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Abstract

Any management of biodiversity has to deal with priority setting. Priority setting contributes to allocative efficiency of managing biodiversity. Practical management has to cope with scarcity mea​sure​ment. Scarcity is normally, i.e. in a market economy, measured in prices.  Since no market exists for diversity or species, in particular, surrogates are needed. This paper deals with the problem of finding relative values (prices) for species in the case of an eco-system management in a cultural landscape. It combines the concepts of willingness to pay and willingness to accept through an ecologically motivated redesign of a landscape. For in​stru​ment combination we use the con​cept of shadow prices. Shadow prices are obtained from con​strained maximization. The conflicting problem of “objective”, i.e. market like, joint valu​ation of biodiversity by citizens, farmers, and experts is solved by behavioral equa​tions which al​low a simulation. This simulation provides the equilibrium for likely species appearance and as​si​gned shadow prices based on behavioral equations. The paper is organized such as that (1) the the​ory of sha​dow price derivation in a framework of linear and non-linear program​ming is pre​​​sen​ted. (2) From this we obtain quadratic objective functions for each participant in a valu​ation process. (3) Qua​si demand and supply functions are conceptualized by which we simu​la​te a market. (4) Specific roles of ecologists as experts and potential managers of a landscape are addres​sed and (5) a balanced solution on values, value oriented management, and spe​cies pre​va​len​ce is provided. The paper serves to develop a tool which will help to solve the pro​b​lem of joint ecological and economic evaluation of biodiversity as complex non-market good. Monetary va​lu​a​tion is only part of the approach, though integrated into the priority setting.     
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1 Introduction

A major problem for the conservation of nature in humanly used eco-systems, as we see it, is the finding of a cost effective integration of eco​lo​gical concerns in landscape management. Then, for the efficiency of the use of instruments in landscape management to promote nature and bio​diversity conservation, prior​ity setting is important. In parti​cular a concise theoretical back​​ground for biodiversity ma​n​age​ment, which is (1) value oriented, (2) favors nature and is (3) less conflicting, has not been reached so far. Vice versa, efficiency, especially allocative efficiency, can only be a category of success and used as guidance, if values, to be obtained, are clear. Priorities and values of priorities, which are always important categories in management, are major building blocs of a broader analysis. The problem lies in the com​bination of ecological and economic concepts of value. Even though, for instance, ecologi​cal economics has promised to pro​vi​de a more generic answer to joint eva​luation and manage​ment of landscapes, many prob​lems are still unsolved, Especially, due to a limited flexi​​bility of the currently dominating neo-classical economic theory, with re​spect to an inte​gration of eco​logical knowledge and con​cerns, evaluation and management con​cepts are still in​sufficiently precise and dif​fi​cult to apply in practice (Gowdy and Ferrer-i-Car​bonell, 1999).
In the sense that efficiency is a relative concept of using goals and aggregating them to certain generic degrees of success, which obviously is based on weighting of value categories, the question is do we have jointly agreed measures of value and priority in ecology and economy? Why not using only conventional economics is an​other question? The scope of monetary eva​lu​ation seems to be limited. For instance problems with the willing​ness to pay ap​proach, which shall give pri​ority setting as well as providing the needed finance (Pearce, 2001), have been frequently encountered. Willingness to pay is nor​mally vague for real management, be​cause terms are manifold for what is paid, and new appro​aches are needed. In pra​c​​​tical ap​pli​ca​tions of landscape mana​​gement, which aim frequently at the pre​servation of a se​le​ctive bio​di​versity, economic evaluation has been strongly criticized by ecologists as not very helpful. Appli​ca​tions which follow assignment of monetary values by wil​lingness to pay to species (pre​​ference for storks than wolves), i.e. broken down to species, are limited or impractical. They are frequently criticized by ecologist for not being conducive for efficient management.  

In contrast, ecological practices of prioritization, based on ecologically reasoned agendas in​clu​​d​ing a “natural evaluation” of scarcity, which is based on functional approaches (natural fal​lacy), have been criticized by econo​mics. They are considered to be subjective in the sense giving ecologists’ pre​ferences rather than citizens’ preferences. Societal preferences are to be obtained objectively from a market; this is the dogma. Econ​omists (Han​ley, et al. 1996) prefer the idea of individualistic willingness to pay as in cost-benefit-analysis and there is limited scope for experts’ opinions. Such dispute shows a gap between disciplines. In this paper a new attempt is made to balance know​ledge and concerns of ecologists with techniques, used in evaluation being close to economic reasoning. Note, many things depend on the de​fini​tion of economics and not all services of nature are straight of a commodity character; so a more relaxed economic theory is chosen which suits amenity services (Constanza et al., 1997).  

In the paper ecologists are considered as mediators between citizens/consumers and far​mers/ producers. Ecologists prefer a specific biodiversity which can be encountered in traditional cul​​tur​al landscapes. However, we still suggest that the application of biodiversity manage​ment in​volves a willingness to pay by citizens, but this has to do with visual amenities. Ecolo​gists go deeper. They suggest willingness to accept, as being an interface to farmers and as been imposed by ecological constraints, on basis of detailed planning. Money serves as finan​ce instrument; it is sup​ple​mented by a design component of landscape through ecologists. Pre​ferences deducted from willingness to pay are blended with the objective of eco​​logists.
It is the objective to model a specific ecologically oriented biodiversity management in a cultur​al landscape, which gives more room for expect knowledge. This shall increase the efficiency of biodiversity management, especially the allocative efficiency as related to pri​ori​ty setting and distribution of money to farmers. The ap​proach only partly fol​lows the rules of a market based evaluation of eco-system service; rather it introduces a capacity of “experts” to influence the outcome. Since there is no straight “commodity” for “amenity” ap​pro​ach, a de​​si​gn component of ecologists portrays the interaction bet​ween “demand” and “sup​ply”. There is still no market; but a “market” can be si​mu​la​ted. Because biodiversity is con​sidered a pub​lic good, we need a surrogate. In fact, val​ua​tion is factious since no trans​ac​tion of ownership occurs and properties can not be claimed and prices assigned. Never​the​less wil​ling​ness to pay can de​​termine the equili​brium because ecologist rely on finance and may es​t​ab​​lish something which fits some​how into consumer/citizens’ pre​​ferences. Finance matters al​ways. Furthermore ecological experts are con​si​dered the man​agers of biodiversity on behalf of citizens; they face constraints if farmers want money for compliance with regulations being not available. Farmers have property rights; so how to sol​ve the problem? We (1) endeavor in​to a deeper understanding of the problem, (2) provide a metho​do​lo​gical suggestion from du​al​ity theory, and offer a depiction of value func​tions as equilibrium simulation. (3) Be​ha​vi​oral equations for citizens, farmers and ecologists will be linked, the equilibrium of be​havioral equations will suggest relative prices (priority), and all will be solved for management plans.           

2 Problem statement

To a certain extent the dispute between economist and ecologist on valuation rests on differ​ent philosophies about the assessment of biodiversity and the evaluation of single species. This unsolved dispute has a big impact on the success and efficiency of biodiversity measures and the design of instruments. Simply speaking ecologists normally prefer something different than citizens and farmers when they talk about biodiversity conservation. In fact, though ecologist may consider their state​ments as value neutral, ecologists’ give subjective va​lue statements about preferred biodiversity (Goulder and Kennedy, 1997). Whereas econo​mist see valuation very much re​la​ted to substitution of goods (weak sustainability) ecolo​gists have a dif​ferent perspective (Nu​nes and van den Bergh, 2001). For them valuable biodiversity means impor​tance in food nets, stability of eco-systems, etc., which a functional value. For economists a value is, among other things, a measure​ment unit by which one can sub​stitute or ex​change a good by another and maintain welfare aim at efficiency, not more; frequently por​tra​yed as to maintain a certain level of utility or profits, rela​ti​ve values or prices show sub​stitu​tion possibilities and guarantee allocative efficiency. Relative prices are a measure to guide resource use. The functioning is not endangered by substitu​tion. For instance the va​lue of a cow can be triple the value of a pig. At this rate cows and pigs are exchanged to maxi​mize utility and profits, and farmers know it for decision making. Note further for a certain group of economist no absolute value (price) exists, only relative prices. So if ecologists look for an absolute price of a species, say 50 Eurocent for an endangered mouse, in the view of a “real” economist this is non-sen​se. To get an efficient allocation relative prices are needed. A price, i.e. a value, is relative and it is derived from supply and demand. Markets relate to com​pe​ting commodity prices. Supply and demand are categories that are given by marginal costs equals marginal utility as well as marginal functions contain opportunity costs to produce and consume one good at the price of others. Supply and demand seem to be inde​pen​d​ent of phy​si​cal categories and resource availabilities; merely production functions and pre​fer​​en​ces mat​ter whereas inputs are bought at prevailing input prices (notably in a global eco​no​​my at world prices from wherever on the globe). For biodiversity this paradigm is not applicable because it is characterized by joint-ness in production and consumption. In reality we need to use li​mi​ted resources and labor for which we infer absolute prices, indirectly through shadow prices.

Costs to produce and benefits from consumption are seemingly pure value concepts that have no physically grounding. Though, intuition would tell us immediately that a normal cow weights three times an adult sow and we could expect the price to be three times because of the meat content, but this is not the philosophy of economists. It is actually irrelevant; preferences for meats matter more than weights in neo-clas​sical economic theory. The physical relationship normally does not count at all, merely subjective preference. Ecologists like most citizens, however, would see physical relationships as value mea​su​res or proxies. Why not presuming that the physical wealth of a self-sufficient farmer is equal, independently whether he has three sows or one cow; the meat has the same nutrition “va​lue”? The same per​haps may apply to all consumers of meat: having meat from three sows to eat can be con​si​dered the same as having a cow; the nutritional value is then the numeraire for the absolute value. Persons can survive (function oriented) and values are the chance to survive on physical availa​bility of meat! This is the ecologist’s view of “functional values”. The aim is survival. A question is how can we infer these values from behavior (preferences). It is not the economist’s. Thus importantly, from the perspective of farmers as supplier of animals and of plants as or​ganic raw materials as well as of consumers as demanders of animals and plants as food, the econo​mics and valuation of food is very much determined by a perspective of an exchange system in an economy. So naturally we would also think of a relationship to nature as an exchange economy. Consequently ecological things, such as animals and plants, become exchangeable and prices are at the core of economic thinking on value and evaluation.
For economists human beings treat their living environment as interchangeable goods that are imbedded in the logic of utili​ty and costs. Broadly speaking this perspective even does not change with a substantially fine-tuning of economics as a science methods for management addressing survival strategies. The aim is subjective utility. Especially modern methods of willingness to pay, that are used to infer non-market values, are similar to the basic idea of substitution of com​mo​dities, goods, animals, plants, organisms, etc.; i.e. to find a generalized highly convertible measurement of value of ecological good is the aim of economists. This view might be stran​ge for ecologists, though it is basically those of an economist suggesting monetary evaluation (Pearce and Moran, 1994). And it is perhaps the only way to convey perceivable and agreed mea​surements of scarcity of resources to society given the complexity of an economy. Hereby money is a medium of great help. The idea of money, being an abstract, symbolic, and cultur​ally determined unit, is difficult to perceive by ecologists (Begon et al. 1998). But simply speaking, mo​ney is a medium of exchange - everybody seems to know what it means in terms of facili​ta​​​ting transactions; at least if one can buy things with it. It seems to be “good”; since it is of real value and ecologists are so eager to get high mon​e​tary values for their “commodities” to show the importance of conservation to policy makers. Also the word efficiency relates to it, because we want the highest value a lowest costs. While the found​a​tion of values is not understood, we use it. The reason is that a straight causality for the use of money is difficult to perceive and it is too difficult to analyze it, but it helps. In this paper we take another route and show how equilibria of thing will help to establish a joint evaluation. But, the ecologists can in this concept peruse their ideas as corrective element. 
For economist it is important to know that ecologist thing differently with respect to eva​lua​tion, i.e. they are function oriented. In contrast to economics, in ecological science a “valu​able” eco​logical unit, for instance a species, a guild, etc., is considered causal and has a function which is contributing to survival, and the “value” is, loosely speaking, derived from the importance of a species in a causal chain of fulfilling specific functions for other species. Valuable functions are under​stood, for instance, as providing fodder, catching water, offering selection of unheal​thy indivi​duals, etc. We will anticipate this thinking by stating a vector of species to be achieved by a “technology” of nature showing interactions. Admittedly the basic concepts of causalities and functions in natural science are some​times very complex (in parti​cu​lar be​cause evolutionary processes have brought up most eco-systems over millions of years); but a general observation is that some species have a very pe​​culiar and low substitut​able position in a web of interactions whereas others can be substit​u​ted (Weitzmann, 1993). For instance, the exclusion or extinction of one species might imply that the functioning of other species, i.e. also their population size, is strongly impeded or de​clining. For other species this might not be the case. A higher value is attached to the first and an efficient ma​na​ging of biodiversity must address the prevalence of this species more profoundly than low va​lue species. In this connotation, a species has a high “value”, because its function is uni​que and im​por​​tant for the functioning of an eco-system. Hence, a value, as been used by ecologist, is con​sidered as to have a representa​tive quantum for a necessity contribute by a species for the survival of the system or function for the whole. Apparently this raises the question of the aim. Ecologists often take survival and fitness (Bak, 1996) which we anticipate.
So a question is how to bridge the gap between ecological perceptions and economic de​fini​tions of values. In this paper a programmatic route is taken and landscape ecology provi​des an interface as a species vector, and a linear description of the measures conducive for the appearance of that vector is given. The question of bridging the gap is not only a theoretical problem, rather a practical request for landscape management. At a minimum we need information from both si​des: citizens’ willingness to pay and ecologists’ knowledge of nature. We will balance them through a concept of duality (Sheppard, 1970) used in mathe​matical pro​​gramming. The prob​lem of joint evaluation of nature using different tools, that of econo​mists (monetary values and substitution) and ecologists (functional values and thres​hol​ds), is fun​​damental for future management of cultural landscapes and adjacent na​ture. A major ques​tion is, how can a prevailing knowledge from ecology (re​trievable from scientists) and know​ledge from economics (retrievable from surveying willingness) to pay be brought to​get​her? 

3 Methods and Organisation  

This piece of research is an attempt to combine several methods of partial (shadow) price ana​ly​sis and bring them into a uniform concept of joint price formation. The example used is a cul​tural land​scape in which certain measures are taken to create conditions that are fa​vorable for the desired species prevalence. Farmers are paid for taking measures of redesigning land​sca​​pes and money is collected from citizens. Ecological experts play the role of planners and faci​​li​ta​tors of exchange. They bring in their information, though biased towards a specific spe​​cies vector. The method used is basically composed of a shadow price analysis and an ana​lysis of equilibria between stakeholders. Ecologist play the role of a mediator having an own in​ter​ests. As an ana​logy, ecologists can be considered brokers who plan and trade services, though they are not neutral and need money. In the given context, since ecology is almost un​known to ci​ti​zens, ecologists are considered designers of services. As will be shown, design, pro​​pa​ga​ting as well as procurement and spending of finance enable ecologists to pursue a be​ha​​vior​al equ​ation that can be brought in line with preferences for stated species composi​tions. The needed descriptions of methods provide the conceptual outline. In the paper we (1) sta​te a duality of receiving a value function from an input-output production relationship. (2) We discuss the framing of eco-system services as a farm supply of nature services. (3) The eco​logists’ preference function will be derived and (4) the citizens willingness to pay, as sha​dow pricing, will be elaborated. Finally (6) we will bind things together as equilibrium analysis.         

4 Concept

At the beginning, since our aim is to accommodate nature (i.e. species) in a cultural landscape of multiple far​mers, a question is how to receive a depiction of a suitable landscape for biodiversity conservation. Note we refer to a cultural landscape having farmers. The concept must clarify what is conducive (can pro​vide) a de​sired “nature” and how to do it? We further ask how this fits into a valuation scheme. The third aim is to minimize costs (efficiency).
We further have to understand the mathematics behind va​l​u​​ation and then link knowledge on eco-systems with valuation procedures. Hereby we have to keep in mind that a depiction of a unique cultural landscape is envisaged, but the concept should be replicable at several places given local needs and inputs from special sites. Therefore we show in chapter 4.1 how to con​struct a cost approach for the optimization of nature provision given the “right” incentive con​straint to deduct cost. The paper commences with a simplified competition for land between fa​rm and nature in chapter 4.2 and 4.3, which is based on “linear tech​nologies” giving the pre​ferences of ecologists and means to pay. This is complemented with preferences of citizens.  
4.1 Outline of a supply at minimal costs and the role of ecologists as decision makers 
The following outline firstly gives the mathematics of a situation where ecologists try to mini​mize costs (expenditures) for biodiversity conservation. It will tell us how to re​​ceive values for biodiversity synthetically as based on shadow prices. Secondly we will build the conse​cutive outline for landscape design, farmer participation and citizen payments, all based on this basic concept. Showing the potential to work with linear expo​su​res, we ack​nowledge a farming sector within an eco-system or an eco-system within a farming sector (next section). However, in this section we deal with the general economic problem of mini​mizing costs, given physical benefits (ob​jectives). The biodiversity target (objective) is a vector. The issue is how to assign a value “λe” to the target “s” and get “λe∙s”; i.e. a measure comparable to revenue. Benefits are given as constraints, which will be shown soon. As will be also shown the value “λe”, a sha​dow price, de​pends on the structure how we set up “ecologically motivated” ac​ti​vi​ties “e” (the spe​cific outline of activities “e” in a cultural landscape is again the topic of the next section). Pre​​​sum​ably “e” is a con​trol variable that is influenced by eco​logist receiving money and unit costs are “c” (explained later). By pur​su​ing eco​​logical ob​jectives “s”, costs “c” are transparent; where “c” is cost and “p” is a financial gain deducted.  

Min  E = {c’e – p’e} = {c’-p’}e   
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where:

E
: = expenditures  
e
: = efforts or activities  
c
: = unit costs  
p
: = prices per unit or gross margins  
Objective (1) depicts a typical situation of ecologically oriented activities in farming. Resear​ching for efforts “e” raise costs beyond gross margins “p”, margins become negative and far​mers ask for com​pen​sation “c”.  Ob​jective (1) requests a minimization of costs or expendi​tures handed out to farmers on eco​lo​gi​cally preferred farm activities. For ecologists the aim is to minimize cost given a species vec​tor. Minimizing can follow a typical programming struc​ture if the ecologist has knowledge on the “eco-tech​no​logy: A”. “The demand is s”. (1) and (2) combine a set of criteria as prescribed by a vector of species, to be ac​com​plished in a ter​ritory as a linear con​straint. We use the notation of Paris and Howitt (2001) to make the point clear. In our case a species vector “s” is linked to control variable “e” by a linear system:   
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where:

s
: = target, i.e. species vectors  
and for the later calibration (Appendix) we use 

s ( s
A target “s” (() is met at minimal costs “{c’-p’}e” through effort (activity) “e”. Here s is an observable vector. Note some activities can be even zero which likely happens in cases of linear programming. Note, the programming has a double purpose, first it esta​b​lishes behavior on the basis of knowledge of ecologists “A” how to achieve biodiversity “s”; second the programming can be transferred to conditionality in behavior. A next step is to find a dual so​lu​tion to the primal. A dual solution provides a function of shadow prices. Contin​u​ing with the notation of a dual solution, it maximizes the sum of shadow prices for constraints (in our case the vector of species that has to be accomplished and the calibration constraint: revenue)  

Max  {λe’s + r’e}
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where:

λe 
: = shadow price  
For the dual optimization we do as if calculating the unit price “c” following a linear rule (4). Equation (4) is like a constraint within the dual optimization. In terms of accounting in business calculi it means that unit costs and profits equalize to revenues per unit. In our case dual pricing includes the shadow price λe which corresponds to benefit measured in cost units. 
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Running the optimization a numerical value appears for each effort in “e” undertaken to promote biodiversity, notably based on species preferences of the ecologists. Essentially we need this shadow price to generalize later. The issue, again for calibration is that a shadow pri​ce of a species can not exceed a willingness to pay information gathered through a survey of citizens who express their support for the preservation of wildlife in agro-ecosystems. However, as will be discussed there is no such simple willingness to pay for individual species, at least not for non-fashionable species, so we need a translation from general to specific species. As a consequence costs and shadow prices must become flexible to equalize.   

To briefly explain the advantage of the suggested approach the reader may image that the sha​dow prices, as been derived through the above analysis, are representatives of an inter​nal mo​n​etary evaluation given physical aims which are translated into benefit measure. The inherent ad​vantage is that shadow prices can be used for speci​fications of indirect utility functions. In​di​​​rect utility functions are dual func​tions of primal phy​sically oriented objectives given costs to obtain targets. Knowing the sym​metric aspects of primal (direct) and dual (indirect) func​tions as be​ing mirrored to each other, we can retrieve coefficients in objective functions either form esti​mating dual or primal behavioral functions. For instance, in case of a qua​dratic uti​lity function, we get a quadratic indirect (utility) benefit functions that cor​res​ponds to costs impo​sed on the farming sector. Note for later, costs in the given con​text will be opportunity costs of foregone profits due to interventions that are of controlling behavior for farm activities.         

We aim at flexible functions, because costs should be related to willingness to pay. As can be shown, under certain conditions (Paris and Howitt, 2001), a linear programming ap​proach cor​res​ponds to a formulation of cost equivalents incurred by the constraints. It gives a quadratic revenue function, whereas linear programming goals and quadratic profits are synonym in (5):  

NE =[c-p]e -∏(…) = [c-p]e - λe [Ae-s] = [c-p]e - x´C´A´[.5Ae-s]                                          (5)
Where λb= C s = C A e. Since this is a linear relationship between the constraint and sha​dow pri​ce, we can eliminate the constraint and get a typical well-behaved flexible revenue (cost) function depending on volumes of production and prices, incl. shadow prices, which are apparently of interest in our case.  

In general terms, if we expand the problem of finding a revenue function in a constrained cost minimization case, i.e. via a Taylor series, a quadratic function emerges. For this purpose we use:

NE=-[p-c]e+∏(…)= [c-p]e - λe[Ae-b]= -[c-p]´e + 0.5 e´Q1e + e´Q2 λe + 0.5 λs´Q3 λe             (6)
For equation (6) the matrices Qi can be obtained by maximum entropy (Appendix). Notify the varia​bles λe and e are calculated for specific cases, which enables us an empirical retrieval of coeffici​ents; not all coefficients can be generalized. The structure is flexible, but needs adjustment. As a follow up, matri​ces Qi can be derived by, at least, one single observation. Maximum entropy (MA) is a quasi statistical pro​cedure used in cases of li​mi​ted information (Golan et al., 1996, Paris and Howitt, 2001). For the “technology” of ecologists, it implies that the design of an “ideal” landscape is sufficient. MA is a met​hod that follows a certain strategy of calibrating a model along probable sets of coefficients for a maximum of correct​ness in unknown coefficients. From (6) behavioral equations are obtainable as:  

∂NE/∂e = [c-p]–Q1e +Q2 λe = 0                                                                                               (7a)
∂NE/∂e =          Q2´e+Q3´λe  = 0   or λe=Q3´-1Q2´e                                                                   (7b)
which gives
[c-p]–Q1e+Q2Q3´-1Q2´e=0 or e=[Q1+Q2Q3´-1Q2´]-1[c-p] and A-1s =
[Q1+Q2Q3´-1Q2´]-1[c-p]  and 
s = A [Q1+Q2Q3´-1Q2´]-1[c-p]                                                                                                        (8)
i. e. the behavioral function of the above outlined formal procedure “gives us linear response functions for values of physical aims specified in costs. The apparent background is a vector of goals “s”: S=Ae. 
λe= Q3´-1Q2´[Q1+Q2Q3´-1Q2´]-1[c-p]                                                                                          (9)

For the envisaged approach of biodiversity management it means that costs “c” determine the achievable biodiversity as a vector. By the be​ha​viour of the ecologist, costs also correspond to a shadow price λe. This re-establishes a calculus λe(s - c(A-1s. The goal has been to formulate a va​lu​ation of species in cost units. But, it no longer means that “s” is fixed; “s” serves as bench​​mark for calibration: For the optimiser “c” and “s” are given, but in the context of co​or​dina​tion they become flexible. So we can depart from the initial “s” for societal optimization.
4.2 Specific Outline
To enter into a practical exercise how to (1) integrate ecological concerns for wildlife into a far​​m​ing area, (2) to evaluate nature in this context, and (3) to derive the necessary interface, we work with a spatial “nature production function”. We specify ecological improvements ba​sed on a de​li​berate plan​ning for eco-system services (Nuppenau and Helmer, 2007) and associate them with struc​tural changes of landsca​pes. Farms, eco-systems, and hence also their interactions, are planned and are related to an expert who, in our case, wants to maxi​mi​ze biodiversity and multi-functionality of amenities at reasonable costs. To model inter​ac​tions, system compartments have to be interactively modeled by explicitly defined interfaces such as spatial units. Spatial units become activities. In our case we use a stylized spa​tial representation. In this respect the paper makes suggestions how to compromise and still pro​vide a realistic approach for management, such as payments and regulations in land use.
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Fig. 1a: Traditional land use structure        Fig. 1b: Modern land use structure

For illustration we begin with a stylized landscape in Fig. 1b, which has so far not been trans​ferred into a “modern landscape”. Modernization implies a radical switch (Fig. 1a) with only a few farms surviving and field sizes increasing (consolidation). As a realistic approach and syste​matic analysis we suggest identifying farm sizes, i.e. numbering of segments, on a transversal “y”-axis and field sizes, i.e. cropping, on a longitudinal “x”-axis. The presentation im​plies a transformation procedure to translate and explain land use as landscape appearance: 1) by maps and 2) by mathematics. Vice versa the mathematics shall translate into landscapes.
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     a:   stylised for mathematical presentation                     b:   calculation of area
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Figure 2: 
Stylised structure of landscape 

In the above landscape habitats become located according to fields and field sizes. Looking at habitats means to address landscape appearance by exploring field patterns, specifically and interactively. Habitats shall relate to a probability matrix of a likely appearance of species and map into species and vice versa. Hence a target is more a probability than a deterministic one:

s =  h 









              (10)

where:
h = habitat vector

              b = field length

              a = field width

Habitats h can be cut up into fields “b”. In order to do so we consider interactions as ne​ces​sary. Approximating, we represent species in (11) by: 1) the areas set aside, i.e. buffer strips, 2) a new landscape structure, i.e. deviations from economically optimal field sizes, and 3) an indicator of yields in farming which reflects the intensity, i.e. use of inputs (Taylor series):

s =1[a0(c +u(a0(c0] + 2/A/B [a0((b-b0) + (a-a0) (b0] + 3[1´a0[1´b] +1´a[1´b0]] + 4(y-y0) (11)
where:
u = additional labour vector for controlling vegetation on buffer strips

               c = buffer strip (share of b)

Some remarks on the possibility to get function (11) are necessary. For a depiction of differ​ent species scenarios and a calibration of the above ecological relationship, we either can take an ini​tial situation as a reference or artificially simulate reference situations. An artificial refer​ence situation might be a situation of no interventions in favor of the cultural landscape. 

We have to explain each element in the above formula. 1) For the first segment we introduce “buffer strips” and argue that an increase of buffer strips “c” (a vector as for fields j on farm i) augments the possibility of suitable habitats for “s”. 2) We may consider current strips c0 and ask how nature improves if more labor “u” is added. Since labor is proportional to strips, strip sizes can be reduced if farmers work for nature. “Strips” may already exist in landscapes; thus it is a most simple strategy to take them as a reference. This matters very much under different scarcity conditions. 3) Investigating the size of fields, we take into account the important result of landscape ecology that an increase in the number of fields (a decline in their size) increases the number of edges. A maximum of edges can be used as a reference for high diversity of fields and cropping patterns (Dauber et al. 2003). We are modeling this on a micro and a macro level. 2 describes the micro (field) impact. 3 gives the macro (length of edges) impact. 4) We include a measure for yields as an indicator of intensity which is nega​ti​vely correlated with the number of herbs because of increased competition for space within a field. The above specification is a spatial outlay of several farms and fields. So vec​tors can be large. Additionally we need information on current design (Nuppenau and Helmer, 2007) as a reference and departure. From a technical point of view the above equation fits in the scheme 

s = [2/A/B(b0,2/A/Ba0+31´a0[1-b0],4,1a0, 1a0(c0] 
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 +x x =( e+x x       (12)
where e is now subject to influence, actually a vector of variables, that controls the land​sca​pe, its design and intensity of farming. The variable e must be translated in an indirect loss or a direct cost assessment for farmers, c. For simplicity we follow, as said, the idea of Howitt and Paris (2001) to construct a programming module that allows us to retrieve underlying bene​fit func​​tions. The information that is contained in the linear nature production depiction, so far, is infor​ma​tion of ecologists that specifically fits with a fixed technology which has been assu​med for na​ture production. Beside this information from farm and spatial organization the eco​​lo​​gical modeling works with other constraints such as availability of water, nutrients, etc., x. The information for landscape modeling which lies behind the condensed formula is 

s ( (I e + II x 








              (13)
This needs some interpretation. From intensive investigations and knowledge of landscape, habitat, and nature interactions, ecologists concluded that suitability for s is a concept that enables a mathematical depiction based on probabilities. Apparently, s can not be a vector of a deterministic nature appearance, i.e. that we definitely will get a number of, for instance, white storks, a particular frog species, etc.; rather for the management we may be only in the position to create likelihoods that certain, be wished, species will appear in the landscape.

4.3 Interpretation of Flexible Function for Management of the Eco-System

In chapter (4.1) we discussed a way to find values of species using a cost minimization ap​proach to establish an ecologically preferred species composition. In chapter (4.2) landscape design opportunities to de​ri​ve a tech​nical solution for na​ture appearance in such a way that instrument variables “e” appeared, was conducted. Now we can merge the two starting with.   

s- II x ( (I e                                                                                                                           (13)
This is only the causality of instruments; as we are now interested in a “value function” of the achievements in nature which is given by activity “e” oriented to “s”, . To follow revealed preference it should be based on the shadow price concept (4.1). For constraints and the activities we assume it fulfills ecological ob​jec​tives. Our function is simplified looking at the complex suggestions by Howitt and Pa​ris. At a minimum, and shown above, our quadratic benefits function follows the general concept of value measured in costs of (6), given in:               

E(e, λe) = .5 λe’(I λe + λe’ (II e +.5 e’(III e                                                                            (14)

For interpretation, in equation (16) for the ecological benefit, the matrices (i, which are subject or estimation procedures, have to be outlined in the Maximum Entropy Context (Ap​pendix), they represent a combination of a bio-physical and economic assessment of benefits.  (14) is a balanced function on behalf of both, a cost minimization for ecological objectives and an exposure of the willingness of ecologist to prescribe and accept a decent ecological si​tu​ation. To broaden the scope for getting the above function some local variation might be necessary. For the moment the focus is on the background and op​por​tun​ities opened by having the above function, not more. To understand what a benefit func​tion implies, given the landscape approach compared it to monetary evaluation. We take derivatives of the function,                

(E(e, (e)/ (e = (II’(e + (III’ e  = A’-1 [(e*+ p  - c]                                                                                               (15a)
(E(e, (e)/ ((e =(I’(e + (II’e = s - II x                                                                                (15b)
and get shadow prices. Species have a price as cost. Now a crucial distinction comes for the understanding through the meaning of a preference or revenue function and a benefit function: Seeing a revenue function (a monetary evaluation) as a linear expression of benefits in a fashion of summing up products multiplied by prices R =(e’s (in vector notation), the first derivative of such a revenue function towards quantity is the price (e. On the level of revenue minus costs, it means that the average unit price must be equal to the average unit costs. In our case we have a full description of the value balance and the following equation must hold.       

(I’[(e* + p- c ]= (II’(e* + (III e* and  e* =(II’-1 [s - II x- (I’(e]                                           (16)
With regard to economic theory the derivative of the “nature” benefit function” can be con​sidered a “de​mand” function of the nature conservation agency for “s”. A demand analysis is equivalent with a mar​ginal value analysis. The most interesting aspect of this approach is that a re​velation takes place by which we see the marginal benefit function. The ecological manager shows preferences along given costs. A first “calibration of nature” in a project of cultural landscape preservation is given. This enables us to find the under​​lying pre​ferences of “nature-ecologists” given costs. Another important aspect, involved in the know​ledge of the matrices (i, is related to the capacity to delineate reactions to changes in costs. Ecologists’ preferences become flexible. Importantly, landscape management is con​fron​​ted with a detection of scarcities and it varies. In particular farmers face changing costs “c”, so a major is​sue is to have a flexible objective function which still provides a “maximum” of ecological be​nefits, i.e. it has been adjusted to farm requests. We will explore that aspect later in a sec​tion where we confront “nature provision” in a cultural landscape with an exchange econo​my simulation and maximize joint ecological effects from a complementary provision of nature.

For another interpretation, there is a difference between a general valuation of nature and a par​ti​cular valuation of nature elements (weighting), as been suggested here. The approach presented here looks at specific valuation of species. Specific marginal values are envisaged.  Multiplied by quantities they add up to the to​tal cost of preserving the environment. Total costs are specified exo​gen​ously by citizens, whereas the decisions and distribution of benefits shall be inter​nally done. Ac​cordingly demand function must be specified as above. This opens a deba​te on how to measure costs. So far the focus was on establishing a benefit function gi​ven a species vec​tor of unit costs “c” and free movement of total costs, whereas specific costs are set by farmers. However, there is al​ready a flexibility and scope for discretionary choice in a system and the interactions bet​ween a desired “eco-system” by ecologists and costs are not given by pure calculations of in​flicting costs resulting form deviations of farm plans. We have to add how money is spend and how received. The preference-benefit function is tho​se of ecologists who pursue their knowledge (interest). However it has to match with farmers.   

4.4 Supply of farmers
For the flexible supply of farmers we use the above landscape modeling approach where far​mers vo​lun​tarily change their design of fields and intensity of farming if they receive compen​sa​​​tion. Taking into consideration that farmers are losing if they deliver landscape elements for nature production and request compensation, a major challenge is to mo​del the complex relationship between landscape ecology and farming systems in case of payments. As shown (Nuppenau and Helmer 2007), we can model this through the same specified relationship
s ( (I e + II x                                                                                                                         (17)

in a farm community model and get an elaborated payment scheme for activities “e” which is given by “g”. The noticeable change in farm behavior is based on deviations from optimal economic plans. As also been shown (Nuppenau and Helmer, 2006), a depiction of the farmer object​i​ves is again a quadratic function which is the result of an internal modeling approach.  

P(p,g,a,b,i,(b,(u,(i) = p(q +g(e -(1´q- .5[q-e]´ (1 [q-e] - (2´e + e´(2 e + z´([q-e]            (18)
A supply system q, e can be derived from the specification if derivatives to e and q are taken:

g - (2 -(1 [q-e] +-(2 e + ( z´ = 0                                                                                        (19a)

p -(1 - (1[q-e] + ( z´ = 0                                                                                                     (19b)  

Eliminating q, i.e. production, gives is a linear representation of the behavior of an agricultural sector with respect to in​centive “g” motivated by landscape design. Note “g” is a payment, hence a cost for the ecologist, equal “c”.  To provide a feasible solution a reduced form is 

e =(f,1 g + (f,2 zf                                                                                                                    (20)
This relationship specifies also an interaction of “q” and “e” whereas “e” is determining “q”. Additionally we have summarized all exogenous variables to xf incl. output prices, etc.; the ex​ogenous variables xf includes certain “economics”, etc. and we can match economics in:
sn = (I e +II xf  =(I [f,1 g + (f,2 zf ] + II xf                                                                           (21)
Solving for “q” also gives a, by ecologists and citizens moderated and preferred, farming structure or supply produces. This is of concern and it may have implication for the landscape, since it may change cropping patterns, for instance introduce pasture areas; we need that later.   

q = (1-1[p -(1 + ( z´]+ (f,1 g + (f,2 zf                                                                                (19a’)  

4.5 Demand and marginal willingness to pay

Now the question is who does finance that all? Normally in markets, demand is asso​ciated with a marginal utility and a purchasing power; and a real demand needs an income basis. For our current problem things are complicate because the purchasing power is with citizens who are not knowledgeable on ecology. They may just reckon amenities and are willing to pay for prestigious animals. To solve that problem we consider landscape ecology as inter​​medi​ary and construct a second level of preference ordering, now from consumers. Then, we will match the ordering and preferences given. For a citizens/consumer nature evaluation is usually a fai​rly difficult task. For good reason, it is mostly interwoven with direct utility from am​en​i​ties. Once again, we can use planning to depict preference functions for consumers.

To be concise with the above approach we presume that a certain overall willingness to pay exists, though it has to be derived from a “constructed” consumer. The basic idea is that a consumer or visitor appreciates a certain set of species appearing with certain probabilities. For in​stance a willingness to pay analysis has been conducted for a nice landscape though this can not be directly attributed to species and design. Rather researchers have to infer the eva​luation from observation. To construct such a decision framework for citizens we pre​sume that the preference order for utility is given be by a certain wish or criteria: ranking of landscapes “a”. For exam​ple, an index “a” of satisfaction with a hike can be constructed that is composed of a compon​ent of (1) private goods, delivered by tourist industry “z”, (2) species or nature appearance “s”, deliver​ed by nature conservation units, and (3) landscape appear​ance “q”, delivered by farm sector. Then a minimum for “a” is required that tourist come.     

(c,z z + (c,s s + (c,x q ( a                                                                                                      (22)
Hereby we presume that a “linear technology” describes and expresses the knowledge of visi​tors who come to see or enjoy rural amenities. Visitors pay for private goods as been normally con​ducted in travel cost analyses. Our variable, which is up to decision making, is the pur​chase of goods vector “z”, whereas appearance of the species and landscape vector are exo​​gen​ous. Visitors minimize costs given the constraint of the index of achievements by the visit.  

Min  {p’z}                                                                                                                              (23)
s.t. (c,z z ( a - (c,s s - (c,x q

       z ( z 

The corresponding dual problem is

Max  { [a - (c,s s - (c,x q]’ ( + (’z}                                                                                        (24)
s.t. (’c,z (  ( p

After solving the LP problem, the corresponding utility function, which follows the above concept of constructing a quadratic benefit function, is dependent on shadow prices and acti​vity level of the constrained vector of indices to be expected. It provides marginal values or demand functions that are dependent on the level of species as well as landscape appearance.

V(z,() = .5 (’Sv ( + (’ (v’z +.5 z’ Qv z                                                                                     (25)
To derive optimal behavior we take 

(V(z,()/ (z = (v’ ( + Qv  z  =  p z                                                                                             (26a)
(V(z,()/ (( = Sv   ( + (  z = a - ( c, s Sc* - (c,x q                                                                   (26b)
Subtracting the two equations, gives a solution for the demand function of “s” as a demand
[(v’(v- Qv’Sv ](  = - Qv’a - Qv’(c, s sc* - Qv’(c,x q + (v’P z
as dependent on the shadow price, index, and type of agriculture, it can be calculated by (27).
(c,1 (  = (c,2 a + (c,1 sc* + (c,3 q + (c,3 xz                                                                            (27)
By this representation a quasi demand for species and landscapes can be established that de​picts the welfare of citizens as dependent on the internal pricing of a shadow price for the species vector sc. The shadow price is equivalent to a willingness to pay and provides finance, if charged to tourists. Note the citizens pay for the service at the evaluated marginal “benefit” of function (27) which is equivalent to a market type of revealed preference approach. A problem is who assures the supply of species and landscapes and at what internal pricing. In the above context we have to look at variables that can adjust (flexible), i.e. that are endogen​ous and that are exogenous variables. If we assume that the money been raised can be redistributed to farmers on basis of delivery of landscapes and species, a marginal value ana​ly​sis simu​lates a mar​ket equilibrium. Notice that the benefit function has to be supplemented by a pur​chasing power analysis. Purchasing power is imbedded in the benefit functions by the dual character of benefit and revenue functions. But a question again is: what is the role of ex​per​ts’ knowledge? Experts are considered as mediators who pursue the interest of ecologists.   

5 Modification of Ecologists 

In the above outline we derived objective functions of participants in a landscape desi​gn pro​ject which is to be publicly managed. Now, the objectives have to be integrated. Hereby we intend to get a “balanced” biodiversity and evaluation as jointly done exercise by farmers as suppliers, citizens as users and, impor​tantly, ecologists as managers. For that purpose we apply shadow prices ad​just​ments based on scarcity. Note there are conflicting interests. Citi​zens want to pay few for big re​sults showing their preferences. Farmers want to change little but receive high payments. Eco​lo​gists want to have a nature that is following their science based concept of ecological know​ledge and spent lit​tle money, eventually having no money at all. The difficulty is to match aspirations discerning the “equi​li​brium of species”. For this we start modifying the analysis and think there is a deviation bet​ween ecologists’ perspective sn and citizens perspective sc. The expert’s (ecologist) preference function is based on “sn”, it can be expressed in terms of unit costs “c” for the measures and the stated vector becomes. 

N(sn,c)= .5 sn’(b,1 sn + sn’(b,2 c  + .5c’(b,3 c + sn’(b,4 xe  + c’(b,5 xe                                                         (28)
The ecologist is the citizens’ agent, though he wants do more. His decisive problem is to de​ter​mine the “correct” s and c along an “equilibrium” or balance. We distinguish the provision of bio-diversity through ex​perts, who follow the nature driven concept “sn”, and consumer/ citizen concept “sc”, where the expert should execute the wil​ling​ness to pay of consumer/ citizens. For a compromise we see the expert following the approach to get money by offering “sc” and immolating “sd” ,a deviation, in his preference function though he maintains his know​ledge. The question is always how approaches are linked to the costs “c”. Let us assume that an expert follows his knowledge but has also to include the financial aspects of being a government agent. He “anti​​cipates” nature by his preference. The expert perhaps wants more nature and the deviation occurs. To distinguish different wishes, we introduced vectors that enable us to depict the conducted pursue of the wishes from a preference function.  

sn = sc + sd       sc = sn - sd       






                          (29)
Now let us take the generic benefit function, already derived, and insert for vector sn, the ci​tizens’ preference sn, and look for deviation sd. The ecologist notices that he has to pursue the in​ter​est of consumer/citizens but deviations can occur. A reformulation of the benefit function is oriented towards species vector of the citizens/consumer and this would give an expression 

N(Sc,sd,c,p)=.5[sc+sd]’(b,1[sc+ sd]+[sc+sd]’(b,2c+.5c’(b,3c +[sc+sd]’(b,4 xe + c’(b,5xe            (30)
Note it expresses the species vector of the nature expert as citizens’ preference plus deviation. As an assumption the citizens’ preference is exogenous to the ecologist. He gets information from the willingness to pay which is quantity “sc” multiplied by (shadow) price “(”. This forms a revenue constraint. The consumer preference brings the money. The decisive thing is that the agency (ecologist) conducts the final, now quadratic, version of a flexible benefit fun​c​​tion as an agency that should pursue “public task”, though by deviation he follows expert know​ledge. Remember, benefit function (30) contains the knowledge of ecological experts.  Then, we supplement (30) by two aspects: (1) labor costs and a (2) profit or surplus element.     

N(Sc, sd ,c)- C(.) =.5 sc’ (b,1 sc +.5sc’(b,1[2sc+sd]+[sc+sd]’ (b,2’c +.5 c’ (b,3 c  – d’l 

                              + C((,l) + [sc+sd]’(b,4 xe  + c’(b,5 xe                                                           (31)
The surplus element C((,l) is considered a bonus for working in nature conservation. Benefits shall marginally succeed costs. Apparently, in the approach we only marginally touch on spe​ci​fic labor aspect. Function (31) is still driven be the nature appearance be wished by experts. As a remark a prac​tical way to integrate labor may be to define service and costs as sub-units and integrate them into behavior constraints as in (32). Laboring can mean to narrow the gap. Narrowing the gap can be related to promotion campaigns influencing citizens’ preference.   

[(s.0 +(c,sl]sc –sn  ( sd                                                                                                          (32)
But this is beyond our current analysis, since, then, we have to look into the labor economy. Now let us assume the ecological expert has to pursue a different vector of preferred nature vector sc due to budget constraints to be met. We will see what happens if ecologists think to get money from citizens. He accepts that sc has to be delivered. Then the “preferred sn” is translated into a deviation sd. Inserting the measurement for a citizen oriented governance is equivalent to the biodiversity index (chapter (4.2)); the wished ecologist governance is then:
G(sn,sd ,c,p,l,d) = .5 sc’(b,1 sc +.5sd’(b,1[2sc +sd]+[sc+sd]’ (b,2’c +.5 c’ (b,3 c  – d’l + C((,l) +

                            [sc+sd]’(b,4 xe  + c’(b,5 xe  + (f[(sc- [c’– p’]Ae - d’l] +C((,l)                        (33)

The amended objective function (33) contains the financial aspects as a budget constraint. As said the assumption is that the revenue from willingness to pay is considered fix (exogenous) for the ecologist; but it will be made later flexible (endogenous) for the system solution. Dropping fixed elements gives for the remaining deviation:
G(sn,sd,c,p,l,d) = .5sd’(b,1[2sc+sd]+sd’ (b,2’c +.5 c’ (b,3 c  – d’l + C((,l) + sd(b,4 xe  + c’(b,5 xe
                           + (f[((sc - [c’– p’]Ae - d’l] +C((,l)                                                                 (34)

The labor is translated into deviations by a technology De,i sc. It means that the design is now according to deviations only.  

G(sn,sd,c,p,l,d) = .5sd’(b,1[2sc+sd]+sd’ (b,2’c +.5 c’(b,3 c  –[De,1- De,2]’sd + sd’(b,4 xe  + c’(b,5 xe
                           + (f [(sc - [c’– p’]A[sc+sd]] + De,1’sd]                                                           (35)

Then we get an expert “preference” function which is the ecologist’s interest function plus concerning public welfare. It recognizes the requested delivery for citizens as exogenous. It should be in balance with “public” will, though the ecologist is pursuing also his (nature’s) “interest”. The function (35) can be optimized to sd and (f which means that the deviation is maximized. For instance this gives the stake of the nature experts as marginal utility function.
(G(sn,sd,c,p,l,d)/(sn = (b,1[sc+sd] + (b,2 c + [De,1- De,2] + (b,4 xe + [c’– p’] (f = 0               (36a)                                                                    
(G(sn,sd,c,p,l,d)/((f = ((sc - [c’– p’]A[sc+sd] + De,1’sd =0                                                     (36b)      
In this system the second equations in “((sc” and [c’– p’]A[sc+sd]] is non-linear. But we can approximate it using a reference, because we look for deviations. For instance by Taylor Ex​pansion we get: (o(sc,o+(o(sc+sc,o( and [co’–po’]A[sco+sdo]+[co’–po’]A[sc+sd]+A[sco+sdo][c’– p ’]
This gives for the second equation a linear expression for the solution towards sd 

sd =[A*+De,1’] -1 [(o(sc,o+(o(sc+sc,o+[co’–po’]A[sco+sdo]+[co’–po’]Asc +A[sco+sdo][c’– p ’]   (36b’)
(36b) can be inserted in the first equation (36a) resulting in a residual behavioral function 
(*b,1 sc+ (*b,2’c + (*b,(f + (*b,4 xe  = 0                                                                                  (37)
It is a response of the ecologist as a coordinator, and the designing agency follows its ex​per​tise. Finally we can use the equations as tool to derive a simulated equilibrium for valuation.
6 Obtaining the Equilibrium for the Evaluation of Shadow Prices
The above derived behavioral equations, which are marginal utility functions as demand and supply functions can be combined to find a system that describes the “equilibrium” valuation for mana​ging the provision of species. Either by setting up a system of endogenous variables or sequentially we get “shadow prices” which are linked to costs and payments. We do it sequentially. Note the “species vector” is also a balanced variable between different interest functions. Taking first the two equations from the ecologists and the citizens behavior
(*b,1 sc+ (*b,2’c + (*b,(f + (*b,4 xe  = 0                                                                                  (37)
(c,1 (  = (c,2 a + (c,1 sc + (c,3 q + (c,3 xz                                                                              (27)  
we receive
(c,1 (  = (c,2 a + (c,1 (*b,1 -1 [(*b,2’c + (*b,(f + (*b,4 xe] + (c,3 q + (c,3 xz                                        (38);                                                                            
second inserting of q=(1-1[p -(1 + ( z´]+ (f,1 g + (f,2 zf, which is the farming structure, gives
(c,1(=(c,2 a+(c,1(*b,1-1[(*b,2’c+(*b,(f+(*b,4 xe]+(c,3(1-1[p-(1+( z´]+(f,1g+(f,2zf+(c,3xz (39)                                                      
In this equation the shadow prices ( and (f remain to be determined, since we can third equate “g” and “c”, and from the general description we know that a calculus λf exists: λf = Q3´-1Q2´[Q1+Q2Q3´-1Q2´]-1[c-p] or λf = Q*e[c-p]. Note the “supply” of farmers “s“, given “g”, must match with the optimized “nature” of ecologists “sn“, given the above considerations. Finally, the “a” index of citizens need some consideration. Let us assume that “a” is given by a demand function, which is perhaps determined in the sphere of travel costs, i.e. on empir​ical basis. Then, given monetary values for the achievement of the indices, this component is reduced to a price “pw”. This price which is correlated with “a” is exogenous to us. The price may come from hedonic pricing, travel costs, or willingness to pay and we get: a =  (a,2 pw
Inserting all this references in the above function our two variables of shadow prices display: 

(=(c,1-1[(c,1(*b,1-1[(*b,2’c+(*b,(f+(*b,4 xe] +(f,1]g+(1-1[p-(1+(z´]+(c,1(b,1-1Q*ppf+(c,2[(a,2 
     pw] +(f,2zf +(c,3 xz +(c,1(b,1-1(b,4 xe ]                                                                             (40)                             
Simplified expressed we receive a linear dependency between citizens/consumer willingness to pay “(” and farmers’ willingness to accept “g” vector which is determined by ecologists. 

( =(g+z                                 
This enables us to equate the “supply side” of farmers and “demand” side of experts using the cor​responding functions. The final solution is a “c” which then gives “λf”. Importantly by λf a weighted preference using a shadow price is obtained which helps to establish allocative ef​​fi​ciency. The λf is regressed on the knowledge of experts which is brought into balance with c.
7 Summary

The paper provided an approach how to get values for species and corresponding measures to pre​serve species in cultural landscapes if a focus is given on allocative efficiency. As an underlying concept we used a landscape mo​dulation approach which is directed by field sizes, buffer strips and intensity of farming. On the side of farmers these three categories of landscape design matter and farmers are compensated if they provide the desired changes by ecologists who are managers of the land​scape. On the side of citizens they are demanding amenities which are associated with a crude willingness to pay for certain species. Ecologists take the role of mediators. They are planning and managing the exchange of money and assure the equilibrium, which is given by own preferences and the knowledge on how to achieve the certain species compositions envisaged. However, only the interaction reveals weights for species in terms of different shadow prices. Shadow prices can be a source of amendments in the system, if new opportunities and threats emerge challenging ecologists. 
The paper provides a technical solution specifying value functions for each par​ticipant on the basis of retrievable behavioral functions. Shadow prices become retrievable if an optimi​za​tion is combined with a certain constraint criterion. For instance, as was shown, ecologist as land​scape managers can use their knowledge on likely species appearance given a specific land​scape design to realize a vector of species with the help of paying farmers. However, this vec​tor has been modeled as being subject to a flexible adjustment. The flexibility allows a mar​ket type of simulation of citizen, farmer, and ecologist preferences getting equilibrium values.     
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Appendix
Basically our approach follows the hypothesis: The development of a mathematical pro​gram​ming model for the design of nature enables a pricing for a preference oriented preserving of biodiversity at a certain level with a farming community. As a consequence we can derive a complete set of value variables (marginal values, relative and absolute) and relate them to the simu​lated equilibrium between citizens’ wishes/willingness to pay, farmers’ abilities/ willingness to accepts, as well as nature experts’ concern/financial capabilities. The procedure is suggested on the basis of linear technologies and constraint functions. A major building bloc, to be understood, is the task to derive objective and behavioral functions from program​​ming models. This includes the imbedding of programming in statistical analyses. For a further understanding note that a calibration is needed to base the perceived equilibrium on lo​cal conditions. Calibrating can be done using current projects or ecologists’ visions. Any evaluation of scarcity, shadow prices and payment structures has a generalized and a design spe​ci​fic element. Design specific elements can only be calibrated by using pertinent know​ledge of contributors to bio-diversity. An “equili​bri​um”, i.e. interde​pendency of valuations can solve the problem through an intrusion of flexi​bility in limited knowledge. To generalize a ME approach can be used (Golan, et al. 1996). A next step is to generalize through a quadratic value function which is consecutively subject to the definition of the corresponding matrices. As has been discussed (Howitt and Paris, 2000) and suggested for fulfilling certain criteria (Heckelei and Wolff, 2003) at a minimum a quadratic approximation can be: 

V(r, e) =0.5 r’ Q1 r + r’ Q2 e +0.5 e’ Q3 e   






  (A1)
which in our case is the result of a linear programming of minimizing costs. For this repre​sen​tation we can derive the derivatives and determine the constraints for the maximum entropy 

               A e  =  Q1 r  +  Q2 e                                                                                              (A2a)
 A’r + ( + c - p  =  Q2 r  +  Q3 e                                                                                          (A2b)
The maximum entropy itself is a function of probabilities that are maximized for stratified coefficients ranges. For instance for the matrix Q we use the representation matrices L and D
               Q = L D L’                                                                                                             (A3)
Whereby D is a diagonal matrix and L is a lower and L’ is an upper triangular matrix (Cholezky factorisation). Basically maximum entropy (Golan et al. 1996) works with a concept and a specification of probabilities “(” that are used to find the most likely distribution function for the coefficients of L and D which are supported by a matrix Z of an a priori given spectrum of a support matrix. The number of observation can be singular.
L = (s ZL(j,j’,s) (L(j,j’,s)                                                                                                      (A4)
D = (s ZD(j,j’,s)  (D(j,j’,s)                                                                                                    (A5)
A specification of the entropy function 

H = - (i,j,j,s (L,i(j,j’,s) log((L,i(j,j’,s)) - (i,j,s (D,i(j,j’,s) log((D,i(j,j’,s))                                (A6)
s.t.                   A e  = (ZL,1(L,1)’(ZD,1(D,1) (ZL,1(L,1)  r  + (ZL,2(L,2)’(ZD,2(D,2) (ZL,2(L,2) e  

      A’r + ( + c - p  = (ZL,2(L,2)’(ZD,2(D,2) (ZL,2(L,2) r  + (ZL,2(L,3)’(ZD,3(D,3) (ZL,3(L,3) e   

gives the needed information on the coefficients.
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