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Abstract

In this paper we assess the potential efficien@ysg@mom forming multiple purchaser
payment for ecosystem services (PES) mechanism&ovibine the objectives of one profit
maximising private company with a budget constraipeblic organisation and solve for
optimal land-use patterns—to do this we draw oegat linear programming (ILP)
optimisation techniques. We contrast the multiplechaser PES scheme with single
purchaser PES schemes and with non-cooperativesgguPES schemes and compare for
various ecological and economic parameters. Keylteegiclude that cooperative multiple
purchaser mechanism can provide efficiency gaies nen-cooperative solutions in a
number of situations, in particular we find effiety gains when the purchasers prioritise
different sites, when the public organisation s ldrger purchaser (would pay for a larger

PES scheme independently) and when costs acrotnttecape are more uniform.



1. Introduction
The preservation of ecosystem services is an obgect governments around the world;
furthermore, the service flows that result fromgamring ecosystems are now drawing the
attention of an increasing number of companiebénprivate sector. There is increasing
recognition that the decline in ecosystem serviteates risks to business; either directly—
through the reliance on ecosystem services assnpuiroduction—or indirectly—through
markets or supply chains (TEEB, 2012). As we mava situation in which both the public
and private sector share the common objectiveedgving ecosystem services it seems
advisable to investigate if any potential synergiegld arise from designing payment for
ecosystem services (PES) schemes that incorparadenfy from multiple purchasers.
Potential purchasers of ecosystem services, whetirarthe public sector or private sector,
are unlikely to assign the same value to a speetftsystem service flow. Some potential
purchasers may assign high values to biodiversitglean water, or regulating services such
as carbon sequestration. When implementing a PESvseit is probable that trying to
preserve one particular ecosystem service will kaneously lead to improvements in a
number of other ecosystem services. For exampkgime a PES scheme in which a water
company pays farmers to leave a buffer strip alioiegsvers and streams on their farmland.
The sole aim of the water company is to improverrivater quality by preventing surface
runoff from the farms into the water supply; howevke increased cover along the rivers
may also lead to increases in local terrestriadliviersity or increased carbon sequestration,
or the cleaner water may lead to increased agbmttiversity. This type of situation, in
which payment is made to private land-owners feruhdertaking of a particular action that
results in the improvement of numerous ecosystewices, can been described as multiple
benefit, place-based PES schemes (Quick et al3)2Uhe central feature of these schemes

is the potential to deliver improvements in mubigicosystem services at the same locality



and with the production of multiple ecosystem sesiin a single locality comes the
increased potential for funding from multiple puaskrs.

Achieving functioning multiple purchaser PES scheinas the potential to provide vast
amounts of additional funding for the provisioneabsystem services. (Defra, 2013)
highlight their desire for pursuing multiple purclea mechanisntS here is a need to

explore new means to aggregate demand from besmédigiand mobilise funding solutions”
“These approaches ... draw in multiple sources oflfiig and strengthen the overall
economic case for actiond23. Furthermore, (Quick et al., 2013) cite a nandd reasons for
private sector potential purchasers being intedeisteontributing to the scheme such as,
creating value in a brand, preventing regulatieducing operational costs, and purchasing
offsets. Overall, it is anticipated that multiplerphaser PES schemes could lead to an overall
increase in the provision of ecosystem servicesvibald not have otherwise occurred.

This paper examines the potential for efficiencymgdrom combining the objectives of
multiple purchasers when designing PES schemekg tbis we draw on integer linear
programming (ILP) optimisation techniques. We casitthe multiple purchaser PES scheme
(combined objectives) with single purchaser PE®sw&s and with non-cooperative
sequential PES scheniel section two we set up a specific multiple fnaser PES scenario
in which one purchaser is a profit maximising wat@mpany and another purchaser is a
biodiversity maximising, budget constrained goveeninin section three we investigate, on
a catchment scale, optimisation techniques for aoimdp the objectives of two potential
ecosystem service purchasers. In section four waeuhe specific scenarios, explicitly
stating the parameters used in the simulation nsotfekection 5 we present our results and

in section 6 draw some concluding remarks.

! In our non-cooperative sequential PES schemes amé@ser moves first and selects the sites theyowzay
for followed by a second purchaser who selectsities they would pay for (knowing what the firstghaser
has chosen).



2. Theapplied setting
In this paper we imagine a hypothetical multipleghaser PES scheme in which there are
two potential ecosystem service purchasers. Oagis/ate water company interested only
in protecting the quality and availability of théey natural resourcejater, such that it may
be profitable for them to pay farmers upstreamh@ange their land management practices.
The other purchaser we envisage as the governmgnttheir primary interest in paying for
land management changes that would improve bicsityer
We consider a potential water catchment partitianemlN square parcels= 1, ..., N of
equal size arranged on a square grid with a riygtiesn running through the catchment
flowing from north-west to south-east (see figuyeThe same methodology can be applied
to other geometric designs and designs coveringgpreicatchments, but for simplicity we

stick to a square grid single catchment desighisgaper.

Figure 1. An example water catchment with river partitionetth square land parcels.

In each land parceélsome form of agricultural production is takingg#aThe agricultural
production leads to an initial level of pollutiontering the water system, in addition the
farmland supports an initial level of biodiversiBoth the water company and the
government are interested in improving on thed@irevels of ecosystem services (reducing
water pollution for the water company and incregdiiodiversity for the government). In
each land parcélthe land owner may choose to take that land pandedf production

(x; = 1) or carry on with normal agricultural productioy) & 0). The cost of taking a land
parcel out of agricultural productionasand is known in advance. The costsre normally

distributed random numbers with mean 1 and standiavhtions.



In this paper we investigate the potential for gsaammultiple purchaser PES scheme to
achieve the water company and governments distintt through payment for a single
action—taking land parcels out of agricultural protion. Next, we set up separate models
for the private water company and the biodiversigximising government.
The private water company:
The private water company'’s objective is to maxarpsofit:

Max F(X), X ={x;}, x; € {0,1} (1)
Wherei and! are the index and set of parcels of land elidibleselection ana; = 0 or 1; it
is 1 if land parcel is selected for the PES scheme, and is O other#wisgpresents a function
describing the benefits, and costs, of taking land parcels out of agricultural protioe. In
its most basic form it can be written:

F=p-c

We assume that the costs (payment to the land dwntaking the land parcel out of
production) are independent, but it seems unlikedy the benefits are linear as modelled
above. The benefits are the cost savings the watapany receives from a reduced level of
pollution in the water system. The relationshipnestn cost savings and reduced pollution
could be modelled in a number of ways from stegtions through to a linear function, but
we take an approach of assuming a diminishing litsrfahction. We assume diminishing
benefits because even very low levels of pollutan cause significant costs to the water
company as they have to meet strict drinking wiaggulations. In our diminishing benefits
function, at high concentrations of water pollutioeducing the pollution has only a small
effect on cost savings; however, at low concernatiof water pollution reducing the

pollution has a large effect on cost savings. Gundhits function takes the following form:

XiDiXi (2

f&) = 2ibixi +A



The water company'’s profit maximisation functiomm~y composed of a non-linear benefits
function and linear costs:

Max f(X)—-C'X, X = {x;}, x; € {0,1} 3)

We approximate our benefits function using the Trhathod. Let. be the number of linear
segments in the piecewise approximation with trdpemts of each segment given @y
andQ; ;. Letr; be the slope of segmehtandq; = Q;, — Q;41 be the length of the segment
(projected on to the x-axis). We us&(X) to represent the-error linear approximation of

our benefits function such thAf (X) consists of the sum dflinear functions:

L )
f4X) = Z qnz
=1

We can now model the water company’s profit maxato as a integer linear program:

L 4)
Maxz Z qQmn 7z
i€l 1=1
" (4a)
S.t.zpi X; = qu Z;
i€l 1=1

The constraint (4a) relates the decision variables back to the origingldecision variables
and the concave shape of the function ensurestiraents enter solution to the integer linear
programme in the correct order.

The biodiversity maximising government

Methods for selecting land parcels to maximise ivedgity have been studied for 30 years
originating in the field of conservation biologyi(Kpatrick, 1983). Many early papers used

iterative heuristic solution methods for selecting land parcels; however, a number of



papers have called for more widespread use of igees which find the optimal solution
such as linear and integer programming (Rodrignes@aston, 2002, Rodrigues et al., 2000,
Camm et al., 1996, Underhill, 1994). The biodivigrsibjectives have typically been defined
in terms of species richness (the representati@tl gpecies from a list of target species).
Consequently, two key problem designs have takemipience in the reserve selection
literature: the species set covering problem (S&RJ,the maximal covering species problem
(MCP). In the SCP the objective is to select theimum number of sites (or area) whilst
selecting at least one site containing each spdai¢ise MCP the objective is to maximise
the number of species represented whilst settimgibon the number of sites selected.

The provision of biodiversity is not just basedtba number of sites or size of the area, it is
often dependent on the spatial configuration ofllase. For example, in comparing
landscapes with the same overall amount of haltitatbreeding success of species tends to
be higher on landscapes where habitat is clustatadr than fragmented, for example
(Drechsler et al., 2010, Polasky et al., 2008addition, the UK governments’ Lawton
Report (Lawton et al., 2010) highlights the needefological networks, which are a suite of
sites containing the habitat requirements to madritaalthy and diverse species populations.
Due to the significance given to spatial configimatn recent UK government biodiversity
papers, particularly with regard to ecological native, we desire an optimal reserve selection
technique that takes into account these spatigcéspin particular we imagine our
government are interested in creating large / e@tinected areas of land out of agricultural
production (reserves). A suitable method takengdttdrom the reserve selection literature
maximises the number of adjacent pairs of landgdaselected for inclusion in the PES

scheme (Nalle et al., 2002, Williams et al., 2005):

Max Z Z XX (5)

JEJ  keDjk>j



s.t.z55jx- >1 (5a)

]—
J

> gy <8 (5b)

j

whereD; is the set of sites k that are adjacent tbhe first constraint (5a) ensures that every
speciess must be present in at least one land parcel isdheion;d,; is a parameter where
ds;= 1 if parcelj contains species andd,;= 0 otherwise. Traditionally, when implementing
conservation schemes the government has a budgéitch their aim is to maximise the
biodiversity outcomes from their budget, this budgmeit is enforced in the second constraint
(5b) wherec; represents the cost of taking land payaslit of agricultural production arii

is the government budget available for the scheme.

3. The combined model
Although it is interesting to look at how the ptafiaximising water company and the
biodiversity maximising government would solve fivreblem separately what we are really
interested in is combining the objectives of bathamisations into one multiple purchaser
PES scheme. The combined problem can be repregarttezlifollowing simple model:

Max water profit subject to Conservation > S (6)
where the water company profits are maximised mpsimng a land-use pattern with the
requirement that the conservation score is at Eskdrge as. By varying the conservation
score threshold we can obtain the set of effiocbeiitomes. It should be noted that the set of
efficient outcomes can also be obtained by maxmngiihe conservation score subject to the

water company achieving a threshold level of profit



Although the general set up of the problem appsianple, there is an inherent difficulty in
producing optimal solutions. Firstly, it is an igex problem with potentially many parcels of
land, secondly, it has non-linearity in both theevaompany’s profit function and in the
spatial aspects of the government biodiversityescbhere exist a number of ways these can
be solved (including heuristic methods such agjtkedy algorithm) but it becomes a very
difficult combinatorial problem when you try to cbme the joint objectives. To solve for the
globally optimal solution we linearise the non-Bmespects of the model presented so far
which enables us to solve with integer linear pangming techniques.

From section 2 we have non-linear integer programymroblem for the water company’s
profit maximisation and a quadratic species SCRhergovernment’s biodiversity
maximisation. The water company benefits functian be simplified by taking a piecewise
linear approximation of the non-linear benefitsdtion. We don’t go into vast detail here in
the paper, but using the tangent line approximanethod outlined in (Aboolian et al., 2007,
Aboolian et al., 2009) it is possible to approxienattwice differentiable, non-increasing,
concave function (the type commonly used to desadiminishing benefits) to a specifiable
errora. The resulting piecewise linear approximation banncluded in integer linear
programming software and optimally solved.

We approximate our benefits function using the Trhathod. Let. be the number of linear
segments in the piecewise approximation with trdpemts of each segment given @y
andQ; ;. Letr; be the slope of segmehtandq; = Q, — Q;41 be the length of the segment
(projected on to the x-axis). We us&(X) to represent the-error linear approximation of

our benefits function such thAf (X) consists of the sum dflinear functions:

L (7)
feX) = Z Nz
=1

We can now model the water company’s profit maxate as an integer linear program:
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S.t.zplxl :qu Zl
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The constraint (8a) relates the decision variables back to the origingldecision variables

and the concave shape of the function ensurestirments enter solution to the integer linear

programme in the correct order.

From section 2 we also have the quadratic spe€&&sr8odel. We can write this linearly by

introducing two new constraints:

Max Z Z Ujg 9)

JE]  keDjk>j
S.t.u]'k Sx] V]E],VkED],k >] (9a)

Ujk < Xg

whereu;;,, = 0 or 1; itis 1 if land parcefsandk are both selected and O otherwise. The two
constraints (9a) ensure the definition of the bingy, variables, for example, if;; is 1 then
bothx; andx, must be greater than or equal to 1, since thewlacebinary variables they

both have to equal 1. Finally we include a paramgewhich is the distance between land

parcelj and land parcéd and take the inverse so we are maximising theduire inverse

pairwise distances in our integer linear programme:

Max z z (%{) w (10)

Jj€l  k>j
S.t.u]'k Sx] V]E],VkED],k >] (10a)
u]k < Xk

S sy 21 (10b)
J
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The two purchasers now have linear objectives—ta@mcompany maximises profit in a
piecewise linear program and the government magignisverse pairwise distances in a
linear species SCP. We are now in a position tobtoenthe water company and government
objectives by iterating through an integer lineptimisation method to find the efficient land
parcels to take out of agricultural productiongémeral, there will be many efficient land-use
patterns and we solve to find the set of efficiantd-use patterns which traces out an
efficiency frontier. At a particular efficient sdian it is not possible to increase the water
company profits without decreasing the governmedibersity score; likewise, it is also not

possible to increase the biodiversity score withdmdreasing the water company profit.

4. Analysis
We select a landscape of N=225 land parcels (15xd&)use a base setup for the parameters
which describe the spatial pattern of the biodivgig=6), the cut-off for the pairwise
distances¢=1), the characteristics of the water company gdfinction 6 = 0.4) and
relative number of land parcels purchased in tdependent PES schemes (controlled
through the government’s budgeB € 0.75). We vary the different parameters
independently from the base setup. Each paramasea high and a low valuB;is varied
from B=0.5 (the government purchasers less land pattatsthe water company), Bx=1
(the government purchasers more land parcels teawater companyys is varied from 0.3
to 0.5, and is varied from 3 (all species are common) to 1Ps(gecies are rare). We also
include a cut-off parametep) for the inverse pairwise distances which is \éfrem 1 to 2,
where 1 means only adjacent selected land parostsilaute towards the objective value and

2 means land parcels up to 2 parcels away congrifable 1 summarises the setups.

Table 1. Overview of setup parameters considered for paljajons



B (Budget — o (standard ) _ ¢ (Pairwise
v (Rarity of species)

Government) deviation of cost) distance Cut-off)

Base 0.75 0.4 6 1
Low B 0.5 0.4 6 1

High B 1.0 0.4 6 1

Low o 0.75 0.3 6 1
Higho 0.75 0.5 6 1
Low y 0.75 0.4 3 1
Highy 0.75 0.4 12 1
High o 0.75 0.4 6 2

For each setup and each payment option we solwaddhree schemes:

) the combined multiple purchaser optimal solutioMe-PES;

(i) the sequential non-cooperative solutions in whitfee the water company
selects land parcels followed by the governmeth®mgovernment selects land
parcels followed by the water company. With theoselcpurchaser knowing
exactly which land parcels the first purchaserdel& NC-SEQ PES;

(i)  the independent optimal solutions (single purch®&8 scenario) SP PES.

To run the combined multiple purchaser (C-MP) sgenae need a method for deciding how
the costs in the C-MP scenario would be split betwiae government and the water
company—we refer to these cost splitting methodsagment options. For each setup we
compare two payment options for the C-MP scendie. first payment option we call the
‘fair option’ in this option the water company athe government pay the ratio of the costs
from the independent SP PES scheme. For exampie tife SP scenario, the government

would purchase 20 land parcels at a cost of 10Glend/ater company would purchase 15

land parcels at a cost of 89 the ratio of theitsase therefor% ~ 47% (water company)

and% ~ 53% (government). The second payment optionalldhe ‘equal option’; in that



option the costs in the C-MP scenario are splis8etween the government and the water
company. We run each payment option for every setd@ble 1.

For the water company the optimal solution chog#es that provide a positive contribution

to profit; however, for the government, the optirealution depends on the size of the budget.
The budget for the government in the base setughvessfore chosen so the optimal solution
has approximately the same number of land parsalseaprofit maximising water company
under the base setup. To account for the facthieatosts; are random numbers we ran 100

simulations for each different setup and for eaaynpent option.

5. Results
We used CPLEX 12.5.1, incorporated with MATLAB R23alto solve the C-MP, NC-SEQ

and SP scenarios. The key results are summariskabie 2.

Table 2. Summary of key findings from the simulations (cexgiive multiple purchaser C-MP, non-cooperative
sequential NC-SEQ, and single purchaser (SP) PESrszs)

Area of interest Summary of key results

Effects of having similar priority ~ There are gains in the C-MP scenario when the pigeais prioritise

sites different sites. These gains diminish when bottchasers prioritise the
same land parcel. Above a certain threshold it esooptimal to be the
second mover in the NC-SEQ scenario.

Effects of the relative number of  If under the SP scenario the water company woutdh@se more sites it

land parcel purchased is better for both purchasers if the water compgwss first in the NC-
SEQ. If they would purchase roughly the same nurobsites the
optimal strategy is the C-MP. If the government ldquurchase more
sites there exists a second mover advantage INGRBEQ scenario but
the optimal strategy remains the C-MP for the majaf simulations.

Comparison of ‘equal option’ When the government SP costs are higBerl(0) the water company’s

versus ‘fair option’ payment optimal strategy is the NC-SEQ scenario in whighdbvernment moves
first, especially in the ‘equal option’ payment.eT6-MP scenario is
more attractive under the ‘fair option’ paymentsewtSP costs are higher
for the governmentF=1.0). When the government SP costs are lower
(B=0.5) the reverse is true.

Effects of the parameters that As the cost variation is increased the water compana government

determine the water company’s  tend towards choosing similar sites. Thus the gi&ore cooperation



profit diminish at high cost variations and it bewms an optimal strategy for the
water company to move second in the NC-SEQ scenario
Effects of parameters that No significant effect for botlp andy.

determine species

5.1 Effects of having the same priority sites

Substantial efficiency gains are available fromperation (C-MP) if the two purchasers
prioritise purchasing different land parcels. Et@ exists overlap, by which we mean that the
two purchasers both prioritise changing the sameegpaf land to reserve, then the efficiency
gains from cooperation decline; above a certaiestmold we see a switch from C-MP to NC-
SEQ being the dominant strategy as both purchasgerience a second mover advantage.
When both purchasers prioritise the same land [sative incentives would be to hold out in
the hope that the other company will move first anglement a SP PES scheme and as such

free-ride on the other purchasers investment.
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Figure 2. Comparison where the water company and governpréritise similar land parcels (a) and different

land parcels (b)

5.2 Effects of the relative number of land parcelsghased

If under the SP scenario the water company woutdh@se more land parceBH0.5) it is
better for both purchasers if the water companysdiost in the NC-SEQ scenario. Or put
another way, the water company moving first dongsdhe government moving first in the

NC-SEQ when the water company would purchase name parcels. In addition, the NC-



SEQ solution in which the water company selects f& better than the C-MP solutions for
the B=0.5 scenario. We see this result because the gmesit only has enough budget to
select a small number of sites. If the water corgstects land parcels first then the
government can use those land parcels to formram more connected reserves by
essentially filling in the gaps; leading to a highediversity score, and because the reserves
are close to the river it leads to a higher watenjgany profit too. If they would purchase
roughly the same number of sités=0.75) the optimal strategy is the C-MP. If the
government would purchase more sitBs1.0) there exists a second mover advantage in the
NC-SEQ scenario but the optimal strategy remaias#MP for the majority of simulations.
Overall, the evidence suggests that as long agdhernment would purchase at least as
many land parcels in the SP scenario then thergaar@ opportunities for gains from
cooperation by using a multiple purchaser PES sehaumif in the SP scenario the
government would purchase less, then a Non-coapersgquential move scheme in which

the water company moved first would be better fathipurchasers.
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5.3 Comparison of the payment options ‘Fair optiontda&qual option’

As would be expected there is no difference betwieerfair option’ and the ‘equal option’
when independent SP costs are approximately egasé). When the government SP costs
are higher than the water companyBs=(.0), the water company’s optimal strategy is the
NC-SEQ scenario with the government moving fifsis ts especially true in the ‘equal
option’ payment. Or put another way the C-MP is enaitractive under the ‘fair option’
payments when SP costs are higher for the govermméren the government SP costs are
lower (B=0.5) the reverse is true, under the ‘fair optipayment the C-MP becomes less
attractive. Thus when the water company is requogehy a larger share the C-MP becomes
less attractive. We attribute this to the fact thatgovernment has more to gain from
cooperative solutions because their biodiversityecelates to the spatial connectivity of the

selected land parcels.
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5.4 Effects of the parameters that determine the waterpany’s profit

As the cost variation is increased the water comaaua government tend towards choosing
similar sites. For example if we count the numUesites that both the water company and
the government would select in the SP scenarioegeaxlear trend. When the cost variation
is low (¢ = 0.3) the mean number of same land parcels & B0 medium cost variatiorn (

= 0.4) the mean is 8.41 and for the high variatetup ¢ = 0.5) the mean is 13.85. We have
already seen that choosing similar sites redueegdins from cooperation and makes it a
dominant strategy to move second in the NC-SEQascgrand this is the same pattern we

see for increasing cost variation.
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Figure 5. Comparison of low cost variation (h) with high teariation (i)



5.5 Effects of parameters that determine species

No significant effects were observed when bothsihecies rarity parametey) @nd the

pairwise distance cut-off paramete) (vere varied.

6. Conclusion
The majority of private sector involvement in PEBemes around the world occurs because
of perceived business benefits by doing so. Bubhfany businesses, barriers to PES remain
as they question why they should begin paying donething that they have not funded
before, or why the government is not funding ittiis paper we take the starting point that
there exist opportunities for private companiestéivaompany in our case) to invest in PES
schemes that would deliver additional profit throwgperational cost savings and that they
are interested in investing. We also take theistafoint that the government is interested in
implementing a PES scheme with the primary aimrgdroving biodiversity. From this we
develop independent PES models for both the watapany and the government. Both
independent models contain non-linearity makingddmbination of objectives in the C-MP
scenario problematic to solve optimally. To solvis fproblem we use novel techniques to
linearise both models, using a piecewise lineagam to model the water company’s profit
function and a linear spatial SCP for the governnbardiversity maximisation, by doing this
we are able to combine and solve the joint modeélfand optimal land use patterns.
In summary, we find that substantial efficiencyrgaare possible from implementing a
multiple purchaser PES scheme when the purchasgergipe different sites. If both
purchasers would select the same land parcelghieesptimal strategy for both purchasers is
to free ride on the others investment—a classidipgbods problem. Additionally, when the
government is the larger purchaser (independertiyldvpurchase more land parcels) or they
are roughly of equal size then our results showdhans from cooperation are possible by

implementing a multiple purchaser PES scheme. e a@bserve potential gains from



cooperation when the water company pays a smaleeptage contribution to the purchaser
costs (‘equal option’ when water company costshagker and ‘fair option’ when water
company costs are lower). Finally, we observe g@kgains from cooperation when costs
across the landscape are more uniform.

Policy makers may use these results to initiaky vehere pursuing multiple purchaser PES
mechanisms may be likely to produce benefits tpaities. Also importantly these results
can be used to understand the circumstances wienedre no gains from cooperation as it
would be optimal to use single purchaser PES mestmanor sequential single purchaser
PES mechanisms. For example, consider a situatiamich the water company is interested
in a large PES scheme and the government is itéer@simplementing a small PES scheme
(small budget). In this situation our results iradecthat it would be beneficial for both
purchasers if the water company implemented theiPES scheme first and then the
government can move second connecting the lanelgaspatially to create larger and better
connected reserves.

Overall, we have presented a number of situatiomghich cooperation between multiple
ecosystem services purchasers could be in thaertestst of all parties, however this is not a
universal result and depends on the specificseofahdscape and payment mechanism. In
our paper the land-owners costs are known in aadvand fixed, further research might
consider the bargaining procedure that would td&egobetween the land-owners and the two
purchasers. For example in our paper we set oupawyment options for how the two
purchasers might split the costs, but how wouldngotiations proceed between the two
purchasers and how would the costs of the land-ms\pe learned. We have also assumed
that the land parcels are exactly the same sizeslaamoe and that they can be purchased as

individual parcels, in reality there may be largad-owners, small land-owners and also land



owners not interested in participating in a PESesah Experiments may provide insights
into the bargaining procedures between the pattiesland-owners and two purchasers).

It is important to remember our analysis is basethere being a single action that the land-
owner can undertake which leads to multiple ecesydienefits. Although it may be

common for an action taken by land owners to leadultiple ecosystem services we
acknowledge that our results do not necessarillydpdPES schemes in which a particular
action leads to a specific single ecosystem beref#t also worth noting that although we
have spoken in specifics throughout this paper t@evater company and a government, but
the results can and should be generalised to & prakimising private company and a
budget constrained organisation (public or privatégmpting to preserve spatially dependent

biodiversity.
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