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Abstract:

This paper shows the direct linkage existing between the environmental sustainability and the diffusion
of organic agriculture. The reason is that the environmental impact of organic agriculture is different and
somehow less polluting than industrial (let us say, traditional) one. Moreover, the former delivers also healthier
food, according to part of the literature. Thus, seeking for sustainability, the policy-maker may find easier to
influence the allocation of natural resources in favour of the organic cultivation as an instrument to care Nature.
In order to claim this rationale, a model of resource allocation is presented and the golden rule derived. The
paper finally shows that organic agriculture generates a global positive externality, which implicitly measures the
relevance of the balancing intervention on resources allocation.

Keywords: sustainability, organic food, organic agriculture, externalities.
JEL Classification:Q18
1. Environmental sustainability and agriculture

One of the easiest direct link between Nature and the economic system refers to agricultural activities. It
is true that the progress induces producers to apply industrial ingredients and techniques to the primary sector,
such as technologies, processes, and factors of production but, however, the land cultivation still appears the
most naturalistic way to exploit natural resources. Surprisingly, at a careful sight, one could argue that traditional
agricultural techniques are far from being undoubtedly respectful of the environment. It is very difficult to define
properly what sustainable agriculture is (Cobb et al., 1999, provide a detailed review about this issue), but it is
quite simple to understand that the need for always more abundant quantities, combined to the required
aesthetical beauty of agricultural products (often uncoupled with quality and taste) pushed techniques and
productive processes toward dangerous conducts, such as the adoption of chemical substances that damage
both products and land while are harmful for consumers. Roughly speaking, one can conclude that products from
agriculture (and similar argument could be referred about livestock) are not so natural as they could appear at
first sight.

Thus, the agricultural production is sometimes looked at a sort of artefact, because of the mixed adoption
of heterogeneous ingredients and techniques that may differ from a, let us say, “prefect, rural and genuine
portrait”. This feeling has deeply contributed to the development of the organic approach to the set of agricultural
activities, looking for a return to a genuine non-industrial approach to the primary sector. Relevant differences
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between traditional and organic products are inherent to the choice of ingredients and techniques adopted in
cultivation. The International Federation of Organic Agriculture Movements defined an organic system (IFOAM,
2009) on the basis of its capability to sustain the health of soil, ecosystems, and people. The exclusive usage of
completely natural ingredients, the exclusion of pesticides, chemical additives or any other industrial technique,
makes (in theory) the organic production much healthier and less polluting. It is very important to notice that this
paper will build upon the assumption that the definition of organic agriculture, organic products and organic food
corresponds to such a portrait. This paper will not try to make a precise comparison between (actual) organic and
industrial agriculture, in order to demonstrate which one is the best. Here, we will not argue analytically all of the
set of chemical substances or review the processes, the conducts, and the technology adopted in the primary
sector, looking for specific differences in order to quantify, by means of exact calculations or empirical data, the
economic value of the difference in the environmental impact caused by both types of agricultural activity. This
paper is directed exclusively to show a policy implication that may emerge clearly if the reader is aware that the
organic agriculture is more sustainable than the industrial one in the sense that, however and no matter how
much, the former is less polluting than the latter.

Further, the reader should understand that if an immediate benefit arising if from agriculture came just
healthy food and products would be a longer and a happier social development. However, part of literature still
questions the real existence of health advantages of organic food compared to industrial agriculture (see
Dangour et al., 2009 and 2010). Here we will not try to solve arguments like these, because a complete
nutritional comparison is not possible and goes far beyond the goal of the present article. Therefore, given that it
is not the main topic, we will leave this aspect as a simple intuition. Barlett (1989) noticed, however, that
industrial agriculture heavily adopts processed fertilizers and technologies with greater impact, increasingly
substituting human contribution or animal labour with machinery. Stolze et al. (2000) reported the effects of the
organic agriculture in comparison with traditional cultivations one. Their results show that, in most cases and
even if with great variability, the environmental impact of organic agriculture is lower than traditional ones.
Following OECDs (2003) classification, the consequences of the organic agriculture on the natural capital
depend on the way that biological systems interact with Nature (Shepherd et al., 2003): e.g., treatments for
cultivations go to the soil, and from the latter to deeper substrates, and so on. Similarly, fruits, flowers, insects,
will be involved in related consequences. Mader et al. (2002) confirmed that organic agriculture is more efficient
in terms of energy and other inputs, which improves soil fertility, reduces emissions, widen biodiversity, and is
also safer for farmers (Pimentel et al., 2005). Consistently with these results, many contributions are well focused
in demonstrating adverse consequences of the fraditional approach to agriculture: declining land fertility,
diminishing effectiveness of chemical pesticides, increasing environmental risks for human health and Nature
(see, inter alia, Dupraz 1997, Matson et al. 1997, Altieri 1998, Drinkwater et al. 1998, Tilman 1998, Mishra et al.
1999, Popp and Rudstrom 2000, Boschma et al.2001, Pretty et al. 2001, Melfou and Papanagioutou 2003).

The point here is that the sustainability characterization of the organic agriculture is somehow undeniable:
the definition itself of the concept of organic product implies that its producer has to pursue production in such a
way that is per se more sustainable than the traditional one. This creates a combination of multiple positive
effects: not only does organic production provide most likely healthier food, but also it is less polluting. This
means that a generalized adoption of organic agriculture would induce both higher welfare and cleaner
environment, simultaneously. The reader must be aware that here we will not proceed with a deep investigation
aimed to show how close the actual contemporary organic production is to this theoretical definition. We will
develop our analysis by considering that the definition of organic agriculture is correct. Probably, also in some
organic production some pollutant is adopted, whereas it is not correct to simply treat all of the “traditional”
agricultural activities as the same (from the very extensive conventional low input farming, which is almost as
environmental friendly as organic farming, to mixed farming, to very input intensive farming and even farming that
uses techniques like precision farming or genetically modified plant species or both together). The point is simply
that industrial agriculture is cheaper than the organic one and therefore producers prefer the former since, due to
the lack of correct information, customers will buy their (apparently) cheaper goods. Referring to the informative
problem behind the food choice, many surveys have been carried out, showing that consumers notions about
organic quality is fundamental in motivating their choice, along with the attention to the natural system and the
concern for environmental protection. As Campbell and Liepins (2001) and Dabbert et al. (2004) among many
others, point out, organic agriculture is based upon values of sustainability, recycling, and natural welfare. These
issues are particularly delicate, since it is very important to consider the question of the perceived quality of
organic products in order to address proficiently the attention in terms of policy (Darrington, 1999, Reavell 1999,
UNDP 2000). The amount of resources that are allocated in traditional agricultural activities cannot be instantly
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reallocated in organic agricultural productions, since a lot of constraints: many lock-in effects for technological
investments, very strong habits, yield differentials. Part of the literature investigates the difference existing in
yields from organic and industrial agriculture, see inter alia Badgley et al. (2007), De Ponti et al. (2012), and
Seufert et al. (2012). Of course, if such a substitution were possible, a very high increase in environmental
quality would be obtained. However, it can be said that even a partial shift toward organic processes can obtain
significant results: the agricultural production would be coupled to better environmental conditions -i.e. a positive
externality emerges because environmental conditions (for example in terms of land fertility and pollution
reduction) are improved. In other words, the organic agriculture affects positively environmental quality and this,
in turn, without taxes, permits, environmental standards, and other constraints gives rise to a positive naturalistic
externality: sustainability is at work, the system is sustainable while it is profitable. Put in the perspective
suggested by the European Commission (2004), organic farming ensures two positive impacts on the society: on
one hand organic farming is a method for producing food products, but on the other it is known to deliver public
goods, primarily environmental benefits, and also public health, social and rural development and animal welfare.

This paper provides a theoretical model to show that, given that the organic approach to the primary
sector is less polluting than the industrial one, the adoption of policies that enhance the conversion of the primary
sector to organic farming may obtain relevant results in terms of sustainability. In this sense it refers also to the
existing debate in literature about the public support measures for organic farming (see inter alia Sanders et al.,
2011), but our model adds a theoretical perspective of the externality generation: the point is that the quality of
the environment and a greater respect of natural ecosystems belong to the definition itself of organic agriculture,
whereas the industrial approach cares just about economic efficiency. Thus, from a private point of view, the
market fails because nobody pays for the environmental damage. From a collective perspective, the policy-
maker may decide to induce a conversion in the primary sector in favour of organic procedures: this may
generate a positive externality that compensate both the higher costs of cleaner agricultural productions and the
lower yields in terms of better environmental quality. Moreover, even if an undeniable proof of the superiority of
organic food (both in terms of nutrition and health effects in the medium-long run) is not available yet, these
policies would at the end result in higher environmental quality associated to (at least) non-worse food, that
means a superior social equilibrium. A theoretical model of resource exploitation is provided to show the choice
between environmental care (i.e., organic agriculture) and traditional agriculture. Then, the problem is restated to
derive the optimal allocation rule for natural resources. The model will show conditions for optimal use and
underline the value of the aforementioned externality. The paper is structured as it follows: section two presents
the model and section three concludes with some policy implications.

2. The model

Before proceeding to the model description, we have to present a couple of interpretative assumptions.
First of all, our model will not discuss how to divide resources among sectors in the economy. It, instead, will take
as given the amount of natural resources that the economy devotes to the primary sector, and will show how the
organic production can give rise to a positive external effect that would make the entire system more sustainable.
Theoretically speaking, the organic agriculture can produce as much as the traditional one, but with higher costs.
Truly, in order to maintain unaltered the total amount of production, organic agriculture needs more resources
than the industrial one, per unit of final good. This means that, even if it is possible to assume the total amount of
natural resources that the economy devotes to the primary sector as given (e.g. the quantity of land), the overall
amount of resources (i.e. including capital and labour) should be assumed as increasing if the total agricultural
production has to remain constant. We will consider perfect substitutability for the allocation of natural resources
within the primary sector, between organic and traditional agriculture. Thus, as long as land is distracted by the
traditional agriculture and devoted to the organic one, produced output can remain the same, at higher
production costs (because of other needed factors of production), and the environmental impact is reduced. A
trade off then rises: the choice is reduced to the efficient allocation of natural capital between two processes
within the primary sector, that is, how to mix the use of available natural resources. Two extreme positions can

be imagined: either the entire available natural capital N is devoted to industrial agriculture (the traditional
agriculture), or it is devoted to organic production. In both cases we can reach the same amount of produced
output (even if in case of organic agriculture this is obtained with higher costs) but, as long as industrial
agriculture is abandoned, a positive externality in terms of naturalistic preservation is generated. Attention will be
focused on the optimal internal solution (-i.e. a mix of both) to check the externality of organic production and to
evaluate it somehow. Finally, let us assume that there will not be any natural capital left unused. Building upon
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Hartman (1976) and Cacho (2001), it is possible to write the net present gains obtained from Natural capital
allocated to the primary sector as:

T _ T
V= NI o(N, t)e"tdt + (N — N)ja(N,t)e_rtdt 0
0 0

with 0<N <N In eq. (1), we indicated by N the amount of natural capital devoted to organic

production, whose output is expressed by the function o(*), and by (N - N) the amount of natural capital
devoted to traditional agriculture, whose output is the function a(-). Thus, we can write the discounted gains from

T T
organic production as IO o(N,t)e "dt, whereas Ioa(N,t)e’rtdt are the discounted gains obtained from the

traditional agriculture. The maximization of eq. (1) with respect to N, gives

ﬂ:Nif

o(N t)e-“olt+jT o(N. t)e"dt + (N — N)-L jT a(N t)e-”olt—jT a(N, e "dt=0(2)
oN dNJo o dNJo o

This FOC can be easily restated as:

o - ' g [0 dt— (N — i T —rt
Nd—NL o(N, e "dt+[ o(N,t)e "dt= | a(N,t)e"dt— (N N)dNLa(N,t)e dt (3)

that is to say that, in equilibrium, the marginal value of benefits arising from the organic agriculture (on the
left) must equal the flow of benefits arising from traditional agricultural production (on the right). It is worth to
notice that, in case one wants to relax the simplistic assumption of no conversion costs between organic and
industrial agriculture, the eq.(3) can include them.

The allocative choice of natural capital between organic and traditional agriculture generates an
externality, whose description follows. When a producer decides to adopt an organic process, resources are
used in such a way that pollutes less. The reader should be aware that our model cannot demonstrate how less
the organic agriculture is polluting compared to industrial one. We are simply assuming (as part of the reviewed
literature shows) that organic agriculture has a lower environmental impact and, thus, preserves Nature
somehow. This may enhance land fertility for future use, because it is reasonable that in a cleaner environment,
the regenerative capacity of natural ecosystem itself will be able to operate more actively. It is finally worth to
notice that the voided pollution is something that is unintended: it is obtained automatically as a characteristic of
the process. In other words, it is a direct, spontaneous and unremunerated consequence of the production of
organic output.

Therefore, at an aggregate level, the part of natural capital devoted to organic agriculture will exert its
impact in terms of naturalistic care: it will improve environmental conditions and thus will induce environmental
sustainability. It is useful to be precise on the economic implication of this rationale: in economic terms, market
prices of organic goods are decided, as usual, by demand-supply interaction between utility-maximizing
consumers and profit-maximizing firms. The choice to produce organic food, as well as the choice to buy it, is
taken by market participants according to their incentives. An external effect rises due to the circumstance that
the organic production generates less pollution: no market prices will pay this unintended reduction of pollution,
which is automatically generated by the allocative decision. In eq. (3), its value is expressed by the last term on

. . . N1 d T —rt
the right hand side, i.e. (N — N)WJ.0 a(N,t)e "dt.

This external impact represents a trade-off: when environmental care is not sufficient, an increase in the N
share improves the total economic value because it makes the environment cleaner, adding prospective value in
terms of higher productivity of land; alternatively, when the quality of the environment is good enough, a further
resource allocation in organic production would result in a revenue smaller than the cost of reducing its possible
alternative industrial agriculture use. Along with these two phases the sign will change and, therefore, the
externality can assume either a positive or a negative value: it depends on the marginal value of organic
production per unit of natural resources devoted to it. In other words, when nature is degraded, the additional
devotion of resources to the organic production induces environmental care and, in turn, causes an increase in
the productivity of land and in environmental conditions. In this case, the sign of the externality is positive. When
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the naturalistic equilibrium has been restored, additional environmental care has no actual effect on land
productivity and Nature status, and the externality is equal to zero. Finally, an excess in the devotion of
resources to organic production could not improve environmental quality (and productivity of land) above a
certain threshold, and therefore, the marginal revenues from organic agriculture will not be sufficient to
compensate the marginal loss from the opportunity cost of the cheaper industrial agricultural goods left
unproduced. In this case, the externality will be negative.

2.1 The golden rule

We now proceed to build the optimal allocation rule. Consider, at first, the monetary benefit flow arising
from traditional agriculture. It is a net profit, which results from the following:

a(N.t)=(p"- ¢*)g"(¥ ()

where p@ is the final market price of the traditional agricultural output, c2 the cost, and q@ () the produced
quantity. Secondly, let us define the same flow referred to the organic production:

o(N,t)=(p°- ¢°)g°(¥ (5)
Both a(N, t) and o(N, t) are functions of time by means of the time-specific condition of the

environment. More precisely, g2(-) and q°(-) are monotonic concave production functions of the amount of
resources allocated to their respective sector, and the environmental degradation affects the productivity of those
resources. We will simply hypothesize that degradation is a quantitative variable, which means that the more the
resources are depleted, the lower their productivity and the smaller the usable quantity for both productions in
the subsequent periods. This depletion law is not influenced in the same way by both sectors because the
organic production contributes to the regeneration of resources as explained before. Thus, the degradation of
nature (R) varies in time according to:

R=Aq"-Aq" (6)

with A > A2 and A1,A2 T (0,1). Following the simplest approach, we do not consider pollution explicitly.
We simply state that the traditional agriculture causes degradation equal to the A1-share of its produced quantity,
whereas the organic agriculture recovers an amount of resources equal to the A2-share of its produced quantity
(which can eventually be considered the net result of the positive effects after production withdrawal). This type

of simplification allows us to determine that the total amount of resources devoted to agricultural sector (N') can
be divided between both productions, is a part of total natural capital (NK) net of the degradation:

N=NK- R (7)

Of course, once N has been determined, N-share is allocated to the organic production (o), and (N -
N)-share is allocated to the traditional agriculture. Ultimately, this problem is configured as an optimal control
problem: the functional in eq. (1) to be maximized can be conveniently expressed as

T — T —
W =N (p°<®)a°(N)e "dt+(N-N)[ (p* <*)g* (N—N)e"dt (®)

with0<N< N , as before. Now, we consider that the policy-maker chooses N period by period without

being influenced continuously by the dynamics of the state variable R in this choice. This assumption should
appear acceptable because the policy-maker chooses the environmental policy when the effects of what is being
decided are still unknown and, however, not fully shown. Therefore the temporal effectiveness of environmental
decisions is not actually measurable and thus the policy-makers are blinded by the time interactions of his own
policies: the presumed direction of consequences can just be inferred. Therefore, the time derivative of the co-
state variable of the problem is zero (i.e. fi(t)=0). Sometimes the system is perturbed by rules or regulations

established in international conferences or by international standards as discrete variables that interfere with the
equilibrium of the system. These characteristics, however, will be neglected here and will be analysed in further
research. Here, we simply need to find the optimal value that in each period, independently of other periods,
maximizes eq. (8) subject to the joint constraint that represents the dynamic evolution of degradation and the
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balance of natural capital. This can be obtained by rewriting eq. (6) taking in account the eq. (7) and by
expressing q2(-) and ¢°(-) with their arguments (allocated resources):

R=2,0"(NK ~R-N)-2,0°(N) (9)
The accessory conditions are about initial values of the state variable and the terminal time (finite):
R(0)=R, >0,R(T) =R, >0,T free (10)

These conditions generalize the model, introducing the idea that at the beginning, no degradation exists;
further, it provides the opportunity to imagine any dynamic path that leads to a restriction on the amount of
resources available for allocation, as specified in eq. 8. After simplifying the notation, and posing

pi -¢'= Xi, | =0,a, the current-value Hamiltonian of the problem is:
HC :[Nx"q0 +(NK—R—N)xaqf"]+y(t)(ﬂ1qa —ﬂzq") (11)

The transversality condition shows that a weak sustainability approach has been adopted, which implies

that environmental degradation attains stability in our model (i.e. R = 0). Then, in equilibrium, at the end of time
T, it must be true that:

mr)=0 (12)
The first necessary condition for the maximization leads to (indicating by q; partial derivatives of ¢

functions with respect to the j-variable in the i-sector):

_X°(¢° +Ngy)- x[g" +(NK - R- N)q; ]

" /1qu i} /2q/(\)/ "
which is no longer a function of time. The second necessary condition for the maximization is:

—x*0% —(NK —R—N)x"qg — u(t) 4,05 =—£u(t) +rp(t) (14)
which can be reduced to:

X'q" +(NK- R- N)x*q> +mt/ g, +r)=0 (15)

because we know from eq. (13) that yu is independent of time. Substituting eq. (13) in eq. (15) and
rearranging, we obtain:

x°(q° +Nq,f,)- X°[¢° +(NK - R- N)q;] _ x°q° +(NK - R- N)Xaq; (16)
/1q;' /2q/(\)/ /1q;+r

In order to obtain the optimal value for N, let us begin by analysing the numerator on LHS of eq. (16).
After rearrangement, it can be written as:

x°q° - x°q° +Nx°q; - (NK- R- N)x°q7, (17)

where, x°q° - x°q"is the net economic differential between values of agricultural production obtained in

both ways, and Nx°q; - (NK - R- N)x“q is the net marginal economic differential between both productions.

The denominator of the LHS of eq. (16), instead, is actually the net marginal degradation, i.e. the marginal
impact of the control variable on the state variable. The numerator of the right-hand side (RHS) of eq. (16)
represents the net market value of traditional agricultural products added to the total value of environmental
degradation impact on traditional production itself. Finally, in the RHS denominator, we find the interest rate, r,
plus the marginal impact capacity of degradation on traditional production. Finally, eq. (16) can be rearranged to
obtain the optimal allocation rule:
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Nt =9 (1+Z)+O(l\:K - 5))2 (9% :ZqR>- x'q 18)
X°qy +x°(qy +2qg)
dR/dN

405 +T

total opportunity cost of traditional agricultural production, i.e. the sum between the marginal degradation impact
on traditional production and the interest rate. In the final moment, t =T, Z =0, and eq. (18) becomes:

_ X" +(NK- R)x°q; - x°¢°

00 aqa
XqN+XqN

where Z = represents the Relative Externality Index REI: the impact of N on R divided by the

N(T) (19)

which can be demonstrated to be a lower value compared to eq. (18). A theoretical explanation of the
difference between eqs. (18) and (19) is helpful to discuss how the externality works inside the optimal allocation
rule. Following what has been said about eq. (4), one can argue that, when degradation is high, the final impact
on the allocation rule in eq. (18) is positive on the optimal value for N, which increases: this comes with the basic
idea of the model, that the allocation must be devoted to organic production to obtain an improvement in the
environmental conditions. In contrast, when environmental quality is high, the corresponding value for N will be
lower, allowing a more robust allocation of natural resources for traditional agriculture. This rationale confirms
that the externality value is inversely correlated to the environmental quality and can automatically affect the
decision of resource allocation between two agricultural productive processes.

3. Conclusions and policy suggestions

This model shows that a source of sustainability may consist in the conversion from industrial traditional
processes to organic agricultural productions in the primary sector. The policy-maker should drive this change
because private firms may have not the right incentive to develop organic production due to conversion costs
and smaller profits. In fact, higher costs of production may discourage the conversion in a context of incomplete
diffusion of organic food and products. Organic agriculture could greatly help in developing higher environmental
standards and reducing pollution being, instead, an important activity of the economy. Put in another way, higher
costs of organic production play as a price for environmental sustainability, as ingredients for a cleaner
environment. It is worth to notice that our model did not present any analysis of consumer utility: a very
problematic question arises about the awareness of consumers of nutritional properties and health
consequences related to the use of industrial and organic food. Of course, the policy intervention should first of
all reinforce the knowledge of possible benefits and measure the gain in environmental and health status terms
of organic conversion. Further, the correct dissemination of knowledge may help consumer choosing the best
alternative (see Biondo 2014 for such an approach).

The main result of the paper may seem to neglect other existing means available in order to obtain
environmental sustainability, instead to move to organic production -i.e. environmental constraints, technological
standards, and so on. This is certainly true, but the point is that the model wants to underline how the shift to
organic agriculture allows for an automatic generation of sustainability, always paid by the economy, but
indirectly: whereas a technological constraint, or an environmental regulation implies higher costs (and therefore
higher consumer prices) for the standard (industrial) agricultural products, organic production has higher costs,
but preserves environment and gives better and healthier food. Thus, a policy oriented to stimulate the organic
production may be preferable because it obtains multiple results compared to the environmental regulation.

An important assumption is that the policy-maker chooses the allocation of resources period by period,
independently of the previous decisions. In real circumstances, adopted environmental policies are blinded by
the effect of the previous ones: the great ignorance about the effects and consequences of decisions and actions
made, reduces the chances of any policy-maker to be perfectly conscious of what is going on. Of course, this
aspect can be modified, and further research will be conducted with a continuous time model with discrete
perturbations that modify rules or policy targets. A second policy conclusion that can be drawn is referred to
incentives and improvements in favour of organic agriculture: an example can refer to the abatement of
conversion costs. Once again, the model can account for these costs, but their presence would just complicate
the allocation rule without changing its fundamental rationale. Thus, consequently, another implication is to
maintain high environmental protective standards for traditional production in the primary sector in such a way
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that the conversion is as easy and as low cost as possible. Further research will be devoted to the theoretically
appealing case of temporal consistency constraint that forces a dynamic trajectory for the optimal allocation rule.
In this case, resource allocation is influenced by previous (and following) periods decisions. The model will
accordingly change into a more complicate framework that (possibly) will derive more detailed suggestions.
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