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Intermediary organisations have increasingly played a role in payments for agri-environment services across Europe over the last two decades. However, the economics literature has so far not examined the impact of this new governance mechanism on environmental protection and on individuals' behaviour. We develop a new theoretical economic framework to compare an incentive mechanism using intermediaries, such as environmental knowledge brokers and information providers, with a standard central governance mechanism, in terms of environmental impact. We show that the emergence of knowledge intermediaries is particularly effective where farmers initially have low environmental awareness, or when the public institution organising the scheme is insufficiently aware of individuals' characteristics. Our findings provide theoretical support for previous empirical results on payment schemes for agri-environment measures.

Introduction

Agricultural policy is widely recognised as insufficiently effective in preserving and enhancing sustainability and biodiversity, in spite of the policy's positive impacts on ensuring food supplies and reasonable consumption prices [START_REF] Pe'er | Action needed for the eu common agricultural policy to address sustainability challenges[END_REF][START_REF] Simoncini | Constraints and opportunities for mainstreaming biodiversity and ecosystem services in the eus common agricultural policy: Insights from the ipbes assessment for europe and central asia[END_REF]. In the European Union (EU), the Agri-environment Council Regulation of 30 June 1992 on agricultural production methods strongly enhanced the Common Agricultural Policy (CAP) by introducing various targets to offset biodiversity loss and improve environmental awareness among farmers. Since 1992, several policy tools have been developed to mitigate the environmental impact of agriculture. One of the main agricultural policy instruments addressing environmental objectives within the CAP is the Agri-environment schemes (AES). The main objective of AES is to provide financial support for Member States able to encourage farmers to adopt more environmentally friendly farming practices by compensating them for incurred additional costs and foregone income. National or regional governments make these payments, called agri-environment measures (AEMs), to farmers who commit to using methods that preserve the environment.1 

The implementation of the AES is done according to the general subsidiarity principle governing the EU. Member States or Regions (as appropriate) allocate the EU funds to a selected set of national or regional measures, according to the rules specified in the relevant EU regulations (EU) No 1305/2013 and (EU) No 1307/2013. In practice, two main governance mechanisms currently operate in Europe to incite farmers to adhere to the scheme [START_REF] Chapman | Changing incentives for agricultural extension: A review of privatised extension in practice[END_REF]. In the first, administrative agents from the public authority directly inform individual farmers on potential payments from applying environmentally-friendly farming practices, under a centralised governance mechanism. In the second, the authority uses private non-profit organisations or individuals to create links with the farmers, delegating to these organisations the advisory responsibility for implementing the agri-environmental services, under a knowledge broker governance mechanism. The latter practice has led to the proliferation of networks of support organisations for EU agri-environment policies. Often set up as service-oriented businesses by non-profit organisations, these knowledge brokers provide screening activities for public administrations as well as valuable social learning and knowledge for farmers.

The current system of advisory services, although effective, is still not sufficiently developed.

To actively contribute to meeting EU environmental and climate objectives, it would need to be better targeted [START_REF] Meredith | Cap 2021-27: Using the eco-scheme to maximise environmental and climate benefits[END_REF]. Current discussions in the EU on post-2020 CAP policy are aimed at strengthening this system of farm advisory services through a double mechanism (cf.

the EC proposal COM(2018) 392 final). First, according to the EC's proposal, it is proposed that Members States or Regions should integrate advisors into the national Agricultural Knowledge and Innovation Systems. In particular, future CAP Strategic Plans should provide information on how advisory services, research and rural networks can work together, and how each Member State or Region can fund actions to improve such collaborations. Second, the Commission's proposal highlights and reinforces the environmental sustainability purposes of these systems. The clear aim for future policy is therefore to adopt a broader perspective on support to knowledge brokers, by integrating farm advice into a broad network of advisory services, research organisations and rural networks with environmental objectives.

An empirical analysis of the emergence of networks of knowledge brokers was first undertaken by [START_REF] Dedeurwaerdere | The role of network bridging organisations in compensation payments for agri-environmental services under the eu common agricultural policy[END_REF]. Using a series of structured in-depth field interviews with farmers adhering to certain agri-environment schemes, they found that farmers involved in knowledge coproduction and social learning processes organised by non-profit bridging organisations showed a strong improvement both in adoption of environmental practices and in adhesion to deep green (farther-reaching) AEMs. The analysis was conducted in the Walloon Region in Belgium, with 11 AEMs making payments to farmers and a network of agri-environmental advisors set up across the Region (cf. more detail on the policy in [START_REF] Dedeurwaerdere | The role of network bridging organisations in compensation payments for agri-environmental services under the eu common agricultural policy[END_REF]. In this paper, we perform a dynamic theoretical analysis of the situation, confirming the findings of [START_REF] Dedeurwaerdere | The role of network bridging organisations in compensation payments for agri-environmental services under the eu common agricultural policy[END_REF] and suggesting policy implications for promoting environmentally-friendly behaviour in the farming population. We also characterize the economic conditions required for effectiveness of the proposed strengthening of the network of farm advisory services within the CAP beyond 2020.

To account for the important role played by non-profit service providers in the knowledge networks, this paper uses an interdisciplinary approach. First, building upon insights from evolutionary anthropology [START_REF] Cavalli-Sforza | Cultural transmission and evolution: a quantitative approach[END_REF], sociology [START_REF] Paley | Kwanzaa and me[END_REF] and behavioural economics [START_REF] Henrich | Economic man in cross-cultural perspective: Behavioral experiments in 15 small-scale societies[END_REF], we propose a certain persistence of acquired cultural traits -such as pro-environmental preferences -across different generations of farmers, the so-called hypothesis of imperfect empathy (cf. the discussion below and the overview in [START_REF] Bisin | The economics of cultural transmission and socialization[END_REF].

Second, building upon insights from social economy [START_REF] Anheier | Nonprofit organizations: an introduction[END_REF] and organizational sociology [START_REF] Innes | Planning with complexity: An introduction to collaborative rationality for public policy[END_REF], we suggest that non-profit service providers' decisions are not solely motivated by financial or organisational growth, but are also based on a preference for activities offering higher societal returns from the increased environmental effectiveness of the AEM policy. Taking this approach enables us to shed light on the decision-making processes of non-profit knowledge service providers under the implementation cost constraints of the CAP.

In the specific context of the AES, two main payment schemes for environmental services can be distinguished:2 light green AEMs (for instance, preserving hedge rows or isolated trees in the existing landscape) and deep green AEMs (such as preservation of local breeds or restoring natural grasslands). The former have low ecological impact and involve low payments, while the latter are clearly important for the long-term environmental effectiveness of the policy but involve high payments. Deep green AEMs can greatly contribute to social-environmental returns, but they can be successfully carried out only if farmers actively participate by making a specific environmental effort [START_REF] Vanslembrouck | Determinants of the willingness of belgian farmers to participate in agri-environmental measures[END_REF][START_REF] Defrancesco | Factors affecting farmers participation in agri-environmental measures: A northern italian perspective[END_REF][START_REF] Burton | Exploring farmers' cultural resistance to voluntary agri-environmental schemes[END_REF][START_REF] Poláková | Addressing biodiversity and habitat preservation through measures applied under the Common Agricultural Policy[END_REF]. [START_REF] Bartolini | Understanding the spatial agglomeration of participation in agri-environmental schemes: The case of the tuscany region[END_REF] survey the vast theoretical and empirical literature on the different factors that significantly affect probability of participation in AEMs. Two important determinants of adoption of agri-environment schemes are the level of transaction costs involved in the expected mode of adoption [START_REF] Wünscher | Spatial targeting of payments for environmental services: a tool for boosting conservation benefits[END_REF][START_REF] Mettepenningen | Measuring private transaction costs of european agri-environmental schemes[END_REF] and the farmer's preferences and values [START_REF] Espinosa-Goded | What do farmers want from agrienvironmental scheme design? a choice experiment approach[END_REF]. In particular, in a context where the possibility of ex-ante commitment is low, a key role is played by farmers' pro-environmental preferences. As the public authorities have only incomplete information on these preferences, they cannot determine ex-ante the optimal amount and form of knowledge-brokering to provide through a centralised support mechanism. In this paper, we argue for the advantage of adopting a decentralised and evolutionary perspective on knowledge-brokering requirements, as farmers' proenvironmental preferences can co-evolve with the evolving network of non-profit advisory services.

In particular, we analyse the extent to which cultural transmission processes between farmers can further amplify the impact of a decentralised network of knowledge brokers on the evolution of farmers' preferences.

Real-world cultural transmission regarding participation in AEMs is complex and includes amplification of new preferences through several social network and social learning mechanisms [START_REF] Dedeurwaerdere | The role of network bridging organisations in compensation payments for agri-environmental services under the eu common agricultural policy[END_REF][START_REF] Bartolini | Understanding the spatial agglomeration of participation in agri-environmental schemes: The case of the tuscany region[END_REF]. This paper analyses this mechanism, well established in the literature on economic models of evolution of other-regarding and pro-societal preferences [START_REF] Francois | Trust, social capital, and economic development[END_REF][START_REF] Sáez-Martí | Peers and culture[END_REF][START_REF] Olcina | Hold up and intergenerational transmission of preferences[END_REF], using a variation of the model developed by [START_REF] Bisin | The economics of cultural transmission and the dynamics of preferences[END_REF]. Unlike standard evolutionary models where the parent's values play no role in determining evolutionary selection, it allows for outcomes leading to lower pecuniary rewards, as can be the case for pro-environmental farming practices. It considers the transmission of new preferences from one generation of farmers to another through two channels: direct (vertical) socialisation, i.e. socialisation within the family, and horizontal (oblique) socialisation, i.e. in society at large. This stylized form allows us simultaneously to consider a wide societal transmission process and to stress the family context. The approach is particularly appropriate given the characteristics of the farming system in the European Union, where the vast majority of farms (96.2 % of 10.8 million farms in the EU-28 in 2013, data from Eurostat, 2016) are classified as family farms. In other words, the model's structure treats preference formation within the family as an important cultural mechanism that determines the probability of participation in AEM. Nevertheless, other mechanisms and different channels, such as society at large, are also given a fundamental role here.

In particular, the social norm of interest in our theoretical setting is environmental consciousness, a cultural value that the previous generation can choose to pass on to the new one, even though it leads to lower economic rewards. 3The model is dynamic and decisions about cultural transmission take into account future contexts. Thus, they are influenced by all the preferences and structural parameters of the economy and, crucially here, by policy choices. The same learning mechanism gives very different outcomes depending on the situation. Of course the model remains stylized, but it provides valuable insights into decision-making by farmers and non-profit service providers under the CAP, within given cost implementation constraints. It should be seen as contributing a different perspective within an integrated and fully interdisciplinary approach accounting for long-term and society-wide change determined by a broad set of motives such as social identity and ethical argumentation [START_REF] Vatn | Institutions and the Environment[END_REF].

This paper proposes a theoretical model which is an application of the theory of private provision of a public good, i.e. environmental quality, in the agri-environmental context. We distinguish between two basic observable farmer behaviours: making and not making an environmental effort, reflecting preferences regarding environmental protection. Then, we assume that farmers' preferences in terms of the environment are acquired through a cultural transmission process across generations. We study two possible governance mechanisms enabling the public legislator to promote environmental awareness among farmers to ensure the environmental effectiveness of the policy. In the first (Section 2), it is possible to change the cost structure to promote the emergence of a network of environmental intermediaries such as knowledge brokers.

In the second (Section 3), instead of financing intermediaries, the resources are transferred to local/regional institutions, which use their budgets to identify how many farmers are likely to adopt deep green measures and provide the knowledge and advice themselves. The advantage of this latter policy is that the farmers fully know the level of knowledge support they will receive.

Instead of depending upon an evolving population of knowledge brokers, this support is laid down in government policy.

Our objective is to compare the environmental effectiveness of those two governance mechanisms. We explore (Section 4) under which conditions the emergence of a network of knowledge brokers is more effective than a central governance mechanism in terms of diffusion of deep green agri-environment measures and of support for pro-environmental attitudes. We show that the process of socialisation between farmers and brokers may increase the proportion of proenvironmental farmers, thereby enhancing the impact of the environmental policy. This effect is particularly likely where there is limited knowledge of farmers' characteristics and preferences, and low initial environmental awareness. We also argue that developing the broker network can help escape the "low environmental awareness traps" that can arise with more traditional compensation schemes. Our results constitute a theoretical counterpart to the empirical findings of [START_REF] Dedeurwaerdere | The role of network bridging organisations in compensation payments for agri-environmental services under the eu common agricultural policy[END_REF] with regard both to farmers' behaviours and to policy effectiveness.

Contribution to Existing Literature

This work is the first to model the dynamic relationship between the emergence of environmental knowledge intermediaries and the evolution of farmers' willingness to change their management practices. It links the knowledge-brokering theory developed in the literature on environmental science with the process of individual preference formation developed in the economics literature. The former (see for instance [START_REF] Shapin | Placing the view from nowhere: historical and sociological problems in the location of science[END_REF][START_REF] Sverrisson | Translation networks, knowledge brokers and novelty construction: Pragmatic environmentalism in sweden[END_REF][START_REF] Meyer | The rise of the knowledge broker[END_REF]and, in a slightly different context, Klerkx et al., 2012[START_REF] Dedeurwaerdere | Combining internal and external motivations in multi-actor governance arrangements for biodiversity and ecosystem services[END_REF] has mainly concentrated on the rise of knowledge brokers as a means to connect researchers and their audiences, such as decision-and policy-makers. The main focus of the analysis in this literature is the existence of complementarities between different kinds of knowledge providers and knowledge types, and the role of knowledge brokers in building collaborative networks between these providers. However, much less attention has been given to the social learning effects of knowledge brokers, in a field characterised by a high level of scientific uncertainty and controversy over social values such as sustainability. The economics literature on preference formation, on the other hand, is based on adapting models of evolutionary biology to the transmission of cultural traits, as initiated by [START_REF] Cavalli-Sforza | Cultural transmission and evolution: a quantitative approach[END_REF] and introduced into the economics literature, also in a dynamic context, by Bisin andVerdier (1998, 2001). Models of preference evolution have been applied to several contexts in the economics literature, for instance evolution of ethnic traits (Bisin and[START_REF] Bisin | Beyond the melting pot: cultural transmission, marriage, and the evolution of ethnic and religious traits[END_REF][START_REF] Bisin | Religious intermarriage and socialization in the united states[END_REF], corruption [START_REF] Hauk | On the cultural transmission of corruption[END_REF], social capital [START_REF] Francois | Trust, social capital, and economic development[END_REF], political ideology (Melindi-Ghidi, 2012), perceptions of pollution [START_REF] Bezin | A cultural model of private provision and the environment[END_REF], environmental preferences [START_REF] Litina | The cultural transmission of environmental values: A comparative approach[END_REF].

The governance mechanism through which agricultural payments are implemented in an economics context is modelled as an application of the theory of private provision of public goods [START_REF] Bergstrom | On the private provision of public goods[END_REF]. Several works in this literature have analysed the importance of environmental groups in providing environmental public goods [START_REF] Heyes | Environmental regulation by private contest[END_REF][START_REF] Sundberg | Private provision of a public good: Land trust membership[END_REF][START_REF] Grant | Private provision of public goods by environmental groups[END_REF]. However, the role of intermediary organisations in the context of payments for agri-environmental services that provide environmental amenities has yet to be determined.

Our paper also contributes to the growing literature on the link between culture and institutional rules of organisations [START_REF] Bisin | On the joint evolution of culture and institutions[END_REF] applied to agri-environment issues. In particular, it allows co-determination of the equilibrium on non-profit organisation markets and the distribution of preferences showing how institutional rules affect farmer cultures. As such, our model also provides a theoretical approach to the literature on new modes of regulation based on more participatory and co-constructed modes of public intervention [START_REF] Young | Alternative models of government-nonprofit sector relations: Theoretical and international perspectives[END_REF][START_REF] Gidron | Government and the third sector: Emerging relationships in welfare states[END_REF].

The paper proceeds as follows. Section 2 develops the theoretical model of the emergence of a network of knowledge brokers promoting deep green AEMs. Section 3 examines the standard governance model, in which local public institutions autonomously decide which AEMs to offer to farmers. Section 4 compares the two scenarios to reveal policy implications. Section 5 performs possible extensions. Section 6 concludes. Proofs of the results are contained in Appendix A.

We model a situation where the policy-maker decides to promote the emergence of a network of environmental intermediaries such as knowledge brokers, to which it partly delegates the implementation of agri-environment policy.

Farmers' Types

We consider an overlapping generation economy with discrete time where farmers live for two periods: in childhood they are educated (and will be subject to the mechanism of cultural transmission described in detail below) while in adulthood they make all economic choices. We suppose that there is no population growth and that the size of each generation is normalized to 1.

Each farmer voluntarily subscribes to agri-environment measures (AEMs) and receives a monetary transfer for the provision of environmental services, such as protecting and enhancing their farmland environment. Farmers differ in their preferences: they can have pro-environmental preferences (termed here "e-type" agent/farmer) or non pro-environmental preferences (n-type). We denote by i ∈ {e, n} the farmer's type:

i =     
e pro-environmental preferences n non pro-environmental preferences.

We will assume that the farmers' characteristics are private: neither the state nor the intermediaries can observe them ex-ante.

Light and Deep Green Agri-environment Measures

At time t a unit of environmental intermediaries is born as well. They live only for one period.

The intermediaries liaise between the public institution and the farming population.

We assume that the public legislator allocates an amount x b > 0 of monetary resources to nonprofit intermediaries for any project aimed at providing the knowledge support required to implement certain agri-environment measures. These intermediaries are able to choose autonomously whether to offer support to farmers for either a deep green AEM (Project 1) or a light green AEM (Project 2). Although the same organization can provide different types of knowledge support, in practice organisations or individuals within organisations specialise in certain fields of technical and administrative expertise [START_REF] Meredith | Cap 2021-27: Using the eco-scheme to maximise environmental and climate benefits[END_REF]. For modelling purposes, we therefore consider two types of specialised knowledge advice services, respectively for deep green and light green measures, which can be provided by the same organisation or different organisations.

We call (environmental) knowledge brokers all those social enterprises or intermediaries that ensure the availability of knowledge enabling deep green environmental actions to be put into practice and that thus (only) offer farmers projects of type 1. Conversely, we call (environmental) information providers those that specialise in information provision for light green measures and that (only) offer farmers projects of type 2. We denote by b t the proportion of knowledge brokers in the economy. Summarising, we have the following for Project r, with r ∈ {1, 2}:

r =                   
1 deep green AEM provided by knowledge brokers (proportion b t of intermediaries) 2 light green AEM provided by information providers (proportion 1 -b t of intermediaries).

Cost of the Measures

Realising a type r Project is costly. More precisely, we assume that the measure involves two different costs: a fixed cost kr for some positive constants k1 > k2 (we assume that a deep green AEM requires higher fixed initial investments) and implementation costs. Since the costs of implementing deep green AEMs are higher, for the sake of analytical tractability we set the implementation costs of light green AEMs equal to zero. We assume that the implementation costs of a deep green AEM depend on the proportion b t of knowledge brokers in the economy, therefore expressed as s[b t ]. Evidence suggests that intermediaries bear the costs of providing knowledge while farmers bear the cost of learning to efficiently realise the measure. We therefore denote by β (respectively 1 -β) the exogenous share of total implementation costs of deep green AEMs borne by the intermediary (respectively farmer).

Since targeting a green deep AEM becomes more difficult the larger the number of knowledge brokers in the economy, with the obvious candidates already identified by other intermediaries, it is reasonable to assume that s

[•] is an increasing function of b t . 4 We assume that s[b t ] ≥ 0, s[0] = 0, s [b t ] > 0, s [b t ] ≥ 0.
The total cost borne by a farmer properly implementing a deep green AEM is

k 1 ≡ k 1 [b t ] = k1 + (1 -β)s[b t ]
(1)

while the cost to farmers properly implementing a light green AEM is simply

k 2 = k2 > 0.
(2)

Farmers' Preferences

At each time t, each broker liaises with a single farmer. Brokers support farmers with an initial direct payment y r > 0. There is a probability b t that a farmer will receive support from a knowledge broker for a deep green AEM. The probability is (1-b t ) that the farmer will be matched with an information provider offering a light green AEM. The farmer can choose whether or not to properly implement the project. In the first case the cost to the farmer is given by ( 1) or (2), while in the second case the cost is equal to zero. Thus, a farmer's monetary payoff equals the difference between the direct payment y r received for implementing an agri-environment measure and the cost of putting the measure into practice, that is y r -χk r , r = 1, 2, with y 1 > y 2 and χ taking the value of 1 (respectively, 0) if the farmer decides (respectively, not) to make the investment effort.

Farmers' well-being does not only depend on pecuniary payments or monetary costs: we assume that farmers with pro-environmental preferences will experience a decrease in well-being from adopting non pro-environmental behaviour since they are endowed with "environmental awareness" and have a non-pecuniary psychological decrease in utility, γ > 0, when behaving non pro-environmentally at time t. 5 Utilities for e-type and n-type agents are given in Tables 1 and2. As already observed, the preferences of the farmers are private, so the intermediaries do not know them before offering the project. Moreover, after a knowledge broker proposes a project the knowledge brokers have to make additional efforts to convince them [START_REF] Chapman | Changing incentives for agricultural extension: A review of privatised extension in practice[END_REF]. Second, knowledge brokers might have an impact on a series of additional conditions, such as the existence of reputation networks [START_REF] Sereke | Swiss farmers dont adopt agroforestry because they fear for their reputation[END_REF] and collective action networks to change practices in socio-technical agricultural production networks [START_REF] Hellin | Agricultural extension, collective action and innovation systems: Lessons on network brokering from peru and mexico[END_REF].

to a farmer, she cannot control the farmer's actions, and of course cannot oblige the farmer to make the effort. The only incentive to make the effort will come from the farmer's potential pro-environmental preferences. 

:= y 1 -k 1 [bt] V ee 2 := y 2 -k2 behaves non pro-environmentally V en 1 := y 1 -γ V en 2 := y 2 -γ
:= y 1 -k 1 [bt] V ne 2 := y 2 -k2 behaves non pro-environmentally V nn 1 := y 1 V nn 2 := y 2
As can be observed from Table 2, an n-type farmer will never behave pro-environmentally.6 

However, incentive compatibility necessarily implies that farmers will make the investment required by the AEM if they are pro-environmental (e-type). We therefore introduce an assumption guaranteeing that the dominant strategy for e-type agents is to always act pro-environmentally.

Assumption 1. The environmental awareness of the pro-environmental farmer is such that:

γ > max{k u 1 ; k2 }, with k u 1 = k1 + (1 -β)s[1].

Socialisation Choice and Cultural Evolution of Preferences

In this section we explain how the determination of individual traits works, drawing from the mechanism of cultural transmission developed in the economics literature by [START_REF] Bisin | The economics of cultural transmission and the dynamics of preferences[END_REF]. 7 We assume that each farmer has one child that becomes active in the next period and participates in the implementation of some AEMs. Hence, the total farming population is stationary. As explained above, individuals differ in terms of preferences for the environment formed through a stochastic socialisation process across generations.

We denote by q t (respectively (1 -q t )) the proportion of pro-environmental (respectively non pro-environmental) farmers in the population. It is reasonable to assume that the preference distribution in the population, i.e. q t , is common knowledge. Children are born naïve and are subject to a process of socialisation that influences their preferences. The socialisation process works as follows: parents socially condition their children to have the same preferences as themselves by making certain socialisation efforts (also equal to the probability of successfully transmitting their cultural traits) τ i t with i ∈ {e, n}: e pro-environmental and n non pro-environmental. If parents fail to condition their children to their trait, an indirect socialisation mechanism provides a probability of 1 -τ i t that the children's traits will be determined by imitating a random adult outside the family. If we denote by p ij t the probability that a child of parent i will adopt trait j, we can thus write the transition probabilities as follows:

p ee t = τ e t + (1 -τ e t )q t ; p en t = (1 -τ e t )(1 -q t );
(3)

p nn t = τ n t + (1 -τ n t )(1 -q t ); p ne t = (1 -τ n t )q t . (4) 
and then, in particular, q t+1 = q t p ee t + (1 -q t )p ne t = q t (τ e t + (1 -τ e t )q t ) + (1 -q t )(1 -τ n t )q t = q t + q t (1 -q t )(τ e t -τ n t ) (5)

We follow the literature on cultural transmission by assuming that parents suffer from a particular form of myopia called imperfect empathy (see [START_REF] Bisin | On the cultural transmission of preferences for social status[END_REF]. This implies that parents want children of the same type because they evaluate the future welfare of their children through the filter of their own preferences. This means, for instance, that e-type farmers will evaluate their child's welfare based on e-type preferences according to Table 1: if, for example, the child in the next period is type n (and will therefore behave non pro-environmentally), the parent will evaluate her utility at y 1 -γ for Project 1 and y 2 -γ for Project 2.

We denote the expected utility at time t of an i-type parent having a j-type child by W ij .

Parents' expected utility depends on both the type and the matching outcome of the child, but also on the probability b t of matching up with a knowledge broker willing to implement a deep green AEM. Its formal expression is given by:

W ij [b t ] = b t V ij 1 + (1 -b t )V ij 2 (6)
with (i, j) ∈ {e, n} and (1, 2) the project offered by the intermediary. The values of V ij 1 and V ij 2 are given in Tables 1 and2.

Socialisation effort τ i t is costly. We denote by C(τ i ) the socialisation cost functions and suppose that each individual chooses τ i t ∈]0, 1] to solve the following maximisation problem:

max τ i p ii t W ii [b t ] + p iι t W iι [b t ] -C(τ i t ) , (7) 
with ι defined as follows: ι = 2 if i = 1 and ι = 1 if i = 2. Maximising (7) with respect to τ i leads to a standard first-order condition of cultural transmission:

C (τ i t ) = ∂p ii t ∂τ i t W ii [b t ] + ∂p iι t ∂τ i t W iι [b t ]. (8) 
We will concentrate on the case C(τ ) = 1 2 τ 2 , which is the simplest cost structure, often used as a benchmark in the literature on cultural transmission. Solving equation ( 8) for the e-type and n-type agent, we derive the following socialisation effort functions:

     τ e t = (1 -q t )(W ee [b t ] -W en [b t ]) τ n t = q t (W nn [b t ] -W ne [b t ]), (9) 
Using the definition of W ij given in (6) and the expressions of V ij r in Tables 1 and2, we get

W ee [b t ] -W en [b t ] = γ -b t ( k1 + (1 -β)s[b t ]) -(1 -b t ) k2 > 0 and W nn [b t ] -W ne [b t ] = b t ( k1 + (1 - β)s[b t ])+(1-b t ) k2 > 0 so that, using (9), we get (τ e t -τ n t ) = γ(1-q t )-b t ( k1 +(1-β)s[b t ])-(1-b t ) k2
and then expression (5) becomes

q t+1 -q t = q t (1 -q t )[γ(1 -q t ) -b t ( k1 + (1 -β)s[b t ]) -(1 -b t ) k2 ]. ( 10 
)
As in standard evolutionary models, we will concentrate on the continuous time limit version of this dynamic, namely

dq t dt = q t (1 -q t )[γ(1 -q t ) -b t ( k1 + (1 -β)s[b t ]) -(1 -b t ) k2 ]. (11) 
The above differential equation describes the motion of q t in the population. To study the full dynamics of the model, we introduce the dynamic behaviours of intermediaries.

Behaviour of Environmental Intermediaries

As previously noted, each intermediary receives the same monetary transfer x b to support a particular AEM.8 When a knowledge broker is able to offer a deep green AEM to a farmer who will provide the necessary investment effort to realise the measure, implementation is successful and generates a positive social-environmental return. This return, ψ > 0, is the 'environmental effectiveness' achieved by intermediaries and institutions when a deep green AEM is properly implemented. For the sake of simplicity, we fix the return at zero in the case of implementation of light green environmental measures. In our model, in fact, light green AEMs generate a much less significant social-environmental return since these measures are not able to provide substantial social-environmental benefit.

We then denote by π 1 and π 2 the intermediary's return on a single interaction with a farmer, respectively when a Project 1 and a Project 2 is offered. From the above, we have π 1 = x b -y 1βs[b t ] + χψ and π 2 = x b -y 2 where the parameter χ takes the value of 1 (respectively, 0) if the farmer decides (respectively, not) to make the investment effort.9 

Intermediaries only know the preference distribution in the population, i.e. q t . However, as noted above, since cultural traits and preferences are not observable, they do not know a priori the preference of any specific farmer. The expected return on a Project 1 to a knowledge broker is then given by Π

1 [b t ] = q t (x b -y 1 -βs[b t ] + ψ) + (1 -q t )(x b -y 1 -βs[b t ]).
Conversely, the return on a Project 2 does not depend on agent type and is always

Π 2 = π 2 = x b -y 2 .
Following [START_REF] Francois | Trust, social capital, and economic development[END_REF], we suppose that producers adjust instantaneously to changes in the economy. This is a reasonable assumption if we accept that socio-economic opportunities allow intermediaries to change their behaviour (i.e. their decision to specialise and become 'knowledge brokers' or 'information providers') relatively quickly compared to the speed at which inherent cultural traits change. When Π 

b [b t ] ≡ Π 1 [b t ]-Π 2 = q t ψ-(βs[b t ]+(y 1 -y 2 )) > 0,
b t = g[q t ] ≡            0 if (q t ψ -(y 1 -y 2 ))/β < s[0] s -1 [(q t ψ -(y 1 -y 2 ))/β] if (q t ψ -(y 1 -y 2 ))/β ∈ [s[0], s[1]] 1 if (q t ψ -(y 1 -y 2 ))/β > s[1]. (12) 
Note that if any intermediary finds it profitable to offer Project 2, then the social network of knowledge brokers will not be formed. The highest value of q t leading to non-formation of the social network of knowledge brokers (that is, the highest value of q t that corresponds to b t = 0 in ( 14)) is given by q 0 = (y1-y2)+βs [0] ψ . Conversely, the lowest value of q t at which all intermediaries decide to offer Project 1 is given by q 1 = (y1-y2)+βs [1] ψ . To guarantee that both q 0 and q 1 belong to ]0, 1[ we need a last assumption on parameter values.

Assumption 2. The social return generated by the environmental effectiveness of successful implementation of a deep green AEM is sufficiently high: ψ > (y 1 -y 2 ) + βs[1].

Assumption 2 guarantees that deep green AEMs implemented by a farmer who makes the necessary investment effort yield higher expected returns for intermediaries than light green AEMs.

Dynamics

The dynamic properties of our economy can be analysed by using relation (11) together with ( 14).

We get the following dynamic equation :

dq t dt = q t (1 -q t )[γ(1 -q t ) -g[q t ]( k1 + (1 -β)s[g[q t ]]) -(1 -g[q t ]) k2 ]. ( 13 
)
The direction of the evolutionary dynamics will depend on both the role of knowledge brokers in the implementation processes of deep green AEMs and the socialisation effort of parents.

It is reasonable to concentrate only on the scenario in which one of the two traits is not always selected irrespective of the environment. In other words, in line with the theory developed in [START_REF] Bisin | The economics of cultural transmission and the dynamics of preferences[END_REF], we need to exclude parameter choices such that one trait culturally dominates. For this reason, we introduce the following assumption.

Assumption 3. Evolutionary forces are such that no cultural trait is dominant:

1 - (y 1 -y 2 ) ψ > k2 γ and 1 - (y 1 -y 2 ) + βs[1] ψ < k1 + (1 -β)s[1] γ .
Proposition 1. Suppose that Assumptions 1, 2 and 3, are satisfied. Then the system described by ( 13) admits three steady states: 0, 1 and a unique interior steady state qb . Moreover, for any initial condition q 0 ∈]0, 1[, q t converges to qb . At the steady state qb , a network of knowledge brokers of size bb ∈]0, 1[ is formed.

Proof. See Appendix A for the formal proof, and Figure 1 for the graphical representation of the dynamics.

Figure 1: Phase diagram: internal solution

In Figure 1 we see the dynamics described in Proposition 1. The left part shows, on the horizontal axis, the value of q t and, in y-axis, the derivative of q t with respect to time. At bb the time derivative of the value of q t is zero and in fact bb is a steady state. On the other hand, we can see that for values of q t smaller than bb the derivative of q t is positive and so its value increases with time until it reaches bb . Conversely, for levels of q t above bb its value decreases over time converging again to bb . Either for initial values of q t above or below bb the system tends, in the long run, to settle on the value bb . This is represented in the right part of the figure where the dynamics of the variables q t and b t over time is represented by the arrows.

As stated in the proposition, at the stable steady state qb , a network of knowledge brokers of size bb ∈]0, 1[ is formed. This network provides evolutionary incentives to have a proportion of pro-environmental agents equal to

qb = γ -bb ((1 -β)s[ bb ] + k1 ) -k2 (1 -bb ) γ ∈]0, 1[.
If, for instance, at time t = 0 the economy is characterised by a low proportion of knowledge brokers and b 0 is below its steady state level bb , then knowledge and learning costs are relatively low.

Since the targeting of a pro-environmental farmer is more likely, we will observe an increase in the proportion of knowledge brokers that will promote an environmentally-conscious culture in the next generation. Conversely, even when there is a high proportion of pro-environmental agents at time t = 0, if b 0 > bb , some intermediaries will find it profitable to avoid investment in the implementation of deep green AEMs. The reason is that with a high proportion of knowledge brokers it is harder to target a deep green measure and implementation costs will be high. Therefore, some intermediaries will offer Project 2 in the next period rather than Project 1. The decreasing presence of knowledge brokers in the economy will reduce the proportion of pro-environmental parents willing to make an effort to transmit this trait. Because of these two opposing trends, we observe an equilibrium position where the higher learning costs entailed in getting the remaining farmers on board exceed the societal benefits that can be attained and claimed by the knowledge brokers.

Two more (non-interior) steady states appear in the dynamics: the two boundary points q = 0 and q = 1 corresponding to the two trivial situations where, respectively, the whole farming population is of type n or of type e.10 Still, neither of these two steady states is stable, and once the initial state of the system is perturbed, the dynamics will converge to the unique stable steady state qb .

A natural question, already raised for example by [START_REF] Bisin | The economics of cultural transmission and the dynamics of preferences[END_REF] in their seminal contribution, is the relation between direct parental (or vertical ) transmission and indirect (or oblique) transmission. [START_REF] Bisin | The economics of cultural transmission and the dynamics of preferences[END_REF] observe that, in their model, convergence toward an internal steady state, i.e. a long-run heterogeneous distribution of cultural traits, arises when vertical transmission acts as a cultural substitute to oblique transmission. We argue here that the result of Proposition 1 is in the line with this claim. In terms of our model, this substitutability reads as a negative impact of an increase of q t on the value of τ e that is a negative sign in the derivative (see ( 9)

) dτ e dqt = (1 -q t ) d(W ee [bt]-W en [bt]) dqt -[W ee [b t ] -W en [b t ]].
There are two opposite forces at play. First, a complementarity effect (which corresponds to the first addendum in the derivative expression) since an increase of b t directly increases q t by increasing the probability that the child will meet a knowledge broker. Second, a substitutability effect (the second addendum) because implementation costs are increasing in the fraction of knowledge brokers b t .

Due to the model structure, we observe that substitutability always dominates complementarity.

Indeed τ e as a function of q t and of the parameters can be written (using (9), Tables 1 and2 and ( 14)) as (1

-q t )(γ -g[q t ]( k1 -k2 ) -(1 -β)s[g[q t ]] -k2
) and both the terms (1 -q t ) and

(γ -g[q t ]( k1 -k2 ) -(1 -β)s[g[q t ]] -k2
) are positive (the latter thanks to Assumption 1) for q t ∈ (0, 1) and decreasing in q t , as is their product. This means that the complementarity effect is always outweighed by the substitutability effect. In line with the result of [START_REF] Bisin | The economics of cultural transmission and the dynamics of preferences[END_REF], Proposition 1 shows that in the model we have a long-rung convergence toward an internal steady state.

Central Governance Policy

The emergence of knowledge brokers within the process of implementation of deep green AEMs could strongly impact both the policy choices of the public authorities and the long-run evolution of pro-environmental preferences among farmers. The standard alternative to giving intermediaries an active role is to transfer resources to local public authorities who then directly pay farmers for implementing AEMs, without knowledge support. We assume that in a central governance policy scenario, the local public institution receives from the public legislator (e.g. European Union) a fixed amount of resources equal to x c for the implementation of any project.11 

Our framework with a central governance mechanism is very close to the model of [START_REF] Hauk | On the cultural transmission of corruption[END_REF] as well as to the standard principal-agent model of [START_REF] Tirole | A theory of collective reputations (with applications to the persistence of corruption and to firm quality)[END_REF]. Similarly, we assume that, even if the preferences of all farmers are not common knowledge, the local institution knows whether the farmer being offered a project is non pro-environmental with an exogenous positive probability of φ > 0. We also assume that the institutions know the distribution of traits in the population, q t . As in the previous section, Project 1 yields a higher return than Project 2 if the former project is offered to a pro-environmental agent due to the production of environmental effectiveness, ψ > (y 1 -y 2 ). However, in this scenario it is the local public institution that directly manages the agri-environment measure payments. Thus, the social returns defined in the previous section are obtained by the public institution if the match is successful.

Public authorities can adopt either a pooling strategy or a separating strategy. A pooling strategy consists in offering either Project 1 or Project 2 to all the farmers. A separating strategy consists in offering a deep green AEM to seemingly pro-environmental farmers, and a light green AEM to farmers who are found (probability φ) to be non pro-environmental, assuming that the dominant strategy of potentially non pro-environmental farmers is to behave non proenvironmentally, that is 0 < φ < k1 (y1-y2) . For Project 1, the public institution's return from a single successful match is π 1 = x c -y 1 +χψ, where χ takes the value of 1 (respectively, 0) if the farmer decides (respectively, not) to make the investment effort while, for Project 2, π 2 = x c -y 2 . We denote by π e 1 = x c -y 1 + ψ and π n 1 = x c -y 1 the return under Project 1 if the farmer targeted is respectively pro-environmental or non pro-environmental. The expected aggregate returns from the pooling strategy of offering Project 1 and Project 2 are, respectively, Π p 1 = q t π e 1 + (1 -q t )π n 1 and Π p 2 = π 2 while the expected aggregate return from the separating strategy is Π s = q t π e 1 + φ(1

-q t )π 2 + (1 -φ)(1 -q t )π n 1 .
Clearly, the pooling strategy of offering Project 1 will never be chosen by rational institutions seeking to maximise the aggregate expected return, since Π s > Π p 1 for all q ∈]0, 1[.

Comparing Π s with Π p 2 we can derive the threshold that determines the optimal strategy of the principal in each period of time t. Indeed, the institution will implement a separating strategy if the share of pro-environmental farmers at time t is sufficiently high:

(1-φ)(y1-y2) ψ-φ(y1-y2) < q t < 1. Define q[φ] ≡ (1-φ)(y1-y2)
ψ-φ(y1-y2) . The institution can change strategy over time, depending on the evolution of cultural traits in the population. More precisely, if at time t the proportion of pro-environmental agents is sufficiently high, q t > q[φ], it will offer a separating strategy. Otherwise, that is q[φ] > q t , the public institution will find it optimal to offer a light green AEM to all the agents.

To characterise the steady state of this economy, we need to take into account the fact that the parents' behaviour in the socialisation process depends on the decision taken by the public institution. As in the previous section, we assume that imperfect empathy holds, socialisation effort τ i t is costly, and socialisation costs are given by C(τ i ) = 1 2 τ i 2 . Adapting equations ( 8)-( 9) and ( 11) to this standard principal-agent scenario, after some algebraical manipulation (see the proof of Proposition 2 for details), we derive the usual corner steady states q = 0, q = 1 and two new non-corner steady states: the first, qs = 1 -k1-φ(y1-y2) γ , arises if a separating strategy is implemented in the long run while the second, qp = 1 -k2 γ , is the result of a strategy of long-run pooling of Project 2.

We summarise the parameter restrictions introduced and discussed in previous paragraphs in this section in the following assumption.

Assumption 4. The probability of recognising a non pro-environmental farmer is such that 0 < φ < k1 (y1-y2) . Moreover ψ > y 1 -y 2 .

Proposition 2. Under Assumption 4, a central governance policy exhibits the following dynamic properties:

(i) if q[φ] < min(q p , qs ) then q t converges to max(q p , qs );

(ii) if q[φ] > max(q p , qs ) then q t converges to min(q p , qs );

(iii) if min(q p , qs ) < q[φ] < max(q p , qs ), expectations are stationary and the long-run equilibrium depends on initial conditions: (iii.a) q t converges to max(q p , qs ) when q 0 > q[φ]; (iii.b) q t converges to min(q p , qs ) when q 0 < q[φ].

Proof. See Appendix A for the formal proof, and Figure 2 for a graphical representation of the dynamics in the case qs > qp .

In Figure 2 we see the dynamics described in the Proposition 2 in the case qs > qp (an identical representation representation is obtained in case qs < qp ). It is divided into three parts depending on the relative values of qp , qs and q. In each part we have, on the horizontal axis, the value of q t and, in y-axis, the derivative of q t with respect to time. In each part, both the separating and the pooling strategies are represented in blue and a thicker line highlights the chart corresponding to the strategy chosen by the public institution: for q t < q[φ] the separating strategy, for q t > q[φ]

the pooling strategy where the public institution only offers light green AEM.

The left image corresponds to part (i) of Proposition 2: if q[φ] < qp < qs ) then the unique internal value for which the value of the time-derivative is zero (i.e. the unique internal steady

Figure 2: Dynamics: The Central Governance Policy state) is qs ; the derivative is positive for values smaller than qs and negative for values higher than qs so, for initial conditions lower than qs , the value of q t increases with time until it reaches qs ; conversely, for levels of q t above qs , its value decreases with time until it converges again to qs (this behaviour is emphasized by the arrows in the lower part of the picture). The image on the right, which corresponds to point (ii) of Proposition 2, describes the situation where qp < qs < q[φ].

Also, while in this case there is only an internal steady state, it now corresponds to qp . Similarly to what happens in the first image, the value of q t tends to converge in the long-run to the internal steady state. The situation is a little more complex in the middle image (which is the case qp < q[φ] < qs and corresponds to point (iii) of Proposition 2) where there are two distinct possible internal steady states. The value of q t tends to increases when q t is in the intervals (0, qp ) and (q[φ], qs ) while it is decreasing on (q p , q[φ]) and (q s ), 1) so that, in the long-run, the value of q t converges to qp if its initial value is in (0, q[φ]) and to qs if its initial value is in (q[φ], 1).

Note that the threshold that determines the principal's behaviour negatively depends on the probability of identifying a non pro-environmental farmer in the population, φ. When φ is low, the threshold q[φ] for the separating strategy is high. This scenario can be characterised by a situation in which, even when there is a high initial proportion of pro-environmental farmers, the dynamics converges to the low pro-environmental steady state with pooling min(q p , qs ). The reason is quite intuitive: pro-environmental parents do not try hard to condition their children to their preference, because the lower the probability of identifying pro-environmental farmers, the more profitable it becomes to be non pro-environmental. Note also that the central governance policy implies a different long-run equilibrium distribution of environmental preferences compared to the policy of using knowledge brokers described in Proposition 1.

4 Discussion: Emergence of Brokers' Networks versus Institutional Governance

The decision by the public legislator to stimulate the emergence of intermediaries rather than to use a more traditional direct subsidy scheme is a matter of controversy. One of the main debates is over these different policies' benefits and costs. The presence of intermediaries could require larger investments by the legislator, such as payments for the organisation of learning. However, the public institution might find it profitable to promote this governance mechanism if one of its main objectives is to seek the social benefits of environmental effectiveness and the promotion of a pro-environmental culture.

To compare the two policies, we look at what happens when the two per-project transfers x b and x c , and thus the costs of the two policies, are the same. In this case, the public legislator's decision to adopt a central governance policy rather than investing extra resources to finance intermediaries depends on the level of benefits generated by the environmental effectiveness of the implementation of deep green AEMs. We concentrate on the long-run proportion of proenvironmental farmers and the long-run number of (per-period) successfully implemented deep green AEMs as measures of the total environmental effectiveness generated by different policies.

We have the following result.

Proposition 3. Suppose that Assumptions 1, 2, 3 and 4 are verified. Then (i) There exists a threshold value for φ, denoted by Ψ, such that the emergence of a network of knowledge brokers generates more environmental effectiveness in the long run compared to the institutional governance policy if and only if φ is smaller than Ψ. Moreover, a change in the parameters that increases the level of bb without affecting other fundamental values increases Ψ.

(ii) The lower the initial share q 0 of pro-environmental agents, the larger the set of parameters ensuring that the emergence of a network of knowledge brokers generates more environmental effectiveness in the long run compared to institutional governance.

Proof. See Appendix A.

The first point of the proposition compares the efficiency of the two systems in terms of their capacity to promote a pro-environmental culture and a greater number of successfully implemented deep green AEMs. The parameter φ measures the probability, in the central governance context, of correctly matching a non pro-environmental farmer with a light green project, and therefore it measures how well the policy maker knows the farmers' preferences. The more capable the local public institution is of correctly analysing the context, the less need there is for external skills and for experts like brokers. On the other hand, the system of intermediaries is more valuable if it is more extensive and diffuse. In that situation, the number (or, equivalently, the share bb ) of knowledge brokers working in the economy at equilibrium will be higher as well. In other words, the larger (long run) the network size bb of knowledge brokers, the higher the threshold Ψ, so the easier it is for the network of knowledge brokers to generate more environmental effectiveness in the long run compared to a central governance policy. These results are consistent with (and support) the empirical finding of [START_REF] Dedeurwaerdere | The role of network bridging organisations in compensation payments for agri-environmental services under the eu common agricultural policy[END_REF] (Table 4) which shows that (i) governmental monitoring and (ii) bridging organisations have a positive impact on farmers' decisions to comply with deep/light green measures.

The second part of the proposition shows that it is even more important to promote a broker network when farmers' initial environmental awareness is low, making the presence of intermediaries even more effective in "unblocking" the system. This can lead to further benefits: in certain situations, the network of knowledge brokers can provide an escape route from a certain low-equilibrium trap. This is the case for instance when min(q p , qs ) < q[φ] < max(q p , qs ) and q 0 < q. Again, our findings offer theoretical support for the empirical results of [START_REF] Dedeurwaerdere | The role of network bridging organisations in compensation payments for agri-environmental services under the eu common agricultural policy[END_REF], highlighting the effectiveness of intermediaries in convincing farmers to change their agri-environment choices.

Possible Extensions of the Model

While we restricted the model to its simplest form so as to clearly present and discuss the mechanisms at work, a series of extensions are possible. Some are presented below, detailing how to adapt the reasoning used in the text and whether/how the results may be impacted.

Including Implementation Costs for Light Green Projects

In Subsection 2.3, implementation costs for light green projects were assumed to be zero. This is a simplifying assumption justified by the fact that, in the proposed setting, the costs of implementing light green measures are very low compared to deep green measures. Nevertheless an additional implementation cost of k I 2 > 0 can be introduced for light green measures.

Consistent with the hypothesis made in Subsection 2.3 on deep green measures implementation costs borne by farmer and intermediary, we suppose that a proportion β (respectively (1 -β)) of this new cost is borne by the intermediary (respectively the farmer) and we define k 2 (previously defined as in ( 2)), similarly to (1):

k 2 = k2 + (1 -β)k I 2 .
The solution of the model with implementation costs for light green measures follows the same lines as the solution of the version in Sections 2, 3 and 4 with a few modifications:

(i) k 2 appears in Tables 1 and2 instead of k2 and in Assumption 1.

(ii) The quantity ỹ2 := y 2 -βk I 2 appears, instead of y 2 , in Subsections 2.4, 2.6 and 2.7 (notably in Assumptions 2 and 3) and in Sections 3 and 4.12 

Once this is done the model is formally identical to the model studied in Sections 2, 3 and 4 and, given the continuity of the problem, the qualitative results can reasonably be assumed to be robust to sufficiently small values of k I 2 > 0.

Including Environmental Return for Light Green Projects

In the version of the model we solved in Sections 2, 3 and 4, unlike deep green projects that have a potential environmental return of ψ, light green projects do not provide any environmental returns, even when implemented by a farmer with pro-environmental preferences.

In reality, it is possible to include environmental returns for light green projects too. We can actually add to in the expression of π 2 in Subsection 2.6 a term χψ 2 such that ψ 2 < ψ is the environmental return for a light green project. In this case we have

π 2 = x b -y 2 + χψ 2 . The term appears consequently in the expression of Π b [b t ] which becomes Π b [b t ] ≡ Π 1 [b t ] -Π 2 = q t (ψ -ψ 2 ) -(βs[b t ] + (y 1 -y 2 )) > 0.
From that point on, starting from ( 14) and then in Subsection 2.7 and Sections 3 and 4, the arguments for the model integrating the two returns remain exactly the same, just changing at each recurrence of ψ with ψ := ψ -ψ 2 . In particular, provide ψ continues to satisfy Assumptions 2, 3 and 4, the qualitative behaviours of the system remain the same.

Complementarity of Environmental Returns and Pure Public Good

In the model (in the version of Sections 2, 3 and 4 not including the ψ 2 introduced in Subsection 5.2), the total provision of environmental quality is measured by

Ψ := q t ψ
that is the sum of the farmers' private provisions. This public good is not included in the utility of the agents. A first way to include the welfare gain from the environmental services is to introduce an additional utility term u(Ψ) into the expressions of the utilities of the agents (for instance, the simplest linear case u(Ψ) = θΨ). This first possibility does not much affect the behaviour of the agents (the effect takes the form of a variation in parameters, decreasing with higher numbers of agents and zero in the infinitely-many agents case). A second possibility is to suppose (as is rather common in the literature) that there exists some form of utility-complementarity in the provisions of agents. For instance, one option would be to change the utility term χψ appearing in the brokers' utility to χh(q t )ψ for some increasing function h(•). As a starting point, one could think to the identity function h(q t ) = q t and to the infinitely-many agents case. In this very specific case (and similarly for a family of specifications) our results are pretty robust:

-Nothing changes in the behaviour of the farmers (whether or not we add an equal term to each possibility of Tables 1 and2).

-The expression of Π

1 [b t ] (Subsection 2.6) becomes Π 1 [b t ] = q t (x b -y 1 -βs[b t ] + q t ψ) + (1 - q t )(x b -y 1 -βs[b t ]) so that Π b [b t ] becomes q 2 t ψ -(βs[b t ] + (y 1 -y 2 )) and b t = g[q t ] ≡            0 if (q 2 t ψ -(y 1 -y 2 ))/β < s[0] s -1 [(q 2 t ψ -(y 1 -y 2 ))/β] if (q 2 t ψ -(y 1 -y 2 ))/β ∈ [s[0], s[1]] 1 if (q 2 t ψ -(y 1 -y 2 ))/β > s[1]. (14) 
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-The values of q 0 and q 1 (see again Subsection 2.6) become q 0 = (y1-y2)+βs [0] ψ and q 1 = (y1-y2)+βs[1] ψ

(the square roots of the values in Subsection 2.6) so that Assumption 1 is again the right condition to ensure they are in (0, 1).

-The qualitative behaviour of g does not change because both q t → q t ψ and q t → q 2 t ψ are increasing functions, so all the subsequent arguments remain the same under the same set of assumptions and the same propositions continue to hold.

What might change is that:

-The values of the various thresholds (q p , qs , q) change in value and possibly also in relative value (so we could switch in the regime in Proposition 3).

-The speeds of convergence of the system (both in the brokers' and in the institutional governance specification) change.

When the specification of h(•) is more complex things can change substantially, for instance Assumption 1 may no longer be sufficient to ensure that the system remains in the interval (0, 1)

and the value of qb may no longer be internal and then we could lose the heterogeneous long-run equilibrium situation.

Conclusion

A network of knowledge intermediaries is a vital component of many implementation mechanisms for the agri-environment measures conceived under the EU Common Agricultural Policy. The objective of these mechanisms is to better reallocate monetary resources to farmers implementing deep green agri-environment measures. This paper examines the emergence of an intermediaries' network, its interaction with the dynamics of farmers' environmental preferences, and its impact on policy effectiveness. Ours is the first theoretical analysis connecting the knowledgebrokering theory developed in environmental science with the process of transmission of individual preferences developed in the economics literature. By introducing pro-environmental motives into decision-making by farmers and knowledge brokers, the paper highlights the contribution of non-profit knowledge service providers to increasing the environmental effectiveness of the AEM measures under the CAP.

knowledge brokers with that of a more traditional subsidy scheme where local public institutions autonomously decide which kind of knowledge support to allocate to each farmer. We show that the emergence of intermediaries is particularly effective compared to a centralised criteriabased subsidy scheme in situations where knowledge of farmers' characteristics and preferences is limited, and where there is low initial environmental awareness.

Our results have important implications for implementation policies. They suggest that relying on intermediaries will provide higher environmental quality when knowledge of farmers' characteristics is poor. The lower the probability of the public institution being able to correctly match environmental projects with farmers' profiles, the more desirable the network of environmental intermediaries. Developing the broker network can be a way to escape "low environmental awareness traps" in which too few deep green projects are run, as can arise under more traditional compensation schemes. These results clearly indicate that the network of intermediaries is a particularly effective policy option where initial farmers' preferences are not very eco-friendly.

Some illustrations in the scholarly literature of successful interactions between decentralized intermediary networks and centralized governmental approaches to various AES are local knowledge networks with farmers, governmental advisors and scientists [START_REF] Kroma | Organic farmer networks: facilitating learning and innovation for sustainable agriculture[END_REF][START_REF] Ingram | Technical and social dimensions of farmer learning: an analysis of the emergence of reduced tillage systems in england[END_REF] or peer to peer farmer clubs to exchange technical information on environmental practices supported by the government [START_REF] Mathe | Les enjeux cognitifs du défi environnemental dans lagriculture: Regards croisés france-québec[END_REF][START_REF] Nave | Why wheat farmers could reduce chemical inputs: evidence from social, economic, and agronomic analysis[END_REF]. However, although the role of these knowledge networks has been documented in the broad literature on natural resource governance, very few scholarly work is available in the field of agricultural policies [START_REF] Pahl-Wostl | A conceptual framework for analysing adaptive capacity and multi-level learning processes in resource governance regimes[END_REF]. Therefore, to benefit from these networks in improving the effectiveness within the context of the post-CAP 2020 policies, member States could provide a country report compiling the information on existing informal and formal decentralized knowledge providers to farmers in their country. These reports could be shared with the other member States and used, in a second step, to develop guidelines and best practices for the further strengthening of these decentralized networks. Member State can support these networks under the planning of the national Agricultural Knowledge and Innovation Systems, as foreseen in the future CAP Strategic Plans.

This paper studies a model of cultural transmission of pro-environmental traits from one generation of farmers to another. Possible extensions of the analysis include models with stronger amplifications, which are likely to occur through more complex mechanisms of cultural transmis-It only remains to prove that in the steady state qb a network of knowledge brokers is formed, i.e.

that g[q b ] > 0. We will actually show that g[q b ] ∈]0, 1[. To see this it is enough to check that G(q 0 ) > 0 and G(q 1 ) < 0, i.e. that γ 1 -(y 1 -y 2 ) ψ -k2 > 0 and γ 1 -(y 1 -y 2 )+βs [1] ψ -( k1 + (1 -β)s[1]) < 0.

These conditions are verified thanks to Assumption 3.

Proof of Proposition 2. As in the case of the economy with knowledge brokers (Section 2), the dynamics of the system is given by dqt dt = qt(1 -qt)(τ e t -τ n t )

and we can argue as we did to get (11). Since the cost function is given once more by C(τ ) = 1 2 τ 2 , we can get, as in (9), τ e t = (1 -qt)(W ee t -W en t ) and

τ n t = qt(W nn t -W ne t ). ( 15 
)
where the coefficients W ij t are defined similarly to those appearing in ( 6) but now, instead of being (1-bt), the probability of a Project 2 being proposed is now 1 for all agents in the pooling case and 0 for e-type farmers (respectively φ for n-type farmers) in the separating case.

Using the utilities described in Tables 1 and2, we can then specify the previous expressions respectively as the pooling strategy of offering Project 2 to all the agents and the separating case.

The pooling case. In this case, using the second column of Tables 1 and2 (and given that the probability of Project 2 being proposed is 1 we have W en t = V en 2 , W ee t = V ee 2 , W ne t = V ne 2 , W nn t = V nn 2 and so, using (15), we have τ e t = (1 -qt)((y2 -k2) -(y2 -γ)) and τ n t = qt(y2 -(y2 -k2)) and then dqt dt = qt(1 -qt)((γ -k2) -γqt).

If we set the right hand side equal to zero, we find the steady states of the system: the two corner steady states 0 and 1 and qp = 1 -k2 γ that is in ]0, 1[ thanks to Assumption 1. The sign of the right hand side is positive for qt ∈]0, qp [ and negative for qt ∈]q p , 1[ so, if we consider the pure pooling case, q p is an attractor for any initial datum q0 ∈]0, 1[. The separating case. In this case we have W ee qb < qp BN ≺ CG qp < qb < q < qs and q0 < q BN CG qp < qb < q < qs and q0 > q BN ≺ CG qp < qb < qs < q BN CG qp < q < qb < qs and q0 < q BN CG qp < q < qb < qs and q0 > q BN ≺ CG q < qp < qb < qs BN ≺ CG qs < qb BN CG

We use this fact to prove part (i) of the proposition. First observe that qb and qp do not depend on φ, that qs = 1 -k1 -φ(y 1 -y 2 ) γ is increasing as a function of φ (since y1 > y2 by hypothesis) and that q = (1-φ)(y 1 -y 2 ) ψ-φ(y 1 -y 2 ) is decreasing as a function of φ (recall that ψ > y1 -y2 thanks to Assumption 2). Using these facts, it is easy to verify that, if for a certain choice of the parameters and of the initial condition the system is in one of the cases where BN CG, it remains in one of these cases even when (keeping the same value for all other parameters and for the initial datum) we decrease the value of φ. Conversely, it can easily be seen that, if a certain configuration implies that BN ≺ CG, ceteris paribus increasing the value of φ again gives a configuration where BN ≺ CG. So there exists a threshold Ψ ∈ [0, 1], depending on the choice of q0 and of all the parameters except φ, such that BN CG for any φ < Ψ and BN ≺ CG for any φ > Ψ (observe that, if Φ = 0 or Φ = 1 one of these two sets is void).

Similarly, to prove the second claim of part (i), it can observed that, if changing the set of the parameters the value of qb (or equivalently bb , since they are linked by the strictly increasing relation described in ( 14)) and maintaining the levels of qp , q and qs we can only switch from configurations where BN ≺ CG toward configurations where BN CG, while the opposite never happens.

We can verify part (ii) of the proposition with a similar argument: actually, looking at the table of the cases above, we see that in the cases (i.e. in the parameter choices ) where the choice of q0 is relevant, decreasing ceteris paribus the value of q0 can only allow the system to switch from configurations where BN ≺ CG toward configurations where BN CG, while the opposite never happens.

When, instead of looking at the long-run level of qt, we look at the long-run number of (per-period) successfully implemented deep green AEMs, the situation is the same. Indeed in the CG case a deep green AEM is proposed to all the e-type farmers, so the number of successfully implemented deep green AEMs is equal to the long-run level of qt while in the BN case the number of successfully implemented deep green AEMs is given by qb = qg[q]. Since g[•] is an increasing function, all the previous considerations can be repeated.

  some intermediaries have an incentive to become 'knowledge brokers' and offer Project 1 rather than remaining 'information providers' and offering Project 2, and vice versa when Π b [b t ] < 0. Only when Π b [b t ] = 0 does no intermediary have any incentive to change strategy, so the proportion b t adjusts as follows:

  the utility matrix in Tables1 and 2and (15), we haveτ e t = (1 -qt)((y1 -k1) -(φ(y2 -γ) + (1 -φ)(y1 -γ))) and τ n t = qt((φy2 + (1 -φ)y1) -(y1 -k1)) and then, after some computations,dqt dt = qt(1 -qt)((γ -k1 + φ(y1 -y2)) -γqt).

Table 1 :

 1 Utility of an e-type farmer

	e-type farmer	realises a Project 1 realises a Project 2
	behaves pro-environmentally	V ee 1

Table 2 :

 2 Utility of an n-type farmer

	n-type farmer	realises a Project 1 realises a Project 2
	behaves pro-environmentally	V ne 1

See European Commission, Council Regulation (EC) No 1698/2005 of

September 2005. 

The classification of AEMs in two main categories is a simplification for modelling purposes. However, a similar classification is also used by the EuropeanCommission (2005), distinguishing between broad brush (light green) versus deep and narrow (dark green) schemes. In reality, more complex combinations are financed even though these two categories already capture certain important features of the existing payment schemes made possible under the CAP.

The psychological literature has already analysed the role of pro-environmental individual behaviours[START_REF] Stern | New environmental theories: toward a coherent theory of environmentally significant behavior[END_REF]. Following[START_REF] Zelezny | Psychology of promoting environmentalism: promoting environmentalism[END_REF] we refer to environmental awareness as a specific psychological factor related to the propensity to engage in pro-environmental behaviours.

This assumption is in line with an extensive literature on the costs of agricultural extension services and is based on two main factors. First, only a small sub-group of specialist farmers voluntarily invest time and money in working with the knowledge brokers. For the other categories of farmers, the added value is less direct, and

This intrinsic parameter is a fundamental component of many individuals' utility recognised in the sociopsychological and socio-economic literature. See, for instance,[START_REF] Schlegelmilch | The link between green purchasing decisions and measures of environmental consciousness[END_REF],[START_REF] Mainieri | Green buying: The influence of environmental concern on consumer behavior[END_REF],[START_REF] Lubell | Environmental activism as collective action[END_REF],[START_REF] Ferrara | Household behaviour and the environment, reviewing the evidence[END_REF],[START_REF] Fourcade | Price and prejudice: on economics, and the enchantment (and disenchantment) of nature[END_REF][START_REF] García-Valiñas | Volunteering, pro-environmental attitudes and norms[END_REF].

Sanctions imposed by the institutions could be included in the current version of the model. As long as the observability of the effort, the level of the sanction and the probability of incurring it by non-compliance with the commitment is such that the dominant strategy of the farmer is not altered, the main results of the paper are not affected. This seems to be a quite realistic situation if we look for instance at the results of[START_REF] Dedeurwaerdere | The role of network bridging organisations in compensation payments for agri-environmental services under the eu common agricultural policy[END_REF] in Table4.

This particular mechanism is selected to show the impact of cultural transmission on the amplification of the effect of knowledge brokers on the evolution of the preferences. As explained in the introduction, in the real world, stronger amplification occurs through more complex mechanisms of transmission.

Note that monetary transfers cannot be lower than the expenditure on implementation by the knowledge brokers, since the pay-off of each intermediary can be interpreted as payments for knowledge or information activities.

Observe that the described form of the return formalises our assumption that intermediaries are non-profit social enterprises. Intermediaries will try to maximise pay-off where a social utility term χψ appears: they are not profit-maximisers but they also aim to achieve environmental goals.

Of course, when all farmers are the same type neither the direct nor the indirect socialisation mechanism can cause deviation from the norm and we have a steady state.

The local public authorities provide direct payments yr to develop projects of type r. Hypotheses on the structure of s[•] and Assumption 1 still hold.

In Subsection 2.4 in principle one has to keep the value y 2 but observe that in that section all that matters are the differences between the utilities in the tables. Indeed changing y 2 with ỹ2 wouldn't make any difference to farmers' behaviour there and everywhere in the paper.

sion. This will especially apply to the proposed CAP measures post-2020, when increased support for integrating rural networks, research and farm advisory services is foreseen. However, the insights gained from our model offer a clearer picture of the decision-making process of non-profit knowledge service providers under the implementation cost constraints of the CAP. 
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A Proofs

Proof of Proposition 1. Define the function F : [0, 1] → [0, 1] which is given by

The steady states of ( 13) are the values of q that satisfy the condition F (q) = 0. Two of these steady states are given by q = 0 and q = 1. Moreover, if we look at the expression

, we can easily see that:

(i) Its value is strictly positive in 0 (thanks to Assumption 1 and the fact that g[0] = 0) (ii) Its value is strictly negative in 1 (recall that g[1] = 1) (iii) It is strictly decreasing in the interval [0, 1]. To see this we can rewrite the expression as

Since g and s are increasing functions and k1 > k2 by hypothesis, each term of the previous expression is decreasing (and the first one strictly decreasing).

Since the expression is continuous we have a third steady state that is interior (and unique due to (iii)).

We call this qb . Since q(1 -q) is always positive in ]0, 1[ the sign of the F (q) only depends on the sign of G(q) which due to (i), (ii) and (iii) above, is strictly positive on ]0, qb [ and strictly negative on ]q b , 1[ so for any initial condition q0 ∈]0, 1[ qt converges to qb when t → ∞.

So we again find the two corner steady states 0 and 1, and the third steady state qs = 1 -k1 -φ(y 1 -y 2 ) γ which is smaller than 1 thanks to Assumption 4. Similar to what we had before, the sign of the right hand side of the previous equation is positive for qt ∈]0, qs [ and negative for qt ∈]q s , 1[ so, if we consider the pure separating case, qs is an attractor for any initial datum q0 ∈]0, 1[.

In the following we discuss the situation where qs > qp . Exactly the same arguments can be employed for the reverse case.

The whole system. The entirety of the central governance policy dynamic is described by the following equation

There are three possible configurations of the system depending on the relative positions of qp , qs and q (see also Figure 2):

(i) q < qp < qs : in this case h(qt) > 0 for any qt ∈]0, qs [ and h(qt) < 0 for any qt ∈]q s , 1[ so that qs is an attractor for initial datum q0 ∈]0, 1[.

(ii) qp < q < qs : in this case h(qt) > 0 for qt ∈]0, qb [ and qt ∈]q, qs [ while h(qt) < 0 for qt ∈]q p , q[ and qt ∈]q s , 1[ so that qb is an attractor for the trajectories originating from an initial datum q0 ∈]0, q[ while qs is an attractor for the trajectories originating from q0 ∈]q, 1[.

(iii) qp < qs < q: in this case h(qt) > 0 for any qt ∈]0, qp [ and h(qt) < 0 for any qt ∈]q p , 1[ so that qp is an attractor for initial datum q0 ∈]0, 1[. This concludes the proof.

Proof of Proposition 3. As in the proof of Proposition 2, we focus on the situation where qs > qp . The same arguments apply to the reverse case.

We start by looking at the effects on the long-run value of qt. We need to compare the long-run values of qt in the two situations: creation of the brokers' network (BN) and the central governance policy (CG).

In the BN case the long-run value of qt is always qb as shown in Proposition 1. In the case of CG it is qp or qs depending on the values of q0 and q (see Proposition 2 for details). We write BN CG (respectively BN ≺ CG) if the long-run value of qt under the BN policy is greater (respectively smaller) than the long-run value of qt under the CG policy. We have the following eight cases: