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Abstract

The conservation of endangered species and habitats frequently requires a certain type of land use
which, however, leads to opportunity costs compared to profit-maximising land-use. In such a setting
biodiversity conservation organisations have two main options: (1) The ‘buy alternative’ where they
buy the area of interest and either carry out the necessary land-use measures themselves or hire firms
to do so, or (2) the ‘borrow alternative’ where they ‘borrow’ the land for conservation from private
landowners who agree to carry out biodiversity-enhancing land-use measures over a certain period
while the conservation organisation compensates them for their opportunity costs. Comparing both
alternatives raises the question of budget efficiency, i.e. which alternative will lead to a higher level of
biodiversity conservation for available financial resources? In this paper we present a conceptual
ecological-economic model, and then apply the model to analyse how changes in ecological and

economic parameters influence the relative efficiency performance of the two alternatives.
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Agri-environment scheme, conservation investment, cost-effectiveness, ecological-economic

modelling, make-or-buy decision, payments for environmental services
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1 Introduction

The conservation of endangered species and habitats frequently requires a certain type of land use
which, however, leads to opportunity costs compared to the most profit-maximising land-use. A typical
example is the conservation of biodiversity in European grasslands where many species and habitats
are under threat due to the intensification of agriculture and the abandonment of marginal farming
areas (Young et al. 2005; Henle et al. 2008; Metera et al. 2010). Although extensive farming measures
and the maintenance of farming in marginal areas are better for conservation, they are costly to
farmers. If in such a situation property rights are allocated in a way that land users cannot be forced
to carry out land-use measures that are beneficial to biodiversity, administrations, foundations and

NGOs working in the field of biodiversity conservation are left with two options.

The first alternative is to buy the area of interest and carry out the land-use measures themselves
or hire firms to carry out the land-use measures required to conserve biodiversity (henceforth referred
to as the ‘buy alternative’). For example, many foundations and NGOs such as the Stiftung Naturschutz
Schleswig-Holstein in Germany (Stiftung Naturschutz Schleswig-Holstein 2012) and the Royal Society
for the Protection of Birds in the UK (Moss et al. 2011) have acquired grasslands and hire firms or

farmers to mow or graze the grasslands in a way that supports their conservation aims.

The second alternative is that the conservation organisations ‘borrow’ the land for conservation
for a certain period of time and offer land users payments to compensate them for the opportunity
costs that arise as a result of carrying out biodiversity-enhancing land-use measures. Land users are
free to decide whether they will participate in the payment scheme offered to them. If they decide to
participate, a contract is signed which obliges the land users to carry out certain measures for a
specified period of time after which the land users decide again whether to participate in the payment

scheme for a further period (henceforth referred to as ‘borrow alternative’). For example, several



61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

German federal states offer farmers a five-year contract which guarantees them annual payments if
they agree to adopt a mowing regime which improves biodiversity in endangered grasslands but

reduces the profit of farmers (Drechsler et al. 2007).

Conservation organisations are faced with the question of budget efficiency (Watzold and
Schwerdtner 2005; Engel et al. 2008; Watzold and Drechsler 2014), i.e. which of the two alternatives
will lead to a higher level of biodiversity conservation for the budget available to an organisation? In
the case of the ‘buy alternative’ a high initial payment needs to be made to purchase the land which
then, however, can be used for conservation purposes for as long as the organisation desires. In the
case of the ‘borrow alternative’ there is no need for a high initial payment and the budget can be
invested. The return from this investment can then be used to finance payments to landowners
participating in later periods. Some landowners, however, may decide not to renew their contract
whereas other landowners who initially did not accept the compensation payments may decide to
accept payments in later periods. In this way, the payment alternative leads to habitat patch
destruction and creation and thus generates a certain habitat turnover. Some species cannot cope with
this habitat turnover and so it has negative implications for biodiversity conservation (Van Teeffelen

et al. 2012).

The purpose of this paper is to describe a conceptual ecological-economic model, and apply the
model to analyse how changes in ecological and economic parameters influence the relative budget
efficiency performance of the two alternatives. To our knowledge this is the first paper to explore
whether conservation agencies should buy land and manage it themselves or compensate land users
for managing the land in a biodiversity-enhancing manner. Our model builds on insights from research
on the impact of habitat turnover on species conservation (Drechsler and Johst, 2010; Johst et al.,

2011, 2012) and on ecological-economic modelling to optimise the policy instrument of compensation
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payments for biodiversity-enhancing land-use measures (Drechsler et al. 2007; Bamiere et al. 2011;

Cong et al. 2014; Mouysset et al. 2014).

2 The Model

2.1 Landscape structure, conservation costs and landscape dynamics

We consider a landscape which consists of N = 100 patches. Each patch can be managed either
intensively or extensively. An intensively used patch generates maximum profit for the landowner
m; but there are no benefits for biodiversity. An extensively used patch generates less profit but is
beneficial for biodiversity. For simplicity, we assume that the patches are of equal size and the spatial

location of the patches does not matter for conservation (Hart et al. 2014).

The profits m; in the landscape are not equal for all patches i but vary in a range from (T — o) to
(T + o). Heterogeneous profits are not uncommon in real agricultural landscapes due to e.g.
differences in soil productivity. The profit associated with each patch is randomly drawn from a

uniform distribution.

Two types of landowners are considered: the conservation agency and private landowners. We
assume that if the land is owned by the conservation agency and managed extensively, profits are
lower than if the land is owned by private landowners and managed in the same way. The reason for
this assumption is that private landowners specialise in profit-maximising land management and are
experts in this field whereas agencies specialise in conservation management coordination and have
less expertise in, and equipment for, such types of agricultural management. Alternatively, the agency
may contract private landowners to manage a patch extensively. However, it is likely to be less

profitable for the contracted landowners to manage this patch extensively compared to their own
5
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patches. If landowners offer one of their patches for extensive management they will select the patch
with the lowest costs including transportation costs. In contrast, if the agency offers them a patch to
manage they cannot make this choice but will rather demand more money if managing the patch is

more costly, for example, because it is further away from their farms.

We calculate the profit for an extensively managed patch by multiplying the potential profit off
this patch if it were intensively managed with a landscape-wide factor (1 — f) < 1. To take into
account the profit differences for extensively managed patches between private landowners and the
conservation agency in a simple manner we assume that f = 1 if an extensively managed patch is
owned by the conservation agency and 0 < f < 1 if it is owned by a private landowner. For a

discussion of these assumptions see section 5.

In the model we consider 50 periods of equal length, starting in period 0. A period covers the length
of a contract between the conservation agency and the landowner to manage the land extensively.
The decision on which type of management to implement begins in period 0. For the buy alternative,
it is decided in this initial period which patches are managed extensively and afterwards no changes
take place until T = 49. For the borrow alternative, it is decided anew in each period which patch is
managed extensively (for the reasons see the next section), hence a certain turnover of extensively

managed patches occurs.

2.2 The decision problem of private landowners

Landowners are assumed to be profit maximisers, which implies that they manage their land
intensively. In principle, landowners might also be willing to manage their land extensively if they

receive a compensation payment which at least covers their profit losses. However, we assume that
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each landowner is willing to manage his land extensively only with a certain probability, Ppqrs <1,

even if their profit losses are covered or over-compensated (Falconer 2000).

One motivation for this assumption is that some landowners may want to sell their farm and if the
buyer is bound in any way by an existing contract, this may negatively affect the selling price (Van
Herzele et al. 2011). This implies that a landowner may decide to manage his land extensively in one
period but may reverse this decision in the next period if he intends to sell his farm in that period.
Another motivation for the assumption that landowners change their management is that landowners
often only have expected values about the costs of managing their land extensively and they only
receive the full information about costs if they or their close neighbours actually manage their land in
an extensive manner. This information may then cause the landowners to reverse their management

decision (Frondel et al. 2012).

We therefore assume that in each period landowners will make a new decision about whether to
manage their land extensively. They do so with probability P, if the compensation payment they
are offered covers at least their opportunity costs of participation. With probability 1 — P4, they
choose not to manage their land extensively, even if their opportunity costs are equal to or lower than

the payment.

2.3 The decision problem faced by the nature conservation agency

To induce extensive land use the conservation agency can choose between the options of buying
the land and carrying out extensive management itself or offering compensation payments to induce
landowners to manage their patches extensively. Consequently, depending on the agency’s decision,

it faces two different alternatives with different implications for landscape dynamics and habitat patch
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number. In order to render the outcomes of both alternatives comparable we designed the model in

a way that the budget for both alternatives is equal in the initial period 0 and also in the final period T.

2.3.1 Buy alternative

In the buy alternative, the agency purchases patches and manages them extensively. We assume
that the agency’s aim is to maximise biodiversity conservation and therefore it uses the budget in the
initial period to buy as many patches as possible. As the location of individual patches has no
conservation impact in our model only the buying price and the budget are relevant for the decision
of the agency. To maximise the number of patches bought, the agency buys the cheapest patch first,
followed by the second cheapest etc. until the budget is exhausted. The price of each patch is
calculated on the basis of the discounted future expected profits from intensive land use with the help
of the capitalisation formula frequently used in spatial economics (Burt 1986). The price of patch i

therefore is equal to:

. _ o T
price; = Zt=0 RETSE (1)

in which m; € [(T — o), (T + o)] is the randomly assigned profit value of patch i and r the market

discount rate.

Formally, the resulting inter-temporal budget constraint of this alternative reads as follows (with
By being the initial budget of the agency, By the agencies budget in the final period T, pricey,, ; the
buying price of an individual patch, priceg;; the selling price of an individual patch, and xp,,,; a
dummy variable which equals 1 if patch i is bought in period 0, and 0 if it is not bought):

N N
BT,buy =By — Z L pricebuy,i Xpuy,i T z L pricesey, Xbuy,i (2)
- iz

=
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In period 0 the agency’s budget is entirely used up for patch purchases. The purchased patches are
then extensively managed throughout all periods, and sold after period T. For simplicity, we assume
that land prices do not change over time. This assumption, together with the assumption that
extensive management made or organised by the agency leads to zero profit, implies that the initial

budget and the budget at the end of the final period are identical.

Because patches are bought only once (in period 0) and are sold after the final period T, their
allocation remains unchanged throughout the simulation time frame. The resulting landscape

therefore is static with respect to the location of patches.

2.3.2 Borrow alternative

Following Drechsler et al. (2010) and Watzold and Drechsler (2014) we assume that the agency
knows the average profit for the landscape 7, the range of profits o, and the proportion Py, but has
no information about the profit for an individual patch and the individual profit loss if the patch is
managed extensively. The agency is therefore not able to differentiate payments according to the
profit losses of the individual landowners and offers a homogeneous compensation payment to
landowners for extensive management. Hence, the payment equals the costs of extensive land

management for the marginal landowner.

The payments require periodical expenses which are generated by the agency in the following way.
Initially (period 0), the agency is equipped with a certain budget By which is equal to the budget for
the buy alternative. This budget is invested in long-term government bonds so that it generates a
secure and stable periodical income depending on the interest rate of the bonds r. For simplicity, we
assume that interest rates are fixed in the time frame of our analysis. This implies that in each period
tareturnof B = B, * r is generated which is spent on compensation payments in period t. Potential

leftovers are compounded and transferred to the following period. Based on this constant return, the
9
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agency offers in each period — from t = 0 to T = 49 — compensation payments to landowners who in
turn decide whether to participate in the borrowing scheme for one period based on their opportunity

costs and their participation willingness Py g;¢ -

Because for each patch the willingness to participate in the scheme is randomly re-drawn in each
period the landscape continuously changes with the proportion of patches that remain extensively

managed from one period to the other determined by Py,

Assuming that the goal of the conservation agency is to maximise biodiversity conservation the

number of extensively managed patches is maximised in each period:

N
maxz__l xcomp,i,t (3)

subject to the budget constraint:

N
Z Xcomp,it * compensation payment < B, (4)
i_

Here, Xcomp,i,c = 1 with probability Py, if the compensation payment offered is higher than the
costs of extensive management for patch i in period t. Otherwise it equals 0. To cover the
compensation expenses, the periodical budget B; is used. The compensation payment is recalculated

in each period in the aforementioned way.

The resulting discounted final budget for this management scheme is as follows:

T —
_ Bo*r—CPcomp
Brcomp = Bo + tho—(m)t (5)

where CPcomp = YN | compensation payment * Xcomp,it With Xcomp,it = 1 if the corresponding

patch jis compensated in period t, and 0 if it does not qualify for compensation. As we assume that all

10
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periodical returns on the initial budget are spent entirely on compensation payments, the final budget

B, comp €quals By.

2.4 Ecological benefit function

An ecological benefit function is required to assess the conservation performance of the two
alternatives and to identify the budget-efficient solution (i.e. which of the two alternatives performs

better with the same budget).

To obtain the ecological benefit function we have to consider that the borrow alternative and the
buy alternative generate two different landscapes with respect to habitat dynamics. The buy
alternative generates a static landscape in which certain patches are bought in the initial period and
kept as habitat for the entire time frame T, resulting in a constant habitat patch location and number

Npyy = a * N with the fraction a depending on the budget. Habitat patch turnover is zero.

In contrast, the borrow alternative generates a dynamic landscape with a habitat turnover
described by a patch destruction rate u and a patch creation rate A. As turnover in each period is driven
by the randomly drawn outcome of the participation willingness of landowners, we calculate average

rates u = Y. /50 and 1 = Y1, /50, over the 50 periods simulated.

To compare the ecological benefits of the two alternatives we take an analytical formula developed
by Drechsler and Johst (2010) which is designed to calculate the mean metapopulation lifetime Tjy,c¢q
of a certain species in static (without habitat turnover) or dynamic (with habitat turnover) landscapes

in a straightforward way. The formula for T, .+, reads as follows:

1 yNayn ¢Nayn 1 (Nayn—i)! 1 k—i
Tmeta ~ & Zi:l Zk:l k (Ndyn_k)! (Ndyn—l)k_i q . (6)

11
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Quantity € in eq. (6) is the geometric mean over the local extinction rates of Ny,,,, patches in the

landscape:
~ Nayn
&= 127" (e; + Nom = e + . (7)

Eq. (7) comprises population extinction due to habitat destruction with rate p and without habitat
destruction by rate e;. Rate ¢; is related to patch area A by ¢; = :r:Ai_77 = & with the species specific

parameter € describing the extinction risk of a species assuming 4; = 1.

The quantity g in eq. (6) is an aggregated colonisation-extinction ratio defined as

(8)

B
Q
| oy
=
I
|

The patch connectivity measure H in eq. (8) is set to H = 1 implying (since we ignore spatial effects
in our model) that a species can reach all patches in the landscapes equally well. The colonisation rate

Cin eq. (8) is the power mean of the local colonisation rates ¢; over Ny, patches, with b/n a scaling

exponent:
b/n
_ 1 Ngyn n/b
= (2 a) = g

The colonisation rates c¢; are related to patch area by ¢; = mA? = m with the species-specific
parameter m describing the colonisation rate of a species assuming patch size 4; = 1. Due to the

simplifications, the parameters b and 7 play no further role in our model.

Depending on the alternative being evaluated, we have to take into account the extent of habitat
dynamics. For dynamic landscapes, i.e. the borrow alternative, the number of habitable patches is

calculated as

AN
Nayn = Nporrow = round (m) (10)
12
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while in a static landscape, i.e. the buy alternative, the Ny,,, is equal to the total number of bought

patches
Nayn = Npyy = aN (11)

with a defining a fraction of overall available patches N being bought, dependent on the

parameters By, r, and g. For an exact evaluation of Ny, see section 2.3.1.

3 Analysis

To analyse the outcome of the model we define a base case scenario with a specific combination

of the parameters. We then modify each parameter individually.

The parameters By, r, T, and g influence the economic conditions which affect both the buy and
borrow alternatives. The parameters f and P, influence the level of landscape dynamics in the
borrow alternative but have no impact on the buy alternative. Finally, the species-specific parameters
€ and m affect the ecological benefit resulting from the management alternatives. Variations in these
parameters represent species with different ecological characteristics described by species-specific
colonisation and extinction rates of a patch. Table 1 shows the base case parameterisation and the

possible parameter variations.
[Table 1 somewhere here]

In our analysis we first investigate the base case scenario. For the given base case parameters of
&Y, @, 0, fand Ppgry we simulate a matrix of combinations with an initial budget B, ranging from
values of 50 to 150 (in steps of 5 units) and interest rates r ranging from 0.01 to 0.06 (in steps of

0.0025). For each combination we simulate the economic model 100 times to capture the stochastic

13
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variability of the economic outcome and calculate average values for the patch creation rate and patch
destruction rate (see section 2.4). Afterwards we evaluate the outcome for each of the two
management alternatives with the ecological mean metapopulation lifetime. To measure the relative

efficiency performance difference we use the difference of the logarithmic mean metapopulation

borrow

lifetime from the borrow alternative and the buy alternative (log(Tmeta —log(Tbuy

metq)) @S an

indicator to analyse changes in the budget efficiency of the two alternatives as a function of parameter

changes.

Afterwards, we individually vary the parameters f, P4, 0, € and y on this result matrix to analyse
the possible effects of changes in theses parameters on their relative efficiency performance
difference. This is done by setting each of the parameters separately on a low and high level (see Table

1).

The exact size of the initial budget (B,), the average profit of each patch (), the profit variability
in the landscape (o) and the interest rate (r) are related. They together determine the proportion of
the landscape which is included in buy or borrow activities and thus the number of participating
patches. For example, for small budget and interest rate values (e.g. By = 50,7 = 0.02), this
proportion is rather small, i.e. 2% of the total available patches participating in the borrow alternative.
For large values (B, = 150, = 0.06), this proportion is high, i.e. 14% of available patches
participating in the borrow alternative (see Fig. 1). Corresponding effects can be observed for the buy
alternative, though the effect of increasing By and r is smaller and the amount of bought patches is

always smaller than the amount of compensated patches for the same B and r values.

[Figure 1 somewhere here]
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In the base case, the parameter values for r range from 0.01 to 0.06. The level of r = 0.03 can be
considered an average value which is roughly equal to the long-term interest rate of a government

bond (note that we ignore inflation and r represents the real interest rate).

The base case values and ranges for € and m = y * € are chosen as follows (see also Johst et al.
(2011)). The base case value of € = 0.1 represents a species with local population extinction risk of
10% per period, corresponding to a mean population lifetime of 10 periods which can be seen as an
average value. Lower (higher) values of € suggest species with lower (higher) population extinction
risks. The base case value of y = 8 represents a species with a colonisation rate which is eightfold
higher than its extinction rate. This means that the species has a good dispersal propensity and can
easily colonise new patches. Lower (higher) values of y indicate species which can less (more) easily

colonise new patches.

The values for f and Py, are percentage values. f represents the forgone proportion of profit
which is lost due to implementation of conservation measures and is set to an intermediate level of
0.7 in the base case. It is used in our model to constitute the cost difference between the buy and
borrow alternatives. As we assume buying to result in zero profits for the agency, f is set to 1 in this
case, while it is set to a value smaller than 1 in case of borrowing, thus allowing positive profits for the
landowners. P, represents the participation willingness of landowners in the borrow alternative

and we consider a value of 0.95 as intermediate.

The landscape-specific parameters, i.e. in case of a dynamic landscape the number of habitable

patches Ngyp, Or in case of a static landscape the total number of available patches Ny, as well as

the patch destruction and creation rates u and A are determined by the economic model. They are

subject to management decisions and result from the different management option choices of the

15
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agency and the corresponding subsequent simulation. The species parameters m and ¢ are varied

within certain ranges reflecting different colonisation-extinction ratiosy = m / € €[4, 12].

4 Results

4.1 Effects of variations in By and r

For all scenarios we find that the budget efficiency of the two management options depends on
the initial budget B, and the interest rate r. This dependency is shown in Fig. 2 for the base case

scenario. Consider the initial budget first.
[Figure 2 somewhere here]

In Fig. 2 we can observe that with an increasing initial budget the efficiency of the buy alternative
increases in comparison to the borrow alternative. In order to understand the reason for this consider
for both alternatives what happens in the case of an increasing budget. In the buy alternative more
costly patches can be purchased additionally, but the price of the low-cost patches which could have
been already bought with a lower budget remains the same. In the borrow alternative an increasing
budget enables the agency to increase the compensation payment in order to increase the amount of
extensively managed patches. While on the one side more farmers participate, on the other side the
already extensively managed low-cost patches also receive the higher compensation payment as
payments are homogeneous. Hence, the management of these patches generates an additional
producer surplus which increases with increasing compensation payments, and therefore also with an

increasing initial budget.
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Similarly, though somewhat counter-intuitive, with increasing interest rates the efficiency of the
buy alternative increases compared to the borrow alternative. In the borrow alternative a higher
interest rate leads to a higher periodical income for the agency which itself leads to more patches
being extensively managed. In the buy alternative, an increase in the interest rate implies that prices
for patch purchase decrease according to eq. (1) due to the increasing discounting effect on future
profits from extensive land management. Therefore, more patches can be bought. But while the effect
on the increasing income in the borrow alternative is linear as it only affects the income for the
respective next period (though of course for all periods subsequently), the decreasing effect on land
prices in the buy alternative is exponential (cf. eq. (1)) as it becomes increasingly relevant for periods
farther in the future. Consequently, in the buy alternative more patches can be extensively managed

with increasing interest rates due to the exponential influence.

4.2 Effects of variationsiny and €

For the interpretation of the results recall that the borrow alternative generates a dynamic
landscape, i.e. a landscape with habitat turnover (including habitat destruction and creation). The
patch destruction rate u increases é in eq. (7) and decreases g in eq. (8), both decreasing
metapopulation lifetime (see eq. (6)). Therefore, the borrow alternative can only perform better than
the buy alternative if habitat turnover is compensated by a sufficiently larger habitat patch number
Nporrow > Npyy- We found that Nygrrey, is always larger than Ny, in the investigated scenarios of
By and r (Fig. 1). At low By and r the difference is sufficient to overcompensate the habitat turnover of
the borrow alternative. Therefore, metapopulation lifetime is larger in the borrow alternative (green
area in the left lower corner of Fig. 2). At high By and r the difference is still positive but no longer
sufficient to compensate the habitat turnover. Therefore, metapopulation lifetime is larger in the buy

alternative (darker area in the right upper corner of Fig. 2).
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A change in the species parameter y (Fig. 3) describing the colonisation potential of a species does
not reverse the efficiency performance pattern of the base case scenario of Fig. 2. Nevertheless, we
can observe for species with low levels of y (weaker dispersers; y = 4 in Fig. 2) an alleviated effect of
an increase in By and r on the efficiency increase of the buy alternative in comparison to the borrow

alternative.
[Figure 3 somewhere here]

A change in the species parameter ¢ (Fig. 4), however, has a much larger effect. Increasing ¢
considerably decreases the performance of the buy alternative and may even reverse the performance
difference. Anincrease in € increases the total local extinction risk &, thereby decreasing the relative
contribution of the habitat destruction rate u in both eq. (7) and eq. (8). This in turn decreases the
relative impact of habitat destruction and thus patch turnover on the metapopulation lifetime (see eq.
(6)), and strengthens the advantage of higher habitat patch numbers. As a consequence, the higher
Nporrow (i-€. Nporrow > Npyy) plays the major role for the metapopulation lifetime resulting in a

generally better performance of the borrow alternative.

[Figure 4 somewhere here]

4.3 Effects of f, Ppgre and o

We find that with an increasing proportion of profit f which farmers lose by using the land
extensively the efficiency of the buy alternative increases compared to the borrow alternative (Fig. 5).
This is not surprising as with high values of f the opportunity costs for managing a patch extensively
increase and compensations to landowners need to be higher (whereas in the buy alternative a change

in f has no effect).

18



375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

[Figure 5 somewhere here]

Conversely, increasing values of P4, and thus decreasing probabilities of farmers not to
participate in compensation schemes, imply that the efficiency of the borrow alternative increases in
comparison to the buy alternative (Fig. 6). There are two reasons for this result. The first is that
decreasing values of P, imply an increased patch turnover in the borrow alternative which is not
beneficial to biodiversity. The second is increasing compensation costs. Higher compensation costs
arise because a low willingness to participate means that a relative high number of low-cost patches
are not managed extensively, requiring higher compensation payments by the agency to achieve a
certain number of patches. For a given budget this means that a lower amount of patches can be

managed extensively resulting in a lower ecological outcome.

[Figure 6 somewhere here]

An increasing variability o of the profit levels m; leads to an increasing efficiency performance of
the buy alternative in comparison to the borrow alternative (Fig. 7). This is because for low values of
o the opportunity costs of patches qualifying for participation in the borrow alternative are relatively
close implying a relatively small amount of producer surplus in the borrow alternative. This changes
with increasing values of g, which leads to higher amounts of producer surplus. A growing amount of
producer surplus means that for a given budget less money is available for compensating opportunity
costs, i.e. fewer patches participate in the borrow alternative. A second consequence of increasing o
is that the purchasing price according to eq. (1) and the compensation payment (see section 2.3) of
the least expensive patches decreases. The result is that for a given budget with increasing o more
patches can be bought which in turn increases the efficiency performance of the buy alternative. At
the same time, more patches can be compensated which increases the efficiency performance of the
borrow alternative. However, in the borrow alternative, as the compensation payment is determined

by the most costly compensated patch whose costs only change slightly due to changes in g, the
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expenditure changes are smaller than in the buy alternative, where the buying prices of all patches

change and contribute to potential savings.

[Figure 7 somewhere here]

5 Summary and discussion

The conservation of endangered species and habitats frequently requires a certain type of human
land use which is, however, costly for landowners. Given that landowners cannot or should not be
forced to carry out conservation measures, conservation organisations have, in principle, two options.
The first alternative is to buy land and carry out the land-use measures themselves or pay firms to carry
them out (buy alternative). The acquired land can be used for conservation purposes as long as the
organisation desires, however, a high initial payment is needed to purchase the land. The second
alternative is to offer landowners payments to compensate them for the opportunity costs of
implementing biodiversity-enhancing land-use measures (borrow alternative). For this alternative no
high initial payment is needed. The budget can instead be invested, and the financial return is used to
finance the compensation payments to landowners. One disadvantage from an ecological point of view
is that landowners may not participate continuously in the compensation scheme. This leads to habitat
turnover, i.e. patch destruction and creation, which is disadvantageous for some species. To our
knowledge the decision problem of whether to buy or borrow land for biodiversity conservation has
not been analysed so far. To contribute to filling this research gap we have developed an ecological-
economic model to assess how changes in ecological and economic conditions influence the relative

performance of the two alternatives in terms of budget efficiency.

We find that an increase in the initial budget B, as well as in the interest rate r — both of which

determine the proportion of the landscape which is managed with biodiversity-enhancing land-use
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measures — favour the performance of the buy alternative. Regarding the interest rate this result is
somewhat surprising as with an increasing interest rate more financial returns are available from the
initially invested budget in the borrow alternative. This effect, however, is overcompensated by the

dampening effect of high interest rates on land prices.

Regarding the economic parameters, we find that the efficiency performance of the buy
alternative in comparison to the borrow alternative rises with increasing cost variations in the
landscape, more fluctuation of landowners in the compensation scheme, and higher profit losses if
biodiversity-enhancing land-use measures are applied. For the ecological parameters, our results show
that the efficiency performance of the buy alternative compared to the borrow alternative increases

with increasing colonisation-extinction ratio and decreases with increasing local extinction ratios.

We made some restrictive assumptions which require a brief discussion. First, we assumed that
the conservation agency does not make any profit from managing the land if it buys the land and uses
the area for conservation. We made this assumption as it generates identical initial and final budgets
(in period 0 and T respectively) for both alternatives. This allows us to make the efficiency analysis in
a simple manner, i.e. to compare the ecological outcomes of the alternatives for identical budgets. The
analysis would have been much more complicated if we had assumed that the conservation agency —
similar to the private landowner — also makes a positive profit (albeit less than the private landowner)
with a patch used for conservation. Obviously, this admittedly more realistic assumption would
increase the performance of the buy alternative compared to the borrow alternative but we are

confident that it would not change our results qualitatively.

Second, we assumed that landowners decide about participation in each time period with a certain
probability. Thus, they can switch between participation and non-participation multiple times. We
made this assumption as the implementation of the mean metapopulation lifetime calculation as

suggested by Drechsler and Johst (2010) requires the habitat dynamics to happen randomly across the
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landscape without any spatial or temporal correlations. By allowing patches to change their willingness
to participate only once or a limited amount of times (which would be more plausible), this random
aspect would vanish and the ecological benefit could not be evaluated with the applied formula. Again,

we are confident that this simplifying assumption does not change our results qualitatively.

Third, we assume perfect knowledge about the future development of key economic parameters
such as profits made from land management and interest rates, and therewith also land prices (eq.
(2)). In reality, however, knowledge about the future development of these parameters is imperfect
and fluctuations of these parameters may substantially influence the performance comparison of the
two options. Consider as an example an increase in profit from land management and hence an
increase in opportunity costs after the agency has opted for the borrow alternative. Then it gets fewer
patches than foreseen to be conserved with the interest. At this stage it is however too late to buy
land because land prices have also increased (cf. eq. (1)). Further research will be needed to analyse
how the consideration of such imperfect knowledge might influence the efficiency performance of the

two alternatives under consideration.

Obviously, our model is of a conceptual nature and its main benefit lies in an improved
understanding about the ways in which changes in economic and ecological parameters influence the
efficiency performance of the two alternatives. However, the model also provides a framework for
case studies in which the budget efficiency of an existing (or planned) borrow or buy option is
compared with the respective alternative. For such case studies economic data on interest rates r, land
prices and profit reductions f, behavioural data on the participation probability of landowners in
payment schemes (Py4,), and biological data on colonisation and extinction rates (m and ¢) of the
species of conservation concern would need to be collected and fed into the model. Such case studies

might provide valuable recommendations in terms of policy improvements, similar to other case
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studies where ecological and economic data have been fed into ecological-economic models (cf.

Drechsler et al. 2010; Bamiere et al. 2011; Armsworth et al. 2012).

Our work was motivated by typical conservation problems encountered in human-dominated
landscapes which require a certain active type of land use and where a habitat can be restored quite
easily, for example, in the case of the conservation of many endangered species in grasslands. The
model was designed to capture the main features of conservation measures in such situations.
However, the decision problem of whether to buy land for conservation or borrow it also exists in other
circumstances which may be different from those captured by our model. For example, international
NGOs often have to decide whether to buy forests in developing countries to conserve endangered
biodiversity or pay landowners not to clear the forest for timber production. Whereas our model
captures some features of this decision problem there are also differences. For example, we assume
that patches can be restored in a short time for conservation through extensive management whereas
the restoration of a virgin forest is not feasible within a short time frame. Nevertheless, we think that
our model provides a useful starting point for analyses and believe that further research in this field

could be fruitful.
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Figure 2: Relative efficiency performance of the ecological benefit (mean metapopulation lifetime)
of the borrow and buy alternatives, expressed in logarithms (log(T5%row) — log(Tf',:‘e’;a ) and plotted
as a function of interest rate r and available initial budget B,. Increasing (decreasing) numbers and
greener (more reddish) areas indicate a better (worse) relative efficiency performance of the borrow

alternative compared to the buy alternative. All other parameters are set to their base case values (see

Table 1).
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548 Figure 3: Impact of changes in species specific colonisation-extinction ratio (y) on the relative

549 efficiency performance of the buy alternative compared to the borrow alternative. Figure explanations

550 asinFig. 2.
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Figure 4: Impact of changes in the species-specific local extinction ratio (&) on the relative efficiency
performance of the buy alternative compared to the borrow alternative. Figure explanations as in Fig.
2. The dark magenta area indicates the difference of the logarithmic ecological benefits to be smaller
than -6.5, i.e. an even better relative efficiency performance of the buy alternative compared to the

borrow alternative.
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560 Figure 5: Impact of changes in the foregone proportion of profit (f) on the relative efficiency

561  performance of the buy alternative compared to the borrow alternative. Figure explanations as in Fig.
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Figure 6: Impact of changes in the participation probability (Pp,qr¢) on the relative efficiency

performance of the buy alternative compared to the borrow alternative. Figure explanations as in Fig.

2.
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variable motivation low value base case value high value

parameters for base case result matrix

By initial budget 50 - 150

T interest rate 0.01 - 0.06

T average profit - 1.0 -

economic parameters

o profit variation in the 0.05 0.10 0.15
landscape

f foregone proportion of profit  0.65 0.70 0.75

Ppart participation probability 0.925 0.95 0.975

ecological parameters

£ species extinction rate 0.05 0.10 0.30

m species colonisation rate 04 0.8 24

(implicitly determined by m = ¢ * y with the
base case value of y)
y =m/e  species colonisation- 4 8 12

extinction ratio

574 Table 1: Parameterisation of the ecological-economic model and parameter variation.
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