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Abstract

The paper’s objective is to suggest a microfoundation both of pop-
ulation growth based on economic methodology and a microfoundation
of agricultural production functions. For that purpose, we consider an
ecosystem with two species which stand in predator-prey relationship,
mice feed on grain and grain feeds on an exogenously given resource.
Farmers harvest grain and furthermore they can grow grain by using fer-
tilizer and pesticides. A short-run ecosystem equilibrium is characterized,
and it is shown how this equilibrium depends on farming activities. Mov-
ing short-run ecosystem equilibria constitute species population growth
and since grain is harvested the grain growth function constitutes the agri-
cultural production function. Finally, maximizing instantaneous profits

it turns out to be optimal for farmers to choose the chattering control.
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1 Introduction

The economic pest management literature has focused on controlling the relation-
ship between a plant and its predator in which the predators cause their major
damage by consuming plants (Hall and Norgaard 1973, Feder and Regev 1975).
The measures for stimulating crop growth which have received most attention in
the literature are pesticides and fertilizer. Despite all the work done in this field
there is still an ongoing discussion about specifications and functional forms of agri-
cultural production functions, i.e. about the relationship between crop responses to
pesticides and fertilizer. For econometric studies of pesticide use on crop response
we refer to Babcock et al. (1992) and Carrasco-Tauber and Moffitt (1992). For
studies of fertilizer use on crop response see Berck and Helfand (1990) or Chambers
and Lichtenberg (1996).

In the aboved mentioned literature the ecological system is characterized by
dynamic stock-flow relationships. Macro approaches are applied that take pop-
ulations as basic endogenous variables and hence disregard the microstructure of
intra-ecosystem transactions. The first contribution of this paper is to develop a
microfoundation of population growth and to link this population growth to fertil-
izer and to pesticides. Building on Hannon (1976), Crocker and Tschirhart (1992),
Tschirhart (2000, 2002, 2004), Finnoff and Tschirhart (2003a, 2003b) and Eichner
and Pethig (2003, 2004) we apply economic concepts such as prices and optimiz-
ing behavior to explain the interactions of organisms which stand in predator-prey

relationship.!

To be more precise, the predator (here mice) feeds on the prey (here grain) and
the prey feeds on a vital base resource whose supply can be augmented by applying
fertilizer. In the short-run period all populations are constant and the representative
organisms of the prey and predator species behave as if they maximize their net-
offspring as price takers choosing their prey biomass demand and the supply of own
biomass subject to some constraint. In the short-run period, pesticide come into
play, too. We assume that pesticides restrain or prevent the predator species from
feeding on prey species. For given economic activities (fertilizer and pesticides) the
aggregated net-offspring each species has generated in the short-run period then

gives rise to that species’ population dynamics over time. The predator-prey system

Tt should be mentioned that there are other economic cocepts used for providing microfoun-
dations, e.g. Pethig and Tschirhart (2001)’s approach is based on congestion and Pethig (2004)

models organisms interactions as non-cooperative game 4 la Nash.



is derived (rather than assumed) that links changes of species populations in time
(flows) to populations (stocks). In addition, the link between population growth

and farming activities is also derived.

Since farmers harvest the prey population, the prey growth function turns out
to be the agricultural production function. Thus the second contribution of this
paper is to provide a microfoundation of the agricultural production function and
to determine its properties. Finally, we analyse the farmer’s optimal pest control
which is the third contribution of our paper. It is shown that it is optimal from
the farmer’s perspective to choose the so-called chattering control which calls for
switching between applying no pesticides at all and applying the maximum amount

of pesticides.

The paper is organized as follows. In Section 2 we present the short-run model
of the ecosystem and derive the population growth functions and the agricultural
production function. Section 3 elaborates on the farmer’s dynamic pest control

problem and Section 4 concludes.

2 Growing crops in an ecosystem with pests

Consider an ecosystem inhabited by mice in which a farmer grows grain on a field
of given size. Mice feed on grain and grain feeds on’ a resource such as sunlight,

minerals or water.

To specify the grain-mice interactions we first consider a short-run period, a
point in time, where the populations of grain and mice are constant. Since all organ-
isms of a species are assumed to be identical, it suffices to focus on representative
organisms. During the short-run period every organism produces net offspring that
increases with the amount of prey-biomass intake and declines with the amount of
own biomass sacrificed to predators. More specifically, let g and m, the net offspring

of the representative grain and mouse respectively, be given by

g = 1] (25— 2y) — Wy, (1)

)~ wine (2)

For + = r, g, m the demand for prey biomass is x;, where r stands for the resource.
For j = g, m the supply of own biomass is z;. v, p €]0,1] and ¢, > 0, Z,, Zm,
Wq, Wy > 0 are parameters. s is the amount of pesticides the farmer applies to the

field to restrain or prevent mice from feeding on grain. The resource is the prey



species’ for grain. At each point in time nature makes available the same amount
of the resource, 1o > 0. This natural supply is normalized, for convenience, by
setting 7o = 1. However, the farmer can augment that supply by applying fertilizer
f. In that case total supply is 7 = ro+ f = 1+ f. Thus, f > 0 and s € [0,1/c,,]
are activities at the farmer’s disposal. For the time being these variables are kept

constant.

The biomasses of all species are viewed as commodities traded in a system of
competitive markets, where ’intake of prey biomass’, z, translates into ’demand for
prey biomass’ and ’loss of own biomass’, z, is interpreted as 'supply of own biomass
to predators’. The biomass transfer activities (z,,z,) and (24, 2,,), the organisms

are engaged in, are subject to the constraints

(1 —0ypgleg +pg2g = pra, (3)
(1 - Hmpm)em + DPmzZm = DgTy- (4)

In (3) and (4), #; > 0 and e; > 0 for i = g,m are constants. p,, p, and py,,
are nonnegative scarcity indicators called prices, for the resource and the biomass
of grain and mice, respectively. All prices are taken as given by the organisms
while they are endogenously determined by the competitive mechanism that will
be specified further below. For 6; = 0 the constraints (3) and (4) look exactly like
budget constraints of consumers in the microeconomic theory of households, where
e; would denote exogenous income and p,, p, and p,, would represent market prices
at which the consumer can sell or purchase the respective products.? However,
since the ecosystem model is not monetized (a property which it actually shares
with the neoclassical model of the economy!) prices and incomes are denominated
in virtual units of account. To see that the isomorphism between consumers and
organisms of nonhuman species makes sense, observe that (in case of §; = 0) the
exogenous income e; reflects an organism’s predation power in the sense that for
any given price of prey biomass it determines the amount of prey biomass, e,;/p,
Or €,,/pg, the organism is capable to purchase without being forced to sacrifice own
biomass. However, purchasing prey biomass beyond that amount requires to sacrifice
own biomass. This implication of the constraints (3) and (4) readily reflects what

ecologists refer to as the organism’s predation risk.

In case of a positive (and constant) parameter 6;, organism i’s exogenous in-

come is still e;, if and only if p; = 0. Otherwise it is (1 —6;p;)e; < e;, and it becomes

2The counterpart of ’supply of own biomass’ in the economic consumer theory would be ’supply

of labor’.



even negative, if p; exceeds some positive threshold value. The idea behind that
hypothesis is that if biomass of the organism under consideration is very scarce,
which is the case when the predation pressure on that organism is high and hence p;
is high, then it is forced to yield (some) own biomass to its predators even without
being compensated for that by an intake of its own prey ’in exchange’. The size of

f; will turn out to have an important impact on results.

Grain organisms maximize (1) subject to (3) with respect to x, and z, which

yields their demand for the basic resource and their supply of own biomass,

e e
xT:&’YzzﬂL’Y—ga Zgzegag+723_(1_7)_g’ (pr > 0,94 > 0), (5)
Pr Pr Py

where 23

gives rise to the mice’s demand for grain and their supply of own biomass,

=z, — €,0,. Maximization of (2) subject to (4) with respect to =, and z,,

Pm €m _ €m
T, = _szn +,U/_’ Zm = emﬁm —|—,U/an - (]- - ,U/)_a (pg > Oapm > 0),(63)
pg pg Pm
€m
g;g = p— Zm = 0, (pg > Oapm = 0)’(6b)
9

,0 =
where 27 = z,, — €,0,,.

It is useful to briefly check how an organism 7 adjusts its demand and supply

to parametric changes in prices and in its constraint parameter 6;. (5) readily yields

0z 0z 0z ox ox

950, 2=0,-"2>0--<0, =<0 d

20, " " op, " op, 00, " op o M

ox, _ _

o, ; 0 = zz = Z, — €40, z 0. (7)

According to (7) an increase in p, triggers the same response as an increase in 6, if
and only if 6, > 0, := z,/e, > 0. Otherwise dz,/dp, > 0, i.e. an increased sacrifice
of own biomass following a rise in pgy, is (partly) offset by increasing its resource
intake, Ox,/0p, > 0. In this sense grain can be called a weak or a strong species

depending on whether 6, > 0~g or 0, < 0~g.

A short-run ecosystem equilibrium is constituted by a vector of transactions

(%, 24, T4, 2m) and prices (p,, Py, Pm) such that (5) and (6) satisfy the market clearing

conditions
Mgy 1+r=f, (8a)
Ny NgZg, (8b)
Ny, N Zm. - (8c)



Equation (8c) demands equilibrium on the market for mice biomass, where nyz,,
denotes total demand of mice biomass by all members, n;, of some species that
preys on mice. However, in the food chain studied in the present section mice are
the top predators by assumption and therefore there is no species, developing a
demand for mice biomass. Yet it is interesting to see with the help of (8c) how the
nonexistence of a market for mice biomass is derived as a natural implication of the
formal model. Let n; be the population of a species, say buzzards, that would prey
on mice if it would inhabit the ecosystem. Since it doesn’t, we set n, = 0 which
implies x,, = 0. For that reason (8c) is satisfied if and only if z,, = 0. Sufficient
for z,, = 0 is p,, = 0 which is just another way of saying that a market for mice

biomass doesn’t exist.

The next step is to calculate equilibrium prices and quantities. To facilitate
notation, it is convenient to introduce at this point already the assumption that in
every period the farmer harvests all grain in excess of some given grain population
(transferred as seed to the next period) which we normalize to be n, = n,. Hence
we set n, = i, in (8a) and (8b) and insert the demand and supply functions (5)

and (6b) into the market clearing conditions (8a) and (8b) to obtain the equilibrium

prices
v (NgegZg + Nnem 2’ Ngeg(1 — ) + npe
Dr = (gggA mmg)’ by = gg( :Y) mm’ pm:(), (9)
rZg 29

where 2, :=¢,0, +vz°. In view of (8), (5) and (6b) the equilibrium transfers are
9 9% 9

r Nm€mZg

bl Z — —
! Ngey(1 =) + nmen

2 = 0. (10b)

T, = . (10a)

9
Ng Nm€m2g

N, figeq (1 — ) + npem’

flfg:

In (9) and (10) we have fully specified the equilibrium allocation of the short-run
ecosystem model. The next step is to link consecutive short-run periods by focusing
on the growth (or decline) of species over time. This population update is done by
simply inserting (10a) in (1) and (10b) in (2):

1—7y
: 1 T (1 = ) (geoZg + MnCm 2]
@ — — :*_f ( _’7)( 9-9~9 g) _Wg —. G(f,nm)(lla)
Tig Tig ngeg(1 =) + nmem
- ~ 2 p
Ny, ngeg(1 — ) + npmem
We now wish to characterize n,, as a function of n,,. Define [-] := nge,(1 —



Y) + Nmem, for convenience of notation, and differentiate (11b):

dn, —p—
dL = (1 - Cm ngeng {[ — NmEmpt H g 1} - Wm, (12)
nm
d*n,, L I Nmem (1 + 1)
T (1) (g ety 1 {2 = Pl o)
It is obvious from (11b) that n,, = 0 is satisfied for n,, = 0 as well as for
1—p
-7 1— 7
= N™(s) 1= (1 — Cp8) g5y — (1 =7)nges (14)
Wi Cm

Note also that gZ—Z > 0at n, =0, ifand only if (1—c;,5)"(7igey2)* (Mgeq(1—7) 24" <
Wy, which will be assumed in what follows. When combined with (13) and the
observation that n,, = 0 at n,,, = 0 and at n,,, = n;’ this assumption proves that n,,
is an inverse u-shaped function of n,, with n}’ representing the carrying capacity
of mice.> Hence we established that for any constant application of pesticides, the

mice population exhibits logistic growth.

Taking a closer look at the agricultural production function g = G(f, n,,) from
(11a) we obtain

Proposition 1 (i) G(f,n,,) is strictly increasing and strictly concave in f.

(ii) (a) G(f
(b) G

(fynm) is strictly decreasing in nyy,.
( (2—7)ngeq
mtgeq(1=7)y

Ny) is strictly convex (concave) in ny, if and only if 5— z

S

‘é\z|| S]]

Proof: Differentiation of G’ with respect to n,, yields after some rearrangement

of terms

1+f K > > (1=7)(AgegZg+nmenzs) ] 7

(5) (1= )2egem [7 — (1~ 7)2l) [t e )]

G,, = — — 5 , (15)
[ngeg(l =) + M)
v _ 07 [(1=)(ngeqzg+nmemzf)] ~771
(S2) 5y 1 = ey [2 — (1= )2f) [lnacistmmen i)
[ﬁgeg(l —7) + nmem]4

. [Zgﬁgeg(Q —v)+ Z, O 2nmen, + ngey(1 — 7)7)] ) (16)

Gnmnm -

Observe that G, <0 due to z, — (1 — 7)Zz.. In addition, we find

<

G = Zyligeg(2 = ) + 20 (2nmem + ngeg(1 — 7)7) ; 0. (17)

3As defined in (14), the carrying capacity depends on - and is hence explained by - the charac-
teristics (micro parameters) of both grain and mice in a complex way. That gives rise to a variety

of interesting testable hypotheses which will not elaborated here, however.



The condition on the right side of (17) is equivalent to znme(j:%);"g f— z - N

3 Optimal Pest Control

Consider now the farmer’s grain growing activity. She faces the instantaneous pro-
duction function from (11a) and the equation of motion (11b), the constant and

time-invariant prices for grain, 7y, for fertilizer, 7s, for pesticides, 7, and she solves

maX/ e"”[ﬂgG(ft, Nmt) — Tpfr — Tes,]dt
0

ft.st
subject to 0 < sy < 1/¢pm,  1m(0) = N € [0, ],
Nglm?2 a
Tt = Nt 3 (1 — € 8)* Al } 21“—wm},
t ' {( ) {ﬁgeg(l =) + Nmem "

where 7, = N™(0) denotes the maximum value of n,, if n,¢ € [0,7,,] and s = 0

given by (14). The current-value Hamiltonian

H = 7rgG(flta nmt) - 7Tfft — TS

NgCom? "
+ \n 1—c,s)* g m"g ZI-H )
o= [ m

1—7) 4+ npmen

is strictly concave in f; if 7, > 0 as G is strictly concave in f;. As (1 — ¢ps0)* is
strictly concave in s;, the Hamiltonian is strictly concave (strictly convex) in s, if
At > 0 (A < 0). Since H is additively separable in f; and s; (it can be written
H = H,(f:) + Hi(st)), maximization of H requires to maximize H; with respect to
fi and Hs with respect to s, (there is no need to consider cross partial derivatives).
Maximization of the Hamiltonian is thus possible for an interior value of f;, which

will be assumed, while a boundary solution with respect to s; will emerge if A\, < 0.

Optimum Conditions In order to simplify notation, the time index ¢ will be

suppressed. Necessary optimum conditions are

Hf :ﬂ-ng(fa nm) — Ty :07 (18)
max H (ny,, f, s, A), (19)
_ . n
) Nglm?
A= 6A = 714G (f,11m) = A4 (1= cyus)” o 7
i) =2 (1 = )t | s

L N (1 — Cps)H ey 25

[ Tg€mZg ]“
Ngeg(1 — ) + npmem | gey (1 — ) + npem



The derivative of H with respect to s is

Ng€mZg

ngeg(l — ) + npem

H; = —mg — AnpCpp(l — cps)* zlon, (21)

Convexity of the Hamiltonian We begin by proving that A < 0. Suppose on
the contrary that A > 0 at some time ¢;. If A = 0, equation (20) implies that A >0
(as G,,, < 0) and therefore A > 0 for all ¢ > ¢;. Thus, we may as well suppose that
A > 0 right from the beginning. This implies that H; < 0 for all s € [0, 1/¢,,]; hence,
s = 0 maximizes the Hamiltonian and n,, converges to nis = N,,(0) > 0 according
o (14). According to (20), it follows that A asymptotically follows the differential

equation
. NS e,z H NgemZg K
A=0A—7, Gy, (f,ni)+)\ = o o — )
—=— Ngeg(1 =) + nmem [ Ngeg(1—7) + nimem
=:C ~
=:C9

where C; < 0 and Cy > 0 are constant. As we are in a steady state when n,, = 0
and s is constant, the optimum conditions also require A = 0. This implies

ﬂ-anm(f’ nf{:)

\ =
0+ Csy

<0,

a contradiction. Thus, A\(¢) < 0 for all ¢ and the Hamiltonian is strictly convex in s.

Linearized Problem In order to solve the convex control problem we first analyze
a linearized version. Replacing (1 — ¢,,,s)* by (1 — ¢,5) in (11b) yields the current-

value Hamiltonian

H=7,G(f,nm) — 7npf—mss

+ )\ ( ) /n/gemég 71—[L 22)

which is strictly concave in f and linear in s. Notice that at the boundaries s = 0
and s = 1/¢,, the solutions of the convex and the linearized problem coincide,
respectively. For the sake of simplicity, we assume an interior solution with respect
to f. According to (18), it is then possible to insert the optimum value f* as a
function of 7¢/m, and n,, into G, yielding a problem that is pre-optimized with

respect to f. The pre-optimized problem contains just one control variable, s.



Defining

Anp) =m,G(f* ) — s f*, B(ny,) = —m5, ®:=s

_ 2 I
. NgemZg g
a(nm) * nm |:77lg€g(1 o /y) + nmem:| Zm nmwma
_ . "
Mgl 2
b(nm) = —cmn Akt Z
(o) e {ﬁgeg(l —) + nmem} "

and applying the transformations
M(np) == A(ng) — a(ng)B(nm) /b(nm), N(ng) = B(nm)/b(nm)
puts the problem into the form

max /0 M () + N ()i ]dt

S

subject to 1, (0) = npe € [0, Ty, (23)

Nm € {a(nm) +b(nm)s | s €[0,1/cnl},  nm € [0, 1)

This problem can be handled using the following theorem, which summarizes The-
orem 3.2 and Note 3.2 in Feichtinger und Hartl (1986, pp. 68-73) adjusted for the
present purpose. An FPAP (fastest possible adjustment path) to another given path

ny,(t) is, loosely speaking, a path n}*(¢) that at any instant ¢ comes closer to n;, (¢)

than any other path n}**(¢).

Theorem 1 (i) Let Ny < My < Mg < Aoz < .. < Mgy be admissible solutions
of (28) that satisfy®
ON (1) + M'(ny,) =0,

where

>0 of Ny € Mmi1,Mmi)  or 0 < n,, < Ny,
SN (m) + M () = f (i1 Pomi) 1

<0 if Ny € (Nmis Mma) 0T Ny < Ny < Ty
Then, if it exists, the FPAP to one of the equilibria fipy, . . ., Ny is optimal.®

(it) If there is an additional solution My > My (Mmo < Tm1, T€SP.), Ny, is bounded
from above by fi,, < oo (from below by 0, resp.) and ON(fiy,) + M'(7i,) > 0
(6N(0) + M'(0) < 0, resp.), where Ny > Ty (0 < Tupo, Tesp.), the FPAP to

one of the equilibria My, . .., Ny or to y, (0, Tesp.) is optimal.

*M' denotes the derivative of M with respect to 1ny,.

5t [hm
T ()

singular level 71, and any admissible solution n,,(t). Since for the present problem N(z) is always

5In addition, the condition lim;_ o €~ N(z)dz > 0 must be satisfied for any optimum

positive and bounded from above except for z = 0, this condition is always met.



(111) If N (ny,) + M'(ny,) > 0 (ON(ng) + M'(ny,) < 0, resp.) for all n,, € [0, 7i,],
the FPAP to n,, (0, resp.) is optimal.

For the problem at hand, the functions M and N are given by

Ao 8 1
M(nm)zwga(f*,nm)—wff*ﬂs{[ Ty }Zgnu_i},

ngeqg(1 — ) + nyen,

Ts

N(nm) =

— 2 M
[ Tg€mZg ]
,l—M —
CmMmiZm ngeg(l - ’7) + Nmem

The condition N (n,,) + M'(n,,) = 0 is equivalent to

SN (nm) + ﬂ-anm(f*7 Nim) +

TsHem |: ﬁgemég :|N =0
fgey(1 — ) + npmem | figeg(1 — ) + npmen '

For G,,,, (f*,nm,) we refer to equation (15).

Unfortunately, analytical results are hardly obtainable except for the result
lim,, 0 0N (ny) + M'(ny,) = 4oo. For that reason, in the following we present
a numerical example based on the parameter values: § = 0.05, ¢, = e, = 1,
y=pn=05 1y =10, =0, =0, wy =w, =600, 2, = Z, = 10000. The
function dN(n,,) + M'(n,,) is presented in® figures 1-3 for different price ratios
my/ms. Starting at 7, /7 = 0 figure 1 shows that the dN(n,,) + M'(ny,)-curve lies
completely in the positive orthant. Notice that the upper bound of n,, is given
by i, = N™(0) according to (14). Thus, part (iii) of the theorem implies that at
my/ms = 0 the FPAP to N™(0) is optimal. Considering equation (11b), it is obvious
that the FPAP requires to use the boundary solution s = 0. A similar picture also
emerges if we increase m,/7m, but m,/m, is sufficiently small. Thus, if the price of
grain relative to the price of pesticides is sufficiently small, it is optimal to use no

pesticides at all.

Figure 2 illustrates the dN(n,,) + M'(ny,)-curve for m, /7, = 0.001, which has
two points of intersection with the n,,-axis. Part (ii) of the theorem implies that
either the FPAP to the first intersection point 7,, or to the upper bound 7, = N™(0)
is optimal. In the first case, the optimum policy with respect to pesticides depends
on the initial value n,o. If ny,0 < My, s = 1/¢,, is optimal initially. At the instant
when n,, = fi,,, the optimum solution switches to s €]0,1/¢,,[, where it rests. If

Nmo > Ny, § = 0 is optimal initially. When n,,, = 7,,, the optimum solution switches

6Figures 1-3 are freehand drawings emphasizing the main properties of the function SN (n,,) +
M'(n,,) in a stylized way only. The exact plotted graphs can be obtained by the authors upon

request.
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S N(n, )+M'(n,)

Figure 1: The numerical example 7 /7, = 0

to s €]0, 1/¢,,[ as before. In the second case, the boundary solution s = 0 is optimal.

If o = A, then s €]0,1/c,,[ is optimal right from the beginning.

3 N(n, )+M'(n,)

I Ty
ss
nm

Figure 2: The numerical example 7,/7; = 0.001

Finally, for 7,/m, = 20, which is shown in figure 3, we have one point of
intersection, f,,. Part (i) of the theorem implies that the FPAP to 7, is optimal.
The optimum policy regarding pesticides is qualitatively equivalent to the policy in

case of an interior solution in figure 2.

Convex Problem Regarding the original convex optimization problem, notice at
first that the values of the objective functionals must coincide in case of boundary

solutions. In addition, since interior solutions are possible for the linearized but not

11



8 N(m, )+M'(n,,)

Figure 3: The numerical example 7,/7; = 20

for the convex problem, if a boundary solution is optimal for the linearized problem,
it must be optimal for the convex problem all the more. Thus, whenever s = 0 is
the optimum solution of the linearized problem, it is the optimum solution of the

convex problem, too.

Next suppose that an FPAP to an interior equilibrium is optimal for the lin-
earized problem, implying that the optimum policy is either to choose s = 0 or
s = 1/ep, respectively, for an initial interval and then switching to an interior solu-
tion (or choosing the interior solution right from the beginning). As the Hamiltonian
of the convex problem can never be maximized using such an interior solution, the

convex problem always implies a boundary solution with respect to s.

In the following we apply Theorem 3.4 of Feichtinger and Hartl (1986, p. 79)

which transfered to our context reads:

Theorem 2 As the optimum value of the convex problem can never reach the op-
timum value of the linearized problem in case of an interior solution, the linear
optimum constitutes an upper boundary of the convex problem. Then this upper
boundary can be approrimated arbitrarily close by choosing a chattering control, im-
lying that the farmer should switch as often as possible from s = 1/¢,, to s = 0.
The average level of s should correspond to the optimum level of s for the linearized

problem.

12



4 Extensions

There are several extensions of our model which are worth to be mentioned. First,
one could add a third species, say buzzards, which feeds on mice. Then an inter-
esting task would be to compare conventional farming, i.e. the use of fertilizer and
pesticides, and green farming, e.g. improving the living conditions of buzzards. An-
other promosing extension consists in the analysis of indirect effects of pesticides.
If the resource is water pesticides may contaminate water and harm the growth of
grain. Another impact of pesticides could lie in a reduction of the the grain qual-
ity. The grain price, 74, may be a hedonic price function depending on the grain’s
quality. The quality reducing impact of pesticides goes hand in hand with a price
reducing impact and we get a trade of in applying pesticides. However, this effect

may be especially relevant for eco farming products.
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