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A B S T R A C T   

The population of barnacle geese wintering in Denmark has shown a steep increase during the last decades, 
prompting a parallel escalation of agricultural conflicts. In Denmark, economic compensation to farmers 
suffering goose damage to crops is not practiced, but despite that the barnacle goose is fully protected, land-
owners can obtain a permit to undertake so-called derogation shooting (lethal scaring) to reduce local damage to 
agricultural crops where other means of scaring have been insufficient. Here, we describe the development in 
numbers and derogation efforts of barnacle geese in Denmark in the period 2010/11 – 2018/19. We demonstrate 
that differences in the number of issued derogation permits across the country is primarily explained by dif-
ferences in barnacle goose abundance, and secondarily, by prevalence of vulnerable crops and differences in crop 
productivity. Hence, derogation efforts are highest in areas with many geese, high proportions of crops 
vulnerable to goose grazing and high crop yields. Our analysis indicates that the level of conflict, and probably 
the economic impact of affected farmers, is proportional to the abundance of geese present locally. While the 
increasing derogation shooting may be a temporary solution to individual farmers, current unorganised practice 
might only redistribute geese locally and increase energy demands of the affected birds. Currently, there is a lack 
of alternative and undisturbed accommodation areas in the Danish agricultural landscape for the displacement of 
geese to achieve a satisfactory effect of derogation shooting.   

1. Introduction 

The majority of the goose populations wintering in Northern Europe 
have grown significantly during the last decades (Fox and Leafloor, 
2018; Fox and Madsen, 2017). Geese have increasingly congregated to 
forage in agricultural habitats, and many recent land use changes 
associated with modern agriculture, such as growing of winter crops, 
intensive fertilisation of grasslands and highly energetic harvest re-
mains, are partly responsible for the current increase in goose numbers 
(Alisauskas et al., 1988; Clausen et al., 2018b; Fox and Abraham, 2017; 
Madsen et al., 2020; van Eerden et al., 2005). 

The concentration of geese on farmland has caused increasing con-
flicts with agricultural interests (Eythórsson et al., 2017). To reduce the 
damage to crops, farmers have used a variety of tools, e.g. visual and 
acoustic devices to scare goose flocks away from vulnerable crops and 
avoidance of vulnerable crop cultivation in areas with high concentra-
tion of geese. Shooting of individual geese to deter other geese from 

using specific fields has also been used either through harvesting in the 
open season or by derogation shooting when hunting is not allowed. In 
this respect, the two terms “lethal scaring” and “derogation shooting” 
are often used. The former refers to any killing of individuals (huntable 
species or protected species) with the intention to supplement scaring, 
which has proven inappropriate, while the latter is lethal scaring of 
individuals specifically carried out during a protected period (outside 
the hunting season) or on a species with protected status, which will 
always require a derogation permit according to Article 9 of the Birds 
Directive. 

Despite hunting and derogation shooting, most goose populations 
have continued to grow, and many species continue to expand their 
stopover and wintering ranges (Clausen et al., 2018a; Fox and Madsen, 
2017; Gauthier et al., 2005). Hence, the measures taken to reduce 
damage may help at the local scale, but have been insufficient to solve 
the overall conflict (Stroud et al., 2017). In several countries, schemes to 
compensate farmers for damage caused by geese and subsidy systems to 
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allow geese foraging on farmland have been set up (Eythórsson et al., 
2017; van Eerden, 1990). However, as a consequence of the growing 
numbers of geese and the intensified use of farmland areas, the societal 
costs of managing geese have increased (Fox and Madsen, 2017; 
McKenzie and Shaw, 2017). 

Due to the continued conflicts, there is an increasing call from 
especially the farmers and the farmer’s organisations for population 
management to stop the increase of goose populations. Such measures 
can be taken into use at national levels when it relates to sedentary 
populations of geese. For example, breeding populations of greylag 
geese Anser anser in the Netherlands have been controlled to reduce 
agricultural damage (Powolny et al., 2018). When it comes to migratory 
populations, transboundary agreements have to be made. The first 
flyway management plan for a migratory goose species in Europe was 
implemented under the Agreement on the Conservation of 
African-Eurasian Migratory Waterbirds (AEWA-UNEP) in 2012, namely 
for the Svalbard population of the pink-footed goose Anser brachyrhyn-
chus. Here, it has been internationally agreed to maintain the population 
around a numerical target to reduce agricultural damage and degrada-
tion of vulnerable tundra on the high Arctic breeding grounds, using 
adaptive harvest management as a tool (Madsen et al., 2017; Madsen 
and Williams, 2012). 

More recently, international management plans have been agreed for 
the Northwest/Southwest European population of the greylag goose 
(Powolny et al., 2018) and for the Russia/Germany & Netherlands 
population of the barnacle goose Branta leucopsis (Jensen et al., 2018). 
While the pink-footed goose and the greylag goose are huntable species 
according to the EU Birds Directive and national legislations in some 
countries, the barnacle goose is a strictly protected species in the EU 
according to the Birds Directive (European Union, 2010). Flyway pop-
ulation management by hunting, including setting population targets, is 
only legally permissible for the huntable species, but not for the barnacle 
goose. The Russia/Germany & Netherlands population of the barnacle 
goose has increased with 9% annually since the 1980 s, but recently 
some levelling off has become apparent. It was estimated to total c. 1.4 
million birds in January 2020 (AEWA EGMP Data Centre, 2021). In 
addition, it has greatly expanded its native breeding range from the 
Arctic into the Baltic Sea and the North Sea (Black et al., 2014; Jensen 
et al., 2018). The barnacle goose is now subject to derogation efforts in 
several North European countries (only valid for EU-member states), 
mainly due to concerns with agricultural conflicts along the flyway 
(Koffijberg et al., 2020), but also in and around certain airports to reduce 
risks to air safety (Jensen et al., 2018). 

Following a significant and continuous increase in the last 4–5 de-
cades up to 250,000 barnacle geese now winter in Denmark (Holm et al., 
2021). These birds forage in natural and agricultural areas like marshes, 
grassland and increasingly on harvest remains and winter crops (Clausen 
et al., 2018b; Madsen et al., 2020). In Denmark, a farmland country with 
61% of the total area covered by agricultural land (Statistics Denmark, 
2020), there is no compensation to the farmers for the damage caused by 
the barnacle geese, nor is there a subsidy scheme in place to allow geese 
to forage on agricultural land. However, landowners can apply for a 
derogation shooting permit when the above mentioned conditions are 
met. Derogation of barnacle geese in Denmark is regulated according to 
the national wildlife damage executive order (“Vildtskadebe-
kendtgørelsen”), administrated by the Ministry of Environment of 
Denmark with permits issued since 2010 (Ministry for Environment and 
Food in Denmark, 2020). Derogation shooting can be conducted by 
landowners having a hunting license, or it can be delegated to hunters 
who have an allowance to shoot on the farmland. Geese shot can only be 
used for own consumption and cannot be traded commercially. 

In some of the other wintering range states of the barnacle goose, the 
damage caused to agriculture is recorded systematically, e.g. Sweden 
(Montràs-Janer et al., 2019) and the Netherlands (see Jensen et al., 
2018) based on a need to monitor damage in order to compensate 
farmers. However, in Denmark, there is a lack of systematic quantifiable 

records of goose-related damage to crops, but derogation efforts (in 
terms of the number of derogation permits) may provide a useful sur-
rogate for describing the magnitude of the conflict. In this paper, we 
interpret the number of derogation permits as the perceived magnitude 
of the barnacle goose conflict among Danish farmers. 

Here we aim to 1) quantify the development in barnacle goose 
numbers and derogation shooting efforts (number of permits) in 
Denmark in the period 2010/11 – 2018/19 to obtain precise information 
on known trends, 2) map the distribution of barnacle geese and dero-
gation efforts to the species across Denmark in the wintering seasons 
2016/17 – 2018/19 (September to May, here termed “years”), 3) assess 
the relationship between barnacle goose abundances and derogation 
efforts and, 4) assess if there is an influence of crop productivity and/or 
prevalence of vulnerable crops on derogation efforts. We hypothesise 
that the number of permits is positively related to both barnacle goose 
abundance, crop productivity and prevalence of vulnerable crops, the 
latter two by acting on the incentive of farmers to regulate geese. If a 
positive relationship is found between derogation efforts and barnacle 
goose abundances, it may be interpreted to agree with one of the con-
ditions required for allowing population management, i.e., the rela-
tionship between the extent of goose damage and the abundance of 
geese. In this paper we do not treat the other conditions, i.e., demon-
stration of serious damage and the efficacy of alternative measures. 
These topics are part of other ongoing studies. 

2. Data and methods 

2.1. Spatial resolution 

Because derogation licenses granted in Denmark are reported by 
postal districts, we used these as the geographical unit for the analysis. 
Data layers for the spatial demarcation of the postal districts were pro-
vided by The Danish Agency for Data Supply and Efficiency and 
downloaded from Kortforsyningen (Danish Agency for Data Supply and 
Efficiency, 2020). To remove postal districts consisting mostly of urban 
areas where the presence of geese was very low and derogation not 
allowed, only districts with > 20 ha of agricultural land were included. 
Otherwise, these postal districts would create a lot of noise in the data 
set. The total number of districts included in the final analysis (post 
filtering of the data, see below) was 353, 354 and 354 in the three years 
covered. The area of agricultural land per district (mean ± se) averaged 
5073 ± 264 ha, 5056 ± 263 ha and 5042 ± 262 ha respectively. 

Denmark is divided into 16 local units of the Danish Nature Agency 
("Naturstyrelsen” in Danish, hence here mentioned as NST units). These 
units represent the level of regional wildlife administration, and were 
included to account for potential administrative differences. In addition, 
each NST unit represents a regional subset of the total number of postal 
districts, which is rather similar in relation to goose numbers and crop 
composition. They may consequently assist in the explanation of po-
tential differences between regions (Fig. 1). 

2.2. Derogation efforts 

In the absence of existing data series on biomass loss or economic 
costs, we relied on derogation shooting efforts as a proxy to quantify the 
perceived conflict between barnacle goose abundance and agricultural 
interests and assumed some proportionality between the number of 
applications for barnacle goose derogation shooting and the extent of 
damage to crops, but other factors might also contribute to the incentive 
of applying for derogation permits. Here, we expect the majority of 
permits to reflect an extent of damage large enough for the landowner to 
invest the necessary time to complete and submit an application and 
execute the derogation shooting (which can, however, also be delegated 
to rental hunters on the land), and we assumed that the cumulative 
number of permits granted during a given period within a given region 
reflected the extent of the conflict, and probably to some degree the level 
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of crop damage experienced by farmers in the region. 
Derogation of wildlife in Denmark is managed according to the 

wildlife damage executive order, which is revised approximately every 
second year. The present version is from 2020 (Ministry for Environment 
and Food in Denmark, 2020). The issuing of derogation permits is under 
the responsibility of the Nature Agency and its 16 local units. Derogation 
of barnacle geese can only be permitted for flocks of geese on arable 
fields and can only be applied for online by the landowner (farmer). 
While the wildlife damage executive order has been subject to recurrent 
alterations, it has been unchanged during 2016/17 – 2018/19 with 
respect to barnacle geese. This enabled us to compare the years within 
this period. The period of validity of individual permits differs between 
seasons. During September – December an issued permit is valid until 
December 31st, and these four months might consequently be treated as 
a single period (here termed “autumn”). During January and February a 
permit is valid until the end of February, and these were treated as a 
second period (“winter”). During autumn and January (but not 
February) the use of decoys and artificial hides is legal. The third period 
(“spring”) consists of March, April and May. During spring, permits have 
a maximum length of one month with the option to re-apply for the same 
site within the same spring. Moreover, during spring the permits are 
issued under the conditions to only shoot a maximum of two barnacle 
geese per day and a maximum of 20 geese within the valid period. 
Hence, the number of permits were not directly comparable between 
seasons, and because the time span and conditions of derogation permits 
varied between autumn, winter and spring, the different seasons were 

analysed separately in the statistical analysis. 
For the analysis, all applications on barnacle goose derogation 

shooting in the period 2010 − 2019 were received from the Danish 
Environmental Protection Agency in anonymized form, at a spatial 
resolution of postal districts. These data also encompassed the outcome 
of the application (either approved or rejected) and the number of geese 
shot, allowing for an assessment of derogation efforts across the time 
period. 

We considered the number of permits issued to be the best expression 
of derogation effort (and hence damage), as a given permit reflects both 
a need on the part of the landowner (i.e., an application has been sub-
mitted) and an assessment of the circumstances by the Nature Agency 
(an application has been approved). Had we instead used the number of 
applications, some of these (c. 19%) were rejected due to lack of formal 
requirements. Also, the number of shot geese would probably not give 
the full picture, as some permits were granted without subsequent 
shooting of birds (c. 22%), and the reporting of shot birds was missing in 
approx. 10% of all cases. However, the number of birds shot per postal 
district in the total dataset correlated highly with the number of permits 
issued (Pearson’s r = 0.86, n = 206, P < 0.001). Consequently, the 
choice of response variable probably had only minor effects on the 
results. 

2.3. Barnacle goose abundance 

To describe the local abundance of barnacle geese we used two 

Fig. 1. Map of Denmark showing the 16 Nature Agency units and the postal districts. The seven units in white were omitted from the analysis due to limited number 
of permits (see data and methods section). 
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different data sources (NOVANA counts and DOFbasen index, respec-
tively) described in detail below. 

2.3.1. NOVANA counts 
These counts reflect the data on barnacle goose numbers collected in 

the Danish national monitoring of waterbirds under NOVANA – the 
National Monitoring and Assessment Programme for the Aquatic and 
Terrestrial Environment (Holm et al., 2021). These mid-winter counts 
are completed annually around the weekend nearest to January 15th 
simultaneously in a large number of European countries, and contribute 
to the International Waterbird Census administered by Wetlands Inter-
national. The Danish data are primarily a result of a coordinated count 
effort by c. 150 volunteer and professional observers, who each winter 
cover more than 1000 (up to 1300 in complete national census years) 
pre-defined wetland count units, and plot counts of individual flocks 
from adjacent agricultural areas (e.g. Clausen et al., 2020). This dataset 
is then supplemented with additional data from “DOFbasen”, an 
internet-based citizen science database of BirdLife Denmark (BirdLife 
Denmark, 2021). The latter are added to or rejected from the final 
dataset using a nearest date and GIS-based distance filtering procedure. 
NOVANA data are thus useful for producing an estimate of the total 
number of barnacle geese in the country, but because the counts cover 
only a few days, they only provide a snapshot of the barnacle geese’ 
spatial use of the landscape, and do not give any indication of the 
movements and use before and after the counts. NOVANA counts are 
only available annually from January and hence the winter season. 

2.3.2. DOFbasen index. As an alternative and temporally more 
exhaustive measure of goose usage, we used data extracted from DOF-
basen. This database holds unsystematic counts by a large number of 
volunteers, but includes a large number of records of barnacle geese 
from all across the country covering the entire year (2019: 15,700 re-
cords of a cumulative number of 17.6 million barnacle geese counted 
from 2700 sites). Such data are useful for descriptions of local abun-
dance and distribution across periods of time. Here, we included all data 
for the months November, January and March to match the periods used 
in the applications for derogation permits. This enabled us to investigate 
the relationship between number of permits and abundance of birds in 
three seasons (autumn, winter and spring) corresponding to the fixed 
time periods of the issued permits. Only records with the behavioural 
category ‘staging’ (covering mainly roosting and foraging) were 
included to avoid records of flying and migratory flocks. For each 
period, we used the maximum number per site and then summed these 
numbers per postal area. These data cannot be used as an estimation of 
the total number of geese, as the same birds may occur at several sites 
during the same month, but are useful expressions of local abundances 
(and hence a goose usage index) in space and time. Both of the described 
data sets are georeferenced, which made it possible to group and sum the 
numbers within the postal districts using ArcGIS Pro 2.5.0. 

2.4. Area of agricultural land and vulnerable crops 
GIS data files with crop data at field level for the included years 

(2016/17–2018/19) were provided by the Danish Ministry of Environ-
ment and Food (2020) (now Ministry of Environment of Denmark). To 
account for differences in size between postal districts and the effect of 
this on the number of given permits, the total area of agricultural land 
for all postal districts was extracted and included in the statistical 
analysis. This was also used to calculate a density measure (geese per ha 
agricultural land in postal districts) to study the relationship between 
derogation efforts and barnacle goose abundance (see Section 2.5). In 
addition, certain crop types may be associated with a particular high 
economic loss from foraging geese, and their prevalence may therefore 
affect the number of derogation permits locally. Identification of 
economically vulnerable crops was assessed from available data in the 
applications from farmers, by identifying the most frequently mentioned 

crop types when applying for derogation shooting. The crop affected by 
barnacle geese was not systematically registered when applying for 
derogation in Denmark, but in 1051 of 5926 permits (≈ 18%) the 
affected crop was mentioned in an associated comment. Based on our 
own experience from the field and comments by the farmers, we iden-
tified four common crops particularly vulnerable to foraging geese: 
winter cereals, winter oil seed rape, grasslands and seed grasses, which 
we categorized as ‘vulnerable crops’. This picture fits well with the 
findings by Madsen et al. (2020), who investigated habitat use of bar-
nacle geese in southeast Denmark. Based on this assessment, the total 
area of vulnerable crops in each postal district was calculated by sum-
marising the area of these four crops. The area of vulnerable crops was 
calculated separately for each of the three years 2016/17–2018/19 
included in the analysis. We then calculated the proportion of vulnerable 
crops per postal district as the area of vulnerable crops / total agricul-
tural area, to generate a variable that quantified the amount of vulner-
able crop independent of the agricultural area in each district. The 
average yield of winter wheat in each of the 16 NST units was used as a 
measure of productivity to enable an evaluation of the effect of pro-
ductivity on derogation efforts. The yields used were from 2019 (ac-
quired from Statistics Denmark, Statistics Denmark, 2021), but 
differences between NST units were consistent across the last decade. 

2.5. Statistical analysis 
For each of the three seasons, number of permits was treated as 

response variable. Explanatory variables included total area of agricul-
tural land, year, barnacle goose numbers, NST unit, proportion of 
vulnerable crops and the interaction between NST unit and vulnerable 
crop proportion. Total area of agricultural land was included to account 
for differences in the spatial extent of postal districts, and year to ac-
count for potential differences between the three years covered by the 
analysis. One year covers one wintering period for the barnacle geese 
(September to May), and is indicated by the first year of the wintering 
season, although in reality spanning two calendar years. NST unit was 
included to allow for regional differences across the country, and pro-
portion of vulnerable crops to assess the potential effect of vulnerable 
crop cultivation on the incentive to apply for derogation permits. The 
interaction between NST unit and proportion of vulnerable crops tested 
if the effect/relation between vulnerable crops and derogation permits 
differed between NST units, which could result from differences in 
dominating crop types and/or differences in the value of certain crops 
across the country. 

Our data on goose abundance included two data sets for the 
wintering season (NOVANA counts and DOFbasen index), and these 
were analysed separately, resulting in four statistical models, which all 
tested the model: Number of permits = agricultural area + year 
+ barnacle goose abundance + NST unit + proportion of vulnerable 
crops + NST unit*proportion of vulnerable crops. 

In the above model, only bird numbers differed between the four 
models (NOVANA counts and DOFbasen index, respectively). The 
number of permits followed an overdispersed poisson distribution, and 
we therefore used a generalized linear model with overdispersion to fit 
the models (Littell et al., 2006). To enable comparisons between the 
continuous parameters, all parameters were standardized to a mean of 
0 and a standard deviation of 1. Models were fitted using proc genmod in 
SAS software version 9.4 (SAS Institute, Cary, NC). 

To avoid that the relations between number of permits and explan-
atory variables were blurred by an excess of zero-observations, we only 
included NST units with > 25 permits across the three years of study. 
This led to the omission of seven NST units (“Trekantsområdet”, 
”Søhøjlandet”, ”Kronjylland”, ”Vendsyssel”, ”Nordsjælland”, ” 
København ”and ”Bornholm”, Fig. 1), corresponding to 2.5% of all 
permits. The total number of permits issued in the included NST units in 
the three years (wintering seasons) were: permit2016/17 = 1476; 
permit2017/18 = 1406; permit2018/19 = 1716. 

The significant interaction terms between NST unit and proportion of 
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vulnerable crops across all four statistical models (see results section) 
indicated regional differences in the effect of vulnerable crops, and we 
subsequently analysed the effect of proportion of vulnerable crops for 
each of the remaining nine NST units. These analyses aimed at testing 
how the proportion of vulnerable crops related to the number of dero-
gation permits. To account for the effects of area, year and number of 
birds, we used a type 1 analysis, which is a hierarchical approach, where 
the proportion of vulnerable crops explained the variation unaccounted 
for by the other variables: No. of permits = agricultural area + year 
+ barnacle goose abundance + proportion of vulnerable crops. 

The models were run separately for each of the three seasons 
(autumn, winter and spring) and for each of the four measures of bar-
nacle goose abundance (DOFbasen index in all three seasons and 
NOVANA counts in winter). With nine different NST units, this resulted 
in a total of 36 models. 

To visualize the relationship between number of permits issued and 
density of barnacle geese in each season, we plotted the predicted values 
from a poisson generalized linear model with number of permits as 
response variable and goose density (birds per ha) as explanatory vari-
able. By using number of birds per ha we accounted for the most sub-
stantial contributing covariate. 

3. Results 

3.1. Development in barnacle goose numbers and derogation efforts 
The number of barnacle geese wintering in Denmark has increased 

five-fold during the last decade (Fig. 2). Both the number of permits and 
the number of shot barnacle geese increased in Denmark in the period 
2010/11–2018/19, and especially from the 2014/15 winter onwards, 

derogation efforts have grown considerably. Within the short period 
2013/2014 − 2016/2017, the number of permits increased approxi-
mately 10-fold, in parallel with a large increase in wintering barnacle 
goose numbers (Fig. 2). The number of barnacle geese killed by dero-
gation shooting is highly correlated to the number of permits issued (see 
above), and amounted to c. 15,000–18,000 individuals shot per year by 
the end of the time series. This amounts to 1.1–1.3% of the estimated 
flyway population. 

The number of killed birds shows that 65% of the birds are shot 
during autumn (Fig. 3). Accounting for the variation in the period of 
validity of permits between the three seasons, the mean number of shot 
birds per month is highest during autumn (2743) and winter (2213), and 
lower during spring (469). 

3.2. Distribution of barnacle geese and derogation efforts 
Barnacle goose numbers varied considerably between regions, but in 

a relatively consistent manner across seasons (Fig. 4). The maps show a 
high exploitation of coastal sites especially along the western coast of 
Jutland (NST units from “Thy” in north to Vadehavet in south), and the 
Eastern islands (NSTs “Fyn” and “Storstrøm”). It also illustrates that the 
seven NST units omitted from the statistical analysis because of very few 
derogation permits hold only very few barnacle geese. The total number 
of issued permits varies considerably between the NST units (2–1504 per 
NST unit), which illustrate the variation in the extent of the conflict 
(Fig. 5). 

The geographical distributions of derogation permits illustrate that 
permits are issued in areas also characterised by high abundance of 
barnacle geese and that the distribution is very similar between the three 
seasons (Fig. 6). 

3.3. Relationship between derogation efforts and barnacle goose 
abundances 

The generalized linear models indicated a significant effect of area of 
agricultural land in all four models and a significant effect of year in one 
out of four models (Table 1). A strong significant effect of barnacle goose 
abundance (DOFbasen index and NOVANA count) was consistent 
throughout all the included models (Table 1). NST unit was likewise 
significant across all models, indicating regional differences in deroga-
tion efforts, and the proportion of vulnerable crops was significant in all 
models except spring. However, the consistent significant interaction 
effects between NST unit and proportion of vulnerable crops indicated 
regional differences in this effect (Table 1). 

The relationship between the density of barnacle geese and the 

Fig. 2. A) Barnacle goose total counts from Denmark in January (1981–2019) 
and March (1981–2017). The March counts are no longer annual and are only 
shown here for comparison. B) The number of permits issued and barnacle 
geese shot under derogation during 2010/11 – 2018/19. § indicates the latest 
alteration in the wildlife damage executive order, which makes the annual data 
comparable in the remaining three years. 
Data from 1981 to 2009 are included to illustrate historical development 
(source: Holm et al., 2021). 

Fig. 3. Derogation of barnacle geese (all 16 Nature Agency units) in Denmark 
expressed by mean seasonal distribution of permits and mean number of shot 
birds (in percentage of totals) during the winters 2016/2017 – 2018/2019. 
Numbers indicate the mean annual numbers of permits and shot geese. The 
regulatory conditions and length of the seasons differ between autumn, winter 
and spring, hence they are not directly comparable (autumn: four months, 
winter: two months and spring: three months and a limit on the number of 
geese shot per day). 
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number of permits issued in each season, showed comparable positive 
relations in all four models (Fig. 7). 

3.4. Regional differences in derogation efforts and the potential influence of 
vulnerable crops 

The significant main effect of NST unit in the overall model, indi-
cated that number of permits issued varied among the Danish admin-
istrative units, as an effect of other factors than solely varying goose 
abundance (Table 1). Looking at the least square means from that model 
(Table 2), it is clear that some NST units (“Sønderjylland”, “Himmer-
land”, “Vadehavet”, “Vestjylland” and “Blåvandshuk”) have consistently 
lower estimates, while others (“Midtsjælland”, “Fyn”, “Storstrøm” and 
“Thy”) have estimates that are consistently higher. The five NST units 
with relatively fewer permits issued were from parts of the country 
where winter wheat yield is rather low, ranging between 7.60 and 7.85 t 
ha− 1, while in “Midtsjælland”, “Fyn” and “Storstrøm” the equivalent 
regional averages are higher, ranging between 8.50 and 9.13 t ha− 1. The 
NST unit of “Thy” is inconsistent with this pattern (regional yield of 
7.60 t ha− 1). 

The type 1 analysis assessing the effect of vulnerable crops supported 
regional differences. Of the 36 estimates available (nine NST units and 

Fig. 4. Distribution of barnacle geese in Denmark autumn, winter and spring during the winters 2016/2017, 2017/2018 and 2018/2019 per postal district. The 
values are the average of the three winters’ DOFbasen index. 

Fig. 5. The total number of derogation permits issued in each of the 16 Nature 
Agency units during the winters 2016/17 – 2018/19. 

Fig. 6. Distribution of barnacle goose derogation permits in Denmark autumn, winter and spring during the winters 2016/2017 – 2018/2019 per postal district. The 
values are the average of the three included winters. 
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four models covering the three seasons), 11 showed a significant rela-
tionship between number of permits and proportion of vulnerable crops, 
and of these, 10 indicated a positive effect. Only one estimate (Storstrøm 
in autumn) indicated a significant negative relationship between the 
number of permits and proportion of vulnerable crops (Fig. 8, Appendix 
1). As the continuous variables are standardized the estimates are 
directly comparable, and the magnitude of the slope indicates the 
magnitude of response. All estimates are shown in Appendix 1. Overall, 
the predominantly positive relationships between crop productivity/ 
prevalence of vulnerable crops and the number of derogation permits, 
supported the view that farmers in areas with higher proportions of 
vulnerable crops and in areas with high crop productivity were more 
prone to initiate derogation efforts. 

4. Discussion 

Our analysis shows a clear positive association between derogation 
effort and abundance of barnacle geese, signifying that the number of 
derogation permits in any given postal district to a large part reflects 
local abundance of geese. This confirms our initial hypothesis that 
derogation needs (and hence perceived damage levels) are tightly 
coupled to the abundance of residing geese in any given area. 

Besides the effect of local differences in goose abundance, our data 
also indicated potential secondary effects of differences in crop pro-
ductivity and the prevalence of vulnerable crops. As such, crop pro-
ductivity and prevalence of vulnerable crops were both positively 
related to the number of derogation permits, indicating that these fac-
tors may affect the incentive to conduct derogation shooting. 

We theorise that farmers are more likely to apply for derogation 
permits when they grow vulnerable crops and/or possess land with a 
high crop yield. However, neither productivity nor prevalence of 
vulnerable crops had consistent effects across all NST units, indicating 
that other important factors are not fully accounted for. Potential 
additional explanatory factors may include local goose hunting tradi-
tions, which is generally high in western Jutland and southeast Denmark 
(The NST units of “Thy”, “Vestjylland”, “Vadehavet” and “Storstrøm”) 
(Madsen et al., 2021). These may thus be areas more prone to apply for 
derogation permits on barnacle geese. In addition, there are differences 
in crop composition that are not accounted for in this analysis, and for 
instance the NST unit of “Thy” holds significantly more winter wheat 
than the other units in Jutland (Western peninsular; Fig. 1), a crop that is 
often thought to suffer economic impacts from goose grazing (e.g. Bor-
man et al., 2002). Likewise, a given crop may still be the most profitable 
in a certain area irrespective of yield, and thereby influence the farmers’ 
incentive to protect it. Finally, regional differences in management 
practise may also affect the number of permits issued. All NST units 
manage according to the same overall guidelines and regulations, but 
despite this, differences in the implementation that cannot be accounted 
for may exist, which could result in differences in the ratio of issued 
permits to applications. 

The fast growing derogation efforts in Denmark in recent years is 
probably due to the combined effects of growing barnacle goose 

Table 1 
Results of the statistical model to explain the variation in the number of issued permits to derogate barnacle geese per postal district in Denmark. Data are included 
from three seasons. Goose data are from two different sources: DOFbasen data from each season, NOVANA data only from one season. Significant values (p < 0.05) are 
indicated in bold text. For all tests dfresidual= 1039. Parameter estimates are given for continuous variables.  

Season Goose data Source df F P Estimate 

Autumn DOFbasen Agricultural area (ha) 1 272.3 < 0.001 1.28E-04 
Autumn DOFbasen Year 2 1.9 0.147  
Autumn DOFbasen Goose abundance (DOFbasen) 1 89.7 < 0.001 0.147 
Autumn DOFbasen Proportion of vulnerable crop 1 5.6 0.019 0.156 
Autumn DOFbasen NST unit 8 22.8 < 0.001  
Autumn DOFbasen Proportion of vulnerable crop*NST unit 8 5.7 < 0.001  
Spring DOFbasen Agricultural area (ha) 1 58.4 < 0.001 7.16E-05 
Spring DOFbasen Year 2 0.5 0.593  
Spring DOFbasen Goose abundance (DOFbasen) 1 73.3 < 0.001 0.223 
Spring DOFbasen Proportion of vulnerable crop 1 3.1 0.08 -0.291 
Spring DOFbasen NST unit 8 22.5 < 0.001  
Spring DOFbasen Proportion of vulnerable crop*NST unit 8 4.3 < 0.001  
Winter DOFbasen Agricultural area (ha) 1 156.9 < 0.001 9.79E-05 
Winter DOFbasen Year 2 6.4 0.002  
Winter DOFbasen Goose abundance (DOFbasen) 1 143.6 < 0.001 0.448 
Winter DOFbasen Proportion of vulnerable crop 1 6.1 0.014 0.029 
Winter DOFbasen NST unit 8 23.3 < 0.001  
Winter DOFbasen Proportion of vulnerable crop*NST unit 8 6.1 < 0.001  
Winter NOVANA Agricultural area (ha) 1 150.9 < 0.001 9.74E-05 
Winter NOVANA Year 2 2.4 0.091  
Winter NOVANA Goose abundance (NOVANA) 1 73.9 < 0.001 0.132 
Winter NOVANA Proportion of vulnerable crop 1 11.3 0.001 0.042 
Winter NOVANA NST unit 8 20.6 < 0.001  
Winter NOVANA Proportion of vulnerable crop*NST unit 8 2.8 0.004   

Fig. 7. Predicted relation between the density of barnacle geese (geese per ha 
agricultural land in postal district) and the number of permits (all three years 
included) for each model (three seasons based on observations from DOFbasen 
and winter based on NOVANA counts. The symbols show the individual data 
points and the lines show the predicted values from an overdispersed poisson 
generalized linear model with number of permits as response variable and 
goose density (birds per ha agricultural land) as explanatory variable. 
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numbers (Holm et al., 2021), cultivation of economically important 
crops (Statistics Denmark, 2017) and a shift in habitat use among bar-
nacle geese to increasingly forage on agricultural land (Clausen et al., 
2018b; Madsen et al., 2020). Nonetheless, foraging on crops does not 
always cause damage (e.g. stubble fields and remains after harvest). The 
large seasonal differences in the number of shot barnacle geese may at 
least partly be a result of the legal conditions during spring that sets 
limits to the derogation shooting, compared to the autumn situation 
when restrictions are less and the derogation shooting more comparable 
to hunting. Denmark has undergone increasingly intensified farming 
practices resulting in high-energy crops and large open fields, and the 
transition from natural marshes to agricultural land is known to have 
benefitted barnacle geese as well as other goose species (Fox and 
Abraham, 2017). As a result, the goose vs agriculture conflict is likely to 
increase in the forthcoming years (Jensen et al., 2018; Koffijberg et al., 
2020). 

In this analysis we assumed the number of permits issued to be a 
useful indicator of the perceived damage to crops and hence magnitude 
of the conflict. This assumption was necessary because no data exist on 
biomass yield loss or economic costs associated with goose grazing. 
However, a permit to shoot barnacle geese on derogation in Denmark 
can only be acquired on the basis of prior application by the individual 
landowner, who will have to invest time for application submission and 
derogation shooting. In many cases, landowners will have to spend a 
considerable amount of time on their properties to effectively displace 
geese (Clausen et al., 2019; Simonsen et al., 2016; J. Madsen, unpubl. 
data). While it is not possible to directly quantify the relationship be-
tween the extent of damage and the number of permits, we believe that 
it is reasonable to assume some sort of proportionality. 

Relatively little is known about the relationship between goose 
grazing intensity and crop yield loss. In Denmark, Clausen et al. (2019) 

explored the impact of spring-foraging barnacle geese on yield loss from 
grass crops. This study indicated a minimum biomass loss of 1,750 kg 
per hectare, corresponding to a minimum annual economic cost of 
approximately €70 per hectare. In mid Norway, a reduction of 26–31% 
harvest yield was found in grassland and yield loss was related to goose 
grazing intensity (Bjerke et al., 2014; Olsen et al., 2017). In sub-arctic 
Norway, both first- and second-harvest grassland yields were reduced 
in areas with high numbers of foraging barnacle geese, especially in 
warm springs (Bjerke et al., 2021). In Bulgaria, Petkov et al. (2017) 
found that winter wheat yield loss from goose grazing ranged from 
non-significant effects to a loss of 13.2% in two years with differences in 
numbers of geese and timing of grazing, and in the U.S.A, Borman et al. 
(2002) described effects on wheat yield varying from a 25% reduction to 
a 13% increase. Collectively, these studies emphasize that timing of 
grazing, meteorological conditions and differences in grazing pressure 
are very important factors to explain impacts on crop yield. Despite 
these attempts to quantify the impact of goose grazing on different 
crops, large scale data on crop use, biomass loss or economic costs are 
currently lacking. A better knowledge of affected crop types might be 
obtained by improving the current derogation reporting system, by 
imposing compulsory reporting of affected crops. At present, only 18% 
of the applications for derogating shooting indicated the type of crop 
affected by foraging geese. Assessments of actual damage and economic 
loss might benefit from close collaboration between researchers and 
affected farmers, and would ideally explicitly account for variation in 
timing and abundances of grazing geese. 

5. Conclusions and perspectives 

Despite that derogation shooting is only a proxy for the extent of 
damage, the combination of an observed steep increase in barnacle 
goose numbers and derogation permits during the last decade, and the 
spatial relationship among goose abundances, permits issued and 
vulnerable crops, suggest that the goose-agriculture conflict in Denmark 
has increased as a result of increasing barnacle goose numbers foraging 
on agricultural crops. 

While the individual derogation permit addresses a local conflict, the 
wide application of derogation shooting in recent years shows that the 
conflict has become an issue all around the Danish coasts. Scaring of 
geese, including the scaring effect of derogation shooting of some in-
dividuals, is likely to cause a redistribution of geese to other farmland 
areas. In terms of energetics, the higher energy expenditure associated 
with extra flights will increase the daily food demands by geese (Nolet 
et al., 2016). Collectively, unorganised derogation, as performed at 
present, is likely to increase the conflict. Only if geese will have suffi-
cient undisturbed accommodation areas at hand, offering suitable food 
supplies across the entire wintering season, derogation shooting might 
contribute to the mitigation of the conflict on a regional scale. According 
to Danish wildlife management policies, neither subsidies for accom-
modation of geese nor economic compensation for crop loss due to goose 
foraging are applied. Hence, under the current land use regime, there 
seems to be limited leeway for effective management at a national scale. 

Table 2 
Least square mean estimates of the nine NST units from the overall generalized linear models to explain variation in number of permits issued (paragraph 2.5). The last 
column presents the average estimate across all four models.  

NST unit DOFbasen (Autumn) DOFbasen (Spring) DOFbasen (Winter) NOVANA (Winter) Average across four models 

Sønderjylland -1.508 -2.526 -1.576 -1.582 -1.798 
Himmerland -1.795 -2.150 -1.338 -1.384 -1.667 
Vadehavet 0.719 -1.611 -1.510 -0.764 -0.792 
Vestjylland -0.412 -1.389 -0.418 -0.404 -0.656 
Blåvandshuk -0.118 -1.136 -0.387 -0.279 -0.480 
Midtsjælland 0.461 -1.332 0.091 0.099 -0.170 
Fyn 0.414 -0.344 0.225 0.225 0.130 
Storstrøm 0.980 -0.106 0.520 0.688 0.521 
Thy 0.651 0.950 0.920 1.058 0.895  

Fig. 8. Estimates of the relationship between number of permits and proportion 
of vulnerable crops in the three seasons (including the NOVANA counts) and 
nine Nature Agency units included in the analysis. Only significant estimates 
(11 out of 36) are shown. Except for one case, the relationship was positive. 
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Instead of using scaring and derogation shooting as the only tools, which 
will likely only aggravate the conflict (Bauer et al., 2018), regionally 
tailored integrated management plans including accommodation areas 
in the agricultural landscape and restoration of natural habitats should 
be considered a solution to the conflict. 

The newly agreed international flyway management plan for bar-
nacle goose does not include population management as a tool to reduce 
the conflicts because the barnacle goose is a strictly protected species 
within the EU. At the moment, derogation shooting is applied in several 
countries along the flyway (Koffijberg et al., 2020), but without coor-
dination. However, the legal justifications for population management 
are still discussed. In the management plan (Jensen et al., 2018), it is 
stated that population management of barnacle geese through deroga-
tion shooting can only be initiated under consideration of a series of 
conditions: 1) there is strong and robust evidence that the part of the 
population being targeted presents a widespread risk of serious damage 
to agriculture, and that this is linked to the size of the population being 
targeted by derogation, such that population management is able to 
address the conflict in question, 2) all alternative measures (compatible 
with Article 5 of the Birds Directive) have been seriously examined, and 
3) it is demonstrated that these measures on their own do not provide a 
satisfactory solution to the conflict in question, and that the population 
reduction is proportionate to the damage prevention needed. Range 
states have started to collect information to examine if there is a rela-
tionship between increasing goose abundances and damage or proxies of 
damage at national levels. The analysis presented in this paper provides 
some evidence for such a relation. 
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