by spring 2021 and 
presented for EGMP IWG6 in June 2021. 

 Figure 7.  Box 1 was included in the International Single Species Management Plan (ISSMP) for the Greylag Goose 
Anser anser (Powolny et al. 2018). 
 

The issues are reported separately, first showing a section related to agricultural damages followed by a 
section related to air safety matters. 

Agricultural damages 

Methods 

A questionnaire was developed and sent to each range state of the population, one questionnaire for each 
population (Table 6). These questionnaires were structured to correspond to each of the numbers in Box 1 and 
the respondents were requested to fill in as detailed information as possible. This resulted in a high variation 
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in the level of new information reflecting the large difference in activities related to the various aspects across 
countries. 

Results and discussion 

The results are presented and discussed following the order in Box 1. 

The reporting rate varied considerably between countries and issues (Table 6). 

Table 6. Overview of provided information by each range state. The information in the upper row refers to the numbers 
in Box 1.  
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DE      X X  
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FI     X    

FR         

NL X  X  X X X X1 

NO     X X   

SE     X  X X 

1 SPAs only designated for migratory birds, either as feeding site or night roost (or both) 

France stated that there are no goose damages in the country and hence no derogation shooting. 

(i) Characterisation of the spatial and temporal extent and trends of damage to agriculture and of risks to other 
flora and fauna that can be attributed to the population/MU in question, including predicted future changes in 
these;  

Two countries, the Netherlands and Belgium, reported estimated damages to agriculture by Greylag Geese. 
The damage level is reported much higher in the Netherlands than in Belgium amounting to c. 2.5-4 m Euros 
annually during the breeding period (2010-2018) and c. 2.5-9.4 m Euros during winter (2010-2017). While the 
estimated damages are reported to be stable during winter, the damages during the breeding period have 
increased significantly in both countries during this period. In Belgium, the damages during winter are caused 
by mixed flocks, including Greater White-fronted and Barnacle Geese, and estimated for Greylag Goose to be 
2,500-8,000 Euro annually in 2014-2018. In the breeding season, the estimated damages have increased c. 10-
fold from 2011-2014 to the present level, which varies from c. 40,000 Euros in 2017 to c. 15,000 Euros in 
2018.  



AEWA EGMP Programme No. 1 

 
30   AFMP for the NW/SW European Population of the Greylag Goose 

One country, Denmark, reported damage to other flora and fauna that can be attributed to Greylag Geese and 
referred to Pedersen et al. (2016) who reported that defecation from roosting Greylag Geese resulted in 
eutrophication of lobelia lakes affecting the following freshwater macrophyte species: Lobelia dortmanna, 
Littorella uniflora, Isoetes lacustris. This is a habitat type (3110) covered by the EU Habitats Directive. 

 (ii) A description of the methods applied in the past assessments for each country and recommendations for 
the development of future guidelines for assessments;  

Two countries, the Netherlands and Belgium, reported an existing assessment.  

In the Netherlands, farmers notify the governmental body BIJ12 of crop damage. BIJ12 sends an appraiser to 
the fields to determine damage. If needed, a graduated survey rod is used. Based on these measurements and 
crop values agricultural damage is calculated. Dependent on the location, time of year and species, 80-95% of 
crop damage is remunerated by the provincial government to farmers. Damage in accommodation areas is 
estimated without the farmer applying for it. Precise regulations (not the method of field-assessment) may vary 
between the provinces and may have changed in time. Compensation payments are linked to market prices, 
affecting also the trend in time in the volume of payments. 

In Belgium, damage compensation schemes exist in designated areas where no hunting is allowed. 
Prescriptions are described by the Flemish Government (2009). Most often, Greylag Geese can be hunted 
when agricultural damage is experienced (mostly in summer, near harvest time), derogation is applied in 
cooperation with local hunters in order to address the problem fast. In this situation, damage is not reported so 
no overview is available on the extent. Generally, it is thought that through early warning and rapid response, 
the amount of damage to a field stays within a reasonable amount per field. 

No countries reported any change in the applied methods. However, Belgium recommended to do a small 
inquiry to have an idea of the extent of the damage. At present, the damage caused by the geese is unknown. 
This is the result of a fast-initiated derogation applied in cooperation with local hunters in order to address the 
problem. In this situation, damage is not reported so no overview is available on the extent.  

The Netherlands recommended to use remote sensing techniques to determine damage. The present procedure 
is that after notification of crop damage by the farmers, the governmental body sends an appraiser to the fields 
to determine and estimate the damage. Using remote sensing techniques to estimate damage independently of 
farmers' willingness to notify and claim damage would be beneficial and more comparable. 

(iii) Description of the methods applied or tested to prevent damages and to reduce risks, their effectiveness 
and sufficiency to tackle the problem; 

The range states were requested to describe nine different predefined (formulated in broad terms without 
details) and one ‘other’ method applied or tested to prevent damages and asked to score the effect of these 
(Table 7). Six countries responded to the questions about the applied methods to prevent damages and the 
effect of these (Table 7). The effect was scored at a local and national level. In many cases, the effect was 
scored higher at local scale than at national scale and there was a much higher variation in the scores between 
countries than between applied methods making it impossible to make any generalisations. 

Table 7. Overview of methods applied or tested to prevent damages caused by Greylag Geese and the effect of these in 
the different range states and the mean of all. Scores are provided for local and national effect (local/national). The scores 
represent: 1: The measure does not mitigate the problem, 2: The measure could possibly help to mitigate the problem and 
3: The measure mitigates the problem. NA: Not applicable. 

Agriculture NO SE FI DK BE NL Mean 

Control of land use / site protection  3/3   
  

3.0/3.0 
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Damage compensation payments  3/3   
 

1/1 2.0/2.0 

Derogation shooting for scaring  3/2 3/3 NA 2/1 3/2 2/2 2.6/2.0 

Egg destruction  2/NA   2/2 1/1 1.7/1.5 

Fencing 3/2 3/NA   
 

2/1 2.7/1.5 

Increased hunting efficiency 2/2    
  

2.0/2.0 

Population control     3/2 2/2 2.5/2.0 

Sacrificial crops  3/3   
  

3.0/3.0 

Scaring  3/3   2/2 1/1 2.0/2.0 

Subsidy schemes to allow geese     
 

1/1 1.0/1.0 

Flora/fauna     
  

 

Egg destruction     2/2 
 

2.0/2.0 

Fencing     3/2 
 

3.0/2.0 

Population control     3/2 
 

3.0/2.0 

In general, there are very different views on how effective the different applied methods are and there is no 
obvious solution found what works across the countries. 

(iv) Understanding the link between population level and damages or risk.  

This request provided information on the total January population size of the NW/SW European population of 
Greylag Goose 1980-2018, which was used together with data from the mid-winter counts by Wetlands 
International to describe the size of the flyway population and its trend. This was presented in the Greylag 
Goose population status report (see details in Heldbjerg et al. 2020). 
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Figure 8. Total January population size of the NW/SW European population of Greylag Goose 1980-2018 (data from 
Heldbjerg et al. 2020). 

The reported data from the most recent years resulted in estimates of a population of up to c. 750,000 
individuals (Fig. 8). However, it was concluded that the reported estimate of the Greylag Goose population 
size at the flyway level were likely to be too low, and that this bias is not possible to quantify. Nevertheless, 
following an increase over three decades, the population has likely stabilised in recent years.  

There is very limited data to describe the relationship between population level and the damages to agriculture. 
However, the Netherlands provide information comparing these two parameters, illustrating that there is no 
clear correlation between the number of wintering Greylag Geese and the compensation paid for damages to 
agriculture by this species in the country (Fig. 9). Notice however, that studying this relation is restricted by 
the very little variation in the January population in the Netherlands; hence, we cannot extrapolate this to other 
populations with significant changes during short periods. Other studies have reported as well on difficulties 
to link abundance directly to the occurred damage (Fox et al. 2017). 

 

 

Figure 9. Relationship between the January numbers of Greylag Geese in the Netherlands and the compensation paid for 
the damage they cause in the years 2010-2018. Administrative costs (5.6-8.5 % of the compensation) are calculated in 
the last few years (in 2016-2018) but are not included here. 
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 (i) List of SPAs and other protected areas designated for the Greylag Goose;  

The updated list of the Natura 2000 data - the European network of protected sites is found at 
https://www.eea.europa.eu/data-and-maps/data/natura-11  

(ii) Management of the species and the damage inside and outside SPA;  

 
SPA related (ii) and (iii) are treated together and described below under point (iii). 
 
(iii) Tackling damage prevention inside and outside SPAs (accommodation areas, derogations, etc.) 

SPA related (ii) and (iii) were treated together. Replies were received from Denmark, Sweden, Belgium and 
Andalusia, Spain (Table 8). 

The replies show that the management of the species varies between the range states. Regarding damage 
prevention, Sweden has applied almost all measures, in contradiction to the three other range states. 

Table 8. Overview on how replying range states manage Greylag Goose inside and outside the SPAs and the way they 
tackle damage prevention inside and outside the SPAs. No/yes refer to whether the measure is applied or not. 

Type Measure Denmark Sweden Belgium Andalusia, 

Spain 

NL 

Management 

(ii) 

Specific habitat restoration 

activities - roosts 

 

NO 

 

NO NO NO NO 

Management 

(ii) 

Specific habitat restoration 

activities - foraging areas 

NO YES YES2 NO YES 

Management 

(ii) 

Reducing recreational 

disturbance (non-hunting) 

NO YES NO YES NO 

Management 

(ii) 

Hunting-free zones NO YES YES3 YES -6 

Management 

(ii) 

Hunting on the species 

allowed 

Inside and 

outside1 

YES NO NO5 - 

Damage 

prevention (iii) 

Population control NO NO NO NO YES 

Damage 

prevention (iii) 

Egg destruction NO NO NO NO YES 

Damage 

prevention (iii) 

Derogation shooting for 

scaring 

Applied 

outside 

SPAs1 

YES NO NO YES7 

https://www.eea.europa.eu/data-and-maps/data/natura-11
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Damage 

prevention (iii) 

Scaring Applied 

outside 

SPAs1 

YES NO4 NO Applied 

outside 

SPAs8 

Damage 

prevention (iii) 

Control of land use / site 

protection 

NO YES NO NO NO 

Damage 

prevention (iii) 

Damage compensation 

payments 

NO YES NO NO YES 

Damage 

prevention (iii) 

Subsidy schemes to allow 

geese 

NO YES NO NO YES 

Damage 

prevention (iii) 

Sacrificial crops NO YES NO NO NO 

Damage 

prevention (iii) 

Fencing NO YES NO NO YES9 

 

The following comments were added to the replies: 

Denmark: 

1 The applied measures were all (3) applied throughout the country 

Belgium: 

2 Habitat restoration (wet grasslands with small scale landscape structure containing small patches of shallow 
water) is concentrated within SPA's. 

3 Hunting on Greylag Geese is limited from 15 August to 30 September but all hunting (on all species) is 
closed from 15 November in SPA's or other wetlands that are important for hibernating waterbirds. So Greylag 
Goose, amongst others, benefit during winter from these temporal hunting free zones. 

4 Scaring is a prerequisite to obtain damage compensation for Greylag Goose during the winter period (1/11 
to 15/03), but not within SPA's that are important for wintering geese (Greylag Goose or others). 

Andalusia, Spain: 

5 Hunting is allowed in the buffer zone of the national Park of Doñana  

The Netherlands: 

6 Greylag Goose is non-huntable in NL (only derogations) 

7 Locally specific agreements to avoid disturbance at night-roosts 

8 Outside accommodation areas, scaring is prerequisite for getting compensation payments 

9 Fencing is carried out locally to prevent goose families breeding in nature reserves (often SPAs) to enter 
surrounding farmland for feeding 
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Air safety 

This section addresses issues related to geese and air safety. Although this document concerns the population 
of Greylag Goose, we have included all relevant information received from airports regardless of the goose 
species in question. In many cases, the information provided by the airports even concerns unidentified goose 
species, but due to the similarities between the different species with regard to their potential impact on air 
safety and their response to different management actions, we consider the information useful irrespectively 
of the species in question.  
 
Conclusions 
 

• Greylag Goose was one of the goose species most frequently reported to have been involved in 
birdstrikes. 

• In Norway, Greylag Goose is the species most frequently shot at airports. 

• In Copenhagen airport the growth in goose numbers was accompanied by an increase in frequency of 
strikes with geese, particularly Barnacle Geese and Greylag Geese. 

• In recent years, resources allocated to the management and control of goose populations have remained 
stable at most airports. 

• Airports use various methods to monitor, manage and control geese at the airport premises. 
• Not only the geese at the airports, but also those that nest and/or forage in the vicinity of the airports 

in the Netherlands, are controlled via several programs.  
• No universal solution to deter geese is available at present. 
• Ten out of fourteen airports have seen an increase in goose abundance and / or the number of goose 

crossing the airports over the past five years. 
• In some cases, the growth in goose populations has been accompanied by a corresponding increase in 

the need for management actions.  
• Many airports expect an increase in problems associated with the presence of geese in the future. 

 

Introduction 

Birdstrikes constitute a risk to aviation safety throughout the world. In particular, geese constitute a hazard to 
aircrafts because of their size and flocking behavior. Often birdstrikes result in significant damage to aircrafts, 
which in some cases may be fatal. In NW Europe, goose populations have increased dramatically over the past 
few decades leading to growing concern about the risk that these populations pose to air safety. 

The European Goose Management Platform (EGMP) under the African-Eurasian Migratory Waterbird 
Agreement (AEWA), aims to provide the mechanisms for a structured, coordinated and inclusive decision-
making and implementation process for the sustainable use and management of goose populations in Europe, 
with the objective of maintaining them at a favourable conservation status, while taking into account concerns 
of relevant stakeholders and the pertinent legislative frameworks and regulations. One of these stakeholders is 
the aviation industry. 

We therefore asked relevant airports to identify the scale of the risk that particularly Barnacle and Greylag 
Geese, but also other goose species, pose to aircraft safety by sharing data with the EGMP Data Centre at 
Aarhus University, Denmark. We requested observational data on goose presence, birdstrike data concerning 
the individual species and a description of procedures to mitigate and prevent the problem. In Germany and 
Switzerland, this task was coordinated by Verband für biologische Flugsicherheit. The data from Switzerland 
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were included in the analysis although Switzerland is not part of EGMP nor a range state. In addition, we 
received information from Copenhagen Airport, Avinor, Norway and Ministry of Infrastructure, the 
Netherlands. 

Unfortunately, part of our survey was launced when the COVID-19 pandemic had brought airports around the 
world to a halt in the second quarter of 2020. We believe this was the reason why relatively few airports 
responded to our request. Although we fully acknowledge the huge impact from COVID-19 on aviation 
industry, we must also admit that for this reason the conclusions, which can be made on the basis of the survey 
are relatively few and should be used with caution.  
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Results 

 
Survey conducted by Verband für biologische Flugsicherheit 

Verband für biologische Flugsicherheit collected information from the following ten airports: 

Hamburg Airport (HAM) 

Düsseldorf Airport (DUS) 

Zürich Airport (ZRH) 

Dresden Airport (DRS) 

Karlsruhe/Baden-Baden Airport (FKB) 

Dortmund (DTM) 

Stuttgart Airport (STR) 

Bremen (BRE) 

Frankfurt Airport (FRA) 

Berlin Airport 
 

Monitoring 

All airports indicated that there were nearby areas suitable for breeding, foraging or roosting geese. Monitoring 
data was obtained by inspection according to ICAO/EASA regulations, except at ZRH, where monitoring was 
carried out by an ornithological institute. In addition to inspection, data was obtained from local contact 
persons at DUS, whereas HAM used data from an ornithological institute and OAG. BER was the only airport 
using radar to monitor bird flight activity. 

Assessment of trends 

Six of the ten airports (HAM, DUS, ZRH, STR, BRE, FAR) reported that the abundance of geese has increased 
over the past five years, whereas the abundance has been stable at the remainder of the airports. 
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Four airports reported the presence of new goose species in the area. These were DUS (Canada Goose, 
Egyptian Goose), ZRH (Egyptian Goose, rarely Canada Goose), FKB (Taiga Bean Goose) and BRE (Canada 
Goose, Egyptian Goose). Egyptian Goose is regarded as an alien species in the EU. 

Six airports (HAM, ZRH, STR, BRE, FRA, Berlin) indicated that problems associated with the presence of 
geese are expected to increase in the future. Three of the airports (DUS, FKB, DTM) do not expect such 
problems. DRS did not provide information about this issue. 

Impact on air traffic 

ZRH and BRE were the only airports to indicate that birdstrikes involving geese had occurred, whereas HAM, 
FKB, STR and FRA reported that the presence of geese had affected air traffic in some way (change or closure 
of runway, delays or abortion of take-off). 

Bird control 

On the airport premises 

All airports indicated the use of scaring at their premises. The most commonly used scaring methods are 
shooting (9 airports) and pyrotechnics (9 airports), whereas laser (7 airports), acoustics (4 airports) and 
falconry (4 airports) are used to a minor extent (Tab. 9). 

Table 9. Overview of the different scaring methods used at airport premises. Information collected by Verband für 
biologische Flugsicherheit. 

Airport/Method Pyrotechnics Acoustics Laser Shooting 

for 

scaring 

Other 

HAM X  X X Falconry 

DUS X X  X Biological techniques 

ZRH*    X  

DRS X  X X  

FKB X X X X Falconry, fox 

DTM X X X X  

STR X X    

BRE X  X X Dog, falconry 

FRA X  X X  

Berlin X  X X Falconry, dog 

*No dispersal needed. 
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Outside the airport premises 

Eight airports indicated that bird control took place outside their premises. Egg removal or treatment (4 
airports) was the most commonly used technique, whereas hunting (3 airports), modified land use (3 airports) 
and nest removal (2 airports) was used to a lesser extent (Tab. 10). 

Table 10. Overview of different management methods used outside airport premises. Information collected by Verband 
für biologische Flugsicherheit. 

Airport/Method  Nest removal Egg removal Hunting Land use Other 

HAM      

DUS  X    

ZRH   X1   

DRS      

FKB X X X X2  

DTM  (X)3    

STR X X    

BRE   X4  Dog, pyrotechnics 

FRA    X5  

Berlin    X6  

1Egyptian Goose, 2Management with mowing plan, 3Puncture and exchange of goose eggs in city parks, 
4Egyptian and Greylag Goose, 5Optimization of recultivation of gravel pits, 6Change of crops, especially no 
maize in the vicinity of the airport, different tillage after maize harvest, (deep) plowing of crop residues. 

Effectiveness of bird control methods 

Eight airports indicated the degree to which their use of various scaring and management methods had proven 
successful (Tab.11). The effectiveness of similar actions showed great variation between airports, emphasizing 
that no universal solutions to control birds at airports is available at present. Pyrotechnics, shooting, biological 
techniques, land use/habitat management, egg removal, dispersal and the use of dogs were all methods that 
were reported to have “good” effect. However, pyrotechnics, laser and egg removal were also reported to have 
“no” effect, which was also the case for the use of ribbons. 
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Table 11. Overview of the effect of different management methods. Information collected by Verband für biologische 
Flugsicherheit. 

  

No effect Little effect Some effect Good effect 

 

Number of birdstrikes involving geese 

Altogether, 21 birdstrikes involving geese (and swans) were reported to have occurred during the period from 
2014-2019 (Fig. 10). Most of these involved unspecified geese and swans (13), whereas Greylag Goose was 
involved in four birdstrikes. Egyptian Goose and Canada Goose were involved in two birdstrikes each. There 
was no clear trend in the number of birdstrikes over the time period.  

 

 

Figure 10. The number of birdstrikes involving geese in German (9) and Swiss (1) airports from 2014-2019. Data 
collected by Verband für biologische Flugsicherheit. 
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Copenhagen Airport 

Copenhagen Airport provided information about birdstrikes involving geese during the period from 1996-2016 
(Fig. 11). Altogether, 17 birdstrikes involving geese occurred during the time period. Most of these involved 
Barnacle Goose (9), whereas Greylag Goose was involved in 6 birdstrikes.  

 

Figure 11. The number of birdstrikes involving geese at Copenhagen Airport from 1996-2016. Data courtesy of 
Copenhagen Airport. 

The apparent increase in birdstrikes involving geese coincided with a marked increase in the number of 
migrating geese at the airport (Fig. 12). These were mainly Barnacle and Greylag Geese, whereas Greater 
White-fronted and Canada Geese occurred in small numbers.   

 

Figure. 12. The number of goose observations at Copenhagen Airport from 2004-2016. Data courtesy of Copenhagen 
Airport (from Bradbeer et al. 2017). 
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Norwegian airports 

Data from 13 Norwegian airports provided by Avinor showed a marked increase in the number of geese shot 
as part of their flight safety management scheme (Fig. 13). In 2013, a single goose was shot, whereas in 2018 
this number had increased to 42 geese. The vast majority of geese shot were Greylag Geese.  

 

Figure 13. The total number of geese in general and Greylag Geese specifically shot at 13 Norwegian airports from 2013-
2018. Data courtesy of Avinor. 

During the same time period there was a marked increase in the total number of occasions where geese were 
registered at the airports (Fig. 14). However, the numbers showed great variation between airports and in 
2018 and 2019 Stavanger Airport, situated in the southwestern part of Norway, accounted for more than half 
of the goose observations. 

 

 

Figure 14. The total number of occasions where geese were observed at 10 Norwegian airports from 2013-2018. No 
geese were observed at the remainder of the airports. Data courtesy of Avinor. 
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The increased presence of geese at the majority of 13 airports was accompanied by a concomitant increase in 
the number of management actions taken to scare off geese (R2=0.99, p<0.0001) (Fig. 15). In 2013 and 2014, 
no actions were reported, whereas in 2018 and 2019, actions were taken to scare off geese on 64 and 58 
occasions, respectively. Through the period, blank shots were the most commonly used scaring method. No 
information about the extent to which the scaring was successful or the effectiveness of the range of scaring 
methods used is available. 

 

Figure 15. The number of different management actions taken towards geese at 13 Norwegian airports from 2013-2019. 
Data courtesy of Avinor. 

 
Birdstrikes involving geese in Norway 

Since 2017, Avinor has registered three incidents involving geese (Tab. 12). 

Table 12. Birdstrikes at Norwegian airports involving geese.  
Date Airport Species 

14.06.2017 Tromsø Airport Greylag Goose* 

29.06.2018 Svalbard Airport Barnacle Goose* 

29.04.2019 Bergen Airport Greylag Goose 

*Species identification uncertain. 

 

EGMP survey 2020/21 

In 2020/21 we received information from the following five airports about goose-related impacts on their 
operations: 

Eindhoven Airport (EHEH), Netherlands 

Esbjerg Airport (EBJ), Denmark 

Hamburg Airport (HAM), Germany 
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Helsinki Airport (HEL), Finland 

Tallinn Airport (EETN), Estonia 
 
We also received comprehensive comments from the Ministry of Infrastructure, the Netherlands. 
Birdstrikes involving geese 

Within the EGMP survey, Helsinki Airport was the only airport where birdstrikes involving geese had 
occurred. From 2010-2020 the airport registered four incidents (Tab. 13). 

Table 13. Birdstrikes involving geese at Helsinki Airport from 2010-2020. 

Date Time Goose species Flock size Number struck Aircraft Phase of flight 

28.08.2013 15:53 Unidentified Unknown 2 B737 Take-off 

20.09.2013 04:04 Unidentified Unknown 1 A319 Take-off 

28.10.2013 00:00 Unidentified Unknown 2 B737 Approach 

03.10.2019 04:45 Canada Goose 10 2 E190 Take-off 

 

Goose control at airports in the Netherlands 

Due to effective grassland management, there were close to zero geese foraging at the airports in the 
Netherlands. If present, geese were easily deterred using pyrotechnics, distress calls and laser.  

The collisions with geese involved mostly geese that were passing the airports while commuting between 
their roosts and foraging areas (Fig. 16).  

 
Figure 16. Number of collisions with geese at Amsterdam Airport Schiphol 2005 – Q1 of 2021. The blue bars indicate 
the numbers of birdstrikes involving geese both on and off the airport. The red bars are the birdstrikes that occurred on 
the airport, i.e. within the airport boundaries. It should be noted that air traffic was reduced in 2020 and 2021 due to the 
Covid-19 pandemic. 
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Rotterdam-The Hague Airport has reported strikes with geese as well. One strike with a Canada goose in 2014 
and one strike with two Egyptian geese in 2017. Maastricht-Aachen Airport, Lelystad Airport and Groningen 
Airport Eelde have not reported geese strikes in recent years. 

General impact on air traffic from the presence of geese  

The airports in the Netherlands, Finland (Helsinki) and Germany (Hamburg) indicated that the presence of 
geese had an impact on air traffic. Depending on wind conditions, hundreds of thousands of geese passed over 
Helsinki airport during seasonal migration in spring and autumn. In the Netherlands, large flocks of geese 
passed over the airports commuting between their roosts and foraging areas. This caused delayed take-offs, 
go-arounds and the use of alternative runways (if available). At Hamburg Airport, alternative runways were 
used to reduce the risk of birdstrikes with Greylag Geese in March/April and late September. 

Actions taken towards geese on airport premises 

At Esbjerg and Tallinn Airports no actions towards geese were needed. 

The development in the use of shotgun, various distress calls and bioacoustics from 2000-2018 at Eindhoven 
Airport is shown in Fig. 17. The number of actions taken towards geese peaked in 2007 and there was a 
tendency for actions to be necessary on a more regular basis from late 2000s, although the number of actions 
were at a relatively low level. It should be noted that on some occasions both distress calls and shotguns were 
used towards the same flock. 

 

 

Figure 17. The number of different management actions taken towards geese at Eindhoven Airport from 2000-2018. Data 
courtesy of Eindhoven Airport. 

Most actions were targeted towards Canada Geese (16), Greylag Geese (9) and Egyptian Geese (8) (Fig. 12). 
Altogether, shotgun was the most commonly used scaring method. In addition to scaring, habitat management 
is used at airport premises to keep grassland unattractive to geese. This was practiced at all airports in the 
Netherlands, resulting in no geese foraging on the grasslands adjacent to the runways and taxiways. 
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Figure 18. The species at which different management actions were targeted at Eindhoven Airport. Data courtesy of 
Eindhoven Airport. 

Helsinki Airport maintains a zero tolerance towards geese on their premises and shooting waspracticed to keep 
geese off premises. In addition, the airport maintains a grassland management scheme to keep premises 
unattractive to geese. As a result, no geese were feeding on airport premises.  

For information about actions taken towards geese at Hamburg Airport see “Survey conducted by Verband für 
biologische Flugsicherheit” above. 
Actions taken towards geese in the vicinity of the airport 

In the Netherlands, the number of geese in the vicinity of airports are being monitored. If needed, action is 
taken to either decrease the number of geese (which reduce agricultural damage as well), or to alter the flight 
path of the geese commuting between roosts and foraging areas. This is done in close cooperation with the 
landowners and hunting associations. 

The emergency landing of a Boeing 737 after striking 9 Canada geese in 2010 at Amsterdam Airport 
Schiphol (https://www.onderzoeksraad.nl/nl/page/1358/noodlanding-na-vogelaanvaring-6-juni-2010) 
prompted the Civil Aviation Authority of the Netherlands to develop a Covenant for the vicinity of Schiphol, 
including all stakeholders: Pilot Association, CAA, Province, Municipality, Airport, Airlines, Farmers and 
Nature Protection organizations. The covenant focuses on 4 items for which approximately 1.5 M Euro is 
budgeted per year: 

1. Monitoring: each week, all geese in the Schiphol vicinity are monitored. 
2. Foraging: farmers are encouraged to grow crops that are unattractive for geese. Farmers that still grow 

wheat and barley receive a financial compensation to plough the fields shortly after harvesting in order 
to make the harvest lost grains unavailable for the geese.  

3. Landscape planning: new developments in the landscape, like water bodies and swamps, are only 
allowed when assessed not being attractive to geese. 

4. Detection: trials are initiated to detect geese approaching the airport in order to delay departing aircraft. 

Reduction; the number of geese in the vicinity of Schiphol is controlled by regular hunting and culling 
moulting geese with CO2. 
(https://www.icao.int/Meetings/wildlife/Can%20Airports%20do%20it%20Alone/ALBERT%20DE%20HOO
N%20WSHRS%202017.pdf)  
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At Eindhoven Airport, it is not permitted to perform such actions, whereas at Hamburg Airport no resources 
for bird control outside are allocated. In the vicinity of Helsinki Airport farmers are not allowed to establish 
pastures. At Esbjerg and Tallinn Airport no such actions are considered necessary. 

Monitoring techniques 

All the airports reported that visual counting was part of the monitoring of geese and other bird species. 
Hamburg Airport, Tallinn and Esbjerg indicated that birds were monitored according to ICAO/EASA 
standards. Schiphol Amsterdam and Eindhoven Airport used radar to monitor birds; Eindhoven uses thermal 
cameras as well (Tab. 14). 

Table 14. The use of different monitoring techniques at six airports. 

Method/Airport HAM EETN EBJ HEL EHEH AMS 

Inspection 

(ICAO/EASA) X X X  X 

 

X 

Visual counts  X X X X X X 

Radar     X X 

Thermal     X  

 

The development of goose abundance on and around airport premises 2009-2019 

There was no clear pattern in the development of goose abundance experienced by the airports, although at 
Hamburg Airport both Pink-footed and Greylag Goose have been increasing. Barnacle Goose was reported to 
have increased at Helsinki Airport.This was probably a result of the airport being situated on the seasonal 
migration corridor of the Russian/Baltic population (Tab. 15). 

Table. 15. The development in the goose abundance experienced at five airports from 2009-2019. 

Species/Airport HAM EETN EBJ HEL EHEH 

Pink-footed Goose Increasing Not relevant Stable Unknown Not relevant 

Barnacle Goose Stable Stable Stable Increasing Not relevant 

Greylag Goose Increasing Not relevant Stable Stable Stable*/increasing 

*Stable since 2011. 

Resource use 2009-2019 

Only Helsinki Airport indicated that resources, e.g. man hours, deterrents, land management, surveillance, etc., 
directed towards geese had increased during 2009-2019, whereas resource use has been stable at the remainder 
of the airports (Tab. 16). 
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Table 16. The development in resource use directed towards at five airports from 2009-2019. 

Airport/Development Declining Stable Increasing Unknown 

HAM  X   

EETN  X   

EBJ  X   

HEL   X  

EHEH  X   

 

Conclusions and perspectives 

It is important to notice that this analysis is based on different surveys and various sources of information 
provided by the airports. Therefore, the different airports have not been asked to provide similar information 
about all issues concerning geese and flight safety. The rather small number of respondents also means that 
the results of the survey may not be representative of the general situation experienced at airports throughout 
the range of the goose populations of concern. 

However, the survey showed that geese are present around most airports and as such pose a risk to flight safety. 
Ten out of 14 airports reported that the abundance of geese has increased over the past five years, whereas the 
abundance has been stable at the remainder of these airports.  

Six out of ten airports indicated that problems associated with the presence of geese are to be expected in the 
future.  

Almost all airports reported that actions are taken to reduce the presence of geese on their premises, 
whereasfew airports have developed procedures to reduce the presence of geese in the vicinity of airports with 
Amsterdam Airport Schiphol having the most advanced procedures. Apparently, shooting (blanks and loaded) 
and pyrotechnics are the most commonly used techniques, although laser and distress callsare also used to 
scare off geese. Outside airport premises various methods, e.g. nest or egg removal, grassland management 
and hunting, are practiced.  

The evaluation of the effectiveness of various scaring and management methods showed contradicting results, 
emphasising that no universal solution to deter birds is available at present. For example, pyrotechnics, laser 
and egg removal were reported to have both “no” and “good” effect. 

In Norway, there was a close relationship between an increased presence of geese at the airports and the number 
of management actions taken to scare off geese. 

Altogether, birdstrikes involving geese had occurred at at least nineairports: These were Tromsø, Bergen, 
Svalbard, Helsinki, Copenhagen, Bremen, Amsterdam, Rotterdam and Zürich airports. Although in many 
cases, the goose species involved in a birdstrike remain unidentified, it is clear that most goose species have 
been involved in birdstrikes in recent years. It seems that Barnacle and Greylag Geese are among the species 
most frequently involved. This corresponds well with the fact that these populations are amongst the most 
numerous in NW Europe. 
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Helsinki, Amsterdam, Rotterdam, Hamburg, Karlsruhe/Baden-Baden Airport, Stuttgart and Frankfurt all 
reported that the presence of geese affect air traffic causing delayed or aborted take-off, go-arounds and a need 
to close or change runways. 

In Norway, there was a close relationship between the increased presence of geese at the airports and the 
number of management actions taken to scare off geese. A similar pattern was reported from the airports in 
the Netherlands, where actions against geese has become more regular in recent years. However, despite the 
overall growth in goose numbers wintering in NW-Europe, the resources allocated to the management and 
control of geese have remained stable at most airports, except at Amsterdam and Helsinki airports, where 
growing populations of summering and migrating geese have caused an increase in the associated costs. Part 
of these costs goes to the monitoring of geese, which in most cases follows the ICAO/EASA standards, 
whereas radar is used to a lesser extent.  

At Helsinki and Copenhagen Airports it seems that birdstrikes are more likely to occur during periods of peak 
migration (Bradbeer et al. 2017), which is supported by the fact that both airports are situated on an important 
migration route of Greylag (only Copenhagen) and Barnacle Geese (both airports).  

It is evident that in many airports geesepose a hazard to flight safety. Besides the threat to human life and 
direct costs of damaging birdstrikes, precautionary measures, i.e. mitigation, management, changes in air 
operations, bird control, etc., pose a financial cost to airports, airlines and authorities responsible for flight 
safety. Considering the continued growth in several goose populations, these costs are likely to increase in the 
future.  

In the future, it will be useful to develop and promote structures and standards to facilitate the evaluation and 
linkage of information between airports concerning the expanding goose populations, their potential impact 
on air safety and their management in and outside airport premises. In this way, standards and guidelines for 
best practice may be established meaning that an efficient deployment of management methods can be 
accelerated to mitigate the risk of goose-aircraft collisions.  
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Annex 3. Setting population targets  

Setting Population-Size Targets for the NW/SW European Population of Greylag Geese Using Multi-
Criteria Decision Analysis 
 
Prepared by the EGMP Data Centre: 
Fred A. Johnson and Henning Heldbjerg, Aarhus University, Denmark 

 

 
 

Summary 

In 2018 the European Goose Management International Working Group (EGMIWG) approved multi-criteria 
decision analysis (MCDA) as a framework for deliberations concerning the setting of management targets for 
the NW/SW European population of Greylag Geese (Anser anser).   Phase I of the MCDA involved 
identification of the fundamental management objectives of the International Single Species Management Plan 
(ISSMP), and an expert elicitation of the expected consequences of varying levels of Greylag Goose abundance 
in the two established management units.  Across all objectives, there tended to be more agreement among 
technical experts in the shapes of the relationships with Greylag Goose abundance during the breeding season 
than during the winter.  When weighted by country-specific abundance, most relationships were nearly linear, 
although the slopes of the curves varied among objectives.  In particular, the curves were nearly flat for habitat 
impacts (objective #6) and public health (objective #8) during the winter, suggesting that Greylag Goose 
abundance had little influence on those objectives during the wintering period.  For cultural and aesthetic 

 

Twenty-one European goose experts used their professional judgement to state the 
relationship between Greylag Goose abundance and nine management objectives. 

Objective weights expressed by EGMIWG members were highest for habitat impacts, 
agricultural damage, and bird strikes, intermediate for government costs, cultural and 
aesthetic values, and sport hunting, and lowest for amenity fouling and disease 
transmission. 

By combining the judgements of goose experts and the relative importance of 
objectives expressed by EGMIWG members in a multi-criteria decision analysis 
(MCDA), we identified preferred population targets for the two management units of 
Greylag Geese. 

The most preferred target for management unit #1 (migratory segment) is 70 
thousand breeding pairs.  The most preferred target for management unit #2 (sedentary 
segment) is 100 thousand breeding pairs.  Both targets represent about a 20% reduction 
from current values and the approximate wintering population size associated with this 
candidate is 617 thousand. 

However, targets of 70k and 80k breeding pairs for units MU1 and MU2, 
respectively, had nearly an identical score to the most preferred candidate.  The 
approximate wintering population size associated with this candidate is 545 thousand.   

The MCDA should not be perceived as dictating a preferred set of candidate targets; 
rather it narrows the range of candidates that may be worthy of further discussion, 

           

HIGHLIGHTS 
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values (objective #1), the weighted curves were parabolic, reflecting the view that maximization of this 
objective occurs in the mid-range of Greylag Goose abundance.  In phase II of the MCDA, members of the 
EGMIWG were asked to assign weights to the management objectives, reflecting the perceived importance of 
each objective.  Once objective weights were solicited, they were used to identify a preferred alternative (a set 
of management-unit population targets in this case).  Because objective weights varied among members of the 
EGMIWG, we used a well-established consensus-convergence model to identify a set of consensus weights.  
Consensus-convergence weights were highest for habitat impacts, agricultural damage, and bird strikes, 
intermediate for government costs, cultural and aesthetic values, and sport hunting, and lowest for amenity 
fouling and disease transmission.  Accordingly, the highest scoring candidate targets tended to be those with 
the lowest breeding and wintering abundances.  Based on the entire MCDA analysis, the preferred breeding-
pair targets for management units MU1 (Norway, Sweden, Denmark, Finland) and MU2 (Netherlands, 
Belgium, NW Germany) are 70 thousand and 100 thousand, respectively (weighted score = 0.7514).  However, 
targets of 70 thousand and 80 thousand breeding pairs for units MU1 and MU2, respectively, had nearly an 
identical score (weighted score = 0.7513) to the most preferred candidate.  The approximate wintering 
population size associated with the most preferred candidate is 617 thousand, compared to 545 thousand for 
the second-most preferred candidate.  For both management units, the preferred targets represent about a 20% 
reduction from current values of breeding-season abundance.  Despite limitations, the MCDA process as 
conducted was fully transparent and, importantly, clearly separated the application of science (the expert 
elicitation) from value-based policy decisions (the swing-weighting exercise).  Nonetheless, we emphasize 
that the MCDA should not be perceived as dictating a preferred set of candidate targets; rather the MCDA 
narrows the range of candidates that may be worthy of further discussion, particularly if there are 
considerations not fully captured by the analysis. 

Introduction 

The range of the NW/SW European population of Greylag Geese includes Norway, Sweden, Finland, 
Denmark, Germany, Netherlands, Belgium, France and Spain.  In 2018, at the EGM IWG3 that took place in 
Leeuwarden, the Netherlands, the EGMIWG approved MCDA as a framework for deliberations concerning 
the setting of management targets for this population.  Widely used in natural resource management, MCDA 
combines scientific information with value-based objectives to identify a preferred decision alternative (Huang 
et al. 2011).  The idea for Greylag Geese is to first consider fundamental management objectives described in 
the ISSMP (Powolny et al. 2018) and then use the best information available to predict the consequences of 
varying levels of goose abundance for each of those objectives.  The best choice of a target for abundance is 
the one that maximizes the weighted sum of consequences across objectives, using objective weights provided 
by decision makers.  MCDA explicitly recognizes multiple objectives and inherent tradeoffs, and relies on 
decision makers to determine the relative importance of various management objectives.   

Phase I of the MCDA involved identification of the fundamental management objectives of the ISSMP and an 
assessment of the potential consequences of varying levels of Greylag Goose abundance (Fig. 19).  Ideally, 
the potential consequences of various population sizes are based on empirically based models.  Although 
population models for Greylag Geese are in development, they are not yet ready nor will they be sufficient to 
address all management objectives.  Thus, we relied on expert opinion, which is widely used in the absence of 
empirical information and can be a valuable tool for decision-making if rigorous protocols are followed 
(Morgan 2014). 

The expert elicitation was followed by phase II of the MCDA, in which members and permanent observers of 
the EGMIWG were asked to assign weights to the management objectives, reflecting their perceived 
importance of each objective.  National Government Representatives (NGRs) and permanent observers of the 
EGMIWG participated in this exercise.  Participants used a technique known as swing weighting (Gregory et 
al. 2012) to identify weights using the results of the expert elicitation described above.  Swing weighting is an 
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exercise in which decision makers are asked to rank the perceived importance of multiple objectives and then 
to identify acceptable tradeoffs among them. 

In this report, we describe the methods used in each phase of the MCDA, provide the results of those two 
phases, and describe and discuss the results of the MCDA in terms of potential population targets. 

 
Figure. 19.  Phases and timeline of the multi-criteria analysis used to help set population targets for the NW/SW European 
population of Greylag Geese. 

Methods 

The EGMIWG has chosen to manage the flyway population based on two breeding management units (MU): 

MU 1 (migratory) 
Breeding: Norway, Sweden, Denmark, Finland 
Stopovers: Denmark, Germany, France 
Wintering: Netherlands, Belgium, Denmark, Sweden, Spain, France 
 
MU 2 (sedentary) 
Breeding: Netherlands, Belgium, NW Germany 
Wintering: Netherlands, Belgium, NW Germany 
 
We relied on the ISSMP (pages 15-17) for specification of fundamental management objectives.  In some 
cases, we attempted to provide more specificity to the objectives so that it was clear to experts exactly what 
consequences were being elicited.  In all cases except the objective related to sport hunting opportunity, we 
recognized that consequences might vary between breeding (roughly defined as April-August) and wintering 
(roughly defined as August-April) seasons.  The objectives were defined as follows: 
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Phase I: Expert Elicitation 

For each of the nine management objectives, experts were asked to decide which of several candidate 
relationships they believed best characterized the true relationship between Greylag Goose abundance and the 
performance metric provided.  Experts were asked to do this separately for the breeding season and for the 
wintering season in their respective country.  We emphasized that it was the general shape of the relationship 
that was important, rather than the precise values of the x-y coordinates.  Breeding-season relationships are 
management-unit specific (experts only received a form containing the management unit in which their country 
was a part), but the wintering season included Greylag Goose abundance arising from both management units.  
The current, approximate country-specific distributions of Greylag Geese for each season were provided as 
reference. 

The candidate relationships provided to experts are shown below (Fig. 20), with the scaling of Greylag Goose 
abundance depending on the management unit and season.  The x axis thus indicated varying levels of goose 
abundance and the y axis represented the consequence for the objective in question.  For the candidate 
relationships (A, B, C, …), the x axis provided a range of possible abundance values of Greylag Geese, which 
included ±20% of current minimum and maximum values.  To serve as a benchmark, the approximate, average 
current values were shown as vertical dashed lines on the graphs.  Breeding season abundance was in number 
of breeding pairs, whereas the wintering population was absolute number of individuals (both in thousands).  
The y axis represented a relative score corresponding to varying levels of Greylag Goose abundance and for 
computational purposes, we allowed this score to range from zero to one.  We note that the parabolic 
relationship for cultural and aesthetic values (candidate E) was available only for this objective because we 
reasoned that the relationships with other objectives should be monotonic (i.e., never decreasing).  For this 
exercise we assumed that current estimates of Greylag Goose abundance are approximately correct.  However, 
it is possible that current estimates of abundance are biased low.  If that turns out to be the case, we will simply 
rescale the x axis and we will still be able to use the original responses from the experts. 
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Figure 20.  Possible relationships between Greylag Goose abundance and a management objective (cultural and aesthetic 
values in this case).  The vertical, dashed line is current abundance in MU2 as provided in the ISSMP. 

Once experts decided which relationships best characterized the true relationship in their country, they were 
asked to allocate 100 points among them.  For example, for cultural and aesthetic values an expert may have 
decided that the relationship was most likely linear (B), but they also believe it could be asymptotic (D).  Thus, 
they might have placed 75 points on (B) and 25 points on (D).  Thus, the assigned points were meant to 
represent the experts’ level of confidence in the candidate relationships.  Notice that candidate (A) posits no 
relationship between goose abundance and the objective.  This might be the case, e.g., where impacts occur at 
a very local level and any relationship with goose abundance may be largely absent at the country level.  
Experts were instructed not to feel compelled to respond to an objective or season if they did not feel qualified 
to do so, or if it was not applicable to their country (e.g., sport hunting in the Netherlands, agricultural damage 
payments in Norway).   
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Finally, we strongly emphasized to experts that their responses were intended to represent the best available 
information (i.e., empirical information or expert opinion) and that they should be as objective as possible.  
The expert elicitation was a modelling exercise and thus it would have been inappropriate to impart personal 
values or institutional agendas.  Value-based judgements indicating the relative importance of the management 
objectives are the purview of decision makers and have been assessed in the phase II of the MCDA. 

The EGMP Data Centre identified experts who were known for their scientific work on goose ecology and 
management in the Range States of the NW/SW European population of the Greylag Goose.  Identified 
candidates were those who work with aspects of human-goose interactions and ecosystem services, including 
exploitation.  The Data Centre contacted at least three experts in each participating Range State, and received 
responses from the following number of goose experts (Appendix): 

Belgium: 2 
Denmark: 3 
Finland: 2 
France: 2 
Netherlands: 2 
Norway: 3 
Spain: 4 
Sweden: 3 

To summarize the relationships for each management unit we used the following protocol: 

● Within a country, responses from experts were equally weighted using a simple average because there 
was no a priori reason to believe some experts were more qualified than others. 

● Once breeding-season responses were averaged over experts for each Range State, they were 
combined for a management unit response using a weighted average, with weights based on the current 
estimate of breeding pairs in each country (as provided in the ISSMP). 

● For wintering season responses, Range States were also combined using a weighted average, but with 
weights based on the approximate winter distribution of geese among Range States (as determined by 
neck collar observations). 

Specification of candidate population targets is inherently arbitrary, but the goal was to select a range wide 
enough to encompass diverse stakeholder interests, and with increments that would reflect realistic 
management and monitoring capabilities.  We next specified candidate population targets for the two 
management units in the following manner (all values in thousands): 

MU1: 

● Breeding-pair range reported in ISSMP:  81.6 – 92.0  (mean = 86.8) 
● Reported range ± 20%:  65.3 – 110.4 
● Five equally spaced values within the range (rounded):  65, 77, 88, 99, 110 
● Candidates:  70, 80, 90, 100, 110 

MU2: 

● Breeding-pair range reported in ISSMP:  94.5 – 149.5  (mean = 122.0) 
● Reported range ± 20%:  75.6 – 179.4 
● Five equally spaced values within the range (rounded):  76, 102, 128, 153, 179 
● Candidates:  80, 100, 120, 140, 160 

Using the weighted curves described above, we constructed a table depicting the consequences of candidate 
targets for all nine objectives during both the breeding and wintering seasons.  The candidate targets were 
specified as all possible pairs of the five candidates for each management unit.  Thus, there were 25 total 
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candidates, expressing possible targets for the two management units.  As before, breeding-season and 
wintering-season consequences were weighted by the relative abundances of Greylag Geese in each Range 
State. 

The resulting consequence table depicts scores for the 25 candidates on each of the nine objectives for each 
season.  Thus, the table has 18 rows and 25 columns, making it difficult to assess the relative tradeoffs among 
objectives.  For example, low targets generally score better on objectives like agricultural damage (objective 
#2), but worse on objectives like cultural and aesthetic values (objective #1) or the level of satisfaction with 
the amount of sport hunting (objective # 7).  While these sorts of general patterns are apparent, the precise 
extent of the tradeoffs is difficult to assess because of so many objectives and so many candidate targets.  
Fortunately, there are two ways to simplify a consequence table so that the nature of the tradeoffs is more 
obvious (Hammond et al. 1999).  The first is to determine if there are any irrelevant objectives; i.e. those that 
do not substantially help a decision maker distinguish among the candidate targets.  The second is to determine 
if there are any dominated alternatives; i.e., those candidate targets that perform worse or no better than other 
targets across all objectives.  We used both approaches to simplify the consequence table. 

We first inspected the correlation between breeding and wintering season consequences for each of the nine 
objectives, reasoning that if there was a high correlation then the consequences for one of the two seasons were 
largely redundant.  We observed the following Pearson correlation coefficients between the breeding and 
wintering-season consequences for each objective: 

1) Cultural and aesthetic values: 0.85 
2) Agricultural damage (real or perceived loss of crop biomass): 0.93 
3) Government payments to mitigate agricultural damage: 0.98 
4) Direct costs to government of culling and scaring: 0.96 
5) Indirect costs to government of public derogations: 0.91 
6) Deleterious impacts to other species resulting from habitat modification: 0.95 
7) Satisfaction with amount of sport hunting opportunity: NA 
8) Public health (amenity fouling & disease transmission): 0.93 
9) Air safety (number of bird strikes): 0.72 

We chose a correlation coefficient of 0.90 as a threshold, and eliminated the wintering-season consequences 
for any objective that had a coefficient greater than this.  While we could have eliminated the breeding-season 
consequences instead, we chose to retain them because the focus is on establishing breeding-season targets for 
the two management units.  For cultural and aesthetic values and for air safety, the correlation coefficients fell 
below the threshold of 0.9.  For cultural and aesthetic values, we chose to retain only the wintering-season 
consequences because they were generally higher (better) than during the breeding season.  We believe this is 
a logical outcome because geese are concentrated in flocks during the winter and the subject of considerable 
bird-watching.  For air safety (bird strikes), the consequences were also generally higher (worse) during the 
winter season, again perhaps due to large concentrations of geese.  For both objectives, we therefore retained 
consequences only for the wintering period.  For sport hunting opportunity, we also only used the wintering-
season consequences because there is no sport hunting during the breeding season. 

Once we had reduced the consequence table to nine rows, one for each objective, we focused on those 
objectives related to government costs (objectives #3-5).  Because both direct and indirect costs are on the 
same scale (0-1), we combined them for a total cost.  In the expert elicitation, we distinguished among different 
type of costs because of the possibility that the relationships with Greylag Goose abundance might differ.  
However, once those different costs are tabulated for each of the candidate targets, it is possible to simply sum 
them for a total cost to government.  The resulting consequence table now had seven objectives to use in 
evaluating the 25 candidate targets. 
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We next turned to identifying any dominated candidate targets.  The following candidates did worse or no 
better than other candidates; i.e. they were “dominated” by other alternatives and thus could be eliminated 
from consideration.  The dominated alternatives were (values are in thousands of breeding pairs for 
MU1/MU2): 90/80, 90/100, 90/120, 100/80, 100/100, 100/120, 100/140, 110/80, 110/100, 110/120, 110/140.  
The result was a greatly simplified consequence table consisting of seven objectives and 14 candidate targets.  
This reduced consequence table was provided to members of the EGMIWG in order to elicit the relative 
importance of management objectives.   

Phase II:  Weighting of Management Objectives 

When a decision maker has more than just a few objectives, swing weighting is one of the easiest methods for 
determining their relative importance (Gregory et al. 2012).  Swing-weighting involves a thought experiment 
where the participant is first asked to imagine a baseline alternative that has the worst consequences across all 
objectives.  Then the participant is asked to identify their most important objective and to swing its (and only 
its) consequence from its worst value to its best to develop hypothetical alternative.  That alternative is given 
a rank of 1 (the best).  The participant repeats the process swinging one (and only one) consequence from its 
worst to its best, and ranks those hypothetical alternatives from the second best (2) to the worst (7, in this case).  
Then the participant assigns 100 points to the hypothetical alternative ranked number 1.  They then assign 
points to the remaining hypothetical alternatives in accordance with how important they are relative to the top 
ranked one.  Finally, the point values are normalized to provide a relative weight for each of the objectives.  

Once objective weights were solicited, they were used to identify a preferred alternative (a set of management-
unit population targets in this case).  First, all consequence scores from the expert elicitation were normalized 
to the interval 0-1 (with 0 being the worst outcome and 1 being the best) for each objective.  Then for each 
alternative, a weighted sum of the (normalized) consequence scores was calculated, using the objective weights 
established in the swing-weighting exercise.  Because objective weights varied among members of the 
EGMIWG, we used the consensus-convergence model to identify a set of consensus weights (Regan et al. 
2006).  This method avoids many of the pitfalls of ad hoc methods of negotiation and consensus-building 
because it is inclusive of all group members, is blind to dominant personalities within the group, and is immune 
to the influence of powerful special interests.  The consensus-convergence model has its foundations in the 
philosophy of negotiation, and the method is both transparent and repeatable.  Basically, the method relies on 
the correlations in responses among participants.  Higher correlations result in more weight on those 
participants.  In other words, participants with more similar objective weights have more influence on the 
overall average.  Extreme views (e.g., almost all of the weight on any one objective) have less influence on the 
overall average.   By agreeing to the application of this method for creating consensus weights, all stakeholders 
are essentially agreeing to compromise their values to some extent by explicitly recognizing the different 
values of others in the group (which, of course, is the basis of any negotiated settlement). 

We received objective weights from the national governments of Belgium, Denmark, Finland, France, the 
Netherlands, Norway, and Sweden (Germany is not participating in the implementation of the Greylag Goose 
ISSMP, and thus did not participate in this exercise) and from the following EGMIWG permanent observers: 
the International Council for Game and Wildlife Conservation (CIC), the Committee of Professional 
Agricultural Organisations-General Confederation of Agricultural Cooperatives (COPA-COGECA), BirdLife 
, the European Federation for Hunting and Conservation (FACE), the European Institute for the Management 
of Wild Birds and their Habitats (OMPO), Wetlands International, and the Wildfowl and Wetlands Trust 
(WWT) (Appendix). 

Results 

The following graphs (Figs. 21-29) depict responses elicited from experts concerning the consequences of 
varying goose abundance during breeding and wintering seasons, along with the weighted averages as 
described above.  The circles located on the weighted-average (black) curves for the breeding season depict 
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candidate values for target population sizes for the two management units.  The circles on the weighted-average 
(black) curve for the wintering season depict approximate wintering abundances arising from all possible 
combinations of the breeding-season candidate targets. 

Across all objectives, there tended to be more agreement among goose experts in the shapes of the relationships 
with Greylag Goose abundance during the breeding season than during the winter.  When weighted by country-
specific abundance, most relationships were nearly linear, although the slopes of the curves varied among 
objectives.  In particular, the curves were nearly flat for habitat impacts (objective #6) and public health 
(objective #8) during the winter, suggesting that Greylag Goose abundance had little influence on those 
objectives during the wintering period.  For cultural and aesthetic values (objective #1), the weighted curves 
were parabolic, reflecting the view that maximization of this objective occurs in the mid-range of Greylag 
Goose abundance. 

 

 
 

Figure 21.  The relationships between Greylag Goose abundance and cultural and aesthetic values as judged by goose 
experts in the Range States.  The circles located on the weighted-average (black) curves for the breeding season depict 
candidate values for target population sizes for the two management units.  The circles on the weighted-average (black) 
curve for the wintering season depict approximate wintering abundances arising from all possible combinations of the 
breeding-season candidate targets.  Population sizes are in thousands.  
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Figure 22.  The relationships between Greylag Goose abundance and loss of crop biomass as judged by goose experts in 
the Range States.  The circles located on the weighted-average (black) curves for the breeding season depict candidate 
values for target population sizes for the two management units.  The circles on the weighted-average (black) curve for 
the wintering season depict approximate wintering abundances arising from all possible combinations of the breeding-
season candidate targets.  Population sizes are in thousands.  
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Figure 23.  The relationships between Greylag Goose abundance and government payments to mitigate agricultural 
damage as judged by goose experts in the Range States.  The circles located on the weighted-average (black) curves for 
the breeding season depict candidate values for target population sizes for the two management units.  The circles on the 
weighted-average (black) curve for the wintering season depict approximate wintering abundances arising from all 
possible combinations of the breeding-season candidate targets.  Population sizes are in thousands.  
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Figure 24.  The relationships between Greylag Goose abundance and direct costs to governments of culling and scaring 
geese as judged by goose experts in the Range States.  The circles located on the weighted-average (black) curves for the 
breeding season depict candidate values for target population sizes for the two management units.  The circles on the 
weighted-average (black) curve for the wintering season depict approximate wintering abundances arising from all 
possible combinations of the breeding-season candidate targets.  Population sizes are in thousands.  
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Figure 25.  The relationships between Greylag Goose abundance and indirect costs of public derogations as judged by 
goose experts in the Range States.  The circles located on the weighted-average (black) curves for the breeding season 
depict candidate values for target population sizes for the two management units.  The circles on the weighted-average 
(black) curve for the wintering season depict approximate wintering abundances arising from all possible combinations 
of the breeding-season candidate targets.  Population sizes are in thousands.  
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Figure 26.  The relationships between Greylag Goose abundance and deletarious impacts to other species as judged by 
goose experts in the Range States.  The circles located on the weighted-average (black) curves for the breeding season 
depict candidate values for target population sizes for the two management units.  The circles on the weighted-average 
(black) curve for the wintering season depict approximate wintering abundances arising from all possible combinations 
of the breeding-season candidate targets.  Population sizes are in thousands.  
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Figure 27.  The relationships between Greylag Goose abundance and satisfaction with the amount of sport hunting as 
judged by goose experts in the Range States.  The circles on the weighted-average (black) depict approximate wintering 
abundances arising from all possible combinations of the breeding-season candidate targets.  Population sizes are in 
thousands.  
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Figure 28.  The relationships between Greylag Goose abundance and public health (amenity fouling and disease 
transmission) as judged by goose experts in the Range States.  The circles located on the weighted-average (black) curves 
for the breeding season depict candidate values for target population sizes for the two management units.  The circles on 
the weighted-average (black) curve for the wintering season depict approximate wintering abundances arising from all 
possible combinations of the breeding-season candidate targets.  Population sizes are in thousands. 
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Figure 29.  The relationships between Greylag Goose abundance and air saftey (number of bird strikes) as judged by 
goose experts in the Range States.  The circles located on the weighted-average (black) curves for the breeding season 
depict candidate values for target population sizes for the two management units.  The circles on the weighted-average 
(black) curve for the wintering season depict approximate wintering abundances arising from all possible combinations 
of the breeding-season candidate targets.  Population sizes are in thousands.  
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Table 17 depicts the consequence table that was provided to the EGMIWG national governments and observers 
for assigning weights to the management objectives.  Note that the goal is to minimize the consequence scores 
for all objectives except cultural and aesthetic values (objective #1) and sport hunting (objective #7), for which 
the goal is maximization.  As specified in the ISSMP, the current abundance of breeding pairs is approximately 
90 thousand and 120 thousand in MU1 and MU2, respectively.  The tradeoffs between low and high goose 
abundance are readily apparent, suggesting that a compromise will be necessary for establishing population 
targets. 

Table 17.  Consequence scores associated with candidate population targets for two management units of Greylag Geese.  
Management objectives are to maximize cultural and aesthetic values (C&A), minimize agricultural damage (Crop), 
minimize management costs to governments (Cost), minimize deleterious impacts to habitats (Habitat), maximize 
satisfaction with the level of sport hunting (Hunting), minimize amenity fouling and disease transmission (Health), and 
minimize bird strikes to aircraft (Air).  The green shaded cells are the best consequence for each objective and the red 
shaded cells the worst. 

 

 

Based on responses to the swing-weighting exercise, management objectives to minimize crop damage, 
adverse habitat impacts, and bird strikes received the highest weights (Fig. 30).  There were some minor 
differences in weights expressed by national governments and those by observers, especially in terms of 
cultural and aesthetic values, crop damage, and bird strikes.   

Using all swing-weighting responses, consensus-convergence weights were highest for habitat impacts, 
agricultural damage, and bird strikes, intermediate for government costs, cultural and aesthetic values, and 
sport hunting, and lowest for amenity fouling and disease transmission (Fig. 31).  Accordingly, the highest 
scoring candidates tended to be those with the lowest breeding and wintering abundances (Fig. 32).  Based on 
the entire MCDA analysis, the preferred targets for units MU1 and MU2 are 70 thousand and 100 thousand 
breeding pairs, respectively (weighted score = 0.7514).  However, targets of 70 thousand and 80 thousand 
breeding pairs for units MU1 and MU2, respectively, had nearly an identical score (weighted score = 0.7513) 
to the most preferred candidate.  The approximate wintering population size associated with the most preferred 
candidate is 617 thousand, compared to 545 thousand for the second-most preferred candidate. 
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Figure 30.  Means and standard errors of the weights assigned to Greylag Goose management objectives by national 
governments (Govt), by EGM IWG permanent observers (PO), and by all respondents.  Management objectives are to 
maximize cultural and aesthetic values (cav), minimize agricultural damage (crop), minimize management costs to 
governments (cost), minimize deleterious impacts to habitats (hab), maximize satisfaction with the level of sport hunting 
(hunt), minimize amenity fouling and disease transmission (amen), and minimize bird strikes to aircraft (strike).   
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Figure 31.  Consensus convergence weights for Greylag Goose management objectives derived from EGMIWG 
respondents.  Management objectives are to maximize cultural and aesthetic values (cav), minimize agricultural damage 
(crop), minimize management costs to governments (cost), minimize deleterious impacts to habitats (hab), maximize 
satisfaction with the level of sport hunting (hunt), minimize amenity fouling and disease transmission (amen), and 
minimize bird strikes to aircraft (strike).   
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Figure 32.   Scores for candidate population targets for Greylag Geese, weighted by the consensus convergence weights 
on management objectives.  On the y axis are first the breeding-pair targets for management units MU1 and MU2, 
respectively, followed by the approximate number of wintering individuals (all values in thousands).  Higher scores 
indicate higher preference. 
 

Discussion 

To our knowledge, this is the first time anywhere that multi-criteria decision analysis has been used to help set 
population targets for migratory birds.  Accordingly, there have been a number of lessons learned.  First and 
foremost, the lack of empirical models to predict the consequences of candidate targets relative to management 
objectives is an important limitation.  Although expert opinion can be a valuable adjunct to empirical data, it 
is no substitute for direct monitoring of consequences in relation to varying levels of goose abundance.  
Nonetheless, our elicitation of consequences drew on the expertise of 21 goose specialists in Europe, with a 
minimum of two experts responding per Range State.  The shapes of the relationships between objective 
consequences and goose abundance were remarkably similar among Range States, particularly during the 
breeding period, reflecting a high degree of consensus among experts. 

Other shortcomings involved the assignment of weights to the management objectives of Greylag Geese.  
Ideally, this would involve a fully democratic process, with all members of society having the opportunity to 
express their opinions.  A more practical alternative was to ask the National Governmental Representatives of 
the Range States and permanent observer organizations of the EGM IWG to best represent the perspectives of 
their respective stakeholders.  Nonetheless, the available time for these parties to consult within their 
organizations was necessarily limited, and participants in the swing-weighting exercise sometimes expressed 
frustration at the difficulty of properly representing the diverse views of their constituencies.  These limitations 
imply that the swing-weighting exercise is not repeatable in the sense that different objective weights would 
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likely result if the exercise were conducted again.  Nonetheless, limited sensitivity analysis of the objective 
weights suggest that the preferred population targets would change very little.   

Despite limitations, the MCDA process as conducted was fully transparent and, importantly, clearly separated 
the application of science (the expert elicitation) from value-based policy decisions (the swing-weighting 
exercise).  Science and policy issues are often conflated in environmental management, especially in 
controversial issues (Pielke 2007).  The MCDA also identified the nature and extent of tradeoffs inherent in 
complex decisions, and demonstrated that compromise within and among stakeholder groups would be 
necessary to reach agreement on population targets for Greylag Geese.  In this regard, use of the consensus-
convergence model to identify a set of consensus weights avoided many of the pitfalls of ad hoc, face-to-face 
methods of negotiation and consensus-building.  It is inclusive, repeatable, and transparent, and it is blind to 
dominant personalities and powerful special interests that can lead to one-sided agreements.  It is notable, 
however, that the consensus-convergence weights differed little from simple averages among all participants 
in the swing-weighting exercise.  This fact demonstrates that even special interests had a high regard for the 
interests of other parties. 

Based on the MCDA results, there is near universal agreement that lowering the abundance of Greylag Geese 
would best meet a broad range of management objectives.  For both management units, the preferred targets 
represent about a 20% reduction from current values of breeding-season abundance, which from a management 
perspective would require considerable effort above and beyond current population-control measures.  Yet 
maintenance of the population at a lower abundance could result in substantial long-term cost savings to 
national governments and agricultural interests, and a significant decrease in the potential for aircraft bird 
strikes.  Lower abundance of Greylag Geese would be accompanied by some sacrifice from those interested 
in cultural, aesthetic, and sport hunting values, of course, but even EGMIWG observer organizations 
acknowledged the importance of minimizing the adverse impacts of large numbers of geese. 

Finally, we acknowledge that the MCDA necessarily represents a coarse-grain analysis, in the sense that we 
relied on expert opinion for objective consequences, we chose candidate population targets somewhat 
arbitrarily, and we used a representative rather than fully democratic process for weighting objectives.  These 
facts imply that the weighted scores for the candidate population targets are not precise, in that small 
differences in scores among candidates are likely not meaningful.  Moreover, the most preferred candidates 
all have values of population targets that are at are near the minimums considered.  We therefore emphasize 
that the MCDA should not be perceived as dictating a preferred candidate (it is a policy decision after all); 
rather the MCDA narrows the range of candidates that may be worthy of further discussion, particularly if 
there are considerations not fully captured by the analysis (e.g., distribution of total breeding pairs among the 
two management units). 
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Appendix 

Elicited responses from European goose experts in phase I of the MCDA: 

Link to Expert Elicitation 

Objective weights expressed by National Governmental Representatives of the Range States and permanent 
observer organizations of the EGMIWG in phase II of the MCDA: 

Link to Objective Weights 

 

  

https://drive.google.com/open?id=1d2-JJRkGNCSLQ0rahXLrg_AkljT75pZb
https://drive.google.com/open?id=1H2jdApooqPZ2V10ORPB-bfVTBloeOFyU
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Annex 4. Population Models 

Management of the NW/SW European Population of Greylag Geese: Decision Making under Deep 
Uncertainty 

 
Prepared by the EGMP Data Centre: 
Fred A. Johnson 
Aarhus University, Denmark 

Summary 

The problem we address in this report is motivated by the desire to regulate the size of the NW/SW European 
Greylag Goose population to meet a number of management objectives, including providing sustainable 
harvests and minimizing agricultural damage and conflicts.  Using simple models of population dynamics 
along with observed allometric relationships in birds, we have concluded that reported estimates of Greylag 
Goose population size and/or offtake at the flyway level are likely biased, perhaps severely so.  Recognizing 
that resources are limited, we suggest that the most pressing need may be to investigate and strengthen 
monitoring protocols for Greylag Goose offtake.  We describe a simple information-gap (“info-gap”) decision 
model that could allow decision makers to make informed choices about the magnitude of offtake until such 
time that more reliable monitoring information is available for Greylag Geese.  With the info-gap decision 
model we were compelled to use a management criterion based on the growth rate of the flyway-wide 
population because true levels of abundance and offtake on a management-unit basis are unknown.  Moreover, 
we emphasize that in the face of deep uncertainty about Greylag Goose abundance and offtake, decisions 
concerning management of the population carry a very high risk of failing to meet conservation objectives, 
whatever they may be.  While the info-gap analysis suggests an increase of offtake over the nominal level of 
450 thousand is necessary to begin decreasing population size, we emphasize that we do not know the current 
level of offtake (i.e., whether it has changed from that reported in the ISSMP).  Moreover, the info-gap analysis 
does not take into account special needs and population trajectories of the MUs and their different segments, 
and thus it carries a high risk of not meeting the MU-specific population targets if not replaced by a more 
reliable decision-making tool.  Therefore, we conclude that info-gap decision analysis does not provide a sound 
basis for adaptive, dynamic decision-making, which ultimately will be necessary to reliably manage Greylag 
Goose abundance in accordance with population targets in the two management units.  Only up-to-date, 
coordinated, and reliable monitoring data on abundance and offtake from throughout the flyway will allow us 
to realize that goal. 

Introduction 

The ISSMP for the NW/SW European population of Greylag Geese provides contemporary estimates of 
abundance of 900 – 1200 thousand individuals in midwinter and an offtake (sport harvest + derogations) of 
about 450 thousand individuals (Powolny et al. 2018).  One or both estimates appear to be biased, perhaps 
severely so, based on arguments contained herein.  The presence of bias in estimates of abundance and/or 
offtake make informed decisions concerning management of this goose population challenging at best. 

Science-based population management requires at a minimum reliable estimates of population size during 
some part of the annual cycle, along with estimates of anthropogenic mortality.  Even when detailed 
demographic information is limited or lacking, reliable estimates of population size and offtake can 
nonetheless provide a reasonable basis for making and evaluating management decisions (Johnson et al. 2018).  
Moreover, managers can sometimes cope with bias in estimates of population size or offtake if more detailed 
demographic information is available (Johnson et al. 2020).  Unfortunately, none of these scenarios is currently 
applicable to the NW/SW European population of Greylag Geese. 
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Information gap decision theory (“info-gap”) is designed for cases of “deep” uncertainty – those in which a 
stochastic (probabilistic) structure for uncertain consequences is either unreliable or unavailable (Ben-Haim 
2001, Regan et al. 2005, van der Burg and Tyre 2011).  It is similar to the concept of maxi-min (Polasky et al. 
2011), in which a preferred management action is the one which maximizes the minimum level of management 
performance over all uncertain consequences.  Info-gap decision analyses poses a slightly different question: 
“which management action is most likely to satisfy a specified management criterion for the largest range of 
uncertainty?” 

The problem we address in this report is motivated by the desire to regulate the size of the Greylag Goose 
population to meet a number of management objectives, including providing sustainable harvests and 
minimizing agricultural damage and conflicts.  In the following sections, we first provide evidence for bias in 
the estimates of abundance and/or offtake of Greylag Geese.  We then describe a simple info-gap decision 
model that could allow decision makers to make informed choices about the magnitude of offtake until such 
time that more reliable monitoring information is available for Greylag Geese.  Finally, we provide the relative 
risk of not meeting a management criterion so that decision makers can account for their risk attitude. 

Intrinsic and Realized Growth Rates of the Greylag Goose Population 

We used the methods of Johnson et al. (2012) and Niel and Lebreton (2005) to estimate the intrinsic population 
growth rate (i.e., no density dependence and no anthropogenic mortality) of Greylag Geese.  From Johnson et 
al. (2012), adult survival under ideal conditions for birds ranging in mass from 12 to 8663g is estimated as: 

(1)  𝜃𝜃 = 𝑝𝑝
1

(𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 (3.22+0.24𝑙𝑙𝑙𝑙𝑙𝑙(𝑀𝑀)+𝑒𝑒) −𝛼𝛼) ,  

where p is the observed proportion of the population alive at the observed maximum lifespan with 
𝑝𝑝~𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏(3.34,101.24), M is body mass in kg, 𝛼𝛼 is age at first breeding, and e is the error in the model relating 
body mass to longevity with 𝑏𝑏~𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑏𝑏𝑁𝑁(0,𝜎𝜎2 = 0.087).  Using both female and male mean body masses of 
3.108 kg (sd = 0.274) and 3.509 (sd = 0.321), respectively (Dunning  Jr. 2008), and an assumed 𝛼𝛼 = 3, the 
median is 𝜃𝜃 = 0.889 and 95% confidence interval is 0.785 – 0.943.  This represents a maximum longevity of 
about 29 years, which agrees well with that of birds in captivity (e.g., Nigrelli 1954).  Use of an age at first 
breeding of 2 < 𝛼𝛼 ≤ 3 (i.e., some portion of 2-year-olds can breed) causes only very minor differences in the 
value of 𝜃𝜃. 

Next, we used the values of 𝜃𝜃 = 0.889 (0.785− 0.943) and 𝛼𝛼 = 3 along with Equation (15) from Niel and 
Lebreton (2005) to estimate the intrinsic population growth rate as: 

(2) 𝜆𝜆 ≈ (𝜃𝜃𝜃𝜃−𝜃𝜃+𝜃𝜃+1)+�(𝜃𝜃−𝜃𝜃𝜃𝜃−𝜃𝜃−1)2−4𝜃𝜃𝜃𝜃2

2𝜃𝜃
 ≈ 1.159  (1.120− 1.206). 

The median is similar to empirical values for snow geese and barnacle geese provided by Niel and Lebreton 
(2005). 

For the period (2004-2012) in which EGMP national midwinter counts are available from all flyway Range 
States (Sweden, Denmark, Germany, Netherlands, Belgium, France, Spain, and Portugal) (Appendix and 
Heldbjerg et al. 2020), we can estimate the realized mean growth rate using a log-linear regression model of 
counts, N: 
 
(3)  𝑁𝑁𝑡𝑡𝑤𝑤 = 𝑁𝑁0𝑤𝑤𝜆𝜆𝑡𝑡 

𝑁𝑁𝑁𝑁𝑙𝑙(𝑁𝑁𝑡𝑡𝑤𝑤) = 𝑁𝑁𝑁𝑁𝑙𝑙(𝑁𝑁0𝑤𝑤) + 𝑁𝑁𝑁𝑁𝑙𝑙(𝜆𝜆) ⋅ 𝑏𝑏 

𝑁𝑁𝑁𝑁𝑙𝑙(𝑁𝑁𝑡𝑡𝑤𝑤) = 𝛽𝛽0 + 𝛽𝛽1𝑏𝑏 + 𝑏𝑏𝑡𝑡 

𝑏𝑏𝑡𝑡~Normal(0,𝜎𝜎) 
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�̅�𝜆 = 𝑏𝑏𝑒𝑒𝑝𝑝 �𝛽𝛽1 +
𝜎𝜎2

2 � 

The estimated mean growth rate for 2004-2012 was �̄�𝜆 = 1.063 (1.048− 1.079) (Fig. 33).  Note that this 
analysis assumes that whatever the bias in EGMP national totals may be, it is relatively constant over the 
period 2004-2012. 

We note, however, that population growth may have slowed since 2012.  EGMP national totals are available 
from all Range States from 2004 to 2016 (i.e., 4 additional years) except Spain (outside Donana) and Germany.  
If we use the observed growth rates in those two countries during 2004-2012 to extrapolate their respective 
counts through 2016, the growth rate of the flyway population was �̄�𝜆 = 1.038 (1.026− 1.051) during 2004-
2016.  Counts of geese in the Netherlands and in Spain appear to be most responsible for the lower growth rate 
when compared to the 2004-2012 period. 
 

 
Figure 33.  The intrinsic population growth rate of Greylag Geese as estimated using the methods of Johnson et al. (2012), 
and the realized growth rates based on EGMP national totals in the Range States of the NW/SW European population of 
Greylag Geese.  Note that counts for Spain and Germany were imputed for 2013-2016 (see text).  Dashed, vertical lines 
represent the means. 
   

Magnitude of Bias in Abundance and/or Offtake 

We can use the estimated intrinsic and realized population growth rates to investigate the potential magnitude 
of bias in abundance and/or offtake of Greylag Geese.  To do so, we must assume that (1) the population is not 
subject to any significant density dependence; (2) all anthropogenic mortality is due to sport hunting or to take 
under derogations; and (3) offtake is additive to other sources of mortality.  While all of these assumptions are 
unlikely to be true, we believe they represent a reasonable starting point.  Under these assumptions: 

(4)  �̄�𝜆 ≈ 𝜆𝜆 �1 − 𝛽𝛽𝛽𝛽
𝜃𝜃𝛼𝛼
� 
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where �̄�𝜆 is the realized growth rate, 𝜆𝜆 is the intrinsic growth rate, H and N are the estimated size of the offtake 
and the post-breeding population, respectively, and 𝛼𝛼and 𝛽𝛽 are bias coefficients.  If the (approximate) equality 
in Equation (4) is satisfied for 𝛼𝛼 = 𝛽𝛽 = 1, then there is no apparent bias in estimates of abundance or offtake. 

We can find the combinations of and  that satisfy the equality in Equation (4) for nominal values of H 
and N.  We use the estimates of abundance of 900 – 1200 thousand individuals in midwinter and an offtake 
(sport harvest + derogations) of about 450 thousand individuals reported in the ISSMP for comparable time 
periods (Powolny et al. 2018).  We thus specify the following nominal values: 

𝐻𝐻 = 450𝑘𝑘𝑁𝑁 =
900𝑘𝑘 + 1200𝑘𝑘

2
+𝐻𝐻 = 1500𝑘𝑘 

We choose to use the estimated growth rate during 2004-2016 (i.e., with four years of imputed values for 
Germany and Spain) for this exercise because it better aligns with the period of the information provided about 
offtake in the ISSMP.  Using five thousand samples from the distributions for �̄�𝜆 and 𝜆𝜆 (Fig. 1), we solved 
Equation (4) for 𝛽𝛽 for a range of values in 𝛼𝛼.  A plot of the resulting values of 𝛽𝛽 against 𝛼𝛼 can be divided into 
four quadrants, representing cases where: (1) H is biased low (𝛽𝛽 > 1)and N is biased high (𝛼𝛼 < 1); (2) H is 
biased low (𝛽𝛽 > 1)and N is biased low (𝛼𝛼 > 1); (3) H is biased high (𝛽𝛽 < 1)and N is biased low (𝛼𝛼 > 1); 
and (4) H is biased high (𝛽𝛽 < 1)and N is biased high (𝛼𝛼 < 1) (Fig. 34).  If we were to assume that the nominal 
estimate of offtake is unbiased (horizontal dashed line in Fig. 3), abundance would be underestimated by a 
factor of about 2.5 – 3.  On the other hand, if we assume that the nominal estimate of abundance is unbiased 
(vertical dashed line in Fig. 35), offtake would be overestimated by a factor of almost 3.  If one were to assume 
that actual goose abundance is unlikely to be more than 3 times the nominal abundance, then a robust 
conclusion is that the nominal estimate of offtake is biased high, perhaps severely so.  

The conclusion that reported offtake is biased high is further supported if we consider the possibility that the 
intrinsic growth rate is a maximum that may not be realized in a variable environment, or that density-
dependent mechanisms are acting to reduce it.  Consider the following modification to Equation (4): 

(5)  �̄�𝜆 ≈ 𝑝𝑝𝜆𝜆 �1 − 𝛽𝛽𝛽𝛽
𝜃𝜃𝛼𝛼
� 

where 𝑝𝑝 < 1 represents a potential reduction in the intrinsic growth rate.  For any values 𝑝𝑝 < 1, the 
combinations of 𝛼𝛼 and 𝛽𝛽 that satisfy the equality in Equation (5) even more strongly suggest a positive bias in 
reported offtake.  
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Figure 34. Combinations of 𝛼𝛼 and 𝛽𝛽 that satisfy the equality in Equation (4) for nominal values of abundance and offtake 
of the NW/SW European population of Greylag Geese that were reported in the ISSMP.  The horizontal dashed line 
represents an unbiased nominal estimate of offtake, and the vertical dashed line represents an unbiased nominal estimate 
of goose abundance.  

A similar problem of monitoring bias exists for Greylag Geese breeding in Iceland (Frederiksen et al. 2004) 
and has been recognized at a regional level in Europe (although that report has not been publicly released).  
The source of the bias in Greylag Goose monitoring protocols is not easily identified, as other sources of 
corroborating information are lacking.  However, IWC counts and estimates of the number of breeding pairs 
(which may have their own problems) seem to suggest that EGMP national totals may be roughly of the correct 
magnitude.  Corroborating estimates of sport and derogation harvest are completely lacking, but we note that 
Padding and Royle (2012) found that hunter-reported goose harvests in the U.S. were 49-64% higher than the 
actual harvests (e.g., hunters potentially exaggerated their harvest). 

It is also possible that reported population sizes and offtake for Greylag Geese are approximately correct, but 
this would demand much higher survival and fecundity than is typical in arctic and subarctic breeding geese.  
In fact, the proportion of young prior to hunting would have to be ≥30% (the minimum value of 30% would 
only be possible if there was no mortality other than harvest).  Based on allometric relationships (Niel and 
Lebreton 2005, Johnson et al. 2012), we would expect about 23% young under ideal conditions.  However, 
Greylag Geese breeding in more temperate latitudes do so under exceedingly favorable environmental 
conditions and such high values of reproductive success cannot be completely discounted (A. Fox, Aarhus 
University, personal communication).   
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Information-Gap Decision Analysis 

Methods and an Example 

The existence of bias of unknown magnitude in Greylag Goose monitoring renders traditional approaches to 
modeling population dynamics and decision analysis inappropriate.  However, in an effort to help guide 
decision making, we explored an info-gap approach, which poses the question: “which management action 
will most likely satisfy a management criterion for the largest range of uncertainty?”  In our case, the deep 
uncertainty concerns the true values of 𝛼𝛼 and 𝛽𝛽, expressing the degree of bias in estimates of abundance and 
offtake, respectively.  Thus, we would like to choose a management action, in this case a level of offtake, H, 
that would meet some management criteria for a larger range of uncertainty in 𝛼𝛼 and 𝛽𝛽 than any other potential 
level of offtake.   

Ultimately, the management criterion will be represented by a target population size for each of the two 
management units defined for Greylag Geese 
(https://egmp.aewa.info/sites/default/files/meeting_files/reports/AEWA_EGM_IWG_4_final_report.pdf).  
These targets are in the process of being specified using multi-criteria decision analysis to determine the 
appropriate tradeoff among a variety of management objectives.  However, even if targets were available, they 
would not be useful as criteria in this situation because it is abundance itself that is uncertain.  Nor can we use 
a criterion for each management unit because the derivation of the total harvest (i.e., the portion of the total 
harvest derived from each management unit) is unknown.  However, we can establish a management criterion 
based on the predicted growth rate of the NW/SW European population using Equation (4).  In other words, 
we can determine the nominal level of total offtake that would meet a growth-rate criterion for the largest 
possible range in values of 𝛼𝛼 and 𝛽𝛽.   

For example, suppose that the decision maker wishes to stabilize population growth.  Population growth based 
on EGMP national totals (with imputation for Spain and Germany for four years) during 2004-2016 was �̄�𝜆 =
1.038 (1.026− 1.051) amid growing concern about the adverse impacts of population size.  The decision 
maker knows (s)he is unlikely to meet the criterion of a realized growth rate �̄�𝜆 = 1 precisely, but would like 
to get as close as possible to a stable population.  The info-gap decision problem then is: “what nominal level 
of offtake will meet a performance criterion of ��̄�𝜆 − 1� ≤ 𝐶𝐶, where C is some critical threshold, for as large a 
range in 𝛼𝛼 and 𝛽𝛽 as possible?”  

We first establish a range of uncertainty in 𝛼𝛼 and 𝛽𝛽 to examine.  Based on previous arguments, it is likely that 
estimated offtake is biased high as long as true abundance exceeds nominal abundance by a factor <3.5.  Thus, 
we somewhat arbitrarily set 𝛼𝛼~𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑁𝑁𝑁𝑁𝑁𝑁(0.5,3.5) and 𝛽𝛽~𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑁𝑁𝑁𝑁𝑁𝑁(0.2,1.0).  We then examined a range of 
nominal values of offtake and, for each combination of 𝛼𝛼 and 𝛽𝛽 predicted ��̄�𝜆 − 1� using Equation (4).  For this 
example, we simply look at two levels of offtake: (a) no increase; and (b) a 40% increase in the level of offtake.  

While the info-gap analysis relies only on the estimated intrinsic growth rate (and not on an observed growth 
rate), it is nonetheless sensitive to nominal values of abundance and offtake.  As with the investigation of bias, 
we used imputed, total winter counts from the IWC, but used an average of the three most recent years available 
(2016-2018) (Heldbjerg et al. 2020).  Importantly, we continued to assume that the nominal level of offtake is 
currently 450 thousand because we have no more recent information that would allow us to do otherwise.  
Thus, nominal offtake and post-breeding abundance was assumed to be: 

𝐻𝐻 = 450𝑘𝑘 

𝑁𝑁 =
709𝑘𝑘 + 775𝑘𝑘 + 751𝑘𝑘

3
+𝐻𝐻 

𝑁𝑁 = 745𝑘𝑘 + 450𝑘𝑘 = 1195𝑘𝑘 

https://egmp.aewa.info/sites/default/files/meeting_files/reports/AEWA_EGM_IWG_4_final_report.pdf
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Fig. 35 depicts contours of ��̄�𝜆 − 1�for the ranges of 𝛼𝛼 and 𝛽𝛽, and for the levels of offtake described.  One can 
see from the contour plots that less restrictive management criteria can be achieved under a wider range of 
uncertainty in 𝛼𝛼 and 𝛽𝛽 than with more restrictive criteria.  For example, a criterion of ��̄�𝜆 − 1� ≤ 0.10 
encompasses many more possible combinations of 𝛼𝛼 and 𝛽𝛽 than a criterion of ��̄�𝜆 − 1� ≤ 0.05.  This follows 
from the intuitive notion that the more stringent the management criteria, the less uncertainty that can be 
tolerated. 

 

Figure 35.  Contour plots of the predicted, absolute deviation from a stable growth rate, ��̄�𝜆 − 1�, for two proportional 
changes in the nominal level of offtake, and for varying degrees of bias in estimates of abundance, 𝛼𝛼, and offtake, 𝛽𝛽, for 
the NW/SW European population of Greylag Geese.  The intrinsic growth rate is assumed to be 𝜆𝜆 = 1.159 with no error. 

 

The calculations used to generate Fig. 35 were based on the median of the intrinsic growth rate and do not 
account for uncertainty in 𝜆𝜆 = 1.159  (1.120− 1.206).  Yet this uncertainty is not “deep”, in the sense that 
it has a stochastic structure; e.g., we can be 95% confident that the true value lies between 1.120 and 1.206.  
We can account for this stochastic structure by running the previous analysis many times, using random 
samples from the empirical distribution of 𝜆𝜆.  

Proposed Info-Gap Decision Analysis 

We start by acknowledging that population targets will likely to be at least 20% less than current population 
sizes, and that the Adaptive Flyway Management Plan has a 6-year time horizon.  In the face of deep 
uncertainty about current levels of offtake and abundance, we suggest a precautionary approach of seeking to 
reduce population size by 15% over 10 years.  Thus, we seek an annual growth rate of lambda = 0.98.  We are 
unlikely to meet this criterion precisely, so we might consider 0.96 < lambda < 1.00 as acceptable (i.e., 
population size decreasing by less than 4%/year).  Accordingly, an increasing population, or a population 
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declining more than 4% per year, would be considered unacceptable.  The lower limit of 0.96 could be 
anything, and here simply note that an annual lambda = 0.96, if realized, would reduce population size by 34% 
in 10 years.  

The probabilities of meeting this management criterion for an expanded range of potential levels of offtake are 
shown in Fig. 36.  Notice that all probabilities are low (<20%), reflecting the challenge of meeting the 
restrictive criterion of 0.96 ≤ �̄�𝜆 ≤ 1.00 in the face of deep uncertainty concerning the true values of bias, 𝛼𝛼 
and 𝛽𝛽.  A nominal level of offtake of 40% higher than that reported in the ISSMP is expected to achieve the 
management criterion for a wider range in 𝛼𝛼 and 𝛽𝛽 than any other alternative.  But we emphasize that this 
decision would be accompanied by an 86% chance that the criterion would not be met (assuming all examined 
values of 𝛼𝛼 and 𝛽𝛽 are considered equally plausible).  In other words, there would be an 86% chance that 
abundance could either increase or decline by more the 4% annually.  Finally, we note a very broad range of 
changes in offtake had nearly identical (mean) probabilities of meeting the management criterion, and indeed 
are not statistically distinguishable from each other. 

Moreover, the info-gap analysis suggests that an increase in offtake may be needed to merely stabilize 
population size.  Yet recent IWC counts and EGMP national totals suggest that the flyway population is no 
longer increasing (Heldbjerg et al. 2020).  Assuming this recent population trend is real, there are at least three 
possible reasons for the contradictory conclusions arising from the info-gap analysis: (1) the current, nominal 
winter abundance is lower than the value we used; (b) the current, nominal offtake is higher than the value we 
used (i.e., it has increased in recent years); or there are factors beyond offtake (e.g., density dependence) acting 
to lower the intrinsic growth rate.  Indeed, all three reasons might be operative. 

 
Figure 36.  Probabilities of achieving a population growth rate of 0.96 ≤ �̄�𝜆 ≤ 1.00 for varying levels of offtake (relative 
to the nominal value of 450 thousand reported in the ISSMP) for NW/SW European population of Greylag Geese in the 
face of deep uncertainty about bias in estimates of abundance and offtake.  Error bars represent 95% confidence limits, 
which account for uncertainty in the intrinsic growth rate of Greylag Geese. 
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Discussion 

Using simple models of population dynamics along with observed allometric relationships in birds, we have 
inferred that reported estimates of Greylag Goose population size and/or offtake at the flyway level are likely 
biased, perhaps severely so.  Recognizing that resources are limited, we suggest that the most pressing need 
may be to investigate and strengthen monitoring protocols for Greylag Goose offtake.  While population counts 
have been largely coordinated among countries, offtake reporting has been rather haphazard.  For example, 
reporting is sometimes not required nor solicited, reported offtakes are occasionally an unknown mix of sport 
harvest and derogations, data are sometimes not routinely compiled on a national basis, and monitoring 
protocols are sometimes changed without maintaining adequate documentation of the changes.  If Greylag 
Geese are to be managed as a shared resource, more international coordination will be essential for establishing 
rigorous and standardized protocols for data collection and archiving. 

In the face of deep uncertainty about estimates of Greylag Goose abundance and offtake, decisions concerning 
management of this population carry a high risk of failing to meet conservation objectives, whatever they may 
be.  If such decisions must be made, however, information-gap decision analysis offers perhaps the most robust 
choice of decision-analytic tools.  Info-gap analysis seeks a decision among all possible choices that has the 
best chance of meeting a management criterion for the largest range of uncertainty.  In the case of Greylag 
Geese, however, simplifying assumptions about population dynamics must be made, and only a management 
criterion based on the rate of flyway population growth is plausible, as almost any other objectives would 
likely be related in some way to population size or offtake, both of which are unknown.  Even a management 
criterion based on a population growth rate is feasible only if we assume that the bias in abundance and offtake, 
whatever their magnitude, are relatively constant over time.   

While the info-gap analysis suggests an increase of offtake over the nominal level of 450 thousand is necessary 
to begin decreasing population size, we emphasize that we do not know the current level of offtake (i.e., 
whether it has changed from that reported in the ISSMP).  Moreover, the info-gap analysis does not take into 
account special needs and population trajectories of the MUs and their different segments, and thus it carries 
a high risk of not meeting the MU-specific population targets if not replaced by a more reliable decision-
making tool.  We conclude that info-gap decision analysis does not provide a sound basis for adaptive, dynamic 
decision-making, which ultimately will be necessary to reliably manage Greylag Goose abundance in 
accordance with population targets in the two management units.  Only up-to-date, coordinated, and reliable 
monitoring data on abundance and offtake from throughout the flyway will allow us to realize that goal. 
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Appendix 

EGMP national totals (in thousands) used to investigate Greylag Goose population growth rates.  Highlighted 
values are imputed (see text).  

Year Sweden Denmark Germany Netherlands Belgium France Spain Portugal 
2004 6.989 31.934 51.137 226.502 12.981 13.987 96.458 1.828 
2005 23.380 40.096 68.704 227.401 9.472 14.313 125.632 2.332 
2006 5.847 51.669 82.390 295.162 15.746 15.730 132.190 2.840 
2007 39.300 75.092 63.846 254.874 10.649 13.879 119.456 2.734 
2008 49.592 75.671 86.800 276.832 10.578 14.356 130.786 2.391 
2009 35.631 91.057 81.451 325.987 11.950 15.558 119.000 2.673 
2010 30.260 71.974 61.597 393.662 10.130 20.173 114.642 2.322 
2011 12.510 61.353 65.040 448.419 13.893 28.284 93.775 3.163 
2012 40.033 133.453 106.083 381.774 12.941 19.612 57.532 2.576 
2013 19.849 91.185 110.442 437.290 14.031 20.081 54.514 5.128 
2014 31.382 87.095 114.980 407.525 14.530 15.898 51.654 2.959 
2015 37.907 81.268 119.705 414.557 13.863 18.755 48.944 2.439 
2016 29.749 106.295 124.624 401.236 13.100 17.756 46.376 1.597 
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Annex 5. Impact Models 

According to the ISSMPs for the Greylag Goose and the Barnacle Goose Range States are mandated to 
investigate if there is a relationship between goose abundances and the amount of damage caused by the species 
to agricultural crops, risks to air safety or other sensitive flora and fauna. 

In order to scale up an assessment of the extent of damage or risks to regional, national or even flyway levels, 
it is necessary to apply either a retrospective time series, statistical analysis or a predictive simulation approach. 
With regard to agricultural damage, some first indicative examples of national time series analyses were 
provided in the respective ISSMPs based on compensation payments to farmers in relationship to annual 
abundances of geese. For Sweden this analysis has been extended and validated (Montràz-Janer et al. 2019). 
In the case of Denmark, where compensation or subsidies are not used to support crop damage management, 
derogation was used as a proxy of the intensity of crop loss. At national level, there was a relationship between 
Barnacle Goose numbers and licenses granted for derogation shooting (Clausen et al. 2020). In the 
Netherlands, retrospective analyses are also in progress.  

Predictive models to assess the relationship have so far been developed at regional levels in Norway (Baveco 
et al. 2017). Work is in progress in the Netherlands and Denmark (at regional level), using individual-based 
models and agent-based simulations, respectively. The process of building, parameterisation and testing such 
models is resource demanding and cannot be rolled out easily to all Range States. Hence, at least for the 
foreseeable future, such models can realistically only be used for selected regions.  

Progress on the Danish regional simulation model 

This model is built into the existing ALMaSS system (Animal, Landscape and Man Simulation System), which 
provides a dynamic and detailed representation of the underlying landscape, including habitat types, farm 
management, crop rotation etc. as well as changes in weather, vegetation growth and food availability over 
time. The model includes three species of migratory geese overwintering in Denmark (Pink-footed Goose, 
Barnacle Goose and Greylag Goose), using pattern-oriented modelling (an iterative framework where different 
versions are tested against performance criteria in order to assess suitability of the model) to make it behaves 
as closely as possible to the real world. Individual geese interact with the environment and potentially with 
each other, making foraging choices based on their current memory and energetic state. Population level 
patterns emerge as a consequence of the behaviour of each of the individuals in the three populations, and the 
interplay between geese and landscape allow for inference about how and where geese affect the underlying 
landscape. The model is validated against literature and field data, and may potentially be used for a number 
of research questions in relation to habitat use, crop damage, foraging decisions and management actions. 

The current version aims specifically to address the impact of growing Barnacle Goose numbers on habitat use 
and crop cultivation, e.g. by identifying the relationship between goose numbers and crop damage. The 
landscape, weather and simulation of spatial behaviours is fully implemented in the model, while foraging 
decisions and energetics of individual geese are subject to ongoing development. 

Progress on the Dutch regional simulation model 

Movements and foraging decisions of barnacle geese are simulated with a custom-made, spatially-explicit, 
individual-based model. The model comprises foraging on grasslands in Friesland (appr. 70x70 km), the 
Netherlands, with a spatial resolution of 100x100m (1ha) and temporal resolutions of 1 hour for goose 
behaviour and 1 day for grass growth. Goose movements and foraging decisions depend on a decision tree, 
which is based on energy expenditure and intake, memory, interactions between flocks, and time of day. The 
model has been calibrated with GPS data of barnacle geese foraging in Friesland. At present, model validation 
is ongoing. With this model, we can assess the impacts of different management scenarios and barnacle goose 
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population sizes on goose foraging behaviour and its effects on goose distributions across agricultural 
grasslands in Friesland. The model can be extended to include other goose species and their interactions. 

Retrospective analyses 

A thorough analysis was performed on the relation between damage on agricultural grasslands and goose 
numbers in the province of Friesland, the Netherlands. We linked automatically executed damage reports to 
estimated goose numbers, using monthly goose counts and an approximation of homogeneous spatial 
redistributing of these geese that is based on GPS observations. Based on a pilot analysis, three goose species 
were qualified for use in the final analysis: Barnacle Goose, Greylag Goose, and Greater White-fronted Goose. 
We expect to publish our findings in 2021.      
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Annex 6. Indicator factsheets 

 

I.1. Population size compared to the target population size  

Rationale  

This indicator measures the progress towards the Fundamental Objective I. Maintain the population at a 
satisfactory level.   

The target population sizes have been identified above the Favourable Reference Population (FRP, see Chapter 
4) at both population and management unit levels using the MCDA methodology (see Annex 3).   

These target population levels can be considered satisfactory in the context of Article 2 of the Birds Directive 
because (i) they exceed the Favourable Reference Populations. This ensures that the population is not reduced 
below what is considered being ecologically functional in the long-term in individual Range States, 
Management Units and at the population level.  This corresponds to the ecological requirements part of Article 
2. However, satisfactory levels also take into account (ii) economical and recreational requirements (i.e. the 
second part of Article 2).    

Indicator definition  

Individuals belonging to the two management units partially mix during the passage and wintering seasons. 
Therefore, this indicator includes two sub-indicators:  

1. Number of wintering individuals;  
2. Number of breeding pairs.   

Methodology  

Data collection  

Data collected for both sub-indicators at national level.  
● Number of wintering individuals is estimated based on January counts (IWC counts and 

complementary goose counts) annually (see Chapter 6).   
● Number of breeding pairs is also to be estimated annually because this is a precondition of the adaptive, 

dynamic harvest management of the population at MU level (see Chapter 6). National population 
sizes in the 2003-2018 round of the EU Birds Directive Article 12 reporting, or in the ISSMP for 
Norway, will represent the baseline.   

Data flow  
The dataflow is described in Chapter 6 of this AFMP.   

Methodology for indicator calculation  
Methodology is described in Chapter 6 of this AFMP.   

Methodology for gap filling  
Updates on methodology for gap filling is presented in the annual EGMP Population Status and Assessment 
Report.   

        

Methodology uncertainty  
Incomplete coverage of breeding and wintering areas. Updates on methodology guidelines are presented in the 
annual EGMP Population Status and Assessment Report.  
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I.2 Range extent compared to the Favourable Reference Range (FRR) 

Rationale  

This indicator measures the progress towards the Fundamental Objective I. Maintain the population at a 
satisfactory level.  

The population is considered to be maintained at a satisfactory level if the range is maintained at or above the 
level of the Favourable Reference Range, which is set (for most Range States) in Table 2 of the AFMP at the 
level of the 2003-2018 period.  

Indicator definition  

This indicator consists of two sub-indicators: 
● Actual breeding range in proportion of the breeding FRR; 
● Actual non-breeding (staging and wintering range) in proportion of the non-breeding FRR.  

The breeding range includes the areas where nesting and brood rearing before fledging takes place.  

According to the CMS definition, the non-breeding range includes any areas the migratory species stays in 
temporarily, crosses or overflies during its normal migration. Hence, the range is not restricted to key sites 
only, but includes all areas where the species regularly (although not necessarily) occurs annually. 

Methodology  

Data collection 

Data for the breeding range will be collected once in every six years linked to the reporting under Article 12 
of the EU Birds Directive and to the AEWA national population status reporting. Range States shall map the 
breeding distribution of the species following the standards set for the reporting under Article 12 of the EU 
Birds Directive and use the range method described in DG Environment (2017, pp. 124-128). Data for the non-
breeding range will be collected at the same time as for breeding range data is collected reporting under Article 
12 of the EU Birds Directive and to the AEWA national population status reporting. Range States are 
recommended to use the Range Tool14 developed for the reporting under Article 17 of the Habitats Directive 
to determine the range. The recommended gap distance for Greylag Goose is 190 km based on Box 3.2 in 
Bijlsma (2019, p. 40) using a body mass value of 3.14 kg. Information on non-breeding distribution can be 
obtained from the national IWC scheme and online observation reporting portals active in the Range States.  

Data flow 
Range States should calculate the range based on their distribution mapping and report to the EGMP Data 
Centre at the same year they report to the EU and AEWA on the breeding distribution of Greylag Goose.  

Methodology for indicator calculation 
For both sub-indicators the actual range will be compared to the national, MU and flyway level FRRs.   

Methodology for gap filling 
No need for gap filling is foreseen in the Range States. 

Methodology uncertainty 
The methodology is sensitive to changes on the edges of the range. Currently, the range method was not applied 
by all Range States. Several   

 
14http://cdr.eionet.europa.eu/help/habitats_art17/Reporting2019/Guidelines_for_EEA_range_tool_README_.pdf 

 

http://cdr.eionet.europa.eu/help/habitats_art17/Reporting2019/Guidelines_for_EEA_range_tool_README_.pdf
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II.1. Relative change in damage payments  

Rationale  

This indicator measures the progress towards the Fundamental Objective II. Minimize agricultural damage and 
conflicts. The most direct indicator would be the loss of yield of a given crop type caused by Greylag Geese, 
cumulated from local to national and international levels; however, such measurements would be extremely 
costly and models for upscaling do not exist. Therefore, it is necessary to resort to measurable proxy indicators, 
such as (1) compensation payments or (2) subsidies, or management actions taken to prevent agricultural 
damage, such as (3) offtake under derogation.  

Indicator definition  

This indicator includes three sub-indicators (for definition and current use in the EGMP Range States, see 
Tombre et al. (2019)15: 

14. Monetary compensation payments for crop damages cause by Greylag Geese, under which farmers 
eligible for compensation receive public money to counterbalance for the lost crop.  

15. Subsidy payments, i.e. farmers receiving public funds in order to allow goose grazing on their 
properties. Subsidies are usually paid in advance and may hence not directly reflect the level of damage. 

16. Offtake under derogation, referring to the culling of flight-less geese (adults and young), removing of 
nests or eggs during summer, or geese shot outside the hunting season to protect crops.  

Because the three sub-indicators are used slightly differently among Range States and do not all use a monetary 
currency, they will be used on a relative scale to evaluate trends in damage.   

Methodology  

Data collection  

Data collected for the three sub-indicators at national level, species-specific and annually. Compensation 
payments, subsidies paid, and numbers of Greylag Geese killed under derogation will be compiled from the 
national statutory authorities, who are also responsible for the quality check of the information provided. The 
authorities will also be asked to report any change in policies, regulations or management practices, which 
may influence payments or use of derogation.  

Data flow  
Data for each year from the period of 2020 – 2024 is to be reported to the EGMP Data Centre by 31 December 
2025. Data collection shall continue also in 2025 – 2026.    

Methodology for indicator calculation  

 
15https://egmp.aewa.info/sites/default/files/download/population_status_reports/EGMP_010_Management_measures_fo
r_geese.pdf 
 

https://egmp.aewa.info/sites/default/files/download/population_status_reports/EGMP_010_Management_measures_for_geese.pdf
https://egmp.aewa.info/sites/default/files/download/population_status_reports/EGMP_010_Management_measures_for_geese.pdf
https://egmp.aewa.info/sites/default/files/download/population_status_reports/EGMP_010_Management_measures_for_geese.pdf
https://egmp.aewa.info/sites/default/files/download/population_status_reports/EGMP_010_Management_measures_for_geese.pdf
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The national payments and derogation information will be entered into a common database. The starting year 
will be set at an index of 100 for each country, and subsequent data will be indexed relatively to the starting 
year, taking into account the national inflation rate. An overview for all range states and the three relative sub-
indicators will be updated annually.  

Methodology for gap filling  
No gap filling.    

Methodology uncertainty  
The sub-indicators are sensitive to changes in management policies, regulations and practises. A meta-database 
will document all the reported changes. Some countries do not have species-specific reporting of damage and 
can only give a rough estimate of the damage caused by Greylag Geese. A system will have to be set up to 
assess the uncertainties in the reporting.  

III.1 Risk of zoonotic influenza transmission to the general public 

Rationale  

This indicator measures the progress towards the public health component of Fundamental Objective III. 
Minimise the risk to public health and air safety.  

Migratory geese can act as a vectors of various diseases harmful to humans and poultry (Buij et al., 2017) 
although the general risk was considered being low both in the ISSMP  (Polowny et al., 2018) and in the 
MCDA process (Johnson, 2020). Risk of zoonotic influenza transmissions has been selected to as an indicator 
because (i) its high relevance for human health, (ii) there is an ongoing surveillance programme in the EU with 
quarterly reports16. Hence, monitoring zoonotic influenza does not require additional resources from the EGM 
Range States. (iii) This indicator represents not only the prevalence of the virus, but also the preparedness to 
avoid transmissions.  

Indicator definition  

Number of human cases of zoonotic influenza per year in the flyway that can be attributed to Greylag Goose.  

Methodology  

Data collection 

No direct reporting is required by the Range States.  

Data flow 
Data will be obtained by the EGMP Data Centre from the Avian Influenza overview reports published quarterly 
by the European Food Safety Authority (EFSA), the European Centre for Disease Prevention and Control 
(ECDC) and the European Union Reference Laboratory for Avian influenza (EURL).  

Methodology for indicator calculation 
Number of cases per year.   

Methodology for gap filling 
No need for gap filling is foreseen in the Range States. 

Methodology uncertainty 
Attribution of the source of infection might be problematic in some cases.  

 
16https://www.ecdc.europa.eu/en/avian-influenza-humans/surveillance-and-disease-data/avian-influenza-overview   

https://www.ecdc.europa.eu/en/avian-influenza-humans/surveillance-and-disease-data/avian-influenza-overview
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III.2. Number of birdstrikes with aircrafts caused by Greylag Goose   

Rationale  

This indicator measures the progress towards the Fundamental Objective III. Minimize the risk to public health 
and air safety. The frequency of bird strikes with Greylag Goose is the direct indicator for the development in 
incidents, cumulated from local airports to national and international levels. The risk is likely to increase with 
the number of Greylag Geese passing over airports (see Indicator III.3).   

Indicator definition  

The indicator is the number of bird strikes caused by Greylag Geese in commercial airports in the Range States.  

Methodology  

Data collection  

Data collected at airport and national level, species-specific and annually. This indicator is reported as a 
standard in all commercial civil airports and the airport authorities attempt to make an identification of the 
species causing the bird strike. Airports will be asked to report:   

a. Date, time of bird strike;  
b. Species, flock size, number struck;  
c. Aircraft model; 
d. Phase of flight (takeoff, landing, descent, climb, en route). 

Bird strike data will be compiled from the national statutory authorities. The authorities will also be asked to 
report any change in reporting practices, which may influence the indicator.  

Data flow  
Data for each year from the period of 2020 – 2024 is to be reported to the EGMP Data Centre by 31 December 
2025. Data collection shall continue also in 2025 – 2026.    

Methodology for indicator calculation  
Range States will be asked to select at least three high-risk civil commercial airports within the national range 
of the Greylag Goose for reporting. The frequency of bird strikes will be listed per airport and per country.  An 
overview for all range states will be updated annually.  

Methodology for gap filling  
No gap filling.    

Methodology uncertainty  
The frequency of bird strikes with Greylag Goose is low in most airports. Therefore, the indicator has to be 
combined with III.3 to give a more reliable indication of the risk.  
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III.3. Number of Greylag Geese passing over commercial airports  

Rationale  

This indicator measures the progress towards the Fundamental Objective III. Minimize the risk to public health 
and air safety. The number of Greylag Geese passing over an airport indicates the risk of bird strikes in a given 
airport (Indicator III.2) and can be related to the national and international levels.   

Indicator definition  

The indicator is the cumulative number of Greylag Geese passing over civil commercial airports per year in 
the range of the Greylag Goose, using the same airports as in III.2.  

Methodology  

Data collection  

Data collected at airport and national level, species-specific and annually. This indicator is reported as a 
standard in commercial civil airports and the airport authorities attempt to make an identification of the species 
passing (or landing in the airport). Airports will be asked to report:   

a) Date, time of passage,  
b) Species, flock size. 

Greylag Goose passage data will be compiled from the national statutory authorities. The authorities will also 
be asked to report any change in reporting practices, which may influence the indicator.  

Data flow  
Data for each year from the period of 2020 – 2024 is to be reported to the EGMP Data Centre by 31 December 
2025. Data collection shall continue also in 2025 – 2026.    

Methodology for indicator calculation  
Range States will be asked to select at least three high-risk civil commercial airports within the national range 
of the Greylag Goose for reporting. The cumulative number of Greylag Geese passing per year will be 
calculated per airport. A national trend index will be calculated. The starting year will be set at an index of 
100, and subsequent data will be indexed relatively to the starting year.  An overview for all range states 
(average national indexes and relative change) will be updated annually.  

Methodology for gap filling  
No gap filling.    

Methodology uncertainty  
The ability of species identification by bird control employees has to be checked. If some airports use radar 
for identification, standards for species identifications have to be defined.  

IV.1 Area of natural habitat or habitat of threatened species negatively affected by Greylag Goose  

Rationale  

This indicator measures the progress towards Fundamental Objective IV. Minimize the risk to other flora and 
fauna. The risk to other flora and fauna can be induced mainly via (1) grazing of plants, e.g. reed, with possible 
knock-on consequences for reed-nesting birds or (2) eutrophication of oligotrophic lake ecosystems by goose 
droppings transferred from foraging grounds to roosts. However, grazing and nutrient transport is amongst the 
ecological functions of geese and not necessarily a damage. Therefore, it should be assessed on a case-by-case 
basis and considered being a damage if it conflicts with the conservation objectives of a site. 



AEWA EGMP Programme No. 1 

 
90   AFMP for the NW/SW European Population of the Greylag Goose 

Indicator definition  

Area of natural habitat or habitat of threatened species negatively affected by Greylag Goose. This indicator 
considers the natural habitats of conservation interest, which includes natural habitats listed on Annex I of the 
EU Habitats Directive or any other natural habitats that are of conservation interest at national level. It also 
includes the habitat for threatened species regardless whether the habitat is of natural origin or not. In case of 
such habitats the important factor is the presence and dependence of a threatened species on the habitat, and 
the structure and other characteristics of the habitat. In this context threatened species include species that are 
listed on Annex I of the Birds Directive or on Annexes II or IV of the Habitat Directive or listed as threatened 
on a European or national Red List.  

Methodology  

Data collection 

Range States will need to collect information from the organisations responsible for managing conservation 
areas on the damage caused by Greylag Goose two times during the lifetime of this AFMP. As the damage can 
affect a wide range of species the extent of the habitat damaged will be used as the measurement of the damage. 
Site management organisations should be asked to report: 

a) the threatened species or habitats affected negatively by Greylag Goose during the reporting period;  
b) the location, the nature of the damage and the extent of area affected.  

Data flow 
Data for each year from the period of 2020 – 2024 is to be reported to the EGMP Data Centre by 31 December 
2025. Data collection shall continue also in 2025 – 2026.    

Methodology for indicator calculation 
The EGMP Data Centre will report the total area affected and also areas by habitat types or species. 

Methodology for gap filling 
No need for gap filling is foreseen. 

Methodology uncertainty 
This indicator is dependent on the judgement of the site management organisations.  

V.1 Number of people enjoying watching geese 

Rationale  

This indicator measures the progress towards the cultural/recreational component of Fundamental Objective V. 
Maximise ecosystem services.  

Watching geese represents an important cultural/recreational service for many people (Buij et al., 2017) and 
the MCDA process (Johnson, 2020) has identified that several stakeholder groups valued this highly. 
Unfortunately, it is highly difficult to monitor the change in the recreational value of geese. Repeated socio-
economic surveys would be rather expensive. Therefore, it is suggested to use the number of people submitting 
Greylag Goose observations to online observation recording portals. These portals target the general public 
and a very high proportion of people interested in watching birds keep records of their observations on these 
platforms. The main observation portals in the region all contribute to the EuroBirdPortal. This would allow 
obtaining data at a very low cost. Even if the indicator would probably underestimate the number of people 
enjoy watching geese, it is assumed it would correlate closely with the total number of people. It is proposed 
to focus on the number of people rather than the number of man-days because the latter would require a 
different level of engagement than simple enjoyment.  
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Indicator definition  

Change in the annual number of people submitting Greylag Goose observations to an online portal that 
contributes data to the EuroBirdPortal.  

Methodology  

Data collection 
No direct reporting is required by the Range States.  

Data flow 
Data will be obtained by the EGMP Data Centre from EuroBirdPortal  

Methodology for indicator calculation 
An annual index of the number of people submitting goose observations to the online portals will be calculated 
for each country and aggregated at MU and flyway level.  

Methodology for gap filling 
No need for gap filling is foreseen in the Range States. 

Methodology uncertainty 
The index might also change if the number of users is changing and it should be tested whether this has any 
influence on the index.  

References 

Buij, R., Melman, T. C., Loonen, M. J., & Fox, A. D. (2017). Balancing ecosystem function, services and 
disservices resulting from expanding goose populations. Ambio, 46(2), 301-318. 

V.2. Number of recreational Greylag Goose hunters  

Rationale  

This indicator measures the progress towards the Fundamental Objective V. Maximise ecosystem services. 
Throughout the flyway shooting of Greylag Geese constitutes a cultural service to recreational hunters, who 
enjoy the hunt for geese and the goose meat as a culinary food resource. Furthermore, waterfowl hunters often 
pay landowners for hunting rights and they spend considerable amounts of money on their equipment (see Buij 
at al. 2017). The number of active Greylag Goose hunters is an indicator of this cultural service, cumulated 
from national and international levels.  

Indicator definition  

This indicator is defined as the number of active Greylag Goose hunters, i.e. hunters who have reported 
shooting at least one Greylag Goose in the last year of reported harvest, per Range State and along the flyway 
as a total.  

Methodology  

Data collection  
The number of active Greylag Goose hunters is derived from the national bag statistics, which are mandatory 
in some countries while based on questionnaires in other countries and for some countries at rather long 
intervals. Data collected at national level, species-specific and annually using the most up-to-date bag statistics 
available.  

Data flow  
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Data for each year from the period of 2020 – 2024 is to be reported to the EGMP Data Centre by 31 December 
2025. Data collection shall continue also in 2025 – 2026.    

Methodology for indicator calculation  
The number of active Greylag Goose hunters will be estimated per Range State and as a total for the flyway.  

Methodology for gap filling  
No gap filling.    

Methodology uncertainty  
The quality of the reports will depend on the national harvest reporting systems and the frequency of reporting. 
A system will have to be set up to assess the uncertainties in the reporting.  

References 
Buij, R., Melman, T. C., Loonen, M. J., & Fox, A. D. (2017). Balancing ecosystem function, services and 

disservices resulting from expanding goose populations. Ambio, 46(2), 301-318.  

V.3. Number of Greylag Goose killed and used  

Rationale  

This indicator measures the progress towards the Fundamental Objective V. Maximise ecosystem services. 
Throughout the flyway shooting of Greylag Geese constitutes a cultural service to recreational hunters, who 
enjoy the hunt for geese and the goose meat as a culinary food resource (see V.2). Furthermore, waterfowl 
hunters often pay landowners for hunting rights and they spend considerable amounts of money on their 
equipment (see Buij et al., 2017). In certain countries, Greylag Geese can be sold at the market, and in countries 
performing large-scale derogation culling, the goose meat is provided to public kitchens. Hence, the goose 
hunting is also a provisioning service. The number of Greylag Geese killed is an indicator of this provisioning 
ecosystem service, cumulated from national and international levels.  

Indicator definition  

This indicator is defined as the number of Greylag Geese reported shot and live birds culled or shot under 
derogation annually. These numbers will be reported per Range State and along the flyway as a total.  

Methodology  

Data collection  

The number of Greylag Geese shot by hunters will be derived from the bag statistics, which are mandatory in 
some countries while based on questionnaires in other countries and for some countries at rather long intervals. 
Data collected at national level, species-specific and annually, using the most up-to-date bag statistics 
available. Offtake under derogation will be derived from the annual reporting to the EGMP. At a 6-year 
interval, a questionnaire concerning the use of the meat will be send out to national authorities.  

Data flow  
Data is to be reported to the EGMP Data Centre every 6 years (the same years as the deadlines for reporting 
on harvest of Annex II species under Article 12 of the Birds Directive), with a documentation of the year of 
reporting, type of reporting and geographical coverage.   

Methodology for indicator calculation  
The offtake of Greylag Geese by hunting or under derogation will be recorded per Range State and as a total 
for the flyway.  

Methodology for gap filling  
No gap filling.    
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Methodology uncertainty  
The quality of the reports will depend on the national bag statistics and derogation reporting systems and the 
frequency of reporting. A system will have to be set up to assess the uncertainties in the reporting. 

References 

Buij, R., Melman, T. C., Loonen, M. J., & Fox, A. D. (2017). Balancing ecosystem function, services and 
disservices resulting from expanding goose populations. Ambio, 46(2), 301-318.  

VI.1 Relative change in cost of goose management  

Rationale  

This indicator measures the progress towards the Fundamental Objective VI. Minimize costs of goose 
management. An indicator for the successful fulfilment of this objective is that the measurable administrative 
costs for dealing with the many facets of goose related management and conflict are reduced with the 
progressive implementation of the ISSMP for the Greylag Goose (and other EGMP species management 
plans?).  

Indicator definition  

This indicator is defined by the number of administrative man-years spent on goose management in the Range 
States, including program management, communication with users, number of field assessments made, 
reporting (from local to international levels).  

Methodology  

Data collection  

The EGMP Data Centre will send out a questionnaire to each Range State asking for administrative costs spent 
on goose management activities at various governance levels (local, regional, national). 

Data flow  
Data for each year from the period of 2020 – 2024 is to be reported to the EGMP Data Centre by 31 December 
2025. Data collection shall continue also in 2025 – 2026.    

Methodology for indicator calculation  
The number of man-hours divided into different levels of governance and tasks will be amalgamated for each 
country and be presented in an international overview at 6- year intervals.  

Methodology for gap filling  
No gap filling.    

Methodology uncertainty  
It is important to standardize the questionnaires, but due to differences in national organisation of goose 
management, they will have to be tailored specifically. For some countries it may be difficult to make a 
quantitative assessment, and it may be necessary to resort to a qualitative assessment (increase, stable, 
decrease). 

VII.1 Available sustainable hunting quota  

Rationale  

This indicator measures the progress towards the Fundamental Objective VII. Provide hunting opportunities 
that are consistent with maintaining the population at a satisfactory level. An indicator for the successful 
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fulfilment of this objective is that sustainable hunting quotas are available to the Range States, which want to 
have a quota. The annual quotas will depend on the status of the population in relation to the population size 
target, the harvest strategy decided by the Range States for the two Management Units as well as the 
controllability of the harvest regulations and quotas in the individual Range States.  

Indicator definition  

The indicator will reflect the available hunting quota defined by the EGM IWG based on the status report and 
the harvest recommendations produced by the EGMP Data Centre taking into account the  agreed 
management objective.   

Methodology  

Data collection  

The available harvest quota decision will be available in the EGM IWG meeting minutes annually.  

Data flow  
No additional data collection will be necessary.  

Methodology for indicator calculation  
Absolute annual values of the available harvest quota.  

Methodology for gap filling  
No gap filling is needed.    

Methodology uncertainty  
Due to the deep uncertainties of both of the offtake and the population size, proposing a sustainable harvest 
quota will be possible only in 2023 if the monitoring activities outlined in Chapter 6 are implemented.  
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Annex 7. Protocols for the iterative phase  

Monitoring, assessment and decision-making protocols will be developed by the EGMP Data Centre after 
the adoption of the AFMP. 
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Annex 8. Allocation of Breeding Numbers of Greylag Geese to Wintering Countries 

1. Background 

The AEWA European Goose Management International Working Group (AEWA EGM IWG) has decided in 
June 2019 to define the wintering Favourable Reference Population values (FRPs) of the NW European / SW 
Europe population of Greylag Goose Anser anser by distributing the breeding FRPs according to the winter 
distribution of national breeding population.  

It has been proposed that the breeding numbers will be allocated using the neckband resighting data from 
Bacon et al. (2019) and using a multiplier factor to convert breeding pairs into individuals during the midwinter 
period.  

2. Multiplier factor 

A multiplier factor of 3.63 has been used by Johnson et al. (2021) in the Multi-criteria Decision Analysis 
(MCDA) to convert breeding pairs into mid-winter population estimate based on the conversion factor of 3.85 
developed by Schekkerman (2012) between breeding pairs and July total population sizes and taking into 
account of mortality between July and January.  

3. Mid-winter distribution of national breeding populations 

Mid-winter distribution of breeding birds were filtered out from the dataset used by Bacon et al. (2019) for 
two periods: 2008-2012 and all years. Data were available for Denmark and Germany for all years only, for 
the Netherlands, Norway and Sweden for both periods.  

Data from Denmark represents the situation in the 1990s.  

Data from Germany in this dataset represents the situation in the NW part of the country where the population 
is more resident than in the NE part of the country. The NE segment of the German Greylag Geese is more 
migratory than the NW segment and winters more in France and Spain (Bairlein et al., 2014). 

The dataset contains no data for the birds breeding in Finland, Belgium and France.   

Figures 37 and 38 show the change in the period 2008-2012 compared to all years (i.e. a longer period of time 
including also the 2008-2012 period). It is clearly visible that the proportion of Norwegian and Swedish birds 
wintering in Spain has decreased substantially. In the meantime, the proportion of Norwegian birds wintering 
in the Netherlands and Swedish birds wintering in Sweden has increased substantially. Therefore, the 2008-
2012 distribution was used to whenever data was available from this period. 

Based on the changes in the winter distribution of birds from Norway and Sweden, it can be assumed that the 
winter distribution of birds from Denmark has also changed, but there is no data to substantiate this. 

 

https://link.springer.com/article/10.1007/s13280-021-01539-5
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Figure 37. Winter distribution of Greylag Geese ringed in different countries. 

 

 

Figure 38. Winter distribution of Greylag Geese ringed in different countries. 
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4. Distribution of breeding numbers to wintering areas 

To test the allocations based on the winter re-sightings of neck-banded birds, breeding numbers for the 2008-
2012 period were taken from BirdLife International (BirdLife International, 2015), which is based on the 1st 
report of Member States to the European Commission under Article 12 of the EU Birds Directive, 
complemented with data from BirdLife International partner organisations from outside of the EU.  

At this stage the 2008-2012 winter distribution percentages were used for the Netherlands, Norway and 
Sweden, all years for Germany and Denmark from Bacon et al. (2019). Proportion of Finnish birds wintering 
in the NW Europe / SW Europe flyway were estimated from the January figures of Appendix 2 in Andersson 
et al. (2001). However, this also represents a situation for the late 1980 and early 1990s. The winter distribution 
for the marginal breeding populations of Belgium and France were only guessed, but this will have negligible 
influence on the results due to the small size of these populations. See Table 18 for details. 

  

Table 18. Proportions of breeding populations wintering in other countries estimated from re-sightings of neck banded 
Greylag Geese in other countries (LB indicates data from Leo Bacon) 

 

 

Allocating the breeding numbers to wintering numbers per country results in the figures presented in Table 19. 
The estimated numbers show a relatively good match with the count totals: the estimated total wintering 
population is only 6% higher than the reported count total was in 2012. This suggests that the conversion factor 
3.63 is a relatively good approximation of the relationship between breeding and mid-winter numbers. 

 

Table 19. Estimated wintering numbers per country based on the geometric mean of the breeding population estimates. 

 

 

Figure 39 shows the comparison of calculated wintering numbers with the count totals for January 2012. 
Calculated values were higher than the actuals for Sweden, Germany, Belgium and the Netherlands. However, 
for the Netherlands the January 2012 count total was within the (very broad) confidence interval. For the other 
countries, the actuals were lower than the lower bound of the estimated wintering numbers indicated some bias 
in the allocations.  

On the other hand, the actual values were higher than the estimated wintering numbers for Denmark, France 
and Spain. In case of Denmark, this is most likely caused by the old re-sighting data (representing the situation 
in the 1990s, see in Bacon et al., 2019), but also points towards potential underestimation of breeding numbers 
in the source countries or bias in re-sightings. The wintering numbers of Greylag Goose of Danish origin is 
39,930 individuals. Assuming that the allocation of the numbers from Norway, Sweden and the Netherlands 



AEWA EGMP Programme No. 1 

      
AFMP for the NW/SW European Population of the Greylag Goose   99 

 

is correct, the wintering total would be still less than 54,158 individuals, which is only about 60% of the 
January 2012 total.  

 

 

Figure 39. Comparison of wintering numbers calculated for Range States in the NW Europe / SW Europe flyway using 
the geometric mean of the minimum and maximum breeding population estimates from BirdLife International (2015), 
i.e. data from the period of 2008-2012, with national mid-winter count totals reported to the EGM Data Centre for January 
2012. The lower bound of the error bar represents the values calculated using the minimum breeding population estimates 
and the upper bound represents the values calculated from the maximum breeding estimates.  

5. Conclusions 

The test of the methodology has revealed that the conversion factor developed by Johnson et al. (2021) for the 
MCDA works rather well at the population level. However, there are problems with using the re-sighting data 
to allocate breeding numbers to non-breeding numbers particularly in case of Sweden (large overestimation), 
Denmark (large underestimation – due to outdated distribution data) and Germany (overestimation – due to 
biased sample from NW Germany, containing mainly resident birds). However, this dataset represents the best 
available data at present. Revision of the wintering FRPs will be necessary when adequate banding and tagging 
become available. 

 

 

 -

 100,000

 200,000

 300,000

 400,000

 500,000

 600,000

 700,000

NO SE FI DK DE NL BE FR ES

Effect of accurracy of population size estimates

 Calculated Counted



AEWA EGMP Programme No. 1 

 
100   AFMP for the NW/SW European Population of the Greylag Goose 

6. References 

Andersson, Å., Follestad, A., Nilsson, L. and Persson, H. (2001) 'Migration patterns of Nordic greylag 
geese Anser anser', Ornis Svecica, 11(1), pp. 19-58. 

Bacon, L., Madsen, J., Jensen, G. H., de Vries, L., Follestad, A., Koffijberg, K., Kruckenberg, H., 
Loonen, M., Månsson, J. and Nilsson, L. (2019) 'Spatio–temporal distribution of greylag goose Anser anser 
resightings on the north-west/south-west European flyway: guidance for the delineation of transboundary 
management units', Wildlife Biology, 2019(1). 

Bairlein, F., Dierschke, J., Dierschke, V., Salewski, V., Geiter, O., Hüppop, K., Köppen, U. and Fiedler, 
W. (2014) Atlas des Vogelzugs. Ringfunde deutscher Brut-und Gastvögel. Aula-Verlag. 

BirdLife International (2015) European Red List of Birds. Available at: 
http://datazone.birdlife.org/info/euroredlist. 

Schekkerman, H. (2012) 'Aantalsschattingen van broedende ganzen in Nederland: een evaluatie en 
kwantificering van de onzekerheidsmarges. Sovon-rapport 2012/34', Sovon Vogelonderzoek Nederland, 
Nijmegen. 

 

http://datazone.birdlife.org/info/euroredlist


UNEP/AEWA Secretariat
UN Campus
Platz der Vereinten Nationen 1
53113 Bonn
Germany
Tel.: +49 (0) 228 815 2413
Fax: +49 (0) 228 815 2450
aewa.secretariat@unep-aewa.org
www.unep-aewa.org


	Adaptive_Flyway_Management_Programme_for_NW_SW_European_Population_of_Greylag_Goose.pdf
	GG_AFMP_for_publication.pdf
	Table of Contents
	List of acronyms and abbreviations
	Introduction
	1. Definitions of Management Units (MUs)
	2. Definitions of Favourable Reference Values (FRVs)
	3. Favourable Reference Population (FRP)
	4. Favourable Reference Range (FRR)
	5. Favourable Reference Habitat (FRH)
	6. Population targets above the FRVs
	7. Population Models to support harvest management
	8. Monitoring indicators and programmes
	9. Protocols for the iterative phase
	10. 10/12-year cycle of the ISSMP
	11. 6-year cycle of the AFMP
	12. 1-year cycles within the AFMP
	Indicators/monitoring related to objectives and population models
	Short-term (2020-2022) needs to set the stage for MU-based models in 2023
	Long-term needs for annual monitoring


	13. References
	Annex 1. Annual workplans
	Annex 2. Box 1 of the ISSMP for the Greylag Goose – Analysis Concerning Damage and Site Protection
	Summary
	Aim
	Box 1
	Timeline
	Figure 7.  Box 1 was included in the International Single Species Management Plan (ISSMP) for the Greylag Goose Anser anser (Powolny et al. 2018).

	Agricultural damages
	Methods
	Results and discussion

	Air safety
	Conclusions
	Introduction
	Acknowledgements
	Results
	Conclusions and perspectives

	References
	Annex 3. Setting population targets
	Summary
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	Literature Cited
	Appendix
	Annex 4. Population Models
	Summary
	Introduction
	Intrinsic and Realized Growth Rates of the Greylag Goose Population
	Magnitude of Bias in Abundance and/or Offtake
	Information-Gap Decision Analysis
	Methods and an Example
	Proposed Info-Gap Decision Analysis

	Discussion
	Acknowledgements
	Literature Cited
	Appendix
	Annex 5. Impact Models
	References
	Annex 6. Indicator factsheets
	I.1. Population size compared to the target population size
	Rationale
	Indicator definition
	Methodology
	Data collection
	Data flow
	Methodology for indicator calculation
	Methodology for gap filling
	Methodology uncertainty


	I.2 Range extent compared to the Favourable Reference Range (FRR)
	Rationale
	Indicator definition
	Methodology
	Data collection
	Data flow
	Methodology for indicator calculation
	Methodology for gap filling
	Methodology uncertainty


	References
	II.1. Relative change in damage payments
	Rationale
	Indicator definition
	Methodology
	Data collection
	Data flow
	Methodology for indicator calculation
	Methodology for gap filling
	Methodology uncertainty


	III.1 Risk of zoonotic influenza transmission to the general public
	Rationale
	Indicator definition
	Methodology
	Data collection
	Data flow
	Methodology for indicator calculation
	Methodology for gap filling
	Methodology uncertainty


	References
	III.2. Number of birdstrikes with aircrafts caused by Greylag Goose
	Rationale
	Indicator definition
	Methodology
	Data collection
	Data flow
	Methodology for indicator calculation
	Methodology for gap filling
	Methodology uncertainty


	III.3. Number of Greylag Geese passing over commercial airports
	Rationale
	Indicator definition
	Methodology
	Data collection
	Data flow
	Methodology for indicator calculation
	Methodology for gap filling
	Methodology uncertainty


	IV.1 Area of natural habitat or habitat of threatened species negatively affected by Greylag Goose
	Rationale
	Indicator definition
	Methodology
	Data collection
	Data flow
	Methodology for indicator calculation
	Methodology for gap filling
	Methodology uncertainty


	V.1 Number of people enjoying watching geese
	References
	V.2. Number of recreational Greylag Goose hunters
	Rationale
	Indicator definition
	Methodology
	Data collection
	Data flow
	Methodology for indicator calculation
	Methodology for gap filling
	Methodology uncertainty

	References

	V.3. Number of Greylag Goose killed and used
	Rationale
	Indicator definition
	Methodology
	Data collection
	Data flow
	Methodology for indicator calculation
	Methodology for gap filling
	Methodology uncertainty


	References
	VI.1 Relative change in cost of goose management
	Rationale
	Indicator definition
	Methodology
	Data collection
	Data flow
	Methodology for indicator calculation
	Methodology for gap filling
	Methodology uncertainty


	VII.1 Available sustainable hunting quota
	Rationale
	Indicator definition
	Methodology
	Data collection
	Data flow
	Methodology for indicator calculation
	Methodology for gap filling
	Methodology uncertainty


	Annex 7. Protocols for the iterative phase
	1. Background
	2. Multiplier factor
	3. Mid-winter distribution of national breeding populations
	4. Distribution of breeding numbers to wintering areas
	5. Conclusions
	6. References



