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Assessing the production and welfare effects of
agri-environmental policy: a conceptual
analysis

Thilo W. Glebe, Technichal University Munich, Environmental Econo-
mics and Agricultural Policy Group, Freising-Weihenstephan

Uwe Latacz-Lohmann, Universitat Kiel

Abstract

The paper develops a conceptual framework for the welfare analy-
sis of agri-environmental policy targeting the use of agricultural
inputs within an international trade context. Based on a two-factor
production model, we analyze the marginal social costs of agricul-
tural production with and without an efficient agri-environmental
policy. We demonstrate that an assessment of social external
costs based on factor intensities in the absence of environmental
policy underestimates the potential welfare improvements that can
be achieved by introducing an efficient agri-environmental policy.
We demonstrate further that, even if the marginal environmental
effect of farming is negative in the absence of agri-environmental
policy, the existence of positive externalities may cause produc-
tion levels to rise as a result of an optimal environmental policy.

Keywords: Agri-environmental policy, international trade, multi-
functionality, welfare analysis

1. Introduction

Environmental protection and trade liberalization have become pre-
dominant issues affecting world agriculture at the beginning of this cen-
tury. While the main goal of freer trade is to enhance international spe-
cialization, some countries are concerned that trade liberalization may
conflict with non-trade policy objectives. Such non-trade objectives in-
clude, inter alia, environmental protection, food security, rural develop-
ment, animal welfare and landscape preservation (Cahill 2001; Latacz-
Lohmann and Hodge 2001; Vatn 2002; Harte and O’Conell 2003; Brun-
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stad et al. 2005). Some European countries have argued that their agri-
cultural sectors need to be supported in order to ensure the continuing
delivery of such public-good type benefits (Swinbank 1999; Potter and
Burney 2002; Latacz-Lohmann and Hodge 2001). Other countries have
expressed concern that, as international trade agreements reduce the
scope for tariff setting, domestic policies might be used as a substitute
for conventional border protection (Vasavada and Warmerdam 1998;
Freeman and Roberts 1999; Blandford et al. 2003).

Although the implementation of subsidies linked to production may no
longer be acceptable in future trade rounds, a properly configured re-
gime of environmental, health or safety rules can have very similar trade
effects (Hungerford 1991; Sumner 2000). Agri-environmental payments
have been classified as not, or least, trade-distorting and have therefore
been included in the WTQO’s “Green Box”. However, some countries
have become increasingly skeptical of the non-trade distorting
classification of various Green Box policies (WTO 2006; Glebe 2007).
Some authors suggest that the appropriateness of domestic policies
targeting non-trade objectives can be judged by their impact on
domestic production and international trade flows (Hooker and Caswell
1999; Runge 1999; Latacz-Lohmann 2000). Environmental goods that
are distinguishable from farming can be detached from agricultural pro-
duction (Anderson 2000; Abler 2004). However, problems arise when
domestic policies promote hon-commodity outputs which are jointly pro-
duced with agricultural commodity outputs, such as the maintenance of
the cultural landscapes (Hodge 2000; Harte and O’'Connell 2003). Such
policies cannot, by their very nature, be production-neutral.

In order to tell efficient policies apart from disguised protectionism, a
conceptual framework is needed which allows for a simultaneous analy-
sis of trade and environmental policy changes. A widespread approach
to analyze the welfare and production implications of trade policy
changes has been based on partial equilibrium diagrammatic trade
models (Anderson 1992a; Snape 1992; Steininger 1994). In these mod-
els, environmental externalities are depicted as a divergence between
marginal private and marginal social costs. Social costs associated with
agricultural production exceed private costs when pollution problems are
considered (Anderson 1992b; Runge 1995; Reed 2001), but social costs
will be smaller than private costs when agriculture generates positive
externalities (Ito 1996; Latacz-Lohmann 2000).
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The notion of marginal social costs contrasting marginal private costs
has also been applied to the analysis of environmental policy changes
(Anderson 1992b; Runge 1995; Reed 2001). Environmental policy has
been integrated into an international trade framework as a production
tax/subsidy. However, since agriculture’s pollution problems are primar-
ily affected by the composition of inputs, production technologies and
resultant land use intensities, a well targeted environmental instrument
would need to address the use of inputs rather than the level of agricul-
tural output (Peterson et al. 2002). Although an analysis based on out-
put rather than input taxes/subsidies will not affect the directions of wel-
fare changes (Glebe and Latacz-Lohmann 2007), we will demonstrate
that a policy targeting output will result in welfare gains that are smaller
than the gains from an efficient environmental policy which targets agri-
cultural inputs as the key source of externalities.

The main contribution of the paper thus is to extend existing diagram-
matic trade and environment models by distinguishing between social
cost arising before and after the introduction of an efficient agri-
environmental policy. Moreover, by accounting for the co-existence of
agriculture’s positive and negative externalities, we demonstrate that an
efficient environmental policy can enhance production even if the net
environmental effect of farming is negative prior to policy implementa-
tion. Production (and trade) effects associated with agri-environmental
policy are therefore unsuitable for judging whether a policy is trade-
distorting and whether it should be removed from the WTO’s Green Box.

The paper is structured as follows: Section 2 conceptualizes the various
agri-environmental effects within a two-factor production model. Based
on this model, we analyze the marginal social costs of agricultural pro-
duction with and without an efficient agri-environmental policy. Section 3
demonstrates that the social costs attributable to missing agri-
environmental policy do not fully capture the welfare gain that can be
achieved if agri-environmental externalities are internalized. Section 4
presents a conceptual framework that allows for a simultaneous analy-
sis of agricultural trade and environmental policy changes. The paper
concludes with a summary of the main findings.
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2. Analysis of the social shadow supply function
of agricultural output

We start by analyzing the marginal social costs of agricultural production
in the absence of environmental policy. In this context, we introduce the

notion of a social shadow supply curve (§* ) contrasting a social supply

curve (S*). The social shadow supply curve reflects the marginal social

costs of production in the absence of environmental policy. The social
supply curve, by contrast, is defined by the marginal social costs in the
presence of an efficient environmental policy. The latter induces a
change in input use intensities or production technology.

We choose a simplified model of farming by dividing factors of produc-
tion into two categories: agricultural land area (A) and variable inputs (/),

with their respective prices P, and P,. Private production costs can
then be written as:

C"=PA+P]I (1)

For a given production technology, agricultural output can be expressed
as a function of land area and other inputs ( Output = Q(A,[) ). We spec-

ify profit () as the difference between revenues and costs, where P,
denotes the price of agricultural output:

7 =P,0(4,1)-P,A-PI 2)

The profit maximizing input levels, 1 and 4, are obtained by maximizing
7 in (2) with respect to both factors:

P, _00(4.1) /aQ(ZJ) 3
P, o4 ol
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Considering the marginal revenue products for input levels 7 and 4,
profit maximization requires equality of factor prices and marginal reve-
nue products ( MRP) for both factors simultaneously:’

MR Pj;}rivate — PQ ag}(qi) — PA (4)
MR ])[l”'r'vare = PQ aQa(]Z) = })] (5)

In order to analyze the welfare effects of agricultural trade policies, we
also need to consider the environmental impact of farming. The various
environmental aspects of farming (relating to, for example, water quality,
biodiversity, or landscape amenity) are determined by land cultivation
and the intensity of agro-chemical and heavy machinery use. Let E(A,/)
denote the monetary value of the overall environmental effect of agricul-
tural production. The total social shadow costs associated with farming
can then be written as the sum of private and environmental costs:

C¥ =C" - E(4,1) (6)

The difference between private and social shadow costs can be derived
from a simple diagrammatic production model (Figure 1). The produc-

tion function Q(A,] ) defines the technical substitutability between land

and variable inputs for any particular level of agricultural output and
thereby determines the shape of the isoquants shown in quadrant 1 of
Figure 1. Profit-maximizing producers choose their factor intensity such
that the marginal rate of technical substitution between land and other
inputs equals the reciprocal factor price ratio (-ga4/61=P,/P,). Hence,

given a price ratio defined by tan(«), farmers cultivate area 4, and de-
mand quantity 7, of agricultural inputs to produce Q;. Similarly, optimal
input combinations for any other output level are depicted by the expan-
sion path shown in quadrant 1 of Figure 1. We assume the expansion

' Note that, in accordance with economic theory, the marginal revenue products in (4)-(5)
have been evaluated at the point where the respective other factor is held constant at its
optimal level. The MRP curves thus do not represent factor demand curves. The MRP
curves do however coincide with factor demand in equilibrium, i.e. at the point where the
other factor is used at its optimal level.
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path to be ‘well behaved’ in the sense that an increase in agricultural
output is generally linked to an increase in both land area and the use of
variable inputs.

4, L.
Expansion path (‘private’)
, ”~
MRPY ,/ Isoquant Q,
< MREG o ™~y
1 # P4
#
s # private
P MRP[(M
.
7’
4
7’
\4

3 Py 2

Fig. 1: Environmental effects of factor use.

Optimal input use and the corresponding output level are obtained by
equating the marginal revenue products for land and inputs to their re-
spective factor prices (Quadrant 2 and 4 of Figure 1). Recall that
MRP"™ ™ and MRP'™™ are based on the profit-maximizing input levels
4, and 1, in accordance with equations (4) and (5). They thus only rep-
resent factor demand in equilibrium ( 4,, 7,). Since marginal productivities
are expected to increase as more of the other input is used
(6°Q/ol4 > 0), MRP curves shift outwards as the level of output rises - a

phenomenon that cannot be illustrated in a static diagram.

Taking into account the environmental effects of farming, the marginal
revenue product functions need to be ‘corrected’ in order to derive the
social shadow costs associated with farming. We therefore introduce the

social marginal revenue products of land (MRP“) and inputs
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( MRP"), which are obtained by adding the value of the marginal envi-
ronmental effect to the private marginal revenue product:

MRP:*“ = MRPP™ 4 ag—g) =P, agf )+ agf ) (7)

MR Bsociaf: MRPIIJ'ivaIe n oF (A) =P, aQ(Z ) n OF (Z ) (8)
ol ol ol

As to the sign of the environmental impacts the following can be said.
Various studies have shown that farming has a positive impact on land-
scape quality as long as agricultural production does not encroach upon
environmentally sensitive or otherwise unsuitable land (Antrop 1997,
Phillips 1998; Bruns et al. 2000). Landscape and open space amenities
are particularly valued in urban areas, such as the Northeast region of
the United States (Batie 2003; Abler 2004). However, as more land is
cultivated, farming will increasingly contribute to soil erosion, reduce
biodiversity and cause the aesthetic value of the rural landscape to de-
teriorate (Jones and Daugstad 1997; Glebe 2007).2 We thus assume for
the analysis to follow that the environmental value of agricultural land
increases up to some critical level of land use, but will decrease beyond
that level, an assumption also made by Brunstad et al. (1999) and
Latacz-Lohmann (2000). MRP;"“ therefore is assumed to be greater

than MmrpPP™ when little land is used for farming, but smaller than
MRP"™ when much land is cultivated, as depicted in quadrant 4 of
Figure 1.

The marginal environmental damage related to agro-chemical inputs, on
the other hand, is expected to increase steadily as more of these inputs
are applied. This is because any increase in pesticides and fertilizer

usage will cause biodiversity and water quality to deteriorate, among
other things. Similarly, a higher degree of mechanization in agriculture

? Positive landscape values have been elicited by both hedonic price methods and contin-
gent valuation studies (Garrod and Willis 1992; Drake 1992; Pruckner 1995). Other stud-
ies have attributed monetary values to changes in biodiversity (Brouwer and Slangen
1998; Macmillan et al. 2002).
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may reflect a higher share of arable farming, which may adversely affect
biodiversity and foster soil erosion. We thus postulate that the social
marginal value product of variable inputs lies below the corresponding
private marginal revenue product across the entire range of agricultural
input use (Quadrant 2 of Figure 1). Since we assume marginal environ-
mental damage to increase with the level of variable input use, the

wedge between MRP* and MRPP™™ widens, although the results of
this analysis do not change if this assumption is relaxed.’

Based on the constellation of private and social marginal revenue
curves, as depicted in Figure 1, we can now derive the marginal social
shadow costs of agricultural production. *Since an increase in agricul-
tural output is generally linked to an increase in both factor categories,
the marginal social costs can be derived by taking the first derivative of
equation (6) with respect to agricultural output Q:

dc* _dc” [GE dA  OF d[j )

40 d0 \oddo ol do

Equation (9) demonstrates that marginal social shadow costs (MC* )
outweigh marginal private costs (4C"/dQ) if the marginal environmental

impact of farming is negative (dE/dQ <0), and vice versa. The latter

(vice versa) case may arise when the level of production is low. In this
case, the social marginal revenue product of land outweighs the private
( MRP*™ — MRP'™" > 0), and the marginal environmental damage at-
tributed to variable inputs ( ge/ar ) is relatively low. Based on these prin-
ciples, we can infer that the social shadow supply curve of agricultural
production ( $%) lies below the private supply function (S”) if agricultural
output is low, and above S” if agricultural output is high. This is plausi-

® The rationale for this assumption is that, as the intensity of agro-chemical input use in-
creases, there will be a more than proportional increase in the leaching of groundwater
pollutants and health problems associated with it (Yiridoe et al. 1997; Kolpin 1997; Watson
et al. 2000).

* Notice that the social marginal revenue product curves as depicted in Figure 1 are de-

termined by the factor quantities 2, and i, However, although the location of MRP curves

would change if we considered a different combination of 4 and 7/ on the expansion path,
the relative constellation of social and private MRP curves would be maintained constant.
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ble since, as agricultural output increases, the importance of negative
externalities from agro-chemical and machinery use grows, while posi-
tive effects of land cultivation decline and eventually turn negative.

3. Analysis of the social supply function of
agricultural output

The analysis of the social shadow supply curve is predicated on the
assumption that no policy intervention occurs. In this section, we ana-
lyze how the social costs of agricultural production may be affected if
agri-environmental policy causes input use intensities to change. We
shall refer to the marginal social cost curve that arises when environ-
mental policy affects the factor market as the social supply (S*) func-
tion.

We simplify the welfare analysis of agri-environmental policies by
modeling an optimal policy as a tax on agro-chemical inputs and a
subsidy linked to land cultivation. °Such a policy regime could be seen
to approximate agri-environmental contracting schemes which offer
area-based payments to landholders who voluntarily restrict their input
of chemicals or adopt certain conservation practices. Examples include
the various extensification schemes offered across the European Union.
We are aware that such a policy regime still does not represent the best
possible policy instrument. Indeed, the first-best policy regime would be
one that targets specific environmental problems as directly as possible.
However, given the non-point source nature of agricultural pollution on
the one hand and the diversity of environmental benefits from land culti-
vation on the other, the proposed tax/subsidy instrument appears rea-
sonable. Notwithstanding these objections, we shall refer to this
tax/subsidy scheme as “efficient agri-environmental policy” in the sub-
sequent analysis. The impact of an efficient agri-environmental policy on
factor intensity is demonstrated in Quadrant 1 of Figure 2. An efficient
internalization of environmental externalities changes the factor price
ratio and thereby causes farmers to choose less input-intensive farming
practices, symbolized by the ‘social’ expansion path. Assuming a so-

° The latter may also be a tax if the marginal environmental effect of land cultivation is
negative, for example if agriculture encroaches upon environmentally sensitive areas.
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cially ‘efficient’ factor price ratio of tan(f), farmers would cultivate area
4, and demand quantity 7 of variable inputs. If output level Q;is main-

talned the input-based tax/subS|dy scheme causes somal costs of agri-
cultural production to fall below social shadow costs.® The discrepancy
between social costs with and without efficient internalization of envi-
ronmental externalities can be derived with the use of iso-cost lines
based on the ‘efficient’ factor price ratio. It is clear from Figure 2 (quad-
rant 1) that the iso-cost line for the initial input pair (4, 7)) lies to the

north-east of the iso-cost function passing through (.4, 1)), implying that
social costs are smaller than social shadow costs.

4.
_ -~ Expansion path (*social’)
Expansion path (“private’)
MRP Isoquant @,
2 >

Fig. 2: Influence of agri-environmental policy on factor intensity.

This difference in costs can be interpreted as the welfare gain from in-
troducing an efficient agri-environmental policy. From this analysis we
can conclude, with reference to Figure 3, that the social supply curve
(S*) lies below the social shadow supply curve (§%) at low levels of

% If the partial derivative of the environmental quality function with respect to land area is
positive, a policy subsidising the use of agricultural land will enhance the efficiency of
resource allocation. The reverse, an agricultural land tax, will be optimal for the opposite
scenario.
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agricultural output, though this may reverse as production increases
(above Qg, Figure 3). The rationale for this reversal is the limited avail-
ability of land. Agri-environmental policy induces environmentally friend-
lier production methods as indicated by the dashed expansion path in
Figure 2. However, once all land is under cultivation, an increase in pro-
duction can be reached only by using more environmentally harmful
inputs. This implies that the expansion paths with and without agri-
environmental policy will eventually converge. From this we conclude
that marginal social costs of production will exceed marginal social
shadow costs at output levels which require all land to be under cultiva-
tion. Nevertheless, note that even at an output level where marginal
social costs exceed marginal social shadow costs, total social costs will
never exceed fotal social shadow costs.

| ho — - —_‘_'_,.-al'
A - ‘___‘..-
Il
’ o .
P Yl - - . )
- e e

E. - ‘. SP

W - g ____________ q k

=1
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Q] QZ Q3 Q4 QS Qﬁ

Fig. 3: Social welfare prior to and after implementation of agri-
environmental policy.

4. Welfare effects of agri-environmental policy
and trade policy changes

Building upon the notion of social supply and social shadow supply func-
tions, we now proceed to analyze the welfare effects of agri-
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environmental and trade policy changes. Figure 3 represents a small
country’'s farming sector, which faces a higher domestic producer price
(£,) than the world price (£,). In the absence of agri-environmental

policy, aggregate output is determined by the private supply curve (S”).
Consider therefore an initial output level (Qs) at which both the overall
environmental effect of farming (area dhn - adb) and the marginal envi-
ronmental effect (distance hn) are negative.

If the country opened up to free trade and lowered domestic prices to
world market levels, domestic production would decline to Q. This
would boost social welfare by area ohkg. At output level Q3 the marginal
environmental effect of farming remains negative (distance og), justify-
ing further government intervention in the form of environmental policy
to enhance social welfare.

Previous studies have modeled environmental policy as a tax or subsidy
linked to output (Anderson 1992b; Runge 1995; Reed 2001). An output
tax would cause agricultural output to decline from Qzto Q, in Figure 3,
enhancing social welfare by area eog. We argue that area eog does not
represent the maximum possible welfare gain from environmental pol-
icy, because a tax or subsidy linked to output is too blunt an instrument
to cater for the ‘real’ scarcity of land and chemical inputs as sources of
both positive and negative externalities. A more targeted, efficient agri-
environmental policy would target the inputs, land and chemicals, rather
than agricultural output, inducing a change in land use intensity com-
mensurate with the ‘real’ scarcity of these two types of input. Such a
policy causes the supply curve to shift from §” to §°. Compared to the
output-related tax/subsidy scheme, production would rise from Qjz;to Qq
in Figure 3. The welfare gain from an efficient agri-environmental policy,
measured against the benchmark of no environmental policy interven-
tion, is represented by area bogqc. This welfare gain is unambiguously
greater than the welfare improvement from an output tax/subsidy (area
eog). This result is plausible in as much as it confirms the general prin-
ciple that a policy instrument is more efficient the closer it is to the
source of the market imperfection (Corden 2002).

Next we will demonstrate that an approach based on output
taxes/subsidies rather than input taxes/subsidies will not only affect the
size of the welfare effect, but may also alter the sign of the production
effect. Figure 3 represents an interesting scenario in this respect since
the marginal social cost curve lies between the marginal private and the
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marginal social shadow cost curve at the production level in the ab-
sence of agri-environmental policy (MC*(Q,)> MC*(Q,)> MC”(Q;)).
Therefore, an output tax would induce a reduction in production (from Q3
to Q,), whereas an efficient agri-environmental policy would cause pro-
duction to rise from Q3 to Q. The latter occurs when reduced land use
intensities cause the positive environmental effects of farming to more
than outweigh the negative effects. We conclude that, even if the mar-
ginal overall environmental impact of agriculture is negative in the ab-
sence of environmental policy, an efficient agri-environmental policy
may still raise production relative to the level that would be forthcoming
under free trade alone.

Note that if a country (or trade bloc) is large enough to have a lever in
the world market, the world price would be increased by tariff reduc-
tions. However, if the implementation of an efficient agri-environmental
policy stimulates agricultural production, agri-environmental policy would
shift the world price in the opposite direction.

5. Summary

We demonstrated how the social supply curve differs from the social
shadow supply function. The former represents the marginal social
costs of agricultural production when environmental externalities are
internalized, whereas the latter is based on a sub-optimal factor alloca-
tion. The social supply curve was used to derive the welfare effects of
environmental policies which directly influence factor allocation. The
social shadow supply curve, in comparison, was employed for the wel-
fare analysis of policies which do not directly influence factor intensities.

We showed that an assessment of social external costs based on the
factor intensity in the absence of environmental policy (social shadow
costs) would underestimate the potential welfare improvements that can
be achieved by introducing an efficient agri-environmental policy. This is
because agricultural externalities are primarily input related. An efficient
agri-environmental policy enhances the efficiency of factor allocation,
thereby lowering the social costs associated with agricultural production.
Hence, a welfare analysis based on a production tax or subsidy does
merely capture the trade and welfare effects of an agri-environmental
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policy’s output effect, but not the allocation effect of an efficient agri-
environmental policy.

Two important policy implications follow from this analysis. First, poten-
tial welfare improvements based on the traditional analysis of a marginal
social cost curve are an underestimate of the welfare gains that can be
achieved by an optimal environmental policy. Second, an optimal agri-
environmental policy may cause production levels to increase relative to
the level under free trade alone. More importantly, production under an
efficient agri-environmental policy may increase, while it would fall if a
production tax were implemented. Agri-environmental policy thus cannot
be trade-neutral. However, we confer with Edwards and Fraser (2001)
that any change in production caused by an efficient agri-environmental
policy should not be considered trade-distorting. Rather it should be
considered trade-correcting in that it corrects trade flows that were pre-
viously distorted by lacking internalization of externalities from agricul-
tural production.
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