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Summary 
The policy instrument result-based agri-environment-climate measures (AECMs) promotes 

environmental protection in the agricultural sector. Result-based AECMs provide monetary 

compensation to farmers to improve and conserve the environment. AECMs environmental 

objectives must be assessed by a proper choice of indicators. This is crucial to fairly reward 

farmers and to ensure appropriate target evaluations. Indicators can be either direct or indirect. 

Direct indicators measure the result of the agri-environmental measures directly. Indirect 

indicators measure attributes that are reliably related to objective. Indirect indicators often 

consists of a set of sub-indicators, where each sub-indicator helps analysing a component of the 

target. 

The objective of this study was to decrease the knowledge gap on appropriate indicator selection 

for result-based AECMs. This was accomplished by evaluating which indicator should be used 

to assess breeding farm-birds for a planned result-based AECM in the study area Münsterland, 

the direct indicator ‘Abundance per Species’ or the proxy indicator ‘Habitat Quality’.  

First a literature review provided information about the possible benefits and drawbacks of 

using proxy indicators and direct indicators. It showed that direct indicators are preferred due 

to their clear link to the target. Indirect indicators, however, are a good alternative, if 

observations for the direct indicator are costly. Furthermore, the review suggested that direct 

indicators are unsuitable for mobile species, such as birds, as their occurrences are affected by 

external factors. Second, another literature review identified how ‘Habitat Quality’ can be 

described by sub-indicators for the four target bird species lapwing (Vanellus vanellus), skylark 

(Alauda arvenis), curlew (Numenius arquata) and partridge (Perdix perdix). Six sub-indicators 

were selected: ‘Vegetation Height’, ‘Vegetation Coverage’, ‘Wet Features’, ‘Management’ and 

‘Other Features’. The sub-indicator ‘Other Features’ includes ‘Field Size’ as indicator for both 

lapwings and skylarks, ‘Presence of Nardus s. and Trichophorum g.’ as indicator for curlews 

and ‘Presence of Banks/Hedges’ as indicator for partridges. Third, the third literature review 

identified 15 criteria which I classified in three categories based on which the indicators were 

evaluated: five criteria of ‘ecological representativeness’ (‘Relevance’, ‘Reliability’, 

‘Responsiveness’, ‘Operational coherence’ and ‘Coverage/integrity’); six criteria of economic 

performance of monitoring’ (‘Labour’, ‘Material costs’, ‘Other costs’, ‘Training’, ‘Quality 

checks’ and ‘Simplicity’); and four criteria of ‘social acceptance’ ‘Information & Knowledge’, 

‘Usability’, ‘Usefulness’ and ‘External risk’). 

Then I approached experts and stakeholders to score each (sub-)indicator and bird species. The 

experts focussed ‘ecological representativeness’ and ‘economic performance of monitoring’ 

and the stakeholders on ‘social acceptance’. The stakeholders were also asked to assign weights 

to each criterion based on their perceived importance to analyse all scores by a multi-criteria 

analysis. This analysis showed that the direct indicator ‘Abundance per Species’ ranked highest 

for lapwing, skylark and curlew, while both indicators got a similar ranking for partridge. 

My research was the first to evaluate indicators for a result-based AECM using a replicable and 

transparent selection process. This process can easily be applied to evaluate indicators for other 

result-based AECMs to select appropriate indicators.  
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1 Introduction 

1.1 Ecosystem services in agricultural systems 

The current challenge of increasing food production to respond to the ongoing growth in global 

food demand at the one hand and to increase the sustainability of the agricultural production on 

the other hand has raised a lot of attention towards agricultural management (Fischer et al., 

2008; Hodbod et al., 2016; Yang et al., 2019). Agricultural ecosystems provide and rely upon 

a wide range of ecosystem services (ESs) (Power, 2010; Zhang et al., 2007). ESs are the benefits 

that humans derive from nature, directly and indirectly. ESs include provisioning services (e.g. 

food and fresh water), regulating services (e.g. climate regulation and water purification), 

cultural services (e.g. educational and recreational) and habitat services (e.g. maintenance of 

genetic diversity) (TEEB, 2010). Agricultural ecosystems are mostly associated with delivering 

provisioning services. However, these systems can also provide a range of regulating and 

habitat services, like biodiversity conservation (Manning et al., 2018; Nelson et al., 2009), as 

well as cultural services, depending on their management (Foley et al., 2005; Power, 2010). At 

the same time, agricultural systems rely on many regulating services like nutrient cycling and 

pollination for proper functioning.  

The delivery of a range of ESs by the agricultural system is important to create a stable and 

secure agricultural system (Hodbod et al., 2016). However, the current agricultural 

intensification trend focuses on increasing the supply of provisioning services by neglecting the 

provisioning of other ESs. Agricultural intensification is considered one of the main drivers of 

degradation of ESs and biodiversity loss in the EU (Schroeder et al., 2013). Many species have 

declined or even disappeared to a great part due to intensive agriculture (Billeter et al., 2008) 

and therefore, policy-makers increasingly recognize the importance of biodiversity for 

functional and stable ecosystems and providing ESs (Billeter et al., 2008). Thus, maintaining 

and increasing biodiversity is now a major objective of environmental policies linked to 

agriculture (Billeter et al., 2008). 

1.2 Agri-environment-climate measures 

Agri-environment-climate measures (AECMs) are an important policy instrument to promote 

environmental protection in the agricultural sector (Grajewski & Schmidt, 2015). AECMs 

should stimulate providing many different ESs. AECMs should encouraged farmers to conserve 

and improve the environment and thus to increase the provision of a range of ESs on their 

farmland. These farmers are contracted to cover the implementation and transaction costs of 

AECMs as well as possible income losses (European Commission, 2005). These contracts aim 

to reduce environmental risks that are related to modern farming practices and conserve nature 

and landscapes (European Commission, 2005). AECMs include, among others, diversifying 

crops on arable farmland, maintaining permanent grasslands and protecting environmental 

focus areas (Berkhout et al., 2018). My study focuses on the environmental value of AECMs. 

There are different types of contracts for AECMs: action- and result-based contracts. Action-

based contracts (also called measure- or management-based contracts) offer incentives based 

on specific prescribed measures that should be implemented by the farmer (Berkhout et al., 

2018). Currently, the majority of contracts in the EU are action-based, as they are relatively 

easy to implement (Berkhout et al., 2018). However, the effectiveness of such contracts has 
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been of concern (Kleijn & Sutherland, 2003; Sutcliffe et al., 2015).  Result-based contracts 

reward farmers for achieving certain prescribed results. It is assumed that result-based contracts 

can allocate financial resources more efficiently as they offer room for innovation and 

flexibility in management and site-specific actions. This can lead to more efficient measures 

taken by the farmer (Berkhout et al., 2018). Moreover, as the farmers will be able to directly 

see the results of their management actions this might positively affect their motivation to 

participate (van Dijk et al., 2015). Currently, over- or under compensating farmers for the result-

based approach is still challenging as little scientific evidence exists on the success of such 

schemes (Berkhout et al., 2018; Primdahl et al., 2003). Thus, studying the effects that such 

contracts have on the different ESs, is necessary to determine whether result-based AECMs 

have a positive effect on the environment (Primdahl et al., 2003). These policy instruments 

should essentially receive more recognition from authorities to contribute to the implementation 

of further result-based schemes and remunerate the farmers fairly for their ecological results 

achieved. 

The development of appropriate indicators to evaluate the effectiveness of result-based AECMs 

is crucial to fairly reward the farmers (Kaiser et al., 2019). Billeter et al. (2008) argue that it is 

necessary to define reliable and at the same time easy-to-use indicators to assess environmental 

effects of agricultural management, especially regionally and nationally, and to produce 

comparable data to improve environmental management and policy. 

1.3 Indicators for result-based AECMs 

Indicators for result-based AECMs can be direct or indirect. The latter indicators are also 

referred to as proxy indicators. Direct indicators measure the result of the agri-environmental 

contract, for example the number of skylarks (Keenleyside et al., 2014). Proxy indicators 

measure attributes that have a reliable relationship with the objective, e.g. measuring the 

number of flowering plants to investigate the number of butterflies (Keenleyside et al., 2014). 

Proxy indicators often consist of a set of sub-indicators. Each sub-indicator shows a specific 

state or situation and when combined they reflect the more complex actual result (Potschin, 

2016). Herby, each indicator in an indicator-set has a certain role to help analyse the 

investigated issue (Niemeijer & De Groot, 2008). 

According to Herzon et al. (2018) indicators for agri-environmental schemes should fulfil three 

main requirements. First, they should not be attained too easily apart from agricultural 

management actions. Second, they should be clearly linked to the target and comprehensible to 

the stakeholders. Third, after appropriate training it should be easy to measure the indicator by 

lay people (like farmers). However, until now there is no scientific consensus about the 

selection criteria for environmental indicators (Niemeijer & De Groot, 2008). Therefore, 

finding the most relevant indicator for a specific environmental target is challenging.  

1.4 Study area 

My study focusses on an area in Münsterland, North-Rhine Westphalia, Germany and takes 

place in cooperation with the foundation Stiftung Westfälische Kulturlandschaft (SWK). In this 

area SWK is running a project with energy crop farmers. The project “Energiepflanzenanbau 

und Biodiversität” (energy crop cultivation and biodiversity) aims to implement AECMs that 

can be integrated into the cultivation of energy crops, that are valuable in terms of biodiversity 
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and useful from an agricultural point of view (Stiftung Westfälische Kulturlandschaft, 2020). 

The district of Coesfeld, in western Münsterland (Figure 1) was selected as a model region, 

because the agricultural use in the project areas is representative for large parts of the arable 

farming regions in Germany. The results of the project can thus be transferred to other regions 

in Germany. For the project two areas of around 500 ha each were selected, the areas Stevede 

and Holtwick (Stiftung Westfälische Kulturlandschaft, 2020).  

The SWK plans a new scheme with a focus on breeding farm-birds, in particular the following 

species: lapwing (Vanellus vanellus), skylark (Alauda arvenis), curlew (Numenius arquata) and 

partridge (Perdix perdix). 

 

Figure 1: Coesfeld in Münsterland, NRW, Germany, adapted from Wikipedia 1, 2 

1.4.1 Lapwing (Vanellus vanellus) 

The lapwing is between 28 to 32cm tall. The species is 

unmistakable due to the contrast between the black 

upper side with a greenish shimmering metallic sheen 

and the white underside with a black chest band and a 

protruding feather hollow on the back of the head. The 

head side is whitish with a black stripe under the large 

dark eye. The lapwing prefers open, flat and moist 

permanent grassland, meadows, pastures and 

floodplains. However, its habitat - wet grassland - has 

become rare in Germany. The main factors for this are 

drainage, lowering of the groundwater level, early meadow mowing, industrial peat extraction, 

reforestation of moors and agricultural work. Wherever grassland has been ploughed up, the 

lapwing can also be found in fields. Usually, it breeds there with little or no success, so that 

 
1 https://de.wikipedia.org/wiki/Datei:North_rhine_w_COE.svg. Accessed: 11.01.2021 
2 https://de.wikipedia.org/wiki/Datei:Locator_map_North_Rhine-Westphalia_in_Germany.svg. Accessed: 11.01.2021 
3 https://www.nabu.de/imperia/md/nabu/images/arten/tiere/voegel/watvoegel/regenpfeifer/150428-nabu-kiebitz-frank-derer2.jpeg. Accessed: 

17.12.2020 

Figure 2: Lapwing 3 
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such breeding sites become orphaned after a few years. The European breeding population is 

estimated at 1.1 to 1.7 million breeding pairs. 70,000 to 100,000 pairs are currently breeding in 

Germany.4  

1.4.2 Skylark (Alauda arvenis) 

The skylark is around 18 to 19cm tall. Its plumage is 

drawn in various shades of brown with black-brown 

dots. In flight, narrow white rear edges of the wings 

become visible, which distinguishes the skylark from 

the other larks. If excited it sets up its crown feathers 

to form an implied hood. The skylark breeds in open 

terrain with a largely open horizon on periodically 

wet soils. It favours low and diversely structured 

patchy vegetation. Distribution and density of the 

species are very much dependent on the sowing and cultivation of the field crops. Outside the 

breeding season, the skylark can be found on harvested fields, cut green areas, wasteland and 

in winter also on the outskirts of settlements. There are 40 to 80 million breeding pairs in 

Europe. The population in Germany is estimated at 1.6 to 2.7 million pairs. The skylark is 

becoming increasingly rare. In particular, intensified agriculture has led to a dramatic 

population decline of 50 to 90 percent in some cases, despite its widespread use. The formerly 

extremely common skylark is now on the warning list of Germany's Red List.6 

1.4.3 Curlew (Numenius arquata) 

The curlew is 48 to 57cm tall. It stands out mainly 

because of its size, long legs and long, curved beak. Its 

plumage is mostly speckled brown. The rump, however, 

is white, and a white wedge of the back and dark hand 

wings can be seen in flight. The breeding areas of the 

curlew extend over large parts of Central, Northern and 

Eastern Europe. There it breeds mainly in bogs, dunes, 

wet meadows and on mostly undisturbed pastures. It 

rests on coasts as well as in the vicinity of flooded fields, 

meadows and in shallow water areas of lakes. The population in Germany is estimated at only 

3,600 – 4,800 pairs. Unfortunately, with increasing habitat loss, it is threatened with extinction 

in Germany. Intensive use of grasslands and drainage are the main causes.8 

  

 
4 https://www.nabu.de/tiere-und-pflanzen/aktionen-und-projekte/vogel-des-jahres/1996-kiebitz/index.html. Accessed: 17.12.2020 
5 https://www.nabu.de/imperia/md/nabu/images/arten/tiere/voegel/lerchen/171109-nabu-feldlerche-thomas-schwarzbach766x383c.jpeg. 

Accessed: 17.12.2020 
6 https://www.nabu.de/tiere-und-pflanzen/aktionen-und-projekte/vogel-des-jahres/1998-feldlerche/index.html. Accessed: 17.12.2020 
7 https://www.nabu.de/imperia/md/nabu/images/arten/tiere/voegel/watvoegel/schnepfenvoegel/140814-nabu-brachvogel-frank-derer13.jpeg. 

Accessed: 17.12.2020 
8 https://www.nabu.de/tiere-und-pflanzen/voegel/portraets/grosser-brachvogel/. Accessed: 17.12.2020 

Figure 3: Skylark 5 

Figure 4: Curlew 7 
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1.4.4 Partridge (Perdix perdix) 

The compact, 30cm large and 290g to 470g heavy 

partridge is a camouflage artist thanks to its 

predominantly brown-grey plumage. Adult 

partridges have rusty yellow head markings and a 

pronounced dark horseshoe-shaped patch on their 

chest. Usually, the partridge strides forward, but it 

can also run fast. The flight takes place mostly low 

above the ground, whereby the birds cover longer 

distances gliding. When in danger, the partridge 

presses itself flat against the ground. In Central Europe, the partridge predominantly occurs on 

the fields and fallow land. As a steppe bird, however, its original habitats are the steppes, forest 

steppes and heather areas. Extensive agriculture made the partridge a successor of cultivated 

land. There are around 1.6 to 3.0 million breeding pairs in Europe (2004).  The partridge has 

suffered drastic population losses, especially in Western Europe, since the early 1970s. In 

Germany the partridge population has probably shrunk to a remnant of no more than 50,000 

breeding pairs. The main reason for the population decline is the constant intensification and 

mechanization of agriculture.10 

1.5 Purpose of the study and its research questions 

Many experts suggest to move towards result-based contracts for agri-environmental 

management as farmers then are more likely to reach the desired results (Russi et al., 2016). 

Yet, a consensus about the selection criteria for environmental result indicators is lacking 

(Niemeijer & De Groot, 2008). The purpose of my study is to help decrease the knowledge gap 

on appropriate indicator selection for result-based AECMs. Thus, my study will identify and 

test a suitable set of criteria to determine the value of 

different indicators for the evaluation of AECMs. I focus on breeding farm-birds in German 

Münsterland. I will include three categories of criteria: 

• Ecological criteria that help to determine the ‘ecological representativeness’ that 

identifies how well the indicator assesses the ecological outcome of agricultural 

measures, which is one of the most important goals of AECMs (Keenleyside et al., 

2014); 

• Economic criteria that evaluate the ‘economic performance of monitoring’, as 

monitoring indicators is often related to high monetary and time costs (Chamberlain et 

al., 2004); and 

• Social criteria that determine the ‘social acceptance’ of different stakeholder groups as 

the acceptance by the affected stakeholder groups will determines whether an indicator 

is actually used (Vlassenroot et al., 2008).  

Indicators for result based AECMs can either be species indicators or be linked to ecosystem 

or habitat attributes (Keenleyside et al., 2014). In a pilot study for a result-based AECM aiming 

to increase breeding waders in Wensleydale, England, Chaplin et al. (2019) used the proxy 

indicator ‘Habitat Quality’, which consists of several sub-indicators. Using their pilot study as 

 
9 https://naturfotografen-forum.de/data/o/167/837788/image.jpg.  Accessed: 17.12.2020 
10 https://www.nabu.de/tiere-und-pflanzen/aktionen-und-projekte/vogel-des-jahres/1991-rebhuhn/index.html. Accessed: 17.12.2020 

Figure 5: Partridge 9 
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an example, I develop a ‘Habitat Quality’ proxy indicator for a planned result-based AECM in 

Münsterland, Germany, to increase breeding farm-birds in the region. This proxy indicator will 

be compared with the direct indicator ‘Abundance per Species’ based on criteria of the three 

categories ‘ecological representativeness’, ‘economic performance of monitoring’ and ‘social 

acceptance’.   

I have formulated five research questions (RQs) to accomplish the purpose of my study:  

RQ1. What are the benefits and limitations of proxy indicators compared to direct indicators? 

RQ2. Which sub-indicators describes major aspects of the proxy indicator ‘Habitat Quality’ 

when assessing the breeding bird populations of target bird species? 

RQ3. Which criteria of the three categories determine the performances of indicators? 

RQ4. How do the indicators perform in terms of the three categories? 

RQ5. How important are the different criteria that represent the three categories according to 

the main stakeholders? 

1.6 Outline 

The chapters will follow the structure of my research questions. Each RQs is tackled in its own 

chapter its methods, results and limitations. A general review on direct and proxy indicators 

will give first insights about the possible advantages and limitations of using proxy indicators 

over direct indicators. Then, the proxy indicator ‘Habitat Quality’ will be developed for each 

target bird species. Next, criteria for the three categories ‘ecological representativeness’, 

‘economic performance of monitoring’ and ‘social acceptance’ will be determined. Based on 

these criteria, the indicators ‘Abundance per Species’ and ‘Habitat Quality’ will be evaluated. 

The comparison of the two indicator types (direct/proxy) will be based on a multi-criteria 

analysis (MCA). For the comparison, the indicators will be scored by experts and stakeholders 

for the selected criteria. Stakeholders will also assign weights to the criteria based on the 

stakeholder’s perception of their importance. Next, the scores and weights combined will 

determine which indicator, ‘Abundance per Species’ or ‘Habitat Quality’, is ranked higher for 

the planned scheme. The two indicators will probably receive different scores for the three 

categories. Hereby, I expect, that the direct indicator ‘Abundance per Species’ receives higher 

scores for the ‘ecological representativeness’, whereas the proxy indicator ‘Habitat Quality’ 

scores higher for the ‘social acceptance’. The ‘economic performance of monitoring’, however, 

could be either high or low for both indicators. Furthermore, I anticipate that differences in 

opinions about the importance of the different criteria occur among the different stakeholder 

groups. Governmental institutions are likely to favour indicators that appropriately reflect the 

increase in target bird species appropriately. This is probably the direct indicator ‘Abundance 

per Species’. Farmers, however, likely favour indicators, whose results can easily be influenced 

by their management, that are easy to measure and have low cost. This is presumably the proxy 

indicator ‘Habitat Quality’. 
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2 Comparison: direct and proxy indicators 

2.1 Methods 

To determine the benefits and drawbacks of using proxy indicators compared to direct 

indicators and answering RQ1 a literature review in the scientific database SCOPUS (Elsevier 

B.V., 2019) was performed. SCOPUS was chosen since it consists of a large database of peer 

reviewed scientific papers and omits grey reports. The search term ‘TITLE((proxy OR indirect) 

AND direct AND indicator)’ was used. The resulting papers were categorised as relevant if the 

title or abstract of the paper mentioned an actual comparison of direct and proxy indicators as 

well as provided at least one argument in favour or against one of the indicator types. The list 

of relevant papers was further reduced by papers that were not available online. From all 

relevant papers, lists of benefits and drawbacks for direct and indirect papers were created. 

Additionally, arguments named in Keenleyside et al. (2014) and Chaplin et al. (2019) were 

added to the list.  

2.2 Results 

The literature review resulted in 30 papers of which only five were categorised as relevant to 

identify benefits and drawbacks of using proxy indicators compared to direct indicators 

(Appendix A, Table A.1). This shows that there has not been much research on the comparison 

of direct and proxy indicators, especially not for agri-environmental schemes as no papers 

focussing on comparing indicator types for AECMs were found. However, the general research 

about direct and proxy indicators is mostly transferable to the use in agri-environmental 

schemes and the identified papers gave a good insight in possible benefits and drawbacks of 

using either indicator type. 

Arguments in favour of direct indicators are that they are reliable, that direct measuring methods 

are available, and that measuring methods are objective and accurate (Persson & Olofsson, 

2011). Arguments against the use of direct indicators are that the measuring can be time 

consuming and costly if expensive equipment is required (Persson & Olofsson, 2011). Also 

mentioned was that often there is a lack of reliable and publicly available data (Rogowski et al., 

2004) and that especially self-reported data may be unreliable (Happ & Förster, 2018). 

Furthermore, Chaplin et al. (2019)  argue that direct indicators are unsuitable for mobile species, 

such as birds or pollinators, as their return to certain fields is highly influenced by external 

factors which are out of the farmers’ control.   

Drawbacks of using proxy indicators are that the proxy indicator may not be representative for 

the target (Cochrane et al., 2015; Orrock & Danielson, 2004) and that the measuring methods 

may be unreliable (Persson & Olofsson, 2011; Rogowski et al., 2004). Benefits of using proxy 

indicators are that they can be quick, cheap and easy to measure and, depending on the indicator, 

it can be possible to measure them at farm level, without the help of costly laboratories (Persson 

& Olofsson, 2011). Keenleyside et al. (2014) emphasize that it can take a long time period 

before biodiversity objectives are achieved, because of  high complexity. Therefore, they argue, 

that direct indicators cannot effectively be used for these objectives. Thus simplified or indirect 

results should be chosen that serve as proxy indicators to assess biodiversity achievements 

(Keenleyside et al., 2014). 
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2.3 Limitations 

The literature review is very limited as only one database was searched for results. A more 

extensive review could have resulted in more arguments or limitations for either indicator type. 

Yet, SCOPUS was selected as it contains a large database of peer reviewed scientific literature, 

while grey literature may not be substantial. Thus, peer reviewed studies were considered to 

add the most valuable input for my research. Even though the search was not specific to result-

based AECMs, the results can easily be transferred to the context of my thesis. 
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3 Proxy indicator – ‘Habitat Quality’ 

3.1 Methods 

As RQ2 aimed to determine a robust proxy indicator which focuses on the quality of the habitat 

for the target farm bird species, a literature review in the scientific database SCOPUS (Elsevier 

B.V., 2019) was performed. First the search term ‘TITLE-ABS-KEY (habitat AND breed* 

AND farmland AND ("Numenius arquata" OR "Vanellus vanellus" OR "Perdix perdix"))’ was 

used. The skylark was not included in the first more general search as the resulting list of papers 

was too extensive. The search for the skylark was specified, to include only papers specific to 

Germany or included the word ‘indicator’. The following term was used: ‘TITLE-ABS-KEY 

(habitat AND breed* AND farmland AND ("Alauda arvensis") AND (Germany OR indicator)’. 

All papers discussing indicators for habitat quality for at least one of the target bird species 

were marked as relevant. For each bird species a list containing all indicators related to habitat 

quality was created. Then, all indicators for the individual bird species were matched against 

each other, categorized, and rejected when not considered relevant for this research. Three 

selection criteria for the indicators were considered for choosing appropriate sub-indicators for 

the proxy indicator: (i) influenceability by agricultural management, (ii) clear link to the target 

and (iii) measurability by lay people (Herzon et al., 2018). The fourth criterion (iv) not related 

to land/crop type was added to the selection criteria as farmers may not be able to change the 

type of land/crop due to farm management reasons. The resulting list of sub-indicators makes 

up the proxy indicator ‘Habitat Quality’. 

To enable farmers to assess the habitat quality for each target bird species, units for measuring 

the sub-indicators and ranges for each sub-indicator for a ‘good’, ‘medium’ and ‘bad’ quality 

were determined, based on available peer-reviewed scientific papers. In case the habitat 

preferences among the bird species were similar the ranges were aligned to allow easier 

assessment by the farmers. The sub-indicators and the ranges for each sub-indicator, including 

a scoring system based on the quality of each sub-indicator for each bird species, were 

processed in a score-card. Finally, an assessment-card for the breeding farm bird habitat quality 

was created which was based on Chaplin et al. (2019). This assessment-card presents all sub-

indicators of all four target bird species and can be used by farmers in the field to record their 

field conditions. 

3.2 Results 

The literature review resulted in 67 studies, of which 15 determined a ‘Habitat Quality’ 

indicator for the four target bird species lapwing, skylark, curlew and partridge. The list 

showing the selection of relevant papers can be seen in Appendix B, Table B.1 and Table B.2.  

These studies gave a list of 23, 38, 15 and 14 sub-indicators for lapwing, skylark, curlew and 

partridge, respectively. After applying the selection criteria (i) the influenceability by 

agricultural management, (ii) the clear link to the target, (iii) the measurability by lay people 

(Herzon et al., 2018) and (iv) not related to land/crop type the list contained 12, 17, 9 and 5 

sub-indicators for the different bird species. See for the list of sub-indicators Appendix B, Table 

B.3 - Table B.6. Joining these sub-indicators resulted in five sub-indicators applicable to all 

birds: 1. ‘Vegetation Height’, 2. ‘Vegetation Coverage’, 3. ‘Wet Features’, 4. ‘Management’ 

and 5. ’Vertical Structures’. The sub-indicators only applicable to a few of the bird species were 
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combined in the 6th sub-indicator: ‘Other Features’. This includes ‘Field Size’ as indicator for 

both lapwing and skylark, ‘Presence of Nardus s. and Trichophorum g.’ as indicator for curlew 

and ‘Presence of Banks/Hedges’ as indicator for partridge. 

For each sub-indicator measuring units and the scoring options were developed. For some sub-

indicators the definitions of optimal to sub-optimal ranges varied between the papers. E.g. for 

the ‘Vegetation Height’ of skylark the suggested preferred ranges were 15-60 cm (Toepfer & 

Stubbe, 2001), 15-30 cm (Schön, 2004) and 10-60 cm (Koleček et al., 2015) while for the 

curlew the preferred ‘Vegetation Height’ was stated as tall (25-45 cm) (Valkama, 1998). For 

simplicity of assessment the ‘Vegetation Height’ variables were classified as short (0-20 cm), 

medium (20-40 cm) and tall (40-60 cm). The preferred ‘Vegetation Height’ for skylark and 

curlew were defined as medium and medium-tall, respectively. Where papers did not specify 

the ranges of preference for a sub-indicator, the ranges were aligned to those chosen by (Chaplin 

et al., 2019). The sub-indicators as well as the scoring options can be seen in Figure 6. The 

assessment-card for the use of farmers in the field can be found in Appendix C. 

3.3 Limitations 

To determine the sub-indicators for the ‘Habitat Quality’ indicator to answer RQ2 a literature 

review was conducted. Because of the only few studies on indicators for result-based agri-

environmental schemes, I choose a much broader approach for the literature review. This 

resulted in many possible ‘Habitat Quality’ sub-indicators. Because of the practicability not all 

sub-indicators could be included in the proxy indicator despite their validity. Consequently, a 

selection of the possible sub-indicators had to be made based on my own perception of 

compliance with the four selection criteria: (i) influenceability by agricultural management, (ii) 

clear link to the target, (iii) measurability by lay people (Herzon et al., 2018) and (iv) not related 

to land/crop type. Therefore, the selection is possibly biased. A different selection of sub-

indicators could have resulted in different scores for the proxy indicator and thus influence the 

ranking of indicators. However, I made the sub-indicator selection process as transparent as 

possible by using the selection criteria. Furthermore, most selected sub-indicators are very 

similar to those included in the study by Chaplin et al. (2019), with some differences as they 

selected different bird species. Their sub-indicator selection was guided by the farming 

community and is a good basis for a practicable proxy indicator, as multiple stakeholders helped 

designing it. Thus, the six selected sub-indicators make up a valid proxy indicator to assess 

breeding farm-birds. 

For the score-card, suggested ranges for species preferences based on peer reviewed literature 

were aligned to simplify the scoring system. Therefore, some information found during the 

literature review was neglected. Furthermore, for some sub-indicators subjective measurement 

methods were defined, such as ‘percentage of vegetation in preferred height’. This method was 

selected to decrease the time demand of monitoring compared to methods like measuring the 

height per plant in multiple plots. These subjective measurements however, may lead to 

differences between the farmers’ and experts’ assessments (Chaplin et al., 2019). Despite the 

possible uncertainties caused by the alignments and subjective measurements, the sub-

indicators are valid, and the selection keeps the scoring as simple as possible. This is necessary 

to increase the social acceptance of stakeholders, which determines whether an indicator is 

actually used (Vlassenroot et al., 2008). 
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One major point of criticism of the approach by Chaplin et al. (2019) was the combined habitat 

preferences for all bird species. My study, therefore, considered differences in habitat 

requirements per bird species. To operationalize this, each bird species receives an individual 

score per sub-indicator. As a limitation the score-card of the ‘Habitat Quality’ indicator is quite 

complex if simply presented to stakeholders and experts without explanation. This limitation 

was overcome by closely cooperating with experts and stakeholders.  

Figure 6: Score-Card for 'Habitat Quality'. This figure shows the six sub-indicators, a description of the sub-indicators, 

measuring units and the scoring options per bird species. The box at the top defines the options for the variables. 
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4 Criteria for indicator evaluation  

4.1 Methods 

RQ3 aimed to select criteria to help evaluate the two indicators for the proposed result-based 

AECM in the study area. Criteria of different categories were considered to account for different 

requirements of result-based AECMs. The criteria, based upon which the indicators were 

evaluated, were categorized according to the three categories ‘ecological representativeness’, 

‘economic performance of monitoring’ and ‘social acceptance’. This categorization was 

considered practicable as it fits the scope of this research and can easily be communicated to 

experts and stakeholders. 

4.1.1 Selection of criteria to determine the ‘ecological representativeness’ of indicators 

To evaluate  the ‘ecological representativeness’ of the two indicators a robust set of ecological 

criteria had to be identified to feed into the MCA. Niemeijer and De Groot (2008) already 

reviewed papers discussing indicator selection criteria. By including their list of ‘Common 

environmental indicator selection criteria’ some ecological criteria could be identified. 

Additionally, the scientific database SCOPUS (Elsevier B.V., 2019) was searched with the term 

‘TITLE (criteria AND ecologic* AND indicator)’. Papers of this search were identified as 

relevant if they mentioned criteria based upon which the performance of indicators was 

compared. All identified ecological criteria described in the relevant papers were combined. 

Most of the identified criteria, however, were very specific to their application e.g., some papers 

specified on forests and included criteria like ‘status of forest’ and were thus not transferable to 

breeding farm-birds. Therefore, another literature research with the more general search term 

‘TITLE (validat* AND (environment* OR ecologic*) AND indicator)’ was conducted in the 

scientific database ‘Scopus’. The papers were selected as relevant if the abstracts fitted the 

scope of this analysis i.e., papers that evaluated and/or validated indicators based on their 

performance on defined criteria. All identified ecological criteria were added to the previously 

created list of ecological criteria. Next, all criteria were matched against each 

other, summarized if they were similar and those not relevant for this research, rejected. 

Finally, to investigate the relevance of including all ecological criteria in the MCA for the 

evaluation of the indicators, selection standards for MCAs were determined. Therefore, the 

three selection standards defined by the Department for Communities and Local Government: 

London (2009) were used:  i) measurability: is it possible to determine whether an indicator 

performs well on this criterion?; ii) independency: can you assign scores to an indicator for this 

criterion without knowing the scores of other criteria?; iii) inclusiveness: are all and only 

important criteria included? These three selection standards for MCAs i) measurability, ii) 

independency and iii) inclusiveness were applied to the identified ecological criteria. 

4.1.2 Selection of criteria to determine the ‘economic performance of monitoring’ of 

indicators 

To evaluate the ‘economic performance of monitoring’ of the indicators a robust set of 

economic criteria had to be identified to feed into the MCA. The scientific database SCOPUS 

(Elsevier B.V., 2019) was searched with the term ‘TITLE-ABS-KEY (criteria AND economic* 

AND performance AND agri* AND environment* AND (measure* OR contract*) AND 

monitor*)’. Classified as relevant, were those papers that investigated the economic 

performance of monitoring indicators or presented economic criteria for evaluating AECMs. 
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One of the papers, (Targetti et al., 2016), referred to a previous research, for the definition and 

construction of economic criteria. Therefore, (Targetti et al., 2014) was also included in this 

research. All economic criteria described in the selected papers were combined. Additionally, 

economic criteria found during the research for the ecological criteria were added to the 

economic criteria list. Next, all economic criteria were matched against each other, where 

appropriate, summarized and those not relevant for this research rejected. Finally, the three 

MCA-selection standards (DCLG, 2009) were used to analyse the relevance of including all 

pre-selected economic criteria for evaluating the indicators. 

4.1.3 Selection of criteria to determine the ‘social acceptance’ of indicators 

To evaluate the social acceptance of different indicators social criteria had to be identified. 

Therefore, the scientific database SCOPUS (Elsevier B.V., 2019) was searched with the term 

‘TITLE-ABS-KEY (social AND acceptance AND (criteria OR measure*) AND ecologic* 

AND indicator)’. Of the resulting papers only one actually discussed criteria for social 

acceptance (Velez et al., 2014). The criteria found in this paper were added to a social criteria 

list. Additionally, social criteria found in the literature research for the ecological and economic 

criteria were included in the social criteria list. Furthermore, social acceptance criteria named 

in Chen et al. (2018) and Vlassenroot et al. (2008) were added to the list. Next, all social criteria 

were matched against each other, summarized where appropriate and rejected when not 

considered relevant for this research. Finally, the three MCA-selection standards were applied 

to the social criteria to only select relevant criteria for the evaluation of the indicators. 

4.2 Results 

4.2.1 Criteria to determine the ‘ecological representativeness’ 

The literature review resulted in 32 studies, of which 13 were relevant to determine criteria to 

evaluate the ‘ecological representativeness’, yielding a list of 147 criteria (see Appendix D, 

Table D.1). After summarizing and rejecting irrelevant criteria the list consisted of 10 criteria 

to evaluate the ‘ecological representativeness’ of the indicators (ecological criteria) (see Table 

1).  

The three MCA-selection standards i) measurability, ii) independency and iii) inclusiveness 

(DCLG, 2009) were used to analyse which of the 10 ecological criteria to include in the MCA 

(see Appendix D, Table D.2). The ecological criteria ‘Scope’ and ‘Specificity’ were rejected 

because of their low measurability. It is difficult to assign a performance score to them, as it is 

subjective, whether a broad or a narrower scope or high or low specificity, is considered ‘good’ 

or ‘bad’. Because of independency of the ecological criteria three criteria were rejected. 

‘Without mutual duplication’ was discarded as it relates with ‘Relevance’ since less 

redundancies imply a higher relevance. ‘Portability’ was discarded as it correlates with 

‘Reliability’ as only a reliable indicator can be applied to other study areas and compare their 

results. Finally, ‘Thresholds’ was discarded as the threshold values are variable for each 

indicator and cannot be compared independently. The resulting list of five ecological criteria 

was regarded as inclusive based on the objective to investigate the environmental performance 

of different indicators. The final list of criteria to determine the ‘ecological representativeness’ 

of the indicators is the following:  
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1. Relevance; 

2. Reliability; 

3. Coverage/integrity; 

4. Responsiveness; and 

5. Operational coherence.   

Table 1: Definition of Ecological Criteria  

Ecological Criteria  Definition  

Relevance  Determines the correct relation between the measuring instrument 

(indicator) and the measuring object (environmental/social quality) 

(Cloquell-Ballester et al., 2006): does the indicator defendably link a 

critical ecological component and its stressor to the assessment 

question? (Fisher, 1998) 

Reliability  Assesses the soundness of the indicator outputs (Fisher, 1998) 

Coverage/integrity  The amount by which the indicator covers all aspects of the 

investigated target (Niemeijer & De Groot, 2008) 

Scope  Determines the area of application  

Without mutual 

duplication  

 Avoidance of redundancy, all aspects of the indicator are 

relevant (Lieplapa & Blumberga, 2011) 

Responsiveness  Responsiveness to (agricultural) management actions and 

accountability for natural variability; considers sensitivity, how easily 

is the indicator influenced by minor changes in management as well 

as resilience, the ability to return to its previous condition after a 

change occurred (Fisher, 1998; Landis & McLaughlin, 2000; 

Lieplapa & Blumberga, 2011; Niemeijer & De Groot, 2008; Park & 

Higgs, 2018; Timko & Satterfield, 2008) 

Operational 

coherence  

Determines the correct definition of the internal operations of the 

measuring instrument (formulation, data and units, measuring 

method) (Cloquell-Ballester et al., 2006) 

Portability  Ability to apply indicator to other study areas, ability to compare the 

results among other study areas (Niemeijer & De Groot, 2008) 

Specificity  Specificity of indicator to target under investigation (Niemeijer & De 

Groot, 2008) 

Thresholds  Legitimacy of threshold values (Niemeijer & De Groot, 2008) 

 

4.2.2 Criteria to determine the ‘economic performance of monitoring’ 

The literature review resulted nine papers, of which six papers were relevant to determine 

criteria to evaluate the ‘economic performance of monitoring’ (economic criteria) of the 

indicators. These six papers yielded a list of 22 economic criteria. Previous research, with 

a focus on the ecological criteria gave another 18 indicators, so in total 40 economic criteria 

were selected (see Appendix D, Table D.3). After summarizing redundant criteria and rejecting 

irrelevant criteria the list consisted of 10 economic criteria (see Table 2). 

The three MCA-selection standards i) measurability, ii) independency and iii) inclusiveness 

(DCLG, 2009) were used to analyse which of the 10 economic criteria should be included in 

the MCA (see Appendix D, Table D.4).  

All 10 economic criteria were classified as measurable. In terms of independency most of the 

economic criteria passed. ‘Control feasibility’ however correlates with ‘Quality checks’ as 
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the correctness of monitoring results can only be guaranteed if trained staff conducts 

appropriate quality checks. Moreover, ‘Efficiency’ correlates with the ecological criterion 

‘Operational coherence’, which helps to evaluate the measuring methods. Therefore, the two 

economic criteria ‘Control feasibility’ and ‘Efficiency’ were rejected. Finally, the remaining 

eight economic indicators were investigated for their inclusiveness. Hereby, the criterion 

‘Technical feasibility’ was rejected as not important since an indicator that can technically not 

sufficiently be monitored should not be included in an AECM in the first place. Moreover, it 

was decided, that ‘Transport’ and ‘Other costs’ can be combined to ‘Other costs’ as 

these both depend on the individual farmer and his farm. Therefore, the final list of criteria to 

determine the ‘economic performance of monitoring’ consists of the following six criteria:  

1. Labour; 

2. Material costs; 

3. Other costs; 

4. Training; 

5. Quality checks; and 

6. Simplicity. 

Table 2: Definition of Economic Criteria 

Economic 

Criteria  

Definition  

Technical 

feasibility  

Are the methods for sampling and measuring the environmental 

indicator technically feasible? (Fisher, 1998) 

Control 

feasibility  

Feasibility to check correctness of monitoring results  

(Giupponi et al., 2008) 

Efficiency  Are the methods for sampling and measuring the environmental 

indicator appropriate and efficient for use in a monitoring 

programme? (Fisher, 1998) 

Labour  Time needed for fieldwork, travel, deskwork, taxonomy, reporting, data 

and management (Targetti et al., 2014) 

Transport  Cost of travelling to monitoring sites (Targetti et al., 2014) 

Material costs  Consumables, equipment, resources required for monitoring and data 

management (Niemeijer & De Groot, 2008; Targetti et al., 2014) 

Other costs  Other expenditures (e.g. crop damage due to indicator measurements)  

(Targetti et al., 2014) 

Training  Time demand for educating and training for monitoring indicators  

(Niemeijer & De Groot, 2008; Park & Higgs, 2018; Targetti et al., 

2014) 

Quality checks  Costs of supervision by trained staff to make sure that sampling 

protocols are correctly and consistently applied  

(Cloquell-Ballester et al., 2006; Targetti et al., 2014) 

Simplicity  Ease of the use of monitoring methods (Niemeijer & De Groot, 2008; 

Park & Higgs, 2018) 

  

4.2.3 Criteria to determine the ‘social acceptance’ 

The literature review resulted in 18 papers of which six were relevant to determine criteria to 

evaluate the ‘social acceptance’ (social criteria) of the indicators. These six papers gave a list 
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of 47 social criteria (see Appendix D, Table D.5). After summarizing redundant criteria and 

rejecting irrelevant criteria the list consisted of 12 social criteria (see Table 3) 

The three MCA-selection standards i) measurability, ii) independency and iii) inclusiveness 

(DCLG, 2009) were used to analyse which of the 12 social criteria should be included in the 

MCA (see Appendix D, Table D.6). In terms of measurability five criteria were rejected. 

‘Equity’, ‘Thresholds’, ‘Fair remuneration’, ‘Personal benefits’ and ‘Trust in experts’ will not 

be measurable at the design phase of the indicators. The criterion ‘Internal risk’ was rejected in 

terms of independency as it relates with ‘Information & Knowledge’ since proper knowledge 

will decrease the internal risk. Regarding inclusiveness the criterion ‘Satisfaction’ was rejected 

as this can only be determined after implementation. Furthermore, ‘Trust in authorities’ was 

excluded, as the authorities will be the same for the different indicators and therefore the level 

of trust should not affect the acceptance of individual indicators. Thus, the final list of criteria 

to determine the ‘social acceptance’ of the indicators consists of the following four criteria: 

1. Information & Knowledge; 

2. Usability; 

3. Usefulness; and 

4. External risk. 

Table 3: Definition of Social Criteria 

Social Criteria Definition 

Information & 

Knowledge 

Whether a person feels well or badly informed  

(Vlassenroot et al., 2008) 

Usability Perceived ability to use the indicator successfully and with minimal 

effort (monitoring) (Vlassenroot et al., 2008) 

Usefulness Perception of how well the indicator will contribute in showing the 

results achieved (understandability) (Vlassenroot et al., 2008) 

Satisfaction Is the system: pleasant/unpleasant, nice/annoying, irritating/likeable, 

undesirable/desirable (Vlassenroot et al., 2008) 

Equity Fair distribution of costs and benefits among affected parties 

(Vlassenroot et al., 2008) 

External risk Perceived risk of not achieving target due to external factors  

(Chen et al., 2018) 

Trust in 

authorities 

Perceived trustworthiness of authorities (Chen et al., 2018) 

Thresholds Perceived appropriateness of thresholds (Chen et al., 2018) 

Internal risk Perceived risk of not achieving target due to own negligence  

(Chen et al., 2018) 

Fair remuneration Remuneration covers investment costs/loss of income  

(Chen et al., 2018) 

Personal benefits Trade-offs between personal and social aims and benefits 

(Velez et al., 2014) 

Trust in experts Perceived trustworthiness of experts (Velez et al., 2014) 

4.3 Limitations 

To answer RQ3 a literature review was performed. However, literature presenting criteria for 

indicator selection for result-based agri-environmental schemes is scarce. Therefore, the review 
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was extended to also include literature on criteria to select ecological indicators in general. Most 

literature considers the four categories ‘scientific consistency’, ‘practicability’, ‘feasibility’ and 

‘usefulness’ (Targetti et al., 2016). For my study, the categories ‘ecological representativeness’, 

‘economic performance of monitoring’ and ‘social acceptance’ were selected, which reflect the 

three dimensions ecology, economy and social, respectively. These dimensions were 

considered practicable to include in the MCA. However, a different categorization could have 

resulted in a different set of criteria and a different outcome of scores, weights and thus ranking 

of the indicators. Yet, by applying the MCA-selection standards the criteria selection process 

was made as transparent as possible. 
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5 Scoring indicator performance 

5.1 Methods 

5.1.1 Performance of ecological and economic criteria 

To score the performance of the two indicators on each criterion of the categories ‘ecological 

representativeness’ and ‘economic performance of monitoring’ and to answer RQ4, 

ornithologists were consulted. I selected a small group of 11 ornithologists, due to their 

availability, to test the indicator selection process of my study. Surveys were created that 

explained to the experts the objective of this study and the two indicators, including the sub-

indicators. The experts were asked to assign a score for each (sub-)indicator on each criterion 

for each of the four target bird species. The differentiation between the different target bird 

species was made due to bird species specific habitat preferences. 

For the ‘ecological representativeness’ the experts were asked to assign scores for the direct 

indicator ‘Abundance per Species’ as well as for each sub-indicator of the proxy indicator 

‘Habitat Quality’ on each criterion. For the ‘economic performance of monitoring’, the experts 

were asked to assign scores on each criterion for both the direct indicator ‘Abundance per 

Species’ and the proxy indicator ‘Habitat Quality’ and not for the sub-indicators individually. 

This was decided as the cost of monitoring the sub-indicators combined does not necessarily 

equal the sum of costs of monitoring the individual sub-indicators. 

The experts were asked to assign a score ranging from 1 to 5 to the (sub-)indicators on each 

criterion. A (sub-)indicator scoring of 1 represents a very low performance and 5 represents a 

very high performance. The experts were informed that high values for economic criteria should 

be translated to low performance (i.e. giving a score of 1) and vice versa. The experts were 

contacted by email and asked to participate in the survey. If the experts did not answer by the 

closing date a reminder email was sent offering assistance by telephone to increase the number 

of respondents.  

For each bird species the mean performance scores of each (sub-)indicator on each criterion 

were calculated based on all scores assigned by the experts. For each bird species a 

performance-matrix was created and the values of the mean scores were inserted. For the proxy 

indicator “Habitat Quality” mean values from all the sub-indicators were calculated per 

criterion to compare the overall performance with that of the direct indicator “Abundance per 

Species”.  

5.1.2 Performance of social criteria 

To score the performance of each indicator on each criterion of the category ‘social acceptance’ 

to help answer RQ4 the main stakeholders had to be identified consulted.  

The Stiftung Westfälische Kulturlandschaft (SWK) was consulted to identify key stakeholders, 

as SWK has already worked with key stakeholders to develop and implement other agri-

environmental schemes. Next an internet search was done to identify these stakeholders’ 

involvement in the development and implementation of agri-environmental schemes in 

Münsterland as well as to find out their level of interest in and influence on the issue. Whenever 

other stakeholders were identified during the research, they were added to the list of 

stakeholders, following the snowball method. A stakeholder characteristics scheme was made 

based on Varvasovszky and Brugha (2000) which helped to create an interest-influence matrix 
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(Johnson & Scholes, 1999). This way the stakeholders with the highest influence and interests 

could be identified. 

The scoring of the indicators on the social criteria was done by the main stakeholders 

themselves to ensure a high acceptability of the results. Surveys were chosen as a method to 

score the indicators on the social criteria as they are easily distributed and allow for anonymity 

and thus data privacy. The stakeholder surveys were created with Google forms. The surveys 

first explained the objective of the research, the two different indicators and the methods of 

measuring these indicators, including the assessment- and score-cards. In the next step the 

social acceptance criteria were shown to the stakeholders. The stakeholders were asked to score 

each indicator on each criterion based on their own perception according to the following 

categories: very low, low, moderate, high and very high. The surveys were sent to the farmers, 

who participate in the current AECM in Münsterland, by the SWK to ensure data privacy. The 

other stakeholders (governmental institutions and nongovernmental organisations) were 

contacted directly by email by the researcher. Due to anonymity of the surveys, it was not 

possible to identify who responded by the closing date. Therefore, a friendly reminder e-mail 

was sent to all at the original closing date, indicating that the deadline had been extended. 

Additionally, hard copies of the surveys were sent per mail to some of the farmers who did not 

respond to the online survey. The assigned scores for the ‘social acceptance’ were translated to 

scores of a scale from 1-5 to evaluate the surveys. The scores 1-5 were assigned to very low – 

very high, respectively. The survey can be found in Appendix E. 

Then the mean scores for each indicator on each criterion were calculated for each stakeholder 

group (farmer, governmental institution and NGO) to consider different numbers of participants 

from each stakeholder group. Next, mean scores from the means of each stakeholder group 

were calculated for each indicator on each criterion. Where ‘very low’ scores corresponded to 

a ‘good’ performance of the indicator, the value was inverted, so that a one was converted to a 

five and a two was converted to a four and vice versa. These scores were inserted in the 

performance-matrix. 

5.1.3 Analysis of indicator performance scores 

A statistical analysis was conducted to show the variance between the scores given by the 

experts and stakeholders. The software environment R, version 4.0.2 (R Core Team, 2020) was 

used to compile graphical boxplots for each criterion. Main R packages used include ‘dplyr’ 

(Wickham et al., 2020) and ‘ggplot2’ (Wickham, 2016). The scores of the different experts 

were plotted for each indicator and each ecological and economic criterion for each bird species. 

For the social criteria, the scores of the different stakeholder groups were plotted for each 

indicator and each criterion. Furthermore, standard deviations were calculated to show the level 

of agreement of the experts and the level of agreement among the stakeholder groups per 

criterion. 

5.2 Results: Stakeholder analysis 

In the following the different stakeholders (individuals and organizations) of the planned result-

based scheme, with a focus on breeding farm-birds in Münsterland, were analysed. A 

stakeholder analysis gives insights in the stakeholders’ interest in and influence on the decision 

making and implementation process of the proposed scheme (Varvasovszky & Brugha, 2000).  
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5.2.1 Farmers 

The farmers are most affected by the contract as they are the ones that need to deliver the 

biodiversity results to receive remuneration. Their risk is high, as bad results cause low or even 

no payment. Therefore, they have a high interest in a proper design of the scheme. Moreover, 

their influence on the decision-making process can be considered medium, as their participation 

is voluntary and only, if their acceptance towards the contract is high, they will be willing to 

participate in it. 

5.2.2 Governmental institutions 

5.2.2.1 Landwirtschaftskammer Nordrhein-Westfahlen  

The Landwirtschaftskammer Nordrhein-Westfahlen (Chamber of Agriculture NRW), is a public 

corporation, that promotes and looks after agriculture and those who work in it and strengthens 

rural areas (Die Landwirtschaftskammer - Landwirtschaftskammer Nordrhein-Westfalen, 

2020). This includes promoting economic efficient agriculture, agricultural practices with a low 

environmental impact and consumer protection (e.g. food safety) through suitable facilities and 

measures, in particular agri-environmental measures. Moreover, they communicate the 

concerns of sustainable agriculture and the special importance of agriculture for environment, 

nature, animal and consumer protection to society and promote dialogues between all socially 

relevant groups.11 Therefore, the Chamber of Agriculture NRW is a key stakeholder in this issue 

as they promote sustainable practices through agri-environmental measures and try to 

communicate the value of these AECMs to relevant groups. Thus, their interest in as well as 

their influence on the design and implementation of the proposed scheme is high. 

5.2.2.2 Ministerium für Umwelt, Landwirtschaft, Natur- und Verbraucherschutz 

Nordrhein-Westfalen  

The Ministerium für Umwelt, Landwirtschaft, Natur- und Verbraucherschutz Nordrhein-

Westfalen (MULNV) is part of the state government in North Rhine-Westphalia. The MULNV 

plans and prepares state laws related to agriculture, nature and consumer protection that are 

then handled and decided upon by the state parliament of North Rhine-Westphalia. The MULNV 

applies federal, state and European laws and controls the implementation through its various 

authorities. Moreover, it supports, gives advice and financial aid to citizens, social institutions, 

businesses, and companies. The MULNV helps with the fulfilment of legal standards and 

initiates and promotes voluntary services in the country like AECMs (Ministerium für Umwelt 

et al., 2018). As they advocate AECMs, their influence on whether a contract will be 

implemented is very high. However, MULNV is not particularly interested in result-based 

schemes or the protection of the specific farm-bird species considered in the proposal. 

Therefore, its interest can be seen as medium. MULNV will not be greatly impacted by whether 

the contract will be implemented or not compared to whether other contracts will be 

implemented. 

5.2.2.3 Landesamt für Natur, Umwelt und Verbraucherschutz Nordrhein-Westfalen  

The Landesamt für Natur, Umwelt und Verbraucherschutz Nordrhein-Westfalen (LANUV) is 

subordinate to the MULNV and advises the state government. Its tasks involve, among others, 

nature protection and landscape management. A large amount of data about nature and 

consumer protection is recorded and evaluated, and a large number of measuring systems are 

operated for this purpose. Citizens are informed by it about the state of the environment and 

 
11 https://www.landwirtschaftskammer.de/wir/index.htm. Accessed: 27.11.2020 
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nature.12 Therefore, the LANUV plays a crucial role in the monitoring and quality checks of the 

farmers assessments, as well as in the communication to the public. It has a high influence as it 

gives advice to the MULNV. Moreover, it has an interest in the protection of species, however 

not necessarily particularly the selected bird species. Therefore, its interest is considered 

medium-high.  

5.2.2.4 Nature and landscape protection – Kreis Coesfeld 

The nature and landscape protection – Kreis Coesfeld (N&P-Coesfeld) is subordinate to the 

LANUV. Its task is to secure the species diversity and the protection of the landscape and the 

natural area. The main goal is to preserve the Münsterland park landscape. For this purpose, 

appropriate protection designations are made within the framework of landscape planning and 

interventions in the natural area are compensated for by reimbursement measures. One form of 

these measures is contractual nature conservation in the agricultural sector (AECMs), where 

farmers can participate on a voluntary basis and compensation payments are based on 

management requirements.13 As the N&P-Coesfeld is involved in the implementation of 

AECMs, both its interest and impact are considered medium-high. It is not particularly 

impacted by the design and implementation of the proposed scheme. 

5.2.3 Nongovernmental organisations (NGOs) 

5.2.3.1 Stiftung Westfälische Kulturlandschaft – Project „Energy Crop Cultivation & 

Biodiversity“ 

The Stiftung Westfälische Kulturlandschaft (SWK) is an NGO that aims to implement ecological 

measures that can be integrated into the cultivation of energy crops, are valuable for reasons of 

biodiversity and useful from an agricultural point of view.14 It is a cooperating partner in this 

research and thus very interested in the design and implementation of the proposed scheme. 

Moreover, its influence is high as it is in close cooperation with the farmers in that area as well 

as policy-makers as they already implemented other agri-environmental schemes. 

5.2.3.2 Naturschutzzentrum Kreis Coesfeld e.V.  

The Naturschutzzentrum Kreis Coesfeld e.V. (Kreis Coesfeld e.V.) is campaigning for a diverse 

Münsterland park landscape and the animal and plant species native to it. Members of their 

association include representatives of voluntary nature conservation (e.g., BUND & NABU), 

local communities, land users (e.g., agriculture and forestry), the cities and municipalities as 

well as the district of Coesfeld. The Kreis Coesfeld e.V. sees itself as a link between the land 

users and the official and voluntary nature conservation.15 To stop the decline in the number of 

species in open fields, the Kreis Coesfeld e.V. and the district of Coesfeld have launched a 

project for species-rich fields. Together with farmers, voluntary measures to improve the habitat 

of "Skylark, Lapwing & Co" are to be implemented.16 Therefore, its interest in the proposed 

scheme can be considered high. Moreover, it has a high level of influence as it links nature 

conservation associations, farmers and policymakers. However, the Kreis Coesfeld e.V. will not 

be very impacted by the design or implementation of the proposed scheme.  

 
12 https://www.lanuv.nrw.de/landesamt. Accessed: 02.12.2020 
13https://www.kreis-coesfeld.de/kreisverwaltung/organisation-abteilungen/umwelt/naturschutz-landschaftsschutz.html. Accessed: 14.12.2020 
14 https://www.kulturlandschaft.nrw/energiepflanzenanbau-und-biodiversitaet/#massnahme. Accessed: 01.12.2020 
15 https://naturschutzzentrum-coesfeld.de/. Accessed: 14.12.2020 
16 https://naturschutzzentrum-coesfeld.de/feldvogelprogramm. Accessed: 14.12.2020 
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5.2.3.3 Arbeitsgemeinschaft Biologischer Umweltschutz im Kreis Soest e.V.  

The Arbeitsgemeinschaft Biologischer Umweltschutz im Kreis Soest e.V. (ABU) is a nature 

conservation association that is primarily active in the Soest district. It is a member of the 

Regional Conservation and Environment Association, which, along with BUND and NABU, is 

one of the recognized nature conservation associations under the Federal Nature Conservation 

Act in North Rhine-Westphalia.17 Furthermore, ABU is involved in the supervision of farmers 

in conservation-friendly management.18 It especially helps with the protection of breeding 

lapwings by actively consulting farmers, who are hosting breeding lapwings, on how to farm 

without disturbing their nests to increase nesting success.19 Therefore, ABU’s interest can be 

considered high, even though they mainly focus on one of the target bird species. Moreover, as 

it is directly involved in consultancy of farmers for nature conservation management and in 

close cooperation with other nature conservation associations its influence can be considered 

medium. ABU is impacted by the proposed scheme so far as they may be involved in consulting 

the farmers in active breeding bird protection measures and can inform them about habitat 

requirements. 

5.2.3.4 NABU Münsterland 

As a non-profit organisation, the NABU Münsterland offers nature enthusiasts and professionals 

a wide range of educational programs. As a nature conservation organization, the preservation 

of the environment as the basis of life and a sustainable use of it is particularly important to 

them. It would like to bring this approach closer to people with their events, based on the motto 

‘You can only protect what you know’.20 Its interest is considered medium, as its goal is a 

sustainable use of resources and the nature conservation, but it is not specialised in agricultural 

measures. NABU Münsterland’s influence is low because it communicates and educates about 

certain issues, but it does not necessarily reach all important stakeholders with this and thus 

cannot influence the implementation process of this particular scheme. NABU Münsterland is 

not impacted by the issue.   

5.2.3.5 Sympathieträger Kiebitz - NABU 

The corporation Sympathieträger Kiebitz – NABU (Lapwing Protection corporation) is creating 

a lapwing protection network, which aims to expand the necessary measures and structures and 

advise the specialist authorities in the federal, state and local governments.21 It is specialised on 

the key species lapwing and hence very interested in the scheme. It has medium influence, as it 

can go in dialogue with different authorities, but doesn’t have a final say in whether a measure 

is taken up or not. The impact of the issue on the Lapwing Protection corporation is medium 

as also other birds are considered in the proposed scheme and the lapwing may not profit from 

all habitats provided by the farmers. 

5.2.4 Researchers 

5.2.4.1 AG Biodiversität und Ökosystemforschung 

The AG Biodiversität und Ökosystemforschung (WWU Münster) is part of the Institute for 

Landscape Ecology of the Westphalian Wilhelms University of Münster. To analyse the 

structure, function and change of terrestrial ecosystems, it uses plants, vegetation and soil as 

integrative landscape-ecological features. It is involved in vegetation and site studies and 

 
17 https://www.abu-naturschutz.de/ueber-uns/der-verein. Accessed: 14.12.2020 
18 https://www.abu-naturschutz.de/betreuungsgebiete. Accessed: 14.12.2020 
19 https://www.abu-naturschutz.de/projekte/laufende-projekte/kiebitzschutz. Accessed: 14.12.2020 
20 https://www.nabu-muensterland.de/ueber-uns/. Accessed: 02.12.2020 
21 https://www.nabu.de/tiere-und-pflanzen/voegel/artenschutz/kiebitz/index.html. Accessed: 02.12.2020 
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physical geography in the bachelor and master degree courses in Landscape Ecology and in 

other courses in geosciences. One project of the chair group Landscape Ecology is the 

monitoring and evaluation of nature conservation measures.22 Therefore, the WWU Münster 

might be interested in including the proposed scheme in its research. However, it does not have 

any influence on whether the scheme will be implemented or not. 

5.2.5 Summary of stakeholder analysis 

The stakeholder analysis reveals which stakeholders had to be included to evaluate the ‘social 

acceptance’ criteria of the two indicators. These stakeholders were also consulted to determine 

the importance of the criteria of the different categories. Figure 7 shows the most important 

stakeholders to involve in the development of the scheme (i.e., ‘Key Players’). Hereby, The 

LANUV, Chamber of Agriculture NRW, Kreis Coesfeld e.V. and SWK all have a high influence 

as well as a high interest in the topic. The N&P-Coesfeld and the farmers have a bit less 

influence but still a high interest in the topic. Also included were the MULNV which have the 

highest power, as well as the ABU and Lapwing protection corporation which have less power 

but also a high interest in the scheme. NABU Münsterland and WWU Münster were not included 

as they are not directly affected and have a rather low influence but can be informed about the 

progress of the scheme (see Appendix F, Table F.1). 

 

Figure 7: Interest-Influence Matrix. The matrix shows the level of interest and influence for each stakeholder group. The 

‘Key Players’ constitute the main stakeholders and are framed by a red box. 

5.3 Results: Identification of indicator performance 

5.3.1 Performance of indicators on ‘ecological representativeness’ and ‘economic 

performance of monitoring’ 

In total 11 ornithologists were contacted of which five participated in the survey. These 

ornithologists were asked to assign scores for the two indicators on the criteria of the two 

categories ‘ecological representativeness’ and ‘economic performance of monitoring’. Overall, 

there are differences in indicator preference between the bird species as well as between the 

 
22 https://www.uni-muenster.de/Oekosystemforschung/index.shtml. Accessed: 02.12.2020 



Antonia Elvers Master Thesis 24.02.2021 

 

25 

 

two categories (see Table 4). Overall, the proxy indicator ‘Habitat Quality’ scored higher on 

the criteria of ‘ecological representativeness’ for partridge and the direct indicator ‘Abundance 

per Species’ for skylark and curlew. For lapwing both indicators received the same scores on 

the ‘ecological representativeness’. The direct indicator ‘Abundance per Species’ scored higher 

for all bird species on the ‘economic performance of monitoring’. Based on the expert scores 

there is a clear preference for ‘Abundance per Species’ for both skylark and curlew. For both 

lapwing and partridge ‘Abundance per Species’ performs better only on the ‘economic 

performance of monitoring’ whereas ‘Habitat Quality’ performs better on the ‘ecological 

representativeness’. 

Table 4: Overview – Performance of Ecological and Economic Criteria per Bird Species. Bold numbers indicate the preferred 

indicator per category and bird species. 

Bird Species Indicator Ecological 
Representativeness 

Economic 
Performance of 
Monitoring 

Lapwing Abundance per Species 3.5 3.7 

Habitat Quality 3.5 3.0 

Skylark Abundance per Species 3.7 3.2 

Habitat Quality 3.6 3.0 

Curlew Abundance per Species 4.0 3.6 

Habitat Quality 3.3 3.0 

Partridge Abundance per Species 3.3 3.1 

Habitat Quality 3.5 2.8 

 

5.3.1.1 Performance of indicators on criteria of ‘ecological representativeness’ 

Figure 8 shows the mean scores of the individual criteria of ‘ecological representativeness’ for 

both indicators. It shows that in general there are only small differences between the mean 

scores given to the bird species and between the indicators. However, the ‘Relevance’ scores 

of the ‘Abundance per Species’ are higher for all bird species compared to the proxy indicator 

‘Habitat Quality’. The direct indicator also has higher ‘Reliability’ scores for lapwing and 

curlew.  

For ‘Abundance per Species’ there is a high variance in ‘Responsiveness’ scores between the 

four bird species. The ‘Responsiveness’ score for the direct indicator ranges from 3.0 – 4.3 

(with skylark and partridge receiving the lowest mean score, and curlew receiving the highest 

mean score), while the 'Responsiveness’ for the proxy indicator was given a score ranging from 

3.0 – 3.8. For the proxy indicator the ‘Operational coherence’ scores are approximately 3 for 

all bird species, whereas for the direct indicator the scores for skylark and curlew are higher at 

3.7. The ‘Coverage/integrity’ scores vary between the indicators. Hereby the ‘Habitat Quality’ 

scores are higher for both lapwing, skylark and partridge, while ‘Abundance per Species’ scores 

higher for curlew. 

The performance scores of the proxy indicator ‘Habitat Quality’ are composed of the sub-

indicators’ scores. Therefore, the individual performance scores of the criteria of the ‘ecological 

representativeness’ for the different sub-indicators must be considered to evaluate the 

contribution of the sub-indicators to the proxy indicator. Overall, the performance scores for 

the sub-indicators of the ‘Habitat Quality’ show noticeable variances for some criteria of 



Antonia Elvers Master Thesis 24.02.2021 

 

26 

 

‘ecological representativeness’. Appendix G, Table G.1- Table G.4 display the scores for each 

(sub-)indicator per bird species on each ecological criterion. 

The results of the expert scores are explained per criterion. Figure 9 shows that the ‘Relevance’ 

score is in general quite high for all sub-indicators and bird species. Especially high is the 

‘Relevance’ of ‘Vegetation Height’ for lapwing (4.6), ‘Vegetation Coverage’ for skylark (4.6) 

and ‘Management for curlew (4.5). Furthermore, the ‘Reliability’ scores show a higher variance 

between the different sub-indicators. This criterion was scored below 3.0 for all bird species on 

the sub-indicator ‘Vegetation Coverage’ (2.3-2.8). Furthermore, lapwing, and curlew achieved 

a ‘Reliability’ score below 3.0 for ‘Wet Features’ (2.8) and all four species for ‘Management’ 

(2.3-2.8). A noticeably high score was given for the ‘Reliability’ on the sub-indicator ‘Vertical 

Structures’ for skylark (4.5). Moreover, the ‘Responsiveness’ scores are noticeably low for 

‘Vertical Structures’ for the lapwing (2.3) as well as for ‘Other Features’ for the curlew 

(‘Presence of Nardus s. & Trichophorum g.’) with a score of 2.7. The ‘Operational coherence’ 

scores tend to be lower compared to the other criteria. Especially the sub-indicator 

‘Management’ received a low score on this criterion for all bird species (2.5-2.8). Also, the sub-

indicator ‘Vertical Structures' received low ‘Operational coherence’ scores for the partridge 

(2.7) and ‘Other Features’ for the curlew (2.3). As the main function of an indicator-set is to 

cover all aspects of the target together, only one ‘Coverage/integrity’ score was assigned to all 

sub-indicators together. The variation between the bird species is small with scores ranging 

from 3.5-4.0. 

To investigate whether each sub-indicator should be included in the proxy indicator for each 

bird species, the mean scores of ‘ecological representativeness’ per sub-indicator and bird 

species where calculated. The mean score of all criteria of ‘ecological representativeness’ per 

sub-indicator and bird species is always >3, which means that all sub-indicators are at least 

moderately important to include in the proxy indicator and should be considered when 

evaluating the ‘Habitat Quality’.  

 

 

 

 

Figure 8: Performance Scores per Criterion of 'Ecological Representativeness' per Indicator and Bird Species. The different 

shapes represent the different criteria and the colours indicate the bird species. 

Performance Score 

Habitat Quality Abundance per Species 
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Figure 9: Performance Scores of Ecological Criteria per Sub-Indicator and Bird Species. Illustration of performance scores 

per sub-indicator and bird species for each criterion of ‘ecological representativeness‘. The shapes correspond to the sub-

indicators and colors represent the bird species. The graphs show a) ‘Relevance’, b) ‘Reliability’, c) ‘Responsiveness’, d) 

‘Operational coherence’ and e) ‘Coverage/integrity’. Note that experts assigned only one ‘Coverage/integrity’ score for 

‘Habitat Quality’. 

5.3.1.2 Performance of indicators on criteria of ‘economic performance of monitoring’ 

Figure 10 shows the mean scores of the individual criteria of ‘economic performance of 

monitoring’ for both indicators. It indicates some variance in the given mean scores. The results 
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are explained per criterion. The mean scores on the criterion ‘Labour’ are higher for the direct 

indicator ‘Abundance per Species’ for lapwing (3.6), curlew (3.6) and partridge (3.0) compared 

to the proxy indicator ‘Habitat Quality’ (3.0, 3.0 and 2.3, respectively). The scores on this 

criterion are the same for skylark for the two indicators. The mean scores for ‘Material costs’ 

are slightly higher for ‘Abundance per Species’ (4.3) compared to ‘Habitat Quality’ (≤ 4.0) for 

all bird species. The mean scores for ‘Other costs’ for ‘Abundance per Species’ are the same 

for all bird species (4.0) and higher than the scores given to ‘Habitat Quality’ (≤ 4). The mean 

scores for ‘Training’ are rather low for both ‘Abundance per Species’ (≤ 3.3) and ‘Habitat 

Quality’ (≤ 2.8). Hereby, the mean scores for ‘Abundance per Species’ are slightly higher for 

lapwing, skylark and curlew, while for ‘Habitat Quality’ the mean scores are higher for 

partridge. Also, the mean scores of ‘Quality checks’ are relatively low for both indicators (≤ 

2.7). While the mean scores for ‘Abundance per Species are higher for lapwing and curlew, the 

direct indicator also received the lowest mean score for partridge (1.7). The mean scores for 

‘Simplicity’ show a variance among the bird species for ‘Abundance per Species’. Although 

the mean scores for lapwing and curlew are as high as 4.0 for the direct indicator, the mean 

scores for skylark and partridge are only at 3.0. For the ‘Habitat Quality’ the mean scores vary 

less among the bird species for ‘Simplicity’ (2.8-3.0). Appendix G, Table G.5 - Table G.8 

display the scores for each indicator per bird species on each economic criterion. 

 

Figure 10: Performance Scores of Criteria for 'Economic Performance of Monitoring' per Indicator and Bird Species. The 

shapes represent the different criteria and the colours indicate the different bird species. 
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5.3.2 Performance of indicators on criteria of ‘social acceptance’ 

Surveys were sent to 40 farmers, to seven individuals belonging to the stakeholder group 

governmental institutions (GOVs) and to 12 individuals belonging to nongovernmental 

organisations (NGOs). The number of replies received per stakeholder group were as follows: 

17 farmers, eight GOVs and five NGOs. Overall, the mean scores of ‘social acceptance’ are the 

same for both indicators (3). The evaluation of the surveys shows that the proxy indicator 

‘Habitat Quality’ scored slightly higher for both criteria ‘Information & Knowledge’ and 

‘Usability’. The direct indicator ‘Abundance per Species’ scored slightly higher for the criterion 

‘Usefulness’. The ‘External Risk’ scores are the same for both indicators and are noticeably 

lower than scores of the other criteria (see Appendix G, Table G.9).  

Figure 11 illustrates little variance between the mean scores of the different stakeholder groups. 

The mean scores of ‘Information & Knowledge’ of farmers are lower than those of the other 

stakeholder groups for both ‘Abundance per Species’ (3.3) and ‘Habitat Quality’ (3.5). The 

other groups, NGOs and GOVs assigned high mean scores for both indicators (≥4.0) on this 

criterion. The mean scores of ‘Usability’ of farmers are higher compared to the other 

stakeholder groups for both ‘Abundance per Species’ (3.5) and ‘Habitat Quality’ (3.7). NGOs 

assigned marginally higher mean scores for ‘Usability’ than GOVs for both indicators (>3.5). 

The mean scores for ‘Usefulness’ have a greater variance between the stakeholder groups. For 

‘Abundance per Species’ farmers assigned the highest mean score (3.4), followed by NGOs 

(3.0) and GOVs (2.6). The mean scores of ‘Usefulness’ for ‘Habitat Quality’ are somewhat 

lower. Here farmers also assigned the highest mean score (2.9), followed by GOVs (2.8) and 

NGOs (2.6). Interestingly, the mean scores of ‘External risk’ for both indicators are the same 

within the stakeholder groups GOVs (2.1) and NGOs (1.8), whereas farmers assigned higher 

scores to ‘Abundance per Species’ (1.9) compared to ‘Habitat Quality’ (1.7). 
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Figure 11: 'Social Acceptance' Scores of Criteria per Indicator and Stakeholder group. The different shapes represent the 

different stakeholder groups. The graphs show the mean scores for a) ‘Information & Knowledge’, b) ‘Usability’, c) 

‘Usefulness’ and d) ‘External risk’. 

5.3.3 Distribution of performance scores among experts and stakeholder groups 

To show the level of agreement towards the scores assigned by the experts and stakeholders, 

boxplots displaying the distribution among the groups were created and the standard deviations 

(sds) calculated. For the experts this was done per criterion, bird species and (sub)-indicator to 

demonstrate the level of agreement between the experts. For the stakeholders this was done per 

criterion, indicator and stakeholder group to visualize the level of agreements among the 

individual stakeholder groups. 

Figure 12 presents the level of agreement for the ecological criteria. These are in general 

relatively high for ‘Operational coherence’ and ‘Coverage/integrity’, while those of 

‘Relevance’, ‘Reliability’ and ‘Responsiveness’ diverge between the (sub-)indicators and bird 

species. Especially high is the level of agreement for the indicator ‘Abundance per Species’ on 

the criterion ‘Relevance’ for both skylark and partridge (sd = 0) as well as on the criterion 

‘Operational coherence’ for lapwing and partridge (sd = 0). The lowest level of agreement 

occurs on the criterion ‘Reliability’ for the sub-indicator ‘Vertical Structures’ for lapwing (sd 

= 1.9) as well as for the sub-indicator ‘Wet Features’ for skylark (sd = 1.8).  

Overall, the level of agreement for the mean scores of the ‘economic performance of 

monitoring’ is high for all bird species and criteria for ‘Habitat Quality’ and most criteria for 
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‘Abundance per Species’ (see Figure 13). For ‘Abundance per Species’ the lowest level of 

agreement occurs on the criterion ‘Labour’ for all bird species as well as on ‘Simplicity’ for 

skylark and partridge (sd >1.5). Especially high is the agreement for ‘Abundance per Species’ 

on the criterion ‘Other costs’ for all bird species as well as on the criterion ‘Quality checks’ for 

skylark (sd = 0).  

Figure 14 shows the sd of the scores for ‘social acceptance’ among the stakeholder groups on 

each criterion. Overall, the level of agreement among the stakeholder groups can be considered 

high (sd < 1.5). The sd of farmers and GOVs is below 1 on all criteria. Farmers have a very 

high level of agreement (sd < 0.5) on ‘Information & Knowledge’ and ‘Usefulness’ for both 

indicators, while GOVs have a very high level of agreement on ‘Usefulness’ of ‘Abundance 

per Species’ (sd < 0.5). Interestingly, the stakeholders belonging to the group of NGOs have a 

lower level of agreement compared to the other groups. NGOs have the lowest level of 

agreement for ‘Abundance per Species’ on the criteria ‘Information & Knowledge’, ‘Usability’ 

and ‘Usefulness’ (sd >1.2).  

Boxplots showing the distribution of expert scores for each criterion per (sub-)indicator and 

bird species can be found in Appendix H, Figure H.1 and Figure H.2. The boxplots show that 

in most cases there is some disagreement with scores distributed within a range of 2-4 points. 

Especially high is the disagreement between the experts for ‘Abundance per Species’ on 

‘Relevance’ for all bird species, in particular for the skylark, were scores assigned range from 

1-5. Also noticeable are the high disagreements for ‘Vertical Structures’ on ‘Reliability’ for 

lapwing where the scores also range from 1-5. On the criterion ‘Coverage/integrity’ the level 

of agreement for ‘Abundance per Species’ is lower for all species compared to ‘Habitat Quality’ 

except for partridge. For the criteria of ‘economic performance of monitoring’ experts generally 

had a higher level of agreement for the ‘Habitat Quality’ indicator compared to the ‘Abundance 

per Species’ indicator. Boxplots showing the distribution of stakeholder scores per stakeholder 

group and indicator on each criterion can be seen in Appendix I, Figure I.1. Regarding the 

criteria for ‘social acceptance’, the level of agreement among the stakeholder groups is 

relatively high, with the lowest agreement among farmers for ‘Abundance per Species’ on 
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‘External risk’ with score ranges from 1-3. 

 

Figure 12: SD of 'Ecological Representativeness' Scores. Illustration of standard deviation (sd) of expert scores on the criteria 

of ‘ecological representativeness’. The colours represent the (sub-)indicators and the shapes indicate the bird species. The 

graphs show the sd of a) ‘Relevance’, b) ‘Reliability’, c) ‘Responsiveness’, d) ‘Operational coherence’ and e) 

‘Coverage/integrity’. Note that ‘Coverage/integrity received the same scores for all sub-indicators. 
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Figure 13: SD of 'Economic Performance of Monitoring' Scores. Illustration of standard deviation of expert scores on the 

criteria of ‘economic performance of monitoring’. The colours represent the different bird species and the shapes represent 

the different criteria. 

 

Figure 14: SD of 'Social Acceptance' scores per Stakeholder group. Illustration of standard deviation of stakeholder scores on 

the criteria of ‘social acceptance. The colours represent the different stakeholder groups and the shapes represent the different 

criteria. 
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5.4 Limitations 

5.4.1 Data collection via expert surveys 

Answering RQ4 required data collected from expert surveys. The relatively small dataset of 

data collected from five experts is a major limitation to my study, as it makes up a large part of 

the MCA. Furthermore, some experts did not assign scores to each criterion and (sub-)indicator 

as they felt they lacked knowledge regarding some criteria or bird species. Yet, this also shows 

that the experts must have been relatively certain about the scores they did assign. Furthermore, 

most experts were consulted per telephone to prevent misunderstandings. This contributes to 

the credibility of the collected data.  

Another constrain to the validity of the expert scores is that the scores highly depend on the 

expert’s own opinion and are not based on data (Jacobs et al., 2015). This leaves a lot of room 

for interpretation by the experts, which is also reflected by the variances among the scores 

assigned by the experts. However, as there was no literature or data on the ‘ecological 

representativeness’ or ‘economic performance of monitoring’ of the (sub-)indicators available, 

consulting experts is the best possible and well accepted method to assign scores (DCLG, 2009).  

Another limitation is that only ornithologists have been approached, who have a great 

knowledge about the target bird species and their habitat requirements and thus the ‘ecological 

representativeness’ of the (sub-)indicators. However, they were also the only experts asked to 

assign scores to the ‘economic performance of monitoring’ of the indicators. The validity of 

these scores could have been increased by asking other experts to participate in the expert 

surveys (e.g., experts who already conduct quality checks for other agri-environmental 

schemes). However, due to time constraints and availability considering only the ornithologists’ 

opinions was the best possible option.   

5.4.2 Data collection via stakeholder surveys 

To answer RQ4 surveys were sent to stakeholders to collect data on scores. Another limitation 

to this study is that the total responses of the different stakeholder groups differ greatly. The 

numbers of participants of the stakeholder groups NGOs (5) and GOVs (8) are much smaller 

than those of farmers (17). However, the overall response rate (>50%) was quite high and all 

as important identified stakeholder groups were sufficiently represented. Farmers are the most 

affected stakeholder group within the development of a result-based AECM. They need to 

implement the scheme and adapt their management accordingly if they participate in the 

scheme. Thus, the high number of respondents in this group substantiates the data acquired and 

reflects a high interest of farmers in AECMs. This also highlights the importance of developing 

appropriate indicators for result-based AECMs. The differences in participation per stakeholder 

group were considered in the used methods by first calculating the mean scores per stakeholder 

group. These were used as the base for calculating the overall mean scores. Therefore, the scores 

can be considered representative and reliable.  

A bias might have occurred because stakeholders may have (unconsciously) included other 

factors in scoring. Especially the ‘External risk’ scores for the two indicators raised my 

attention. The actual abundance of birds in fields is highly influenced by external factors and 

the returning of mobile species to a certain field is out of the farmers control, even when 

providing a suitable habitat (Chaplin et al., 2019). The ‘Habitat Quality’ however, can be 

influenced to a larger extent by the farmers management (Chaplin et al., 2019). Therefore, I 

expected a higher score for ‘Habitat Quality’ than for ‘Abundance per Species’, however both 
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indicators received similar low scores. The unexpected low ‘External risk’ score for ‘Habitat 

Quality’ may be due to a trust issue between farmers and experts. Some stakeholders expressed 

concerns that the perception of the level of the ‘Habitat Quality’ by the farmers and experts 

conducting quality checks may leave more room for disagreements compared to the actual 

abundance of birds. This was also confirmed in the pilot study of Chaplin et al. (2019): in 60% 

of the assessments farmers scored their fields higher compared to experts. To account for a 

possible bias and check the robustness of the results, a sensitivity analysis of the results was 

performed (Department for Communities and Local Government: London, 2009).  
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6 Importance of criteria 

6.1 Methods 

The social acceptance is considered highly important to determine whether an indicator will be 

used (Vlassenroot et al., 2008). This was accounted for by answering RQ5. The main 

stakeholders were approached to find out the importance (i.e. weight) of each criterion of the 

‘ecological representativeness’, ‘economic performance of monitoring’ and ‘social 

acceptance’. Therefore, a third part was added to the stakeholder survey. This part presented 

each criterion to the stakeholders and asked them to assign a descriptive weight (not important, 

slightly important, important, fairly important, very important, most important) to each criterion 

according to their perception of importance. Each descriptive weight was assigned a score from 

1-6 (not important = 1, slightly important = 2, important = 3, fairly important = 4, very important 

= 5, most important = 6). To minimize the influence of the results by stakeholders who only 

assigned either low or high scores the relative weights were calculated per stakeholder. To 

calculate the relative weight for each criterion per stakeholder (𝑊𝑟𝑠,𝑐) each weight assigned by 

one stakeholder was divided by the sum of weights per stakeholder following Huang et al. 

(2011) and Mendoza et al. (1999): 

𝑊𝑟𝑠,𝑐 =
𝑊𝑠,𝑐

∑ 𝑊𝑠,𝑐
𝑐𝑁
𝑐=1

   Eq. 1 

where 𝑊𝑠,𝑐 is the weight per stakeholder 𝑠 and criterion 𝑐 and 𝑁 is the total number of criteria 

used in ‘ecological representativeness’, ‘economic performance of monitoring’ and ‘social 

acceptance’. 

Then for each stakeholder group mean relative weights were calculated for each criterion 

(𝑤𝑟𝐺,𝐶
̅̅ ̅̅ ̅̅  ) to account for differences in participation: 

𝑤𝑟𝐺,𝐶
̅̅ ̅̅ ̅̅ = 

∑ 𝑊𝑟𝑠,𝑐⊆ G
𝑐𝑁
𝑐=1

𝐺𝑛
   Eq. 2  

Where 𝐺𝑛 is the number of participants in stakeholder group 𝐺.  

Then the mean relative weights of each stakeholder group for each criterion were summed up 

and divided by the number of stakeholder groups:  

 𝑤𝑟𝐶
̅̅ ̅̅ ̅ =

∑ 𝑤𝑟𝐺,𝐶
̅̅ ̅̅ ̅̅ ̅̅  

𝐺𝑛
𝐺=1

𝑆𝐺𝑁
     Eq. 3 

Where 𝑤𝑟𝐶
̅̅ ̅̅ ̅ is the mean relative weight per criterion across all stakeholder groups and 𝑆𝐺𝑁 the 

number of stakeholder groups.  

These weights were inserted in the performance-matrix. 

Additionally, the standard deviation of the mean relative weights per criterion and stakeholder 

group was calculated and boxplots displaying the distribution of relative weights per criterion 

and stakeholder group were created to investigate variances in weights for the criteria within 

and between the stakeholder groups. For this purpose, the software environment R was used. 
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6.2 Results 

6.2.1 Importance of criteria 

To determine the importance of each criterion the weights assigned by the stakeholders were 

evaluated. Table 5 shows the ranking of criteria combining the weights of all stakeholder 

groups. The two ‘social acceptance’ criteria ‘Information & Knowledge’ and ‘Usability’ and 

the ‘economic performance of monitoring’ criterion ‘Simplicity’ are considered most important 

by the stakeholders. These criteria are followed closely by the ‘economic performance of 

monitoring’ criterion ‘Labour’, as well as the four ‘ecological representativeness’ criteria 

‘Operational coherence’, ‘Responsiveness’, ‘Reliability’ and ‘Relevance’ and the two ‘social 

acceptance’ criteria ‘External risk’ and ‘Usefulness’. The criteria ‘Coverage/integrity’ and 

‘Training’ are moderately important. Least important are the three ‘economic performance of 

monitoring’ criteria: ‘Material costs’, ‘Other costs’ and ‘Quality checks’.  

Table 5: Mean Relative Weights of all Stakeholder groups. The criteria are ordered by their mean relative weights. 

Category Criteria Mean Relative Weights 

Social Acceptance Information & Knowledge 0.08 

Social Acceptance Usability 0.08 

Economic Performance of 
Monitoring Simplicity  0.08 

Economic Performance of 
Monitoring Labour  0.07 

Ecological Representativeness Operational coherence  0.07 

Ecological Representativeness Responsiveness 0.07 

Ecological Representativeness Reliability 0.07 

Ecological Representativeness Relevance 0.07 

Social Acceptance External risk 0.07 

Social Acceptance Usefulness 0.07 

Ecological Representativeness Coverage/integrity  0.06 

Economic Performance of 
Monitoring Training  0.06 

Economic Performance of 
Monitoring Material costs 0.05 

Economic Performance of 
Monitoring Other costs 0.05 

Economic Performance of 
Monitoring Quality checks  0.05 

 

Figure 15 shows the mean relative weights assigned per stakeholder group (farmers, 

governmental institutions, NGOs) as well as the mean relative weights of all stakeholder groups 

(all) for each criterion. It shows that there are some deviations between the three stakeholder 

groups. While the two most important criteria for the farmers are ‘External risk’ and 

‘Simplicity’, stakeholders of governmental institutions (GOVs) ranked ‘Labour’, ‘Usability’, 

‘Simplicity’ and ‘Information & Knowledge’ highest and NGOs assigned a higher importance 

to ‘Responsiveness’, ‘Information & Knowledge’, ‘Operational coherence’, ‘Relevance’ and 

‘Coverage/integrity’. For the criteria which seem least important there is a higher level of 

agreement between the groups. ‘Quality checks’ received the lowest weights from GOVs as 

well as NGOs. ‘Other costs’ received low weights from all three groups. GOVs and farmers 
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also assigned low weights to ‘Training‘. Both NGOs and farmers assigned low weights to 

‘Material costs’. Noticeable is that the weights assigned by NGOs and GOVs diverge the most. 

Farmers weighted most criteria relatively close to the average (ALL). For ‘Quality checks’, 

there is a large difference between farmers weights and NGOs weights. For ‘External risk’ there 

is a large difference between farmers and GOVs weights. Tables with the weights for each 

criterion per stakeholder group can be found in Appendix J, Table J.1 - Table J.3. 

 

Figure 15: Relative Weights per Criterion and Stakeholder group. The colours represent the different stakeholder groups. The 

graphs show: a) criteria of ‘ecological representativeness’, b) criteria of ‘economic performance of monitoring’, c) criteria of 

‘social acceptance’. 

6.2.2 Distribution of weights among stakeholder groups 

Figure 16 illustrates the standard deviation (sd), which reflects the level of agreement among 

the different stakeholder groups per criterion. The standard deviation is in general low among 

the representatives of the stakeholder groups, which shows a high level of agreement. NGOs 

however, have the lowest level of agreement (sd > 0.02) for ‘Relevance’, ‘Simplicity’ and for 

the three ‘social acceptance’ criteria ‘Usability’, ‘Usefulness’ and ‘External risk’. For 

representatives of the stakeholder group governmental institutions (GOVs) the level of 

agreement for ‘Training’ and ‘Usefulness’ is low (sd > 0.02). Farmers’ level of agreement is 

low (sd > 0.02) only for ‘Training’. For the criteria of the ‘ecological representativeness’ the 

distribution of relative weights assigned by GOVs is high for ‘Coverage/integrity’, 

‘Responsiveness’ and ‘Relevance’, while distribution of weights assigned by NGOs is high for 
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‘Coverage/integrity’ and ‘Reliability’. Regarding the criteria of the ‘economic performance of 

monitoring’, the ranges of weights assigned by the stakeholders are larger compared to those 

of the other categories. Especially ‘Training’ shows large ranges for both farmers and GOVs, 

while the distribution of weights assigned by NGOs is high for ‘Quality checks’. The ‘social 

acceptance’ criteria show a high distribution of weights for ‘External risk’ for NGOs and 

‘Usefulness’ a high range for both farmers and GOVs. The distribution of relative weights 

assigned can be seen in Appendix K, Figure K.1. 

6.3 Limitations 

As mentioned in the previous chapter, a limitation to my study are the differences in 

participation per stakeholder group. This could have influenced the weighting of the criteria. 

However, the differences were considered by first calculating the mean relative weights per 

stakeholder group, which was used to calculate the overall mean relative weights. Additionally, 

by calculating relative weights, strong influences of individual stakeholders on the weighting 

were avoided. Therefore, the weights can be considered representative and reliable.  
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Figure 16: Standard Deviation of Relative Weights per Stakeholder group and Criterion. The colours represent the different 

stakeholder groups and the shapes indicate the different criteria. The graphs show: a) criteria of ‘ecological 

representativeness’, b) criteria of ‘economic performance of monitoring’, c) criteria of ‘social acceptance’. 
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7 Ranking and sensitivity analysis 

7.1 Methods 

A MCA, which is a decision making tool, helps to establish a preference between multiple 

options to achieve a specific objective by using a set of measurable criteria (Department for 

Communities and Local Government: London, 2009). It offers a systematic method that allows 

input from a variety of disciplines and, possibly conflicting, viewpoints (Huang et al., 2011; 

Lahdelma et al., 2000). Moreover, by providing a systematic framework, a MCA helps to make 

the decision making process visible and transparent (Lahdelma et al., 2000; Mendoza et al., 

1999). A MCA includes the following eight steps (Department for Communities and Local 

Government: London, 2009):  

1. The definition of the objective; 

2. The identification of the options to be compared; 

3. The identification of criteria based on which the options will be compared. 

4. The scoring of each option on each criterion, where each option is assigned a 

numerical score on a predefined scale; 

5. The weighting, where weights are assigned to each criterion to reflect their relative 

importance for the decision process; 

6. The ranking, where the assigned scores and weights will be combined to show the 

order of preference for the different options; 

7. The investigation of the results; and 

The sensitivity analysis, which tests the robustness of the results to changes in scores or weights.  

Figure 17 relates my RQs to the eight MCA steps. Step one followed logically from the research 

objective and was complemented by answering RQ1, which gave some general information 

about the differences between direct and proxy indicators. Step two was tackled by answering 

RQ2, by identifying the options that were compared. RQ3 helped to identify the criteria for 

different categories based on which the two indicators were compared. With RQ4 scores were 

assigned to each indicator on each criterion. Through RQ5, each criterion was given a weight 

based on the stakeholder’s opinions of the criterion’s importance for the scheme. Then the 

scores and weights were combined to allow the ranking of indicators.  

To reveal which indicator performed better considering the scores and weights assigned by the 

experts and stakeholders, a performance-matrix was created for each bird species, multiplying 

relative weights by scores for each criterion and indicator. These weighted scores were summed 

up per indicator and the resulting scores were compared. The indicator with the higher score 

was marked as ranked higher. To examine the degree to which the scores and weights assigned 

by the experts and stakeholder groups influence the indicator selection, a sensitivity analysis 

was performed. Its results determine the robustness of the indicator ranking and thus help to 

gain approval by the main stakeholders (Department for Communities and Local Government: 

London, 2009). Therefore, several modifications to the performance-matrix, influencing scores 

and weights, were undertaken: 
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i. Removing all the weights from the performance matrix, to investigate the effect of the 

weights on the result; 

ii. For each stakeholder group the mean weights in the performance matrix were replaced 

by mean weights of the individual stakeholder group and the indicators ranked 

accordingly to consider different opinions on importance of criteria; 

iii. For each stakeholder group the mean scores and mean weights in the performance 

matrix were replaced by mean scores and weights of the individual stakeholder group 

to consider different ‘social acceptance’ values among the different stakeholder groups 

and different opinions on importance of criteria; 

iv. I examined whether the criteria of certain categories (ecological, economic and social) 

have a high influence on the indicator selection. Therefore, all criteria of each category 

were removed individually and the relative weights adjusted:  

 

𝑊𝑟𝑛𝑐 =  
𝑊𝑟𝑐

∑𝑊𝑟𝑐,𝑠𝑢𝑏
 (Eq. 4) 

 

Where 𝑊𝑟𝑛𝑐 is the new relative weight per criterion, 𝑊𝑟𝑐 is the original relative 

weight per criterion and ∑𝑊𝑟𝑐,𝑠𝑢𝑏 is the sum of the original relative weights of the 

subset of criteria;   

v. The influence of each individual criterion was studied, by removing each criterion 

individually from the performance matrix and adjusting the weights accordingly (c.f. 

Eq. 4); 

vi. The three criteria with the highest weights were removed and the weights adjusted 

accordingly (Eq. 4) to investigate whether redistributing the weights to the remaining 

criteria of less importance influences the ranking of indicators; andThe criteria with 

the lowest weights were removed and the weights adjusted accordingly (Eq. 4) to 

investigate whether redistributing the weights to the remaining criteria of higher 

importance influences the ranking of indicators. 
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Figure 17: Schematic overview: methodological approach of thesis. The rectangles at the top represent the RQs. The 

rounded rectangles show the methods used to answer each RQ. The white boxes are the results of each RQ. Within these, the 

green, blue and purple stripes correspond to the ecological, economic and social criteria, respectively. The arrows show the 

connections between the RQ and the methods as well as between the data retrieved through the methods and the inputs to the 

MCA. 

7.2 Results 

To identify which of the two indicators performs better, the scores assigned to each indicator 

for the criteria of the three categories and the weights that are assigned to each criterion, must 

be combined. A performance-matrix combined the weights and scores for each indicator per 

bird species. This matrix shows that ‘Abundance per Species’ scored slightly higher for 

lapwing, skylark and curlew, while both indicators have the same scores for partridge (see Table 

6 and Table 7). However, both indicators only perform moderately (<3.5), except for 

‘Abundance per Species’ for curlew (3.6). Looking at the weighted scores when only 

considering the mean weights of the individual stakeholder groups or considering both the mean 

weights and the mean scores of the individual stakeholder groups reflects a similar result (see 

Appendix L, Table L.1). In both cases all stakeholder groups ranked ‘Abundance per Species’ 
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higher for most species. Considering the mean weights of NGOs or farmers or both the mean 

weights and mean scores of farmers results in the same scores for both indicators for skylark 

and partridge. Using the mean weights of GOVs or both mean weights and mean scores of 

NGOs leads to a preference for ‘Abundance per Species’ for all species. Considering both mean 

weights and mean scores of GOVs does not affect the indicator selection. 

Investigating the effect of the weights by removing the weight i.e., assigning the same weight 

to each criterion, resulted in the same ranking, which shows that the weights do not have a 

large impact on the results.  

Then, each category was inspected individually to investigate whether a certain category of 

criteria has a large influence on the indicator ranking. Considering only criteria of ‘ecological 

representativeness’ resulted in both indicators receiving the same scores for lapwing (3.5) and 

‘Habitat Quality’ receiving a higher score for partridge (3.5). Considering only criteria of 

‘economic performance of monitoring’ ‘Abundance per Species’ scored higher for partridge 

(3.1), while the score for ‘Habitat Quality’ dropped below 3 for partridge. Considering only 

criteria of ‘social acceptance’ gave the same weighted score for the two indicators (3.0). 

To investigate the influence of each criterion on the ranking of indicators, each criterion was 

removed individually from the performance matrix. For most cases, the indicator ranking was 

not influenced, showing the robustness of the framework. However, some criteria did influence 

the result regarding either skylark or partridge. Removing ‘Relevance’, ‘Material costs’, 

‘Training’ or ‘Information & Knowledge’ resulted in the same weighted scores for both 

indicators for skylark. Removing ‘Labour’ resulted in ‘Habitat Quality’ scoring higher for 

partridge. Removing ‘Training’ or ‘Information & Knowledge’ however resulted in 

‘Abundance per Species’ scoring higher for partridge. 

To further test the validity of the results the top weighted three criteria have been removed from 

the performance matrix. In this scenario the ‘Abundance per Species’ indicator received higher 

scores for each bird species. The lowest weighted three criteria are ‘Material costs’, ‘Other 

costs’ and ‘Quality checks’. Removing these criteria had no influence on the indicator ranking.  

Both indicators received the same scores on the criterion ‘External risk’. The ‘External risk’ 

score of ‘Habitat Quality’ was adjusted to see if and when an effect on the indicator ranking 

would occur. For lapwing, an increase of the ‘External risk’ score to 4.4 resulted in the same 

scores for both indicators, but ‘Habitat Quality’ was not ranked higher than ‘Abundance per 

Species, even when increasing the score to 5.0. For curlew, the final ranking was not affected 

by increasing the ‘External risk’ score.  For skylark and partridge, however both indicators were 

ranked the same when increasing the ‘External risk’ score to 2.9 and 2.1, respectively. By 

increasing the ‘External risk’ score to 3.0 for skylark and 2.2 for partridge the indicator ‘Habitat 

Quality’ was ranked higher than the indicator ‘Abundance per Species’. 

For curlew, the highest ranked indicator did not change under any modification and for lapwing 

only when not considering any economic or social criteria. The decisiveness of the ranking for 

lapwing and curlew can be traced back to the fact that ‘Abundance per Species’ scored higher 

for 10 out of the 15 criteria for lapwing and 13 out of 15 criteria for curlew. For the curlew this 

includes all criteria of ‘ecological representativeness’ as well as those of ‘economic 

performance of monitoring’. This shows that for these two species the framework is not very 

sensitive and thus robust. For skylark and partridge, the indicator ‘Abundance per Species’ 

scored higher only for approximately half of the criteria. The sensitivity analysis showed that 
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especially for partridge but also for skylark the results are sensitive to changes of individual 

scores. 

7.3 Limitations 

There are many possible methods to test the sensitivity of the ranking. Possibly, not all decisive 

aspects were included in my sensitivity analysis. However, I selected this sensitivity analysis 

to consider how the results depend on the scores of particular criteria and, whether the ranking 

differs among the stakeholder groups. Determining a robust set of criteria for indicator selection 

and the approval of stakeholders is crucial to implement result-based AECMs. Thus, these 

factors were considered most important to determine a robust indicator selection process for 

result-based AECMs. 
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Table 6: Performance Matrix - Lapwing & Skylark 
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Table 7: Performance Matrix - Curlew & Partridge 
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8 Discussion 
The purpose of my study was to help decrease the knowledge gap on appropriate indicator 

selection for result-based AECMs. This was tackled by providing a robust indicator selection 

process for result-based AECMs to assess breeding birds. It was evaluated which indicator 

should be used in the study area Münsterland to assess the target bird species, the direct 

indicator ‘Abundance per Species’ or the proxy indicator ‘Habitat Quality’. The indicators were 

scored based on 15 criteria of the three categories ‘ecological representativeness’, ‘economic 

performance of monitoring’ and ‘social acceptance’ and each criterion was weighted. To 

determine the ranking of the indicators a MCA was performed, which combined the scores and 

weights. Scores were assigned by experts for each (sub-)indicator per bird species on each 

criterion of the ‘ecological representativeness’ and the ‘economic performance of monitoring’. 

Stakeholders assigned scores to each indicator on each criterion of ‘social acceptance’ and 

weights for each criterion. The MCA showed, that ‘Abundance per Species’ was ranked higher 

for lapwing, skylark and curlew, while both indicators were ranked the same for partridge.  

8.1 Limitations and uncertainties 

Although a different selection of sub-indicators their methods and criteria could have affected 

the results of my study, the effects of these limitations have been minimized by using 

transparent selection processes. The greatest uncertainty was caused by the limited participation 

of experts. The scores and weights assigned form the basis for determining the ranking of 

indicators which is the core for the results drawn. However, the level of agreement between the 

experts on the criterion ‘Simplicity’ is high for most bird species. This is the only criterion of 

the three most important criteria, according to the weighting of the main stakeholders, which 

received expert scores since the ‘social acceptance’ criteria were scored only by the 

stakeholders. Furthermore, the sensitivity analysis showed the robustness of the ranking for 

lapwing and curlew. For skylark the sensitivity analysis showed that the proxy indicator was 

never ranked higher than the direct indicator, while the ranking for partridge is sensitive to 

changes. The analysis showed that my results, which show a preference for the direct indicator 

‘Abundance per Species’ for most target bird species, are robust. 

8.2 Indicators for result-based AECMs used in existing studies 

To my knowledge this is the first study that compared a direct indicator and a proxy indicator 

for a result-based AECM, using a replicable and easily understandable process. Therefore, only 

few sources from the literature comparable to this study are available. Underwood (2014) 

compares a collection of result-based schemes, the indicators used, advantages and limitations 

to these indicators. This includes a few schemes with the focus on maintaining and increasing 

a target bird population in four regions in Germany and one region in the Netherlands. These 

were used for comparison and contrast here. Indicators used for these schemes are the direct 

indicator ‘number of nests’ of the respective target bird species in all regions and the ‘annual 

rate of successfully fledged young per breeding pair’ in Germany. In Germany, the assessments 

were performed by experts and volunteers, while in the Netherlands farmers were responsible 

for the assessment of their fields. All regions used a direct indicator for the assessment. This 

corresponds to the results of the MCA of this study, which ranked the direct indicator 

‘Abundance per Species’ higher for most species. Underwood (2014) highlights the advantage 

of the direct link to the objective of the scheme, which corresponds to my findings to answer 

RQ1 (Persson & Olofsson, 2011). However, the ‘number of nests’ and the ‘annual rate of 
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successfully fledged young per breeding pair’ does not directly relate to the breeding success 

as other factors might influence survival of the chicks (Underwood, 2014). The breeding 

success is also not accounted for by the ‘Abundance per Species’ indicator in this study. This 

shows, that even direct indicators, which have a clear link to the target, lack the ability to fully 

assess the objective.  

The report also discusses the high expenditure of time of the monitoring, and the high reliability 

on volunteer effort. The volunteers monitor the fields regularly to spot new nests and inform 

the farmer about hatched chicks, so the farmers can adapt their management accordingly. The 

results of RQ4 of my study, however, show that ‘Abundance per Species’ performed higher on 

the ‘economic performance of monitoring’ than ‘Habitat Quality’ for all bird species. 

Furthermore, Underwood (2014) acknowledges that the habitat quality is essential for the 

population viability, as a sufficient habitat supports chick survival. This argument emphasises 

the importance of assessing the habitat quality, which was proposed in this study as a possible 

proxy indicator. The involvement of farmers in the assessment increases their awareness and 

supports adaptive management (Underwood, 2014). This corresponds to the setup of the 

proposed scheme in Münsterland where farmers are also involved in the assessment process.  

In the pilot study of Chaplin et al. (2019) breeding waders were assessed using a ‘Habitat 

Quality’ proxy indicator. Chaplin et al. (2019) argue that direct indicators are unsuitable for 

mobile species, such as birds or pollinators, as their return to certain fields is highly influenced 

by external factors which are out of the farmers’ control. The results of RQ4 of my study, 

however, show that the perceived risk of not achieving the target due to external factors for the 

proxy and the direct indicator are the same in the study area in Münsterland. 

Although the selection process of the indicators was not discussed, the report of Underwood 

(2014) demonstrates that direct indicators have been a preferred method to monitor breeding 

success of target bird species in study regions. Advantages and limitations have been admitted 

and it was suggested to include the habitat quality in the assessment. The scarcity of data on 

using a proxy indicator like ‘Habitat Quality’ to assess the increase of bird species could be a 

major reason for the reluctance of stakeholders towards this option, despite the possible 

benefits. 

Considering the conflicting results of RQ1 and the MCA and considering the report of 

Underwood (2014) and the pilot study of Chaplin et al. (2019) suggests that the preference of 

the type of indicator for result-based schemes is context specific and depends on the methods 

used. Differences could arise from a lack of knowledge about the potential of using proxy 

indicators in result-based AECMs. This can be led back to few studies on indicator selection 

for result-based AECMs and few papers on using proxy indicators as ecological indicators in 

general. These research fields need more attention to develop appropriate indicators and to 

evaluate the effectiveness of result-based AECMs. This is crucial to reward the farmers fairly 

(Kaiser et al., 2019).  

Defining reliable and at the same time easy-to-use indicators is necessary to assess 

environmental effects of agricultural management. This way comparable data can be produced 

and environmental management and policy improved (Billeter et al., 2008). Thus, a transparent 

process for indicator selection would improve environmental effectiveness of result-based 

AECMs and increase the social acceptance of stakeholders. My study helped to decrease the 

knowledge gap on appropriate indicator selection for result-based AECMs. It is the first study 
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to evaluate two indicators, the direct indicator ‘Abundance per Species’ and the proxy indicator 

‘Habitat Quality’ for a result-based AECM, using a replicable and transparent process. The 

selection process of environmental indicators was kept general and can thus be transferred to 

other areas and applications, or if desired can certainly be adapted. The indicators will then 

need to be scored by experts and stakeholders and the criteria weighted by stakeholders for the 

specific domain.  
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9 Conclusions 
My study aimed to decrease the knowledge gap on appropriate indicator selection for AECMs. 

Therefore, two indicators to assess the target bird species in the study area Münsterland were 

evaluated, the direct indicator ‘Abundance per Species’ or the proxy indicator ‘Habitat Quality’. 

The five research questions addressed: 1) benefits and drawbacks of using proxy indicators 

compared to direct indicators based on literature research; 2) selection of sub-indicators to be 

included in the proxy indicator ‘Habitat Quality’ to assess the breeding bird population of target 

bird species; 3) selection of criteria for the three categories ‘ecological representativeness’, 

‘economic performance of monitoring’ and ‘social acceptance’ based on which the indicators 

were evaluated; 4) the scoring of the (sub-)indicators by experts and stakeholders and 5) the 

weighting of the  criteria based on the stakeholders’ perceived importance. 

The results related to RQ1 show that due to their clear link to the objective it is preferable to 

use direct indicators over proxy indicators (Persson & Olofsson, 2011). However, proxy 

indicators can be used as an alternative to direct indicators if those direct indicators are difficult 

or costly to measure. Furthermore, Chaplin et al. (2019) argue that for assessing mobile species, 

such as birds, a proxy indicator should be preferred. Direct indicators, such as the abundance 

of birds, are highly exposed to external factors which increase the farmers risk of not achieving 

the target (Chaplin et al., 2019). The results of RQ1 demonstrate that the choice of indicators 

for result-based AECMs is critical. The indicators must be carefully defined followed by 

determining correct measuring methods to accurately represent the desired objectives.  

To answer RQ2 the proxy indicator ‘Habitat Quality’ was developed. Based on literature review 

and several selection criteria six sub-indicators were selected to compose the proxy indicator 

‘Habitat Quality’ of the target bird species. Five sub-indicators apply to all target bird species, 

while sub-indicators only applicable to a few bird species were combined in the sixth sub-

indicator. 

To answer RQ3 criteria for the evaluation of indicators were selected. Criteria for the indicator 

evaluations were grouped in three categories: five ecological criteria that determine the 

‘ecological representativeness’, six economic criteria that evaluate the ‘economic performance 

of monitoring’, and four social criteria that determine the ‘social acceptance’ of different 

stakeholder groups.  

By answering RQ4 the indicators were scored based on experts’ and stakeholders’ opinions. 

The mean scores assigned by the experts showed that the proxy indicator ‘Habitat Quality’ 

scored higher on the criteria of the ‘ecological representativeness’ for partridge and the direct 

indicator ‘Abundance per Species’ for skylark and curlew. For lapwing both indicators received 

the same mean scores on the ‘ecological representativeness’. The direct indicator ‘Abundance 

per Species’ scored higher for all bird species on the ‘economic performance of monitoring’. 

Regarding the criteria of ‘social acceptance’, both indicators achieved the same mean scores 

assigned by stakeholders.  

Weights were assigned to each criterion by the stakeholders to answer RQ5. The weighting 

showed that ‘Information & Knowledge’, ‘Usability’ and ‘Simplicity’ are the most important 

criteria for the stakeholders, whereas ‘Material costs’, ‘Other costs’ and ‘Quality checks’ are 

the least important criteria.  

Combining the scores and weights in a MCA showed that the direct indicator ‘Abundance per 

Species’ ranked higher for lapwing, skylark and curlew, while both indicators received the same 
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ranking for partridge. The results of the MCA suggest that ‘Abundance per Species’ should be 

considered as indicator for the proposed scheme in the study area in Münsterland. The 

sensitivity analysis reinforced the robustness of the results for most target bird species. Since 

all as important identified stakeholder groups were included in the evaluation of the two 

indicators, the ranking of the MCA can be considered robust and the ‘Abundance per Species’ 

indicator adopted in the planned result-based AECM in Münsterland. However, it could be 

reconsidered whether to adopt all bird species in the scheme as the results of this study did not 

indicate a clear outcome for all bird species. If further validation of the results is desired, a 

broad range of experts could be approached to score the (sub-)indicators to additionally feed in 

the MCA. This way the results of this study can be reinforced.  

Looking at indicators used in existing result-based AECMs and considering the results of RQ1 

and the results of the MCA, I conclude that the preference of indicator type is context specific 

as knowledge about the potential of using proxy indicators in result-based AECMs is missing. 

This results from little literature on indicator selection for result-based AECMs and only a few 

papers about the use of proxy indicators as ecological indicators in general. Selecting reliable 

and easy-to-use indicators is important to produce comparable data and thus improve 

environmental management and policy. My research helped to decrease the knowledge gap on 

appropriate indicator selection for result-based AECMs by developing a replicable and 

transparent indicator selection process. This process was applied to a study area and the 

robustness of the results validated through a sensitivity analysis. It was the first to evaluate two 

indicators, the direct indicator ‘Abundance per Species’ and the proxy indicator ‘Habitat 

Quality’, for a planned result-based AECM to assess breeding farm-birds. The selection process 

for the indicators can easily be transferred to evaluate indicators for other result-based AECMs 

to assess breeding birds. As the indicator selection process was kept general, it can also be 

applied to result-based AECMs with other environmental targets or, if desired, it can easily be 

adapted to specific domains.  
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Appendix A. Proxy vs direct indicator  
Table A.1 
Paper selection for comparison of indicator types 
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Appendix B. Proxy indicator ‘Habitat Quality’ 
Table B.1 
Identified papers for determining sub-indicators for lapwing, curlew and partridge 
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Table B.2 
Identified papers for determining sub-indicators for skylark 
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Table B.3 
Sub-indicator selection: lapwing 

Lapwing 
     

# Indicators source Selection Criteria 

Influenced by 

management 

clearly 

linked to 

target 

easily 

measurable 

Not 

related 

to 

land/cr

op type 

1 unimproved 

grassland 

(Taylor & Grant, 2004) yes yes yes no 

2 arable land (Schmidt et al., 2017; 

Taylor & Grant, 2004)  

yes yes yes no 

3 wet/damp features (Schmidt et al., 2017; 

Taylor & Grant, 2004) 

yes yes yes yes 

4 hinder predation 

(fox) 

(Taylor & Grant, 2004) yes no yes yes 

5 spring tillage, no 

autumn tillage 

(Sheldon et al., 2004) yes yes yes yes 

6 open habitat (Sheldon et al., 2004; 

Sheldon et al., 2007)  

yes yes yes yes 

7 avoid predator 

perches 

(Sheldon et al., 2004) yes yes yes yes 

8 near pasture (Sheldon et al., 2004) no yes yes yes 

9 near damp area (Sheldon et al., 2004) no yes yes yes 

10 overwintered 

stubbles followed 

by spring/summer 

fallow 

(Sheldon et al., 2004; 

Sheldon et al., 2007) 

yes yes yes no 

11 spring crops (Sheldon et al., 2004) yes yes yes no 

12 no agricultural 

activity from March 

- May 

(Sheldon et al., 2004) yes yes yes yes 

13 avoid field 

boundaries 

(Sheldon et al., 2007) no yes yes yes 

14 > 50m from 

predator perch 

(Sheldon et al., 2007) yes yes yes yes 

15 patchy vegetation (Sheldon et al., 2007) yes yes yes yes 

16 fields of 2-5ha (Schmidt et al., 2017) yes yes yes yes 

17 traditional breeding 

sites 

(Schmidt et al., 2017) no yes yes yes 

18 sparse vegetation (Schmidt et al., 2017) yes yes yes yes 

19 shallow pool of 

water 

(Schmidt et al., 2017) yes yes yes yes 

20 winter cereals (Schmidt et al., 2017) yes yes yes no 

21 bare ground (Schmidt et al., 2017) yes yes yes yes 

22 plant height < 20cm 

until May 

(Schmidt et al., 2017) yes yes yes yes 

23 rush pasture (Bell & Calladine, 2017) yes yes yes no 
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Table B.4 
Sub-indicator selection: skylark 

Skylark       

# Indicators source 

Selection Criteria 

Influenced by 

management 

clearly 

linked 

to 

target 

easily 

measurable 

Not 

related to 

land/crop 

type 

1 
no dense 

vegetation 
(Toepfer & Stubbe, 2001) yes yes yes yes 

2 

no tall 

vegetation/low 

vegetation 

(Chamberlain et al., 2004; 

Koleček et al., 2015; 

Schön, 2004; Toepfer & 

Stubbe, 2001) 

yes yes yes yes 

3 

vegetation 

coverage 35-

60% 

(Toepfer & Stubbe, 2001) yes yes yes yes 

4 
vegetation 

height 15-60cm 
(Toepfer & Stubbe, 2001) yes yes yes yes 

5 fallow land 
(Hoffmann et al., 2018; 

Toepfer & Stubbe, 2001) 
yes yes yes no 

6 
winter cereals 

& winter rape 
(Toepfer & Stubbe, 2001) yes yes yes no 

7 spring cereals 
(Koleček et al., 2015; 

Toepfer & Stubbe, 2001) 
yes yes yes no 

8 

sunflowers & 

sugar beets in 

summer  

(Toepfer & Stubbe, 2001) yes yes yes no 

9 

less prefered: 

vegetation 

height 25-35cm 

(Toepfer & Stubbe, 2001) yes yes yes no 

10 

less prefered: 

vegetaion 

coverage 60-

85% 

(Toepfer & Stubbe, 2001) yes yes yes no 

11 

avoid: 

vegetation 

height 10-15% 

(Toepfer & Stubbe, 2001) yes yes yes no 

12 

avoid 

vegetation 

coverage 60-

70% 

(Toepfer & Stubbe, 2001) yes yes yes no 

13 
patchy 

vegetation 

(Schön, 2004; Toepfer & 

Stubbe, 2001) 
yes yes yes yes 

14 stunted growth 
(Schön, 2004; Toepfer & 

Stubbe, 2001) 
yes yes no yes 

15 
perennial 

fallows 
(Toepfer & Stubbe, 2001) yes yes yes no 

16 dry soil (Toepfer & Stubbe, 2001) yes yes yes yes 

17 summer cereals (Toepfer & Stubbe, 2001) yes yes yes no 

18 arable fields (Schön, 2004) yes yes yes no 

19 
vegetation 

height 15-30cm 
(Schön, 2004) yes yes yes yes 
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20 

vegetation 

coverage 20-

50% 

(Schön, 2004) yes yes yes yes 

21 

foraging 

vegetation 

height 0-20cm 

(Schön, 2004) yes no yes yes 

22 

foraging 

vegetation 

coverage 0-30% 

(<50%) 

(Schön, 2004) yes no yes yes 

23 

vegetation 

coverage 30-

60% 

(Schön, 2004) yes yes yes yes 

24 
vegetation 

height 30-60cm 
(Schön, 2004) yes yes yes yes 

25 ≤ 3 ha (Schön, 2004) yes yes yes yes 

26 autumn cereals (Koleček et al., 2015) yes yes yes no 

27 
crop type 

neglectable 
(Koleček et al., 2015) yes no no no 

28 
no pesticides in 

maize 
(Koleček et al., 2015) yes yes yes yes 

29 
avoid grassland 

management 
(Koleček et al., 2015) yes yes yes yes 

30 
vegetation 

height 10-60cm 
(Koleček et al., 2015) yes yes yes yes 

31 open landscape 
(Koleček et al., 2015; 

Sheldon et al., 2007) 
yes yes yes yes 

32 

avoid vertical 

structures 

(trees, hedges, 

boundary 

structures) 

(Koleček et al., 2015) yes yes yes yes 

33 
avoid patchy 

habitat 
(Koleček et al., 2015) yes yes yes yes 

34 
maize only 

medium habitat 
(Hoffmann et al., 2018) yes yes yes no 

35 
avoid field 

boundaries 

(Rantanen et al., 2010; 

Sheldon et al., 2007) 
no yes yes yes 

36 lapwing plot (Schmidt et al., 2017) no yes no yes 

37 
homogenous 

farmland 
(Homberger et al., 2017) no yes no no 

38 BPA meadows (Homberger et al., 2017) yes yes yes no 
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Table B.5 
Sub-indicator selection: curlew 

Curlew       

# Indicators source 

Selection Criteria 

Influenced by 

management 

clearly 

linked to 

target 

easily 

measurable 

Not 

related to 

land/crop 

type 

1 tall vegetation (Valkama, 1998) yes yes yes yes 

2 avoid tillage (Valkama, 1998) yes yes yes yes 

3 
grassland (25-

45cm) 

(Valkama, 1998) 
yes yes yes yes 

4 avoid forest edges (Valkama, 1998) no yes yes yes 

5 no short vegetation (Valkama, 1998) yes yes yes yes 

6 
tillage & hay (10-

15cm) for foraging 

(Valkama, 1998) 
yes no yes yes 

7 
grassland for 

foraging 

(Valkama, 1998) 
yes no yes yes 

8 
high prey 

abundance 

(Valkama, 1998) 
yes yes no yes 

9 
crop type 

neglectable 

(Valkama, 1998) 
yes no no no 

10 patchy vegetation (Valkama, 1998) yes yes yes yes 

11 

moorland & 

agriculturally 

improved farmland 

(Johnstone et al., 

2017) yes yes yes no 

12 
low vegetation 

density  

(Johnstone et al., 

2017) 
yes yes yes yes 

13 
high cover of 

Nardus stricta 

(Johnstone et al., 

2017) 
yes yes yes yes 

14 

high cover of 

Trichophorum 

germanicum 

(Johnstone et al., 

2017) yes yes yes yes 

15 
moderate vegetation 

height 

(Johnstone et al., 

2017) 
yes yes yes yes 
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Table B.6 
Sub-indicator selection: partridge 

Partridge      

# Indicators source 

Selection Criteria 

Influenced by 

management 

clearly 

linked 

to 

target 

easily 

measurable 

Not 

related to 

land/crop 

type 

1 fallow crops (Toepfer & Stubbe, 2001) yes yes yes no 

2 banks (Chamberlain et al., 2004) yes yes yes yes 

3 crops (Rantanen et al., 2010) yes yes yes no 

4 
avoid field 

edges 
(Rantanen et al., 2010) no yes yes yes 

5 game cover (Rantanen et al., 2010) yes yes yes no 

6 hedges (Rantanen et al., 2010) yes yes yes yes 

7 
wildflower 

strips 

(Homberger et al., 2017; 

Rantanen et al., 2010) 
yes yes yes no 

8 nest fencing (Homberger et al., 2017) yes no yes yes 

9 
cover 

vegetation 
(Homberger et al., 2017) yes yes yes no 

10 

heterogeneous 

habitat 

structures 

(Homberger et al., 2017) yes yes yes yes 

11 meadows (Homberger et al., 2017) yes yes yes no 

12 

vegetation of 

different 

height 

(Homberger et al., 2017) yes yes yes yes 

13 
patchy 

vegetation 
(Homberger et al., 2017) yes yes yes yes 

14 
perennial 

vegetation 
(Homberger et al., 2017) yes yes yes no 
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Appendix C. Assessment-Card 
The following displays the assessment-card, which is for the farmer to monitor the habitat quality of his field for 

the four target bird species. 
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Appendix D. Criteria selection 
Table D.1 
Categorization: criteria of ‘ecological representativeness’ 

# Criteria Source Relevant Categorization 

1 Basal area (growth) Negi et al., 2019 No Out of scope 

2 Composition Negi et al., 2019 No Out of scope 

3 Occurrence Negi et al., 2019 No Out of scope 

4 Status of forest Negi et al., 2019 No Out of scope 

5 Phenology Negi et al., 2019 No Out of scope 

6 Regeneration (tree) Negi et al., 2019 No Out of scope 

7 Endemics/nativity Negi et al., 2019 No Out of scope 

8 Rarity Negi et al., 2019 No Out of scope 

9 Vegetation Structure Negi et al., 2019 No Out of scope 

10 Productivity/biomass Negi et al., 2019 No Out of scope 

11 Invasion Negi et al., 2019 No Out of scope 

12 Moisture Negi et al., 2019 No Out of scope 

13 Nutrients Negi et al., 2019 No Out of scope 

14 Temperature Negi et al., 2019 No Out of scope 

15 Biomass removed Negi et al., 2019 No Out of scope 

16 importance/relevance to their food 

forest project goals 

Park et al., 2018 Yes Relevance 

17 resources available (e.g., staff 

hours) 

Park et al., 2018 No Economic criteria 

18 ease of the use Park et al., 2018 No Social criteria 

19 Integrity of the biotic community Park et al., 2018 Yes Coverage/integrity 

20 Habitat quality Park et al., 2018 No Out of scope 

21 Ecological processes Park et al., 2018 No Out of scope 

22 Soil Park et al., 2018 No Out of scope 

23 Hydrology Park et al., 2018 No Out of scope 

24 Disturbance Park et al., 2018 No Responsiveness 

25 Historical knowledge Park et al., 2018 No Social criteria 

26 Climate change Park et al., 2018 No Out of scope 

27 Cultural values and social equity Park et al., 2018 No Social criteria 

28 Economic benefits Park et al., 2018 No Economic criteria 

29 Outreach, education, and training Park et al., 2018 No Social criteria; 

Economic criteria 

30 Resilience and stability Park et al., 2018 Yes Responsiveness 

31 Economic self-sufficiency Park et al., 2018 No Economic criteria 

32 Governance Park et al., 2018 No social criteria 

33 to maintain landscape 

heterogeneity 

Gomontean et al., 

2008 

No Out of scope 

34 to improve and maintain habitat 

heterogeneity 

Gomontean et al., 

2008 

No Out of scope 

35 to improve and maintain 

richness/diversity 

Gomontean et al., 

2008 

Yes Relevance 

36 to monitor population sizes and 

demographic structures of 

selected group 

Gomontean et al., 

2008 

Yes Relevance 
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37 to conserve soil and water Gomontean et al., 

2008 

No Out of scope 

38 to improve and maintain yield and 

forest products 

Gomontean et al., 

2008 

No Economic criteria 

39 to limit human disturbances Gomontean et al., 

2008 

No Responsiveness 

40 relatedness to goals Gomontean et al., 

2008 

Yes Relevance 

41 understandability/practicability Gomontean et al., 

2008 

Yes Social or economic 

criteria 

42 precision/replication Gomontean et al., 

2008 

Yes Reliability 

43 cost-effectiveness Gomontean et al., 

2008 

No Economic criteria 

44 Native Species Timko et al., 2008 Yes Out of scope 

45 Species at risk Timko et al., 2008 Yes Out of scope 

46 Landscape diversity Timko et al., 2008 No Out of scope 

47 Herbivory and Predation Timko et al., 2008 No Out of scope 

48 Disturbance Processes Timko et al., 2008 No Out of scope 

49 Productivity Timko et al., 2008 No Out of scope 

50 Insularization and Fragmentation Timko et al., 2008 No Out of scope 

51 Climate Change Timko et al., 2008 No Out of scope 

52 Illegal Hunting Timko et al., 2008 No Out of scope 

53 Disease and Pest Epidemics Timko et al., 2008 No Out of scope 

54 Atmospheric contamination Timko et al., 2008 No Out of scope 

55 Alien biota Timko et al., 2008 No Out of scope 

56 Pressures and incursions from 

external sources 

Timko et al., 2008 No Responsiveness 

57 Aquatic system contamination Timko et al., 2008 No Out of scope 

58 Biological Diversity Sheil et al., 2004 Yes Relevance 

59  Processes that maintain 

biodiversity in managed forests 

(FMUs) are conserved 

Sheil et al., 2004 No Out of scope 

60 reflect as accurately as possible 

the position of an ecological 

system in ecological space 

Landis et al., 2000 Yes Relevance 

61 providing a context for the 

indicators 

Landis et al., 2000 Yes Relevance 

62 Avoiding reliance upon only one 

index or projection type  

Landis et al., 2000 Yes Coverage/integrity 

63 ability to change over time Landis et al., 2000 Yes Responsiveness 

64 inclusion of both deterministic 

and stochastic components, and 

each type is important in 

predicting future states of the 

system 

Landis et al., 2000 Yes Out of scope 

65 stochastic components are 

important in determining the 

future trajectory of a system. 

Landis et al., 2000 No Out of scope 

66 measuring context in a spatial and 

temporal sense is critical in a 

predictive assessment 

Landis et al., 2000 Yes Coverage/integrity 
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67 Relevance Rapport, 1990 Yes Relevance 

68 Reliability Rapport, 1990 Yes Reliability 

69 Robustness Rapport, 1990 Yes Reliability 

70 Analytically soundness  Niemeijer and de 

Groot, 2008 

Yes Relevance 

71 Credible  Niemeijer and de 

Groot, 2008 

Yes Relevance 

72 Integrative  Niemeijer and de 

Groot, 2008 

Yes Coverage/integrity 

73 General importance  Niemeijer and de 

Groot, 2008 

Yes Relevance 

74 Historical record  Niemeijer and de 

Groot, 2008 

No  Out of scope 

75 Reliability  Niemeijer and de 

Groot, 2008 

Yes Reliability 

76 Anticipatory  Niemeijer and de 

Groot, 2008 

Yes Out of scope 

77 Predictable  Niemeijer and de 

Groot, 2008 

Yes Out of scope 

78 Robustness  Niemeijer and de 

Groot, 2008 

Yes Reliability 

79 Sensitive to stresses  Niemeijer and de 

Groot, 2008 

Yes Responsiveness 

80 Space-bound  Niemeijer and de 

Groot, 2008 

Yes Coverage/integrity 

81 Time-bound  Niemeijer and de 

Groot, 2008 

Yes Coverage/integrity 

82 Uncertainty about level  Niemeijer and de 

Groot, 2008 

Yes Out of scope 

83 Measurability  Niemeijer and de 

Groot, 2008 

Yes Operational 

coherence 

84 Portability  Niemeijer and de 

Groot, 2008 

Yes Portability 

85 Specificity  Niemeijer and de 

Groot, 2008 

Yes Specificity 

86 Statistical properties  Niemeijer and de 

Groot, 2008 

Yes Out of scope 

87 Universality  Niemeijer and de 

Groot, 2008 

Yes Portability 

88 Costs, benefits and cost-

effectiveness 

 Niemeijer and de 

Groot, 2008 

No Economic criteria 

89 Data requirements and availability  Niemeijer and de 

Groot, 2008 

No Economic criteria 

90 Necessary skills  Niemeijer and de 

Groot, 2008 

No Economic criteria 

91 Operationally simplicity  Niemeijer and de 

Groot, 2008 

No Economic criteria 

92 Resource demand  Niemeijer and de 

Groot, 2008 

No Economic criteria 

93 Time demand  Niemeijer and de 

Groot, 2008 

No Economic criteria 

94 Comprehensible  Niemeijer and de 

Groot, 2008 

Yes Social criteria 
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95 International compatibility  Niemeijer and de 

Groot, 2008 

Yes Social criteria 

96 Links with management  Niemeijer and de 

Groot, 2008 

Yes Responsiveness 

97 Progress towards targets  Niemeijer and de 

Groot, 2008 

Yes Relevance 

98 Quantified  Niemeijer and de 

Groot, 2008 

Yes Reliability 

99 Relevance  Niemeijer and de 

Groot, 2008 

Yes Relevance 

100 Spatial and temporal scales of 

applicability 

 Niemeijer and de 

Groot, 2008 

Yes Coverage/integrity 

101 Thresholds  Niemeijer and de 

Groot, 2008 

Yes Thresholds 

102 User-driven  Niemeijer and de 

Groot, 2008 

Yes Social criteria 

103 helpfulness Mavrikis et al., 

2013 

No Social criteria 

104 repetitiveness Mavrikis et al., 

2013 

Yes Reliability 

105 comprehension Mavrikis et al., 

2013 

No  Social criteria 

106 relevance Mavrikis et al., 

2013 

Yes Relevance 

107 coverage Mavrikis et al., 

2013 

Yes Coverage/integrity 

108 scope  Mavrikis et al., 

2013 

Yes Scope 

109 quantity values, credible and 

available 

Lieplapa et al., 

2011 

Yes Relevance; 

Reliability 

110 easily understandable and 

politically significant [important] 

Lieplapa et al., 

2011 

No Social criteria 

111 showing whether progress has 

been achieved 

Lieplapa et al., 

2011 

Yes Relevance 

112 these are to be verified, 

comparable, expressed by 

concrete and standard 

measurements 

Lieplapa et al., 

2011 

Yes Relevance; 

Reliability; 

Operational 

coherence 

113 allow forecasting processes Lieplapa et al., 

2011 

No Economic criteria 

114 without mutual duplication Lieplapa et al., 

2011 

Yes Without mutual 

duplication 

115 necessary for users Lieplapa et al., 

2011 

No Social criteria 

116 sensitive to changes Lieplapa et al., 

2011 

Yes Responsiveness 

117 in future forecasts, easily 

combined with socio-economic 

scenarios 

Lieplapa et al., 

2011 

No Social criteria 

118 allow comparing the results 

among countries, are scientifically 

correct (or precise) 

Lieplapa et al., 

2011 

Yes Reliability 

119 1. accuracy evaluation Meul et al., 2009 Yes Reliability 

120 1.1 ‘design validation’  Meul et al., 2009 Yes Relevance 
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121 1.2 ‘output validation’  Meul et al., 2009 Yes Reliability 

122 2. Credibility evaluation Meul et al., 2009 No Social criteria 

123 2.1 end-use validation  Meul et al., 2009 No  Social criteria 

124 1. Conceptual coherence Cloquell-Ballester 

et al., 2006 

Yes Relevance 

125 1.1) Definition  Cloquell-Ballester 

et al., 2006 

Yes Relevance 

126 1.2) Relevance Cloquell-Ballester 

et al., 2006 

Yes Relevance 

127 1.3)Interpretation/Meaning  Cloquell-Ballester 

et al., 2006 

No  Social criteria 

128 2. Operational coherence  Cloquell-Ballester 

et al., 2006 

Yes Operational 

coherence 

129 2.1) Formulation Cloquell-Ballester 

et al., 2006 

Yes Operational 

coherence 

130 2.2) Data and Units Cloquell-Ballester 

et al., 2006 

Yes Operational 

coherence 

131 2.3) Measuring Method  Cloquell-Ballester 

et al., 2006 

Yes Operational 

coherence 

132 2.4) Accuracy/Sensitivity Cloquell-Ballester 

et al., 2006 

Yes Responsiveness 

133 3. Utility  Cloquell-Ballester 

et al., 2006 

Yes Relevance 

134 3.1) Reliability Cloquell-Ballester 

et al., 2006 

Yes Reliability 

135 3.1.1) Indicator Cloquell-Ballester 

et al., 2006 

Yes Reliability 

136 3.1.2) Source Cloquell-Ballester 

et al., 2006 

Yes Reliability 

137 3.2) Availability/Applicability  Cloquell-Ballester 

et al., 2006 

Yes Economic criteria 

138 3.3) Information Cloquell-Ballester 

et al., 2006 

No  Social criteria 

139 3.3.1) Security Cloquell-Ballester 

et al., 2006 

No  Economic criteria 

140 3.3.2) Cost Cloquell-Ballester 

et al., 2006 

No  Economic criteria 

141 1. design validation Bockstaller et al., 

2003 

Yes Relevance 

142 2. output validation Bockstaller et al., 

2003 

Yes Reliability 

143 3. end use validation Bockstaller et al., 

2003 

No  Social criteria 

144 1. Conceptual Soundness Fisher, 1998 Yes Relevance 

145 2. Implementation Fisher, 1998 No  Economic criteria 

146 3. Response Variability Fisher, 1998 Yes Reliability; 

Responsiveness 

147 4. Interpretation and Utility Fisher, 1998 No  Social criteria 
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Table D.2 
Selection: criteria of ‘ecological representativeness’ 

Criteria Explanation Source Measurable  Independency  Importance 

relevance determines the 

correct relation 

between the 

measuring instrument 

(indicator) and the 

measuring object 

(environmental/social 

quality) 

does the indicator 

defendably link a 

critical ecological 

component and its 

stressor to the 

assessment question? 

(Cloquell-Ballester et al., 

2006; Fisher, 1998; 

Lieplapa & Blumberga, 

2011; Mavrikis et al., 

2013; Meul et al., 2009; 

Niemeijer & De Groot, 

2008; Park & Higgs, 

2018) Bockstaller et al., 

2003 

Gomontean et al., 2008 

Rapport, 1990 

Sheil et al., 2004 

Landis et al., 2000 

yes yes yes 

reliability to assess the 

soundness of the 

indicator outputs 

(Cloquell-Ballester et al., 

2006; Fisher, 1998; 

Lieplapa & Blumberga, 

2011; Mavrikis et al., 

2013; Meul et al., 2009; 

Niemeijer & De Groot, 

2008) 

Bockstaller et al., 2003 

Rapport, 1990 

yes yes yes 

coverage/

integrity 

the amount by which 

the indicator covers 

all aspects of the 

investigated target 

(Mavrikis et al., 2013; 

Niemeijer & De Groot, 

2008; Park & Higgs, 

2018) 

 Landis et al., 2000 

yes yes yes 

scope measure 

completeness 

(Mavrikis et al., 2013) no  yes no 

without 

mutual 

duplicatio

n 

avoidance of 

redundancy, all 

aspects of the 

indicator are relevant 

(Lieplapa & Blumberga, 

2011) 

yes no no 

responsiv

eness  

responsiveness to 

(agricultural) 

management actions 

and accountability for 

natural variability 

(Cloquell-Ballester et al., 

2006; Fisher, 1998; 

Lieplapa & Blumberga, 

2011; Niemeijer & De 

Groot, 2008; Park & 

Higgs, 2018; Timko & 

Satterfield, 2008) 

Landis et al., 2000 

yes yes yes 

operation

al 

coherence  

determines the 

correct definition of 

the internal 

operations of the 

measuring instrument 

2.1) Formulation 

2.2) Data and Units 

2.3) Measuring 

Method 

(Cloquell-Ballester et al., 

2006; Lieplapa & 

Blumberga, 2011)  

yes yes yes 

portabilit

y 

ability to apply 

indicator to other 

study areas 

 (Niemeijer & De Groot, 

2008) 

yes no no 
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specificity Specificity of 

indicator to target 

under investigation 

 (Niemeijer & De Groot, 

2008) 

yes no no 

threshold

s 

legitimacy of 

threshold values 

(Niemeijer & De Groot, 

2008) 

yes no  no 

 

Table D.3 
Categorization: criteria of ‘economic performance of monitoring’ 

# Criteria Source Label 

1 Financial support and human 

resources made available by the 

competent administration 

Giupponi et al., 2008 Out of scope 

2 Technical feasibility Giupponi et al., 2008 Technical 

feasibility 

3 Control feasibility Giupponi et al., 2008 Control feasibility 

4 gross income (GI),  Bechini et al., 2008 Out of scope 

5 variable costs (VC: sum of the costs 

for fuels, lubricants, pesticides, 

fertilisers, and seeds) 

Bechini et al., 2008 Variable costs 

6 economic balance (GI-VC), and  Bechini et al., 2008 Out of scope 

7 efficiency (GI/VC) Bechini et al., 2008 Efficiency 

8 Efficiency Manoliadis 2001 Efficiency 

9 Sustainability: maintaining 

productivity and withstanding 

collapse when the system is subject 

to stress. 

Manoliadis 2001 Out of scope 

10 Relative cost Manoliadis 2001 Variable Costs 

11 Fieldwork and travel Targetti et al., 2014 Labour 

12 Deskwork Targetti et al., 2014 Labour 

13 Taxonomy Targetti et al., 2014 Labour 

14 Transport (vehicle costs) Targetti et al., 2014 Transport 

15 Consumables Targetti et al., 2014 Material costs 

16 Other costs Targetti et al., 2014 Other costs 

17 Equipment Targetti et al., 2014 Material costs 

18 Reporting  Targetti et al., 2014 Labour 

19 Programme start-up  Targetti et al., 2014 Training 

20 Data management Targetti et al., 2014 Labour 

21 Quality checks  Targetti et al., 2014 Quality checks 

22 Other contingencies  Targetti et al., 2014 Other costs 

23 Availability/Applicability  Cloquell-Ballester et al., 2006 Technical 

feasibility 

24 Information Cloquell-Ballester et al., 2006 Out of scope 

25 Security Cloquell-Ballester et al., 2006 Quality checks 

26 Cost Cloquell-Ballester et al., 2006 Variable costs 

27 Implementation Fisher, 1998 Technical 

feasibility 

28 Implementation Fisher, 1998 Efficiency 

29 Ease of the use Park et al., 2018 Simplicity 

30 Economic benefits Park et al., 2018 Variable costs 

31 Outreach, education, and training Park et al., 2018 Training 

32 Economic self-sufficiency Park et al., 2018 Out of scope 
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33 understandability/practicability Gomontean et al., 2008 Technical 

feasibility 

Simplicity 

34 cost-effectiveness Gomontean et al., 2008 Labour 

Variable costs 

Material costs 

Training 

35 Costs, benefits and cost-effectiveness  Niemeijer and de Groot, 2008 Labour 

Variable costs 

Material costs 

Training 

36 Data requirements and availability  Niemeijer and de Groot, 2008 Technical 

feasibility 

37 Necessary skills  Niemeijer and de Groot, 2008 Training 

38 Operationally simplicity  Niemeijer and de Groot, 2008 Simplicity 

39 Resource demand  Niemeijer and de Groot, 2008 Labour 

Material costs 

40 Time demand  Niemeijer and de Groot, 2008 Labour 

 

Table D.4 
Selection: criteria of ‘economic performance of monitoring’ 

# Criteria Explanation Source Measurable  Independency  Importance 

1 Technical 

feasibility 

are the methods for 

sampling and 

measuring the 

environmental 

indicator(-sets) 

technically feasible 

Giupponi et al., 

2008; 

Cloquell-

Ballester et al., 

2006; 

Fisher, 1998; 

Gomontean et 

al., 2008; 

Niemeijer and de 

Groot, 2008 

yes yes no  

2 Control 

feasibility 

Feasibility to check 

correctness of 

monitoring results 

Giupponi et al., 

2008 

yes no no 

4 Efficiency are the methods for 

sampling and 

measuring the 

environmental 

indicator (-sets) 

appropriate and 

efficient for use in 

a monitoring 

programme? 

Bechini et al., 

2008 

Manoliadis 

2001; 

Cloquell-

Ballester et al., 

2006; 

Fisher, 1998; 

Niemeijer and de 

Groot, 2008 

yes no  no 

5 Labour Time demand for 

Fieldwork and 

travel, Deskwork, 

Taxonomy, 

Reporting, Data 

management 

Targetti et al., 

2014; 

Gomontean et 

al., 2008; 

 Niemeijer and 

de Groot, 2008 

yes yes yes 

6 Transport Cost of travelling 

to monitoring sites 

Targetti et al., 

2014 

yes yes no  

7 Material 

costs 

Consumables, 

Equipment, 

Resources required 

Targetti et al., 

2014; 

Gomontean et 

al., 2008; 

yes yes yes 
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for monitoring and 

data management 

 Niemeijer and 

de Groot, 2008 

8 Other 

costs 

Expenses e.g. 

labour 

Targetti et al., 

2014; 

Bechini et al., 

2008; 

Manoliadis 

2001; 

Cloquell-

Ballester et al., 

2006; 

Park et al., 2018; 

Gomontean et 

al., 2008 

yes yes yes  

9 Training Time demand for 

educating and 

training for 

monitoring 

indicator (-sets) 

Targetti et al., 

2014; 

Park et al., 2018; 

 Niemeijer and 

de Groot, 2008 

yes yes yes 

10 Quality 

checks 

Costs of 

supervision by 

trained staff to 

make sure that 

sampling protocols 

are correctly and 

consistently 

applied 

Targetti et al., 

2014; 

Cloquell-

Ballester et al., 

2006; 

Gomontean et 

al., 2008 

yes yes yes 

11 Simplicity Ease of the use of 

monitoring 

methods 

Park et al., 2018; 

Gomontean et 

al., 2008; 

 Niemeijer and 

de Groot, 2008 

yes yes yes 

 

Table D.5 
Categorization: criteria of ‘social acceptance’ 

# Criteria Source Label 

1 Background or individual factors  Vlassenroot et al., 2009 Out of scope 

2 Current management Vlassenroot et al., 2009 Out of scope 

3 Information and knowledge about Vlassenroot et al., 2009 Information & Knowledge 

4  Personal and social aims  Vlassenroot et al., 2009 Personal & Social Trade 

offs 

5 Responsibility awareness  Vlassenroot et al., 2009 Responsibility awareness 

6 Social norms  Vlassenroot et al., 2009 Social norms 

7 Problem perception  Vlassenroot et al., 2009 Problem perception 

8 Perceived efficiency  Vlassenroot et al., 2009 Perceived efficiency 

9 Perceived effectiveness  Vlassenroot et al., 2009 Perceived effectiveness 

10 Usability  Vlassenroot et al., 2009 Usability 

11 Usefulness Vlassenroot et al., 2009 Usefulness 

12 Satisfaction  Vlassenroot et al., 2009 Satisfaction 

13 Equity  Vlassenroot et al., 2009 Equity 

14 Affordability Vlassenroot et al., 2009 Out of scope 

15 Suitability of land  Chen et al., 2018 Out of scope 
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16 Risk due to external factors (e.g. 

climate change) 

Chen et al., 2018 External risk 

17 Trust in government/authorities  Chen et al., 2018 Trust in authorities 

18 Awareness of responsibility  Chen et al., 2018 Responsibility awareness 

19 Appropriate choice of 

thresholds/standards  

Chen et al., 2018 Thresholds 

20 Risk of not achieving the target Chen et al., 2018 Internal risk 

21 Appropriate reward for 

actions/investment/loss of income 

Chen et al., 2018 Fair reward 

23 Problem awareness Velez et al., 2014 Problem perception 

24 Usefulness Velez et al., 2014 Usefulness 

25 Personal benefits Velez et al., 2014 Personal benefits 

27 Responsibility awareness  Velez et al., 2014 Responsibility awareness 

28 Risk of income losses exceeding 

reward 

Velez et al., 2014 Fair reward 

29 Uncertinty about effectiveness of 

measures 

Velez et al., 2014 Information & Knowledge 

30 Risk of external factors Velez et al., 2014 External risk 

31 Trust in authorities Velez et al., 2014 Trust in authorities 

32 Trust in experts who supervise 

monitoring 

Velez et al., 2014 Trust in experts 

33 Information and knowledge sharing Velez et al., 2014 Information & Knowledge 

34 Training Velez et al., 2014 Information & Knowledge 

35 Understandable and flexible Targetti et al., 2016 Information & Knowledge; 

Usability 

36 Adapted to all types of farming Targetti et al., 2016 Out of scope 

37 Appropriation by farmers Targetti et al., 2016 Out of scope 

38 Appropriation by consumers Targetti et al., 2016 Out of scope 

39 Assess farmer progress and agri-

environmental project progress 

Targetti et al., 2016 Usefulness 

40 Applicable at different scales (field. 

farm. landscape and Europe) 

Targetti et al., 2016 Out of scope 

41 Assess the agricultural policies (AEM, 

Biodiversity Action Plans, cross-

compliance...) 

Targetti et al., 2016 Out of scope 

42 Integrate emblematic species Targetti et al., 2016 Out of scope 

43 Appropriation by administration Targetti et al., 2016 Out of scope 

44 Account for functional biodiversity 

towards ecosystem services 

Targetti et al., 2016 Out of scope 

45 Theoretical relevance with respect to 

the stated policy objectives 

Giupponi et al., 2008 Usefulness 

46 Degree of uptake by farmers Giupponi et al., 2008 Out of scope 

47 Temporal reliability Manoliadis 2001 Out of scope 
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Table D.6 
Selection: criteria of ‘social acceptance’ 

# Criteria Explanation Source Measurable Independency  Importance  

1 Informatio

n & 

Knowledg

e 

Whether a person 

feels well or badly 

informed or whether 

he/she actually is 

well or poorly 

informed 

Vlassenroot et 

al., 2009; 

Velez et al., 

2014; 

Targetti et al., 

2016 

yes yes yes 

2 Usability Perceived ability to 

use the system 

successfully and with 

minimal effort 

Vlassenroot et 

al., 2009; 

Targetti et al., 

2016 

yes yes yes 

3 Usefulnes

s 

Perception of how 

well the system will 

support the tasks and 

behaviour 

Vlassenroot et 

al., 2009; 

Velez et al., 

2014; 

Targetti et al., 

2016; 

Giupponi et al., 

2008 

yes yes yes 

4 Satisfactio

n 

is the system: 

pleasant/unpleasant, 

nice/annoying, 

irritating/likeable, 

undesirable/desirable 

Vlassenroot et 

al., 2009 

yes yes no 

5 Equity Fair distribution of 

costs and benefits 

among affected 

parties 

Vlassenroot et 

al., 2009 

no no no 

6 External 

risk 

Perceived risk of not 

achieving target due 

to external factors 

Chen et al., 

2018; 

Velez et al., 

2014 

yes yes yes 

7 Trust in 

authorities 

Perceived 

trustworthiness of 

authorities 

Chen et al., 

2018; 

Velez et al., 

2014 

yes yes no 

8 Threshold

s 

Perceived 

appropriateness of 

thresholds 

Chen et al., 2018 no no yes 

9 Internal 

risk 

Perceived risk of not 

achieving target due 

to own negligence 

Chen et al., 2018 yes no no 

10 Fair 

remunerat

ion 

Remuneration covers 

investment costs/loss 

of income  

Chen et al., 

2018; 

Velez et al., 

2014 

no yes yes 

11 Personal 

benefits 

Trade-offs between 

personal and social 

aims and benefits 

Velez et al., 

2014 

no no no 

12 Trust in 

experts 

Perceived 

trustworthiness of 

experts 

Velez et al., 

2014 

No, as 

experts are 

not known 

yet 

yes no 
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Appendix E. Stakeholder surveys 
The following displays the surveys which were send to the stakeholders to score the indicators on each criterion 

of ‘social acceptance’ and to weight each criterion. 
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Appendix F. Stakeholder analysis 
Table F.1 
Stakeholder characteristics. This table shows the involvement in, interest in, influence on and impact of the issue 

for each identified stakeholder. 

 Characteristics 

Involvement Interest Influence 

 

Impact of 

issue on actor 

Farmers Need to deliver results to 

receive payments, voluntary 

participation 

high medium-

high 

high 

Chamber of 

Agriculture 

NRW 

Public corporation, promoting 

agri-environmental schemes and 

creating dialogues with relevant 

groups 

high high medium 

MULNV Creates laws, supports 

businesses & promotes 

voluntary services like agri-

environmental measures 

medium very high low 

LANUV Advices MULNV, operates a 

nationwide ecological 

monitoring, informs citizens 

medium

-high 

high medium-high 

Nature and 

landscape 

protection – 

Kreis Coesfeld 

secure the species diversity and 

the protection of the landscape 

and the natural area, involved in 

compensation measures 

medium

-high 

medium-

high 

low 

SWK Want to increase biodiversity by 

implementing ecological 

measures 

very 

high 

high medium 

Naturschutzzent

rum Kreis 

Coesfeld e.V. 

Campaigns for nature 

conservation, links important 

stakeholder groups 

high high low-medium 

ABU Consults farmers about lapwing 

protection measures 

high medium low-medium 

NABU 

Münsterland 

Educates about nature 

conservation 

medium low no 

Lapwing 

Protection 

corporation 

Takes measures for lapwing 

protection and advices specialist 

authorities 

medium

-high 

medium medium 

WWU Münster Conduct research on nature 

conservation measures 

medium no no 
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Appendix G. Performance of indicators 
Table G.1 
Performance of (sub-)indicators on ‘ecological representativeness’: lapwing 

Lapwing 

Criteria 

Indicator 

Habitat Quality 

Abundance 

per Species Vegetation 

Height 

Vegetation 

Coverage 

Wet 

Features 
Management 

Vertical 

Structures 

Field 

Size 
Mean 

Relevance 4.6 3.8 3.4 4.0 3.8 3.8 3.9 4.3 

Reliability 3.5 2.7 2.8 2.3 3.5 3.5 3.0 3.3 

Responsiveness 4.3 3.3 3.8 3.0 2.3 3.3 3.3 3.3 

Operational coherence  3.8 3.5 3.3 2.8 3.0 3.3 3.3 3.0 

Coverage/integrity  4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.3 

Table G.2 
Performance of (sub-)indicators on ‘ecological representativeness’: skylark 

Skylark 

Criteria 

Indicator 

Habitat Quality 

Abundance 

per Species Vegetation 

Height 

Vegetation 

Coverage 

Wet 

Features 
Management 

Vertical 

Structures 

Field 

Size 
Mean 

Relevance 3.4 4.6 3.6 4.0 3.6 3.6 3.8 5.0 

Reliability 3.8 2.8 3.0 2.8 4.5 3.8 3.4 3.0 

Responsiveness 4.0 4.0 3.8 3.8 4.3 3.0 3.8 3.0 

Operational coherence  3.7 3.7 3.0 2.7 3.0 3.0 3.2 3.7 

Coverage/integrity  3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.7 

Table G.3 
Performance of (sub-)indicators on ‘ecological representativeness’: curlew 

Curlew 

Criteria 

Indicator 

Habitat Quality 

Abundanc

e per 

Species 
Vegetatio

n Height 

Vegetatio

n 

Coverage 

Wet 

Feature

s 

Managemen

t 

Vertical 

Structure

s 

Nardus s. & 

Trichophoru

m g. 

Mea

n 

Relevance 4.0 4.3 3.8 4.5 3.5 3.0 3.8 4.5 

Reliability 3.8 2.3 2.8 2.5 3.8 3.0 3.0 4.0 

Responsiveness 3.3 3.3 3.5 3.5 3.0 2.7 3.2 4.3 

Operational 
coherence  3.5 3.3 2.8 2.5 3.3 2.3 2.9 3.7 

Coverage/integrity  3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.7 
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Table G.4 
Performance of (sub-)indicators on ‘ecological representativeness’: partridge 

Partridge 

Criteria 

Indicator 

Habitat Quality 

Abundance 

per Species Vegetation 

Height 

Vegetation 

Coverage 

Wet 

Features 
Management 

Vertical 

Structures 

Banks & 

Hedges 
Mean 

Relevance 3.8 4.0 3.4 3.8 4.0 4.0 3.8 4.0 

Reliability 3.8 2.8 3.0 2.5 4.0 3.3 3.2 3.0 

Responsiveness 3.8 3.5 4.0 3.5 3.5 3.5 3.6 3.0 

Operational coherence  3.8 3.5 3.3 2.7 2.7 3.5 3.2 3.0 

Coverage/integrity  3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.3 

Table G.5 
Performance of indicators on ‘economic performance of monitoring’: lapwing 

Lapwing 

Criteria 

Indicator 

Habitat Quality Abundance per Species 

Labour  3.0 3.7 

Material costs  3.8 4.3 

Other costs  3.8 4.0 

Training  2.5 3.3 

Quality checks  2.0 2.7 

Simplicity  3.0 4.0 

Table G.6 
Performance of indicators on ‘economic performance of monitoring’: skylark 

Skylark 

Criteria 

Indicator 

Habitat Quality Abundance per Species 

Labour  3.0 3.0 

Material costs  4.0 4.3 

Other costs  4.0 4.0 

Training  2.5 2.7 

Quality checks  2.0 2.0 

Simplicity  2.8 3.0 
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Table G.7 
Performance of indicators on ‘economic performance of monitoring’: curlew 

Curlew 

Criteria 

Indicator 

Habitat Quality Abundance per Species 

Labour  3.0 3.7 

Material costs  4.0 4.3 

Other costs  3.8 4.0 

Training  2.5 3.0 

Quality checks  2.0 2.7 

Simplicity  2.8 4.0 

Table G.8 
Performance of indicators on ‘economic performance of monitoring’: partridge 

Partridge 

Criteria 

Indicator 

Habitat Quality Abundance per Species 

Labour  2.3 3.0 

Material costs  3.5 4.3 

Other costs  3.5 4.0 

Training  2.8 2.7 

Quality checks  2.3 1.7 

Simplicity  2.8 3.0 

Table G.9 
Performance of indicators on ‘social acceptance’ 

Criteria 

Indicator 

Habitat Quality 
Abundance per 

Species 

Information & Knowledge 4.0 3.8 

Usability 3.3 3.2 

Usefulness 2.8 3.0 

External Risk 1.9 1.9 
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Appendix H. Distribution of expert scores 

Figure H.1  

Distribution of ‘ecological 

representativeness’ scores 

assigned by experts per (sub-

)indicator and bird species on 

each criterion. The different 

colours represent the different 

bird species. The graphs show: 

a) ‘Relevance’, b) ‘Reliability’, 

c) ‘Responsiveness’, c) 

‘Operational coherence’ and d) 

‘Coverage/integrity’. 
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Figure H.2 
Distribution of ‘economic performance of monitoring’ scores assigned by experts per indicator and bird species 

on each criterion. The different colours represent the different bird species. The graphs show: a) ‘Labour’, b) 

‘Material costs’, c) ‘Other costs’, d) ‘Quality checks’ and e) ‘Simplicity. 
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Appendix I. Distribution of stakeholder scores 

 

Figure I.1 
Distribution of ‘social acceptance’ scores per indicator, stakeholder group and criterion. The colours represent the 

different stakeholder groups. The graphs show: a) ‘Information and Knowledge’, b) ‘Usability’, c) ‘Usefulness’ 

and d) ‘External risk’. 
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Appendix J. Importance of criteria per stakeholder groups 
Table J.1 
Mean relative weights: Farmers. The criteria are ranked by their mean relative weights. 

Category Criteria Weights 

Social Acceptance External risk 0.08 

Economic Performance of Monitoring Simplicity  0.08 

Social Acceptance Information & Knowledge 0.07 

Ecological Representativeness Reliability 0.07 

Social Acceptance Usability 0.07 

Economic Performance of Monitoring Labour  0.07 

Ecological Representativeness Responsiveness 0.07 

Social Acceptance Usefulness 0.07 

Ecological Representativeness Relevance 0.07 

Ecological Representativeness Operational coherence  0.07 

Economic Performance of Monitoring Quality checks  0.06 

Ecological Representativeness Coverage/integrity  0.06 

Economic Performance of Monitoring Training  0.06 

Economic Performance of Monitoring Other costs  0.04 

Economic Performance of Monitoring Material costs  0.04 

 

Table J.2 
Mean relative weights: Governmental institutions. The criteria are ranked by their mean relative weights. 

Category Criteria Weights 

Economic Performance of Monitoring Labour  0.09 

Social Acceptance Usability 0.08 

Economic Performance of Monitoring Simplicity  0.08 

Social Acceptance Information & Knowledge 0.08 

Ecological Representativeness Operational coherence  0.07 

Ecological Representativeness Reliability 0.07 

Social Acceptance Usefulness 0.07 

Ecological Representativeness Relevance 0.07 

Ecological Representativeness Responsiveness 0.06 

Economic Performance of Monitoring Material costs  0.06 

Social Acceptance External risk 0.06 

Ecological Representativeness Coverage/integrity  0.06 

Economic Performance of Monitoring Training  0.06 

Economic Performance of Monitoring Other costs  0.05 

Economic Performance of Monitoring Quality checks  0.05 
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Table J.3 
Mean relative weights: NGOs. The criteria are ranked by their mean relative weights. 

Category Criteria Weights 

Ecological Representativeness Responsiveness 0.08 

Social Acceptance Information & Knowledge 0.08 

Ecological Representativeness Operational coherence  0.08 

Ecological Representativeness Relevance 0.08 

Ecological Representativeness Coverage/integrity  0.08 

Ecological Representativeness Reliability 0.07 

Social Acceptance External risk 0.07 

Social Acceptance Usability 0.07 

Economic Performance of Monitoring Simplicity  0.07 

Economic Performance of Monitoring Labour  0.06 

Economic Performance of Monitoring Training  0.06 

Social Acceptance Usefulness 0.06 

Economic Performance of Monitoring Other costs  0.05 

Economic Performance of Monitoring Material costs  0.04 

Economic Performance of Monitoring Quality checks  0.03 
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Appendix K. Distribution of mean relative weights

 

Figure K.1 
Distribution of mean relative weights per stakeholder group and criterion. The different colours represent the 

different stakeholder groups. The graphs show: a) criteria of ‘ecological representativeness’, b) criteria of 

‘economic performance of monitoring’, c) criteria of ‘social acceptance’. 
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Appendix L. Sensitivity analysis 
Table L.1 
Effect of the sensitivity analysis on indicator ranking. Bold numbers indicate the higher ranked indicator per bird 

species. 

Modification Effect on Indicator 

Ranking 

Weighted Scores per Bird Species 

Only farmers 

weights 

Same scores for both 

indicators for 

skylark.  

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.1 
skylark 3.2 3.2 
curlew 3.6 3.2 
partridge 3.1 3.1 

 

Only 

Government 

Weights 

‘Abundance per 

Species’ scores 

higher for partridge. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 

skylark 3.3 3.2 

curlew 3.6 3.1 

partridge 3.2 3.1 
 

Only NGO 

weights 

Same scores for both 

indicators for 

skylark. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 

skylark 3.3 3.3 

curlew 3.6 3.1 

partridge 3.2 3.2 
 

Only farmers 

scores & 

weights 

Same scores for both 

indicators for 

skylark. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.1 

skylark 3.2 3.2 

curlew 3.6 3.0 

partridge 3.1 3.1 
 

Only 

Government 

scores & 

weights 

No effect on 

indicator ranking. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 

skylark 3.3 3.2 

curlew 3.6 3.1 

partridge 3.1 3.1 
 

Only NGO 

scores & 

weights 

‘Abundance per 

Species’ scores 

higher for partridge. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 

skylark 3.3 3.2 

curlew 3.6 3.1 
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partridge 3.2 3.1 
 

No weights No effect on 

indicator ranking. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 

skylark 3.3 3.2 

curlew 3.6 3.1 

partridge 3.1 3.1 
 

Removal of all 

Economic & 

Social Criteria 

‘Habitat Quality 

scores higher for 

partridge; Same 

scores for both 

indicators for 

lapwing. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.5 3.5 
skylark 3.7 3.6 
curlew 4.0 3.3 
partridge 3.3 3.5 

 

Removal of all 

Ecological & 

Social Criteria 

Abundance per 

Species’ scores 

higher for partridge; 

‘Habitat Quality’ 

scores drop below 3 

for partridge. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.7 3.0 
skylark 3.1 3.0 
curlew 3.6 3.0 
partridge 3.1 2.8 

 

Removal of all 

Ecological & 

Economic 

Criteria 

Same scores for both 

indicators for all bird 

species. 

Weighted Scores 

Abundance per 
Species 

Habitat 
Quality 

3.0 3.0 
 

Removal of 

Relevance 

Same scores for both 

indicators for 

skylark. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.3 3.1 
skylark 3.2 3.2 
curlew 3.5 3.0 
partridge 3.1 3.1 

 

Removal of 

Reliability 

No effect on 

indicator ranking. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 
skylark 3.3 3.2 
curlew 3.6 3.1 
partridge 3.1 3.1 

 

Removal of 

Responsiveness 

No effect on 

indicator ranking. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 
skylark 3.3 3.2 
curlew 3.5 3.1 
partridge 3.1 3.1 
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Removal of 

Operational 

Coherence 

No effect on 

indicator ranking. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 
skylark 3.3 3.2 
curlew 3.6 3.1 
partridge 3.1 3.1 

 

Removal of 

Coverage/integri

ty 

No effect on 

indicator ranking. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.1 
skylark 3.3 3.2 
curlew 3.6 3.1 
partridge 3.1 3.1 

 

Removal of 

Labour 

‘Habitat Quality’ 

scores higher for 

partridge. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 
skylark 3.3 3.2 
curlew 3.6 3.1 
partridge 3.1 3.2 

 

Removal of 

Material costs 

Same scores for both 

indicators for 

skylark. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 
skylark 3.2 3.2 
curlew 3.6 3.1 
partridge 3.1 3.1 

 

Removal of 

Other costs 

No effect on 

indicator ranking. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 
skylark 3.3 3.2 
curlew 3.6 3.1 
partridge 3.1 3.1 

 

Removal of 

Training 

‘Abundance per 

Species’ scores 

higher for partridge; 

Same scores for both 

indicators for 

skylark. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 
skylark 3.3 3.3 
curlew 3.6 3.1 
partridge 3.2 3.1 

 

Removal of 

Quality checks 

No effect on 

indicator ranking. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.5 3.2 
skylark 3.4 3.3 
curlew 3.7 3.2 
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partridge 3.2 3.2 
 

Removal of 

Simplicity 

No effect on 

indicator ranking. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 
skylark 3.3 3.3 
curlew 3.6 3.1 
partridge 3.1 3.1 

 

Removal of 

Information & 

Knowledge 

Same scores for both 

indicators for 

skylark; ‘Abundance 

per Species’ scores 

higher for partridge. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.11 
skylark 3.2 3.2 
curlew 3.6 3.0 
partridge 3.1 3.0 

 

Removal of 

Usability 

No effect on 

indicator ranking 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 
skylark 3.3 3.2 
curlew 3.6 3.1 
partridge 3.1 3.1 

 

Removal of 

Usefulness 

No effect on 

indicator ranking. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 
skylark 3.3 3.3 
curlew 3.6 3.1 
partridge 3.1 3.1 

 

Removal of 

External Risk 

No effect on 

indicator ranking. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.5 3.3 
skylark 3.4 3.3 
curlew 3.7 3.2 
partridge 3.2 3.2 

 

Removal of top 

three ranked 

criteria:  

Information & 

Knowledge, 

Usability, 

Simplicity 

‘Abundance per 

Species’ scores 

higher for partridge. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.3 3.1 
skylark 3.3 3.2 
curlew 3.6 3.0 
partridge 3.1 3.0 

 

Removal of 

lowest three 

ranked criteria: 

Other costs, 

No effect on 

indicator ranking. 

 
Weighted Scores 

Bird 
Species 

Abundance per 
Species 

Habitat 
Quality 

lapwing 3.4 3.2 
skylark 3.3 3.2 
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Material costs, 

Quality checks 

curlew 3.6 3.1 
partridge 3.1 3.1 

 

 


