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Coordination incentives like the agglomeration bonus have been proposed to induce the spatial agglomeration of biodiversity conservation efforts and counter the loss and fragmentation of species habitats. Most theoretical and empirical analyses of the agglomeration bonus make unrealistic assumptions about the spatial structure of landholdings. This paper presents a spatially explicit agent-based simulation model to explore how the spatial structure of landholdings affects the performance of the agglomeration bonus. It turns out that if the number of land parcels per landowner is large and their land is spatially cohesive, a higher proportion and agglomeration of conserved land parcels can be achieved for the given budget, implying a higher level of cost-effectiveness. This also has implications for the cost-effective design of coordination incentives. The observed effects are especially high if the conservation costs vary strongly in space.
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HIGHLIGHTS

• The land-use dynamics under an agglomeration bonus are simulated.
• The size and spatial distribution of landholdings are considered.
• Larger and more cohesive properties enhance scheme performance.
• The effect of land fragmentation depends on the distribution of conservation costs
1 INTRODUCTION
To halt the ongoing loss and fragmentation of species habitats, coordination incentives have been proposed that induce private landowners to carry out conservation measures on their land in a spatially coordinated manner (Nguyen et al., 2022). The best-known and most popular variant of coordination incentive is the agglomeration bonus (AB), which consists of a base payment for the conservation of land, irrespective of its location, plus a bonus for each neighbouring land parcel that is conserved (Parkhurst et al., 2002). The bonus offsets costs that arise if a more costly but connected land parcel is conserved rather than an isolated but less costly one (Drechsler et al., 2010). Both base payment and bonus have an impact on the total amount of conserved land, while the bonus particularly induces the spatial aggregation of conserved land parcels.
Since its first formulation, many research papers have been published about the AB. These comprise modelling studies (Albers et al., 2008; Bell et al., 2016; Delacote et al., 2016; Iftekhar and Tisdell, 2016; Dijk et al., 2017; Arora et al., 2021; Bareille et al., 2023), empirical analyses (Bell et al., 2018; Krämer and Wätzold, 2018; Huber et al., 2021), and lab experiments (Parkhurst et al., 2002; Parkhurst and Shogren, 2007; Banerjee et al., 2012; Banerjee et al., 2014; Krawczyk et al., 2016; Parkhurst et al., 2016; Banerjee et al., 2017; Panchalingam et al., 2019; Kuhfuss et al., 2022).
A central topic of most studies is the degree of spatial coordination that emerges under the AB. An important assumption that is likely to drive their results but has so far received no attention is the spatial extent and distribution of the landowners’ (or players’ or model agents’) properties. One large group of experimental and modelling studies (e.g., Albers et al., 2008; Banerjee et al., 2012; Banerjee et al., 2014; Bell et al., 2016; Delacote et al., 2016; Iftekhar and Tisdell, 2016; Banerjee et al., 2017; Dijk et al., 2017; Arora et al., 2021) assumes that each agent or player, respectively, owns a single land parcel that is neighboured to a number of land parcels owned by other agents or players.
Somewhat more realistic are the landscapes considered in the second group of studies in which agents own several land parcels, each of which can either be enrolled in the conservation payment scheme or not. The land parcels are generally arranged in cohesive blocks (Parkhurst and Shogren, 2007; Krawczyk et al., 2016; Panchalingam et al., 2019; Bareille et al., 2023); an example is shown in Figure 1A. This spatial property structure, however, contrasts with real landscapes in which landowners not only own several land parcels but the landholdings are fragmented (LaTruffe and Piet, 2014). This fragmentation implies that the land parcels of different landowners are more or less intermingled.
[image: Figure 1]FIGURE 1 | Model landscapes of (A) Parkhurst and Shogren (2007) with four agents (by colour) managing 25 land parcels each, and (B) the AgriPoliS parametrisation example in Brady et al. (2012) with three agents.
Some farmland models consider the spatial structure of landholdings in a more realistic manner. An example is the AgriPoliS model by Happe et al. (2008), which, since its development, has been used in numerous applied modelling studies throughout Europe (e.g., Happe et al., 2008; Brady et al., 2012; Hristov et al., 2020). A typical agricultural model landscape, as considered in AgriPoliS, was presented by Brady et al. (2012) and is reproduced in Figure 1B. It mimics typical farm structures, such as those shown in Figure 3 of Marie et al. (2009) and in Figure 3 of Pauchard et al. (2018).
Why is the spatial structure of the landholdings relevant? Agents under an AB are situated in a coordination game (van Huyck et al., 1990; Heinemann et al., 2004; Parkhurst and Shogren, 2007) in which a player’s reward is maximised if all players coordinate by spatially agglomerating their conservation efforts. Compared to that, the reward is somewhat reduced if the player does not coordinate (by conserving isolated low-cost land parcels); but it is minimised if they coordinate but the others do not. Both the coordinated and the uncoordinated states are Nash equilibria, and the establishment of the coordinated one is greatly enhanced if the agents can communicate (Parkhurst and Shogren, 2007; Banerjee et al., 2014; Banerjee et al., 2017). Thus, and quite obviously, the coordination problem would disappear if there were only a single agent who chooses the land-use pattern that maximises the total reward. On the opposite end, one can expect that the coordinated state is most difficult to establish if there are many agents, each of them owning only a single land parcel, as assumed in those studies mentioned above.
It is not clear how the spatial structure of landholdings affects the performance of the AB (and that of coordination in general) and whether and by how much the existing studies over- or underestimate the ability of landowners to coordinate their conservation efforts. To shed some light on these issues, this study considers a range of randomly created, stylised spatial landholding structures and evaluates them using a simple spatial land-use simulation model. The sampled model landscapes range from the case in which each landowner owns only a single land parcel, via landscapes similar to that shown in Figure 1B, to landscapes similar to that in Figure 1A.
For each sampled landscape, here, the model agents are subjected to an AB and the dynamics of their induced land use are stimulated. As functions of the regulator’s budget and the AB scheme design, this study determines the proportion and spatial agglomeration of conserved land parcels, as well as their ecological benefit (and hence, cost-effectiveness), assuming the conservation of a species with a limited dispersal range. The dependence of these scheme performance indicators on the described characteristics of the agents’ landholdings is analysed, as well as their dependence on other features, including the spatial variation and autocorrelation of the conservation costs and the species’ dispersal range.
In the next section, the rationale of the analysis is presented, as well as the structure and analysis of the model; followed by the presentation of the results and their discussion and a short concluding section.
2 METHODS
2.1 Rationale
To demonstrate the (in fact, rather simple) reason why the size and spatial distribution of properties affect the performance of the agglomeration bonus, consider a square of four land parcels i = 1, … , 4, each owned by a single landowner. Each land parcel i can be conserved (xi = 1) or used for economic purposes (xi = 0). Conservation incurs a profit loss, henceforth termed conservation cost, ci. Table 1 shows a numerical example.
TABLE 1 | Conservation costs of four land parcels arranged in a square.
[image: Table 1]Assume a conservation agency offers a base payment p = 55 for each conserved land parcel, plus a bonus b = 25 if the conserved land parcel is adjacent to another conserved land parcel (considering the eight movement directions of a chess king). I consider a sequence of contract periods—as, e.g., in the experiments by Parkhurst and Shogren (2007) or Banerjee et al. (2014), Banerjee et al. (2017). In each period, each landowner i myopically and independently chooses the profit-maximising land use xi that depends on the land uses of the other three land parcels j, k, and l and is given by
[image: image]
Assume all land parcels are initially used economically. Then, the base payment p = 55 > 50 induces conservation of the upper left land parcel of Table 1. In the second contract period, the other land parcels have one conserved neighbour each, so conservation of their land parcel would not only earn p = 55 but p + b = 80. However, this payment still falls short of the costs of all the other three land parcels, which stay in economic use altogether, only the upper left land parcel is conserved.
Now assume, alternatively, that there are only two landowners, where the first one owns the two left land parcels and the second one owns the two right land parcels. In the first contract period, each of the two landowners independently assesses four land-use strategies: all in economic use, conservation only of the upper land parcel, conservation only of the lower land parcel, and conservation of both land parcels. For the left landowner, the corresponding profits are 0, p – 50 = 5, p – 100 = –45, and 2p + 2b – 150 = 30. So, the most profitable decision is to conserve both land parcels. For the right landowner, the profits are 0, p – 100 = –45, p – 90 = –35, and 2p + 2b – 190 = –10, in that order, so the landowner uses both land parcels economically.
In the second contract period, the right landowner observes both the left land parcels to be conserved. Assuming constant conservation costs and a rational neighbouring landowner, they can be certain that these two land parcels will also be conserved in the second contract period. So, the profits of the four land-use strategies of the right landowner are now 0, p + 2b – 100 = 5, p + 2b – 90 = 15, and 2p + 6b – 190 = 70, rendering the conservation of both right land parcels profitable, so that in the second contract period, all four land parcels are conserved.
The difference between the two cases, four versus two landowners, is that in the latter case, each landowner can reap some of the agglomeration benefits (b) for themselves, and transfer surpluses (payment minus cost) from the least costly land parcel(s) to the more costly land parcel(s). So, conservation of the more costly land parcels becomes profitable, too. This effect is very similar to the surplus transfer effect coined by Drechsler et al. (2010), which is achieved by side payments between landowners.
Quite obviously, a major assumption for the existence of this difference between the two cases is that the landowners do not communicate with each other and make the land-use decisions independently and myopically. Otherwise, they could identify the coordinated state with all land parcels conserved right away. The simulation model in the next section allows for a more comprehensive analysis of the influence of the number and spatial distribution of the land parcels per landowner on the performance of the agglomeration bonus.
2.2 The model
Here, we consider two square grid landscapes of different sizes, one with N = 6 × 6 and one with N = 8 × 8 grid cells, each grid cell representing a land parcel. Conservation of a land parcel i ∈ {1, … , N} incurs a cost ci. The ci vary randomly among land parcels, normally distributed with mean one and standard deviation σ. The costs may be autocorrelated with spatial correlation length l [so that “cost hills” and “cost valleys” have spatial extents of about l; a numerical example and the description of the cost sampling method can be found in Drechsler et al. (2022)].
In the next step, the N land parcels are allocated to M agents by randomly selecting for each agent a central land parcel (“farmhouse”) and assigning the other land parcels randomly to one of the agents. The probability of a land parcel assigned to a particular agent exponentially declines with increasing distance to the central land parcel (Supplementary Appendix A). The rate of decline, α, is termed, henceforth, the “landholding cohesion parameter.”
A numerical example is shown in Figure 2. For α = 0 (panel a) the spatial distribution of the land ownership is completely random. The number of clusters with land parcels belonging to the same agent is 13, considering land parcels connected via joint edges or joint corners as neighbours. For α = 1 (panel b), the land parcels of landowner 3 tend to be in the upper left, those of landowner 2 in the lower left, those of landowner 4 in the upper right, and those of landowner 1 are dispersed. The number of clusters is 9. For α = 2 (panel c), the land parcels form 4 clusters and are clearly separated with crisp boundaries between them.
[image: Figure 2]FIGURE 2 | Spatial distribution of the landholdings of four landowners (numbered 1–4) in a model landscape with six-by-six land parcels. The property cohesion parameter is (from left to right) α = 0, 1, 2.
Each land parcel i in the so-defined landscape can be conserved (xi = 1) or used for economic purposes like intensive agriculture (xi = 0). Conservation is incentivised by an agglomeration bonus (AB), with spatially homogenous base payment p and a bonus b that is paid for each conserved neighbour within the 8-cell neighbourhood Ji around the focal (conserved) land parcel i:
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Starting from an initially economically used landscape with all xi = 0, the agents determine the profits
[image: image]
of all their possible land-use strategies. These profits are the sum of the net revenues pi–ci of the conserved land parcels. Function δ(Oi, m) here is the “Kronecker-delta” that equals 1 if Oi = m and zero otherwise–to indicate whether land parcel i is owned by agent m or not.
As Eq. 2 indicates, the net revenue of a conserved land parcel i depends on the land uses in the neighbouring land parcels (which may belong to other landowners). Given the binary choice of choosing xi = 1 or xi = 0, an agent owning n land parcels evaluates and chooses between 2n different strategies (which are technically screened here via a recursive function). Each agent here assumes the (neighbours’) land use from the previous round (which, in the initial round, is xi = 0 for all i, as mentioned above). The agents do not communicate with each other, and land-use change is instantaneous, so an agent’s current decision is independent of the other agents’ current decisions.
The outcome of this analysis is a changed land-use pattern in which some of the xi may have turned to one. This new land-use pattern is the starting point for the next contract period, which is treated in the same way as described above, except that some of the xi may have changed to one. In the second period, some more of the previously zero-valued xi may change to one (the opposite change is impossible under the present model assumptions) and a new land-use pattern emerges. The simulation is continued until a maximum of ten contract periods is reached. In this way, the analysis is quite similar to the lab experiment of Parkhurst and Shogren (2007).
After the final (10th) period, the proportion of conserved land parcels
[image: image]
and their spatial aggregation, measured by the expected proportion γ of conserved land parcels around conserved land parcels,
[image: image]
are calculated. Next, the ecological benefit is calculated (Drechsler et al., 2010; Bareille et al., 2023)
[image: image]
which sums over all pairs of conserved land parcels, inversely weighted by their pairwise distance dij. It increases with increasing number and spatial aggregation of conserved land parcels. Parameter β may be regarded as the inverse of the mean dispersal distance of a species. An increasing β, i.e., decreasing species dispersal range, increases the importance of spatial aggregation.
Lastly, the regulator’s expenses are calculated by
[image: image]
2.3 Model analysis
To account for the randomness in the conservation costs and the land parcel ownerships, the analysis described in Section 2.2 is replicated several times and an average is taken for the four introduced performance indicators q, γ, V, and E. As a compromise between sampling error and computation time, the number of replicates is chosen: 500 for the small landscape with N = 36 and 200 for the large landscape with N = 64.
Being interested, among other things, in the cost-effectiveness of the AB, where the ecological benefit V is maximised for the given conservation budget B, a number of discrete budget levels B are defined (see below). Since the regulator’s expenses E increase both with increasing base payment p and bonus b, there is an infinite number of combinations (p, b) that lead to the full exhaustion of the budget B. To find the budget-exhausting level of p for the given bonus b (for the considered levels of b, see below) the base payment p is varied to match E with B. The minimisation of the deviation between E and B is carried out via Newton’s secant method (allowing for a relative error, |E/B–1|, of up to 5%).
Five levels for the budget B are considered, defined by the amounts that would be required to conserve 2.5, 7, 16, 31, and 50% of the land parcels under a homogenous payment p (with bonus b = 0). These bounds well encompass the range of typical enrolment rates for agri-environment schemes in EU countries (Tyllianakis and Martin-Ortega, 2021). In Supplementary Appendix B, the five associated levels for the base payment p (Table 2) as well as three values for the bonus b are derived (Table 3).
TABLE 2 | The five considered budget levels.
[image: Table 2]TABLE 3 | Values of the model parameters conservation cost variation σ, conservation cost correlation length l, landholding cohesion parameter α, inverse species dispersal range β, and bonus b.
[image: Table 3]The number of agents M is varied from 3 to 36 for the small landscape N = 36 and from 7 to 64 for the larger landscape N = 64. The upper values of 36 and 64, respectively, represent the cases in which each agent owns one single land parcel. The lower bounds on M are critically determined by computation time, which exponentially increases with the increasing number of land parcels per landowner. Altogether, the analysis yields for each budget level and each level of M the mean values (with the means taken over the randomly sampled model landscapes) of the three scheme performance indicators q, γ, and V.
The above parameter sweeps are performed for five model parameter combinations (“scenarios”) and three levels of the bonus b. The scenarios are formed by setting all model parameters at some base values (scenario 1) and from there, varying each parameter individually to another value. To choose the base values, the number of agents M (or equivalently, the number of land parcels owned by each agent: ∼N/M) is hypothesised to have a particularly strong influence on the performance indicators of the AB if
• The cost variation σ is large,
• The correlation length l of the costs is small (because here, a homogenous payment would lead to a completely random pattern of conserved land parcels and the AB is most important to induce spatial aggregation: see, e.g., Drechsler et al. (2010),
• The properties of the different agents are spatially cohesive and have distinct boundaries with the other agents’ properties, which is achieved by a high landholding cohesion parameter α (Figure 2), and
• The species has a small dispersal range, i.e., the inverse dispersal distance β is large.
From these values that define the base scenario in Table 2, the model parameters are varied to alternative values at which the impact of M is expected to be smaller, i.e., smaller σ, larger l, zero α, and zero β (Table 3). A justification of the chosen values of σ, l, α, and β is provided in Supplementary Appendix B.
To assess the relative influence of landowner number M on the performance variables q, γ, and V (for the given budget) for a particular scenario, we take the mean m1 of the considered performance variable (for the given budget level, Table 1) over the three smallest levels of M (3, 4, 5 for N = 36, and 7, 8, 9 for N = 64) and the mean m2 over the three largest levels of M (30, 31, 32 for N = 36 and 62, 63, 64) for N = 64 (this averaging is to smooth out the randomness in the model results) and calculate the ratio
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3 RESULTS
The results are presented in three steps. First, to explore the influence of the number of agents, M, on the performance of the AB, the three performance indicators q, γ, and V (Eqs 4–6 are shown as functions of M, for the five budget levels of Table 2 in the base scenario of Table 3. Second, to understand the influences of the model parameters σ, l, α, and β (cf. Table 3), the ratio r of Eq. 8 that measures the impact of M on the scheme performance is shown for each of the five scenarios defined in Table 3. Lastly, to assess the influence of the bonus b, the scheme cost-effectiveness (V) is shown, for the base scenario, as a function of M, for the three levels of b (Table 3) and three budget levels.
Figure 3 shows that the three AB performance indicators (proportion q and agglomeration γ of conserved land parcels, and ecological benefit V (cost-effectiveness)) decrease with the increasing number of agents M (i.e., decreasing number of land parcels per landowner). As expected, they increase with increasing budget. The largest influences of M are generally observed for larger budgets, with the ratios r between the outcomes for small and large M reaching values around 0.25.
[image: Figure 3]FIGURE 3 | Proportion q and spatial agglomeration γ of conserved land parcels (A,B) and ecological benefit V (C) as functions of the number of model agents M, for a given conservation budget (B). Shown for the five budget levels of Table 2 (lines increasing from bottom to top). Model parameters as defined for the base scenario of Table 3, with a large bonus of b = 0.5σ. The number of land parcels is N = 6 × 6 = 36.
The effects of the model parameters (scenarios) on these effects of M are less clear than hypothesised (Figure 4). A low-cost variation (Figure 4, scenario 2) does reduce the effect of M on the proportion q and the benefit V (Figures 4A, C), but the effect of M on the spatial agglomeration γ seems to be quite independent of the cost variation and of all model parameters altogether (Figure 4B). A positive cost correlation length (scenario 3) slightly reduces the effect of M on q and γ and considerably reduces its effect on V.
[image: Figure 4]FIGURE 4 | Relative influence r (Eq. 8) of the number of landowners M on the proportion and spatial agglomeration γ of conserved land parcels (A,B) and the ecological benefit V (cost-effectiveness, (C) for five different scenarios. Since the dependence of r on the budget B differs between scenarios (and no unique pattern can be detected such that r always increases or decreases with increasing B) the mean (solid line) and the “range” (mean plus/minus one standard deviation: dashed lines) of r over the five budget levels is shown.
As hypothesised, if the land parcels are not cohesive per landowner but the landholdings are strongly fragmented (α = 0), the influence of M is weakened for all three performance indicators (scenario 4). Other than hypothesised, an unlimited dispersal range (β = 0, scenario 5) increases the influence of M on the ecological benefit V. The reason is that for β = 0, we have V(β = 0) = q2, so the spatial agglomeration of conserved land parcels has no influence on the benefit function V, which instead quadratically increases with increasing q. Thus, the influence of M on q (i.e., decreasing M increases q, Figure 3A) is amplified in V.
The final issue of interest is the cost-effective level of the bonus b. Since only three levels of b were considered, it is determined which of these three levels generates, for the given budget, the highest ecological benefit V. Figure 5 delivers three insights. First, with increasing budget, smaller levels of the bonus become cost-effective. The reason is that there is a trivial correlation between the proportion q and the spatial agglomeration γ of conserved land parcels in the sense that, necessarily, γ ≥ q. So, even for a zero bonus, a high budget implies, via a high q, a high γ. Consequently, smaller bonuses are required to achieve the cost-effective level of spatial agglomeration.
[image: Figure 5]FIGURE 5 | Ecological benefit V (level of cost-effectiveness) as a function of the number of landowners M. The colours represent the bonus level b. (A–C) show, from left to right, the results for the smallest, medium, and largest budgets, i.e., levels 1, 3, and 5 of Table 2. The model parameters σ, l, α, and β are set at their baseline values (Scenario 1 in Table 3).
Second, the effect of the landowner number M is higher for larger bonus levels. This implies that, third, the relative advantage of a given bonus level relative to other levels changes with changing M. In particular, for the smallest budget (Figure 5A), at large M, the largest bonus b = 0.5σ is only slightly more cost-effective than the other two bonus levels, while at small M, it is much more cost-effective. A similar result is observed for the medium budget (Figure 5B), where there is even a small rank reversal: while for large M, the largest bonus level appears slightly less cost-effective than the medium level (b = 0.3σ), at small M, it is clearly more cost-effective.
For the largest budget (Figure 5C), at large M, the smallest bonus level (b = 0.1σ) is clearly more cost-effective than the other two levels, while at small M, it is about as cost-effective as the medium bonus level. The results of N = 64 land parcels Figs. C1–3 of Supplementary Appendix C are very similar to those presented in Figure 5.
4 DISCUSSION
Coordination incentives like the agglomeration bonus of Parkhurst et al. (2002) in which conservation of a land parcel earns a base payment, plus an additional bonus if that land parcel is adjacent to other conserved land parcels, have been proposed to induce the spatial agglomeration of conservation efforts. Many of the numerical and simulation studies, as well as experimental studies, that have contributed to a better understanding of the functioning of the AB assume that each landowner owns only a single land parcel that can either be conserved or used for economic purposes like intensive agriculture. On the opposite end of the spectrum, other studies assume that landowners own several land parcels, but these land parcels are arranged in cohesive blocks, with crisp boundaries between the properties of different landowners.
Both assumptions are not realistic. Instead, real landholdings are fragmented (Marie et al., 2009; LaTruffe and Piet, 2014; Pauchard et al., 2018). The present simulation analysis reveals that the number of land parcels per landowner and their spatial distribution matters. A decreasing number of landowners (so that each landowner owns an increasing number of land parcels), and a declining level of fragmentation of the landholdings (so that the landholdings become spatially cohesive as, e.g., in Figure 2C; rather than fragmented as, e.g., in Figure 2A) increase the proportion and spatial agglomeration of land parcels as well as the cost-effectiveness (ecological benefit for given conservation budget) of the scheme.
The reason for this finding is that adjacent land parcels allow the landowner to transfer the economic surpluses from agglomeration from high-cost to low-cost land parcels (as outlined in Section 2.1); so, for the given base payment and bonus, they will conserve more land. While, if the land parcels of each landowner are dispersed and surrounded by the land parcels of other landowners, the situation is similar to that in which each landowner owns only a single land parcel, and where surpluses are not transferred and coordination of conservation efforts is impeded.
These observed effects are especially large if 1) the conservation costs are spatially heterogeneous and spatially uncorrelated and 2) the bonus is large. To avoid a misunderstanding about the latter result, it should be noted that all the analyses are carried out under a fixed conservation budget so that a larger bonus is accompanied by a smaller base payment in order to meet the budget constraint.
The reason for result 1) is that the AB is meant to offset the cost difference between less costly but isolated land parcels and connected but costly land parcels (e.g., Parkhurst and Shogren, 2007; Drechsler et al., 2010); so, it is most effective if there is sufficient variation in the costs of neighbouring land parcels. Result 2) is obtained because the above-described internal surplus transfer from low-cost to high-cost land parcels within each landholding is most effective and relevant if the bonus is large.
Result 2) implies that the number of land parcels per landowner affects the cost-effective level of the bonus. The analysis reveals that with an increasing number of land parcels per landowner, larger bonus levels (and accordingly smaller base payments) become more cost-effective relative to smaller ones (which, of course, does not mean larger bonus levels are always more cost-effective than smaller levels, since this depends on many other ecological and economic parameters). The reason is, again, that the described “internal surplus transfer” is most effective when the landholdings are spatially cohesive.
As the rationale of Section 2.1 reveals, the results are driven by the assumption that the landowners do not communicate with each other, which would allow for transferring agglomeration surpluses between landowners, as in Drechsler et al. (2010), and more conservation and agglomeration could be achieved for given levels of base payment and bonus. The landowners also do not decide strategically, which implies that they are locked in the uncoordinated Nash equilibrium (cf. Parkhurst and Shogren, 2007) and that they can leave only with sufficiently high levels of the bonus. With strategic behaviour (Drechsler, 2023) and communication (Parkhurst and Shogren, 2007; Banerjee et al., 2014; Banerjee et al., 2017), in contrast, the coordinated Nash equilibrium could be found more easily.
Future research may explore the role of strategic behaviour and communication between landowners in more detail. Further issues of interest would be different types of coordination incentives, like threshold payments (Nguyen et al., 2022). Like most theoretical and experimental studies of coordination incentives, the present analysis is based on a number of simplifying assumptions, e.g., about the landowner behaviour, the consideration of only two land-use types, and the structure of the model landscapes. These abstract landscapes ignore many details of real landscapes to focus on the spatial structure of the landholdings and to allow for a systematic variation between large and small landholdings and between cohesive and fragmented landholdings. An application of the model to a real agricultural landscape, therefore, would be a fruitful avenue for future research.
5 CONCLUSION
The analysis highlights the substantial influence of the spatial structure of landholdings on the dynamics and performance of coordination incentives, represented here by the agglomeration bonus (AB). The smaller and the more fragmented the landholdings are, the more difficult is it for landowners to coordinate their conservation efforts and the lower the cost-effectiveness of the AB, especially if the conservation costs vary strongly in space. As a consequence, the cost-effective scheme design, too, depends on the spatial structures of the landholdings. Especially when the landholdings are spatially dispersed, the facilitation of communication between landowners is an important instrument for the enhancement of coordination and scheme performance.
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