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This study was mandated by the Joint Working Party ey Agriculture and the(@
Environment to examine the links, using a quantitative approzbh, between vag

stylised agricultural policies and environmental outcomes. The study, which d@wssome
general observations for policies, is based on analysis and data on four countries with
different policy and agri-environmental characteristics: Finland (environmental
regulations, payments and taxes in a crop farm); Japan (nutrient management in a

rice/crop farm); Switzerland (nutrient management in a mixed dairy/crop farm); and the
United States (conservation auctions in a corn/soy farm).

The authors are (in alphabetical order): Andrea Cattaneo, Hsin Huang, Jussi Lankoski
and Hiroki Sasaki. The Secretariat wishes to thank a number of individuals who made
substantive contributions to the four country case studies: Finland — Markku Ollikainen,
who prepared a background paper dealing with manure policies and dairy production;
Japan — Maiko Murayama, Riwako Makita, Osamu Minakawa, Yutaka Shibuya and
Yasuhiko Kurashige; Switzerland — Ali Ferjani, Christian Gazzarin, Peter Kunz, Harald
Menzi, and Albert Zimmermann; and the United States — Marcel Aillery.

Statistical assistance was provided by Véronique de Saint-Martin. The study was
prepared for publication by Frangoise Bénicourt and Theresa Poincet. Wilfrid Legg
provided overall guidance.
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Improving the environmental performance of agriculture 1s a4 high policy priority in, &

OECD countries. But determining the environmental impact 0¢/ icultural polici \
complicated because specific policy measures do not take place in 1solafton]_ b Within a
broad and evolving socio-economic and technological context. Quantitative analysis
using models is not designed to exactly replicate the real world but can provide guidance
on the expected environmental outcomes, which could be particularly useful in assessing
the relative impacts of different policies. This can assist policy makers to better
understand the linkages between policy instruments and environmental impacts, and the

trade-offs or synergies involved, and therefore aid policy makers in the design and
implementation of cost-effective policies.

A v
Executive Summargb b 3
1/]

The key policy question is to identify the change in farmers’ actions that are due to
specific policy interventions, and then to determine the extent to which those actions
affect environmental quality. While the conceptual relationships are relatively well-
established, quantitative modelling is complicated for at least four reasons:

e Biophysical processes are complex and the relationship between a given practice
and its environmental outcomes is not always clear.

e Many of the environmental effects are site-specific, reflecting heterogeneous
agricultural and environmental conditions, and thus some impacts cannot be
extrapolated to the aggregate level through generalised policy-response
coefficients.

e There are in practice a mix of policy instruments applied and multiple
environmental impacts which make modelling particularly difficult.

e Many of the environmental impacts are not measured (or measurable) in monetary
terms. The same agricultural production practices may produce very different
bundles of commodity outputs and environmental externalities in different areas.

The conceptual and quantitative linkages between agricultural policies and
environmental impacts have been analysed using the Stylised Agri-environmental Policy
Impact Model (SAPIM). Developed by the OECD Secretariat, the SAPIM framework has
been applied to Finland, Japan, Switzerland and the United States. SAPIM uses a
combination of economic and biophysical models of representative farms (or production
units) in the case studies in the countries concerned.

The SAPIM approach is pragmatic — a farmer’s decision-making is analysed at the
field parcel level, because this level of detail is necessary to capture the complex
economic and biophysical interactions that are site-specific. SAPIM is specifically
designed to capture the environmental effects of different agricultural policies through
their impacts at the intensive margin (input-use intensity and production practices), the
extensive margin (land-use allocation between different agricultural activities) and the
entry-exit margin (land entering or leaving agriculture) under heterogeneous conditions.

LINKAGES BETWEEN AGRICULTURAL POLICIES AND ENVIRONMENTAL EFFECTS © OECD 2010
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A number of standard policy instruments are explicitly mode]bﬁ:ﬁnitrogen taxes, nitrogen O;)

application standards, buffer strips, area payments and consekvation auctions. \A
°
The Finnish study investigated how environmental ré‘Qxlations, environmny axes

and voluntary agri-environmental payments perform in tacase of crop proddction with )
varying land productivity that implies different input-use=intensities and ption costs —
with regard to agri-environmental measures. The effects (\Lf)alternative &@y instruments o)
on nutrient runoff and biodiversity were taken into accoun\ﬁrough eAmpact on input- [1/]
use and land-allocation choices. Conservation auctions — s whi¥Q™farmers bid for a ¢,
limited amount of conservation contracts — were also analysed- e

The Swiss study examined a mixed dairy/crop farm, focusing obammonia emiss'g@}
greenhouse gases (GHGs) and nitrogen and phosphorus surpluses. Man9 ol thesfandard
policy instruments on chemical fertilizer also have an impact on the amount of manure
applied on crops and therefore the amount of excess manure that is then exported outside
of the farm. Because nitrogen can be applied either as chemical fertilizer or as manure,
the nitrogen surplus needs to be addressed by policies that influence both sources of
nitrogen input.

The United States study focused on the economic and environmental performance of
conservation auctions compared to the more conventional agri-environmental policy
measures. Three alternative land-use types were analysed in this application — land
retirement for environmental purposes (riparian buffers) and two alternative tillage
methods to produce cultivated crops (no-till and conventional tillage). No-till and
conventional tillage represent important cropping management choices under the working
lands agri-environmental programmes. In this application the sources of heterogeneity
include both differential land productivity and environmental sensitivity of the land,
involving differing propensity for erosion and thus nutrient and sediment runoff.

In addition to the standard policy instruments, conservation auctions were analysed.
The application of a uniform pricing auction reveals farmers’ adoption costs and thus
their information rent is reduced and budgetary cost-effectiveness is increased. On the
other hand, a discriminatory payment gives farmers an incentive to place their bids above
their adoption costs: low adoption cost farmers have a greater incentive to do so than high
adoption cost farmers.

The Japanese study investigated the optimal land-use allocation and nitrogen
application under a representative Japanese farm that consists of rice paddies, upland
fields and land abandonment. This case study integrated paddy rice production with an
upland field crop (wheat) in the same analytical framework. In general, paddy fields can
provide either positive or negative environmental effects, depending on farm management
practices. Consequently, the incentives provided to farmers that encourage
environmentally friendly paddy rice production practices have a significant impact on the
environmental effects.

In each of the four case studies, the importance of the specific policy environment
was emphasised. In particular, the “policy package” is crucial as it defines the context and
therefore the assumptions that must be applied in order to have a realistic representation
of the impact of policies. Each of the case studies highlights different production systems,
environmental issues and policy contexts. The common thread underlying all of the case
studies is the impact of various policies under heterogeneous conditions. Specifically, all
of the case studies have an important crop production component, in which the impact of
fertilizer application is assessed in terms of crop yield and nutrient runoff. Social benefit

LINKAGES BETWEEN AGRICULTURAL POLICIES AND ENVIRONMENTAL EFFECTS © OECD 2010
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&
analysis is adopted only in the Finnish and Japanese case q.ldles requiring monetary o)
valuation of environmental effects (although detailed m&t odological d1scuss1q&n
monetary valuation is not conducted in this context). (\ ®

In each case the analysis modelled alternative segnarios of polic @mns to )
determine the production choices and environmental outcomes that woulg e optimum —
from the perspective of producers and society (only in@e Finnish a apanese case o)
studies). The results highlight the well-established obseryation that\érhen positive or [1/]
negative environmental externalities are not factored int0 farmer “decisions then the ¢,
production choices and environmental outcomes will reflect~the weighing-up of private
costs and revenues by farmers. Policy intervention can potent yaise social welfa\&(
through bringing those externalities into the equation. e e C“

The analysis thus highlights the trade-offs involved — among production choices,
policy instruments, economic and environmental outcomes. The value of the SAPIM
approach is that a flexible framework has been developed that has the potential to be used
by the policy and research communities to analyse their specific interests.

The SAPIM approach, like any other modelling approach, is subject to limitations
with respect to the data, the model parameters, the economic and biophysical
relationships represented. In particular, the site-specificity of agri-environmental
relationships means that results cannot be readily generalised or attributed to more
aggregate levels. A key source of uncertainty is arguably related to the valuation
estimates of social benefits in the case studies. Nevertheless, the quantitative results in
this study arising from the various scenarios modelled can be viewed and interpreted as
illustrative.

The general policy lessons that can be drawn from the analysis are as follows:

e The heterogeneity of agricultural and environmental conditions makes it difficult
to generalise a particular policy response to beyond where it was modelled.

e Un-regulated polluting activities should be included in policy design.

e [t is important to take into consideration the existing policy environment when
evaluating new policies.

¢ Environmental co-benefits and trade-offs should be recognised.

There has often been a lack of robust and quantitative analysis of the linkages
between policy drivers and environmental outcomes in the agricultural sector. Decisions
have been taken that have relied heavily on “trial and error” approaches to establish
“which policies work”. The approach described here is intended to redress the balance so
that observed changes — for example, in nutrient runoff, or greenhouse gas emissions, or
biodiversity associated with farming — can be better explained as to their cause and, in
particular, their link to policy. The SAPIM approach has the potential to provide policy
makers with a valuable tool to help them in designing and implementing effective and
efficient policies.
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Agriculture has been subject to considerable public interventi(b'over the pas kalﬁ
century, perhaps more than any other economic sector (Robinson, 1989;. Gdrdf@r,~1990).
The provision of public support in the form of guaranteed output prices, input subsidies,
deficiency payments, crop area payments, or disaster relief has encouraged and facilitated
investment by farmers in production capacity expansion. While this has made it possible
to achieve, inter alia, national production objectives, it has also been accompanied by
more intensive soil tillage, increased reliance on agrochemicals, and expansion on
marginal cropland. Given its associated effects upon the quality of soil, water and wildlife
habitat, various authors have implicated agricultural policy as a contributing cause of
environmental degradation (Libby, 1985; Pierce, 1993; OECD, 1989; Lewandrowski
et al., 1997). Agricultural policies may also have positive effects on environment — for
example, agriculture-related semi-natural habitats and open landscape, flood and drought
control.

Chapter 1
Introduction

However, determining the environmental impact of agricultural policies is
complicated because the actions responding to a specific policy do not take place in
isolation, but within a broader and evolving socio-economic context. The first step in
measuring the environmental impact of agricultural policies is linking a change in
farmers’ behaviour to the policy being evaluated. Because many other factors influence
farmers’ choices, it is critical to determine the extent to which a given policy incentive
stimulated some farmers to do something that they would not otherwise have done.
A second step requires assessment of how the portion of observed behaviour that can be
linked back to a policy incentive then affects environmental quality — given that other
factors also affect the environment (Smith and Weinberg, 2004). Even without the
broader policy context, the complexity involved in assessing the environmental impacts
of agriculture is illustrated by Van der Werf and Petit (2002), who review 12 indicator-
based methods to evaluate environmental impacts at the farm level.

The more removed a policy instrument is from an observed environmental outcome
the more challenging it will be to assess the specific policy’s contribution to the outcome.
For example, the role of a conservation tillage incentive payment in an observed
reduction in soil erosion is likely to be easier to assess than the role of agricultural trade
liberalisation. An added difficulty in disentangling the role of policies in environmental
change is that many of the changes in farming that have led to environmental impacts
may be linked to technological developments driven by competition in agricultural
markets. The role of policy in influencing these trends is not always apparent.

Due to the difficulties in gathering empirical data and establishing policy
counterfactuals, it is often the case that an ex-ante assessment of policies is performed
using a combination of economic and biophysical models. Environmental process models
can help overcome the non-point source and site-specificity complications of agricultural
and agri-environmental programme evaluation by substituting predictions from models
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for direct observations of effects. For example, site-specifieychanges in (in-field) soil
erosion due to particular erosion control practices can be ektimated using the Uni. eﬁ;ﬂ
Soil Loss Equation (USLE) and the Wind Erosion E@ation. Both models x
reasonably accurate results and require only minimal data describing climate, t@graphy,
soil, and cropping information at the field level. In c@rast models o rient and v
pesticide runoff are far more complex, simulating multlpliinwronmental,ﬁﬁcts from the 3
transport and fate of multiple pollutants into environmenta¥Sinks 7 v

Even with elaborate process models, the results are u kelyQ(? match real world ¢,
observations because farming practices are not the only fact that affect env1r0nmental
quality. Weather variability and non-agricultural pollutants have a con51derab
impact on the variation encountered in physical measurements. Thub’mql
guidance on the expected environmental outcome, but do not substitute o an ex post
analysis of an impact of a specific policy.

In order to help governments in the design and implementation of good policy
practice, the OECD has undertaken quantitative analysis to try to disentangle the effects
of different policy measures and policy mixes on the agriculture-environment
interactions. The OECD’s Stylised Agri-environmental Policy Impact Model has been
developed to analyse the linkages between agricultural and agri-environmental policies
and their environmental effects.

The purpose of this document is to provide a general description of the SAPIM
framework and four applications of SAPIM based on data from Finland, Japan,
Switzerland and the United States. The structure of the report is as follows. The next
chapter briefly discusses the main choices confronting the design of the SAPIM
framework and provides the general conceptual framework for internalising agri-
environmental externalities in a heterogeneous landscape which is the basic starting point
for SAPIM analysis. Chapter 3 provides a brief literature review of the environmental
effects of agricultural policies, organised according to environmental issues. Four SAPIM
applications or case studies are presented in Chapters 4 to 7. Chapter 8§ provides
sensitivity analysis for the four case studies in order to test the robustness of results.
Chapter 9 provides comparative analysis of the environmental and economic performance
of alternative agricultural and agri-environmental policy instruments under heterogeneous
conditions and different policy contexts. Finally, Chapter 10 concludes with some policy
recommendations.
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Chapter 2 b
General description of the SAPI ramew@l%
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This chapter begins with a brief overview of different approacbes to quantifyég&_b&

impact of agri-environmental policies. This is followed by a descriptio.n e R Seneral
framework of SAPIM. However, each SAPIM application presented in Chapters 4 to 7
adopts an application-specific analytical and theoretical framework.

Agriculture-environment interactions: Model choices

Analytical frameworks for agri-environmental policy analysis can be usefully
categorised into two dimensions of aggregation: sector and geographical. Sector
disaggregation proceeds, usually within the context of a full industrial classification, from
the agriculture sector as a whole, through crop and livestock activities at the next level, to
individual crop and livestock enterprises at the most basic unit of production. Geographic
disaggregation proceeds down from the global scale, to national, sub-national regions
(which are more or less homogeneous with regard to soils, climate, and types of
agricultural production), to the farm and ultimately field and sub-field level (in a
precision agricultural context).

While it is technically possible to apply any analytical framework at any combination
of sector and geographic disaggregation, in practice the main purpose of the model and
the associated availability of model parameters and data are the main determinants of
what combination is used. National and global analysis will by nature require data at the
national level, or at least easily aggregated to the national level. However, analysis at this
level of generality precludes accurate representation of relationships that vary spatially.

The SAPIM approach is a pragmatic one. It models a representative farmer’s
decision-making at the field parcel level, because this level of detail is necessary for
policy analysis to capture the complex economic and biophysical interactions that are
site-specific and generally characteristic of agricultural production. As will be seen in the
case study country examples, this flexible approach permits detailed modelling of the
interaction between agriculture, the environment, and government policy. However, a
main disadvantage of the SAPIM approach is that to have an overall picture at a national
level, a wide range of different representative farm models would have to be constructed
to capture the full range of variation within the sector. Therefore, SAPIM results cannot
be extrapolated directly to more spatially aggregate levels.

Another useful distinction to bear in mind is that between positive and normative
approaches to analysis. Positive analyses attempt to develop statistically reliable
relationships between observed outcomes and observed inputs. They may be guided by
economic theory, but are open to results that contradict theory. Normative analysis
identifies the optimal choices between a set of potential inputs and outputs assuming that
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economic theory, and only economic theory, is operating to Hﬁthe producers’ choices. o)
Positive approaches are most useful when the relationships are uncertain a e
motivations of the agents are more obscure and less predi@@ble — the intent is to y b
discover the relationships. Normative approaches are most useful when tie yprimary
motivations are well-understood and uniformly belie@l to be predictgd by basic v
economic theory. It is easy to imagine both sets of circpmstances apply?@o different 3
analyses relating to agriculture and environment. The SAPIM appr is normative,
given that the main goal of the exercise it to evaluattbthe ee@cmic efficiency of v
alternative government policies. 0

<

¢
General framework for agri-environmental externalities in a he['er%eneous
landscape

2
/4

Both agricultural productivity and the supply of environmental externalities — positive
externalities/public goods (such as biodiversity) and negative externalities (such as water
pollution) — show significant heterogeneity due to spatial variation in the natural resource
base and natural conditions. Consequently, the same agricultural production practices
may produce very different bundles of commodity outputs and environmental
externalities in different areas. Hence, the nature and degree of jointness between
commodity outputs and environmental externalities vary spatially.

The SAPIM framework adopts an integrated approach: an economic model of
decision-making on representative farms is combined with a stylised site-specific
biophysical model that quantifies the impact of different policy instruments on production
practices and on the multiple environmental effects. Due to the site-specific nature of
many agri-environmental issues, analysis at a disaggregated level is necessary in order to
capture the underlying heterogeneity of agricultural productivity and environmental
sensitivity across different parcels of land. SAPIM is specifically designed to capture the
environmental effects of different agricultural policies through their impacts at the
intensive margin (input-use intensity), the extensive margin (land-use allocation) and the
entry-exit margin under these heterogeneous conditions at the field parcel level.

In the SAPIM framework the environmental process functions, such as nutrient and
herbicide runoff or greenhouse gas emissions, are integrated into economic optimisation
models, which maximise an objective function, for example to maximise social benefits
or private profits subject to resource and technical endowments, and policy incentives.
Incorporation of social valuation estimates for environmental effects — when reliable
valuation estimates' are available — provides a benchmark for policy analysis. SAPIM
allows the analysis of many different types of policy instruments including area
payments, input use taxes and regulations, payments for environmentally friendly
production practices and technologies, green auctions and tradable permits. The results of
the SAPIM modelling exercises thus have the potential to show the various
environmental outcomes, farm income impacts and government budgetary expenditures
as a result of different policy measures being applied in heterogeneous farm conditions,
which can then be summarised in terms of outcomes for private and social benefits. The
key concept is to consider the environmental effects as joint products of production, and
the policies as part of the variable set which modifies returns to agricultural production.
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A similar approach was used by Hochman and Zilbermany (1978) in their model for O;)
analysing pollution/production trade-offs. Their model integcated physical and eco Q%
models at a disaggregate level to capture the heterogeneity{f site characteristics, \h
statistically aggregated the micro-units into the level needed for policy analysis@ne basic
model was later used in several studies examining agricfilfjure-environment\elationships v
(for a brief overview of different studies using this apprqagh, see Lichte;&ég, 2002). In 3
the continuum of these studies Lichtenberg (1989; 2002)rovides an e llent basis for
examining farmers’ input use and land allocation choi undtheterogeneous land v
quality. O

The basic conceptual framework for internalising agri- -envirofyngntal externahtles in
heterogeneous landscape is presented in Figure 2.1. SAPIM analys1&s rgottLt %
of conceptual frame. In this regard consider agricultural production under h ogeneous
land productivity in a region where farms are located along rivers that drain the area. The
land is divided into parcels each of which are of the same size and homogeneous in land
productivity. Land productivity (6) differs across parcels’. For ease of presentation
suppose that they are only two crops grown in these regions, j=1,2.° Both crops are

produced under constant returns to scale technologies. Without loss of generality it is
assumed that the crop 1 is better suited to lower productivity land. Output of each crop
per unit of land area is a function of land productivity and fertilizer and herbicide
application rates (fertilizer and herbicide per unit of land area). Production increases with
respect to fertilizer and herbicide application and land quality, but with diminishing
returns. By assumption, some part of the land can be left uncultivated and allocated to
green set-aside or there may be exit of land from the agricultural sector to other sectors,

2

such as forestry. The private and social profitability of green set-aside or forestry (r°
and SW") are assumed to be independent of land productivity.

Crop production has several environmental effects:

e It affects surface water quality via nutrient and herbicide runoff. It is assumed that
runoff for each parcel of land depends on the crop, j, and the amount of fertilizer
and herbicide applied to the parcel. Both nutrient and herbicide runoff increase at
an increasing rate with higher input application rates.

e It has an impact on biodiversity via the wildlife habitat provided by cropped areas
and green set-aside. It is assumed that each type of land use provides a positive
externality through its contribution to biodiversity by providing wildlife habitat.
The contributions of different land uses need not be the same; hence it is assumed
that biodiversity benefits generated by the region increase with the (aggregate)
areas of each type of land use, but at a diminishing rate.

e Finally, cultivated crops and green set-aside may also generate both positive and
negative climate externalities through sequestering carbon (green set-aside),
providing offset benefits (bioenergy crops), and through generating GHG
emissions related to input uses and tillage practices.

Farmers maximise their profits by applying fertilizer and herbicide inputs to each
parcel at a rate such that the marginal revenue equals their respective unit prices
(marginal cost). Because land productivity varies, the privately optimal rate of application
for these inputs also varies over parcels and crops. Because of non-internalised
environmental externalities related to water quality, biodiversity and climate, the
privately optimal input application rates differ from the socially optimal ones. Accounting
for nutrient and herbicide runoff damages and damage related to GHG emissions in the
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social optimum will therefore decrease application rates fordlese inputs relative to the 0;)
private optimum. { A
AN .

Figure 2.1 illustrates the privately and socially optimamand allocation bet reen
set-aside (7° and SW°), crop 1 (n' and SW') and crop 2Xn* and SW?). B a‘gmption, ()
negative externalities related to nutrient and herbicide runoff as well as Géﬁ emissions —
are greater than the positive externalities related to the picallision of W&ﬁe habitat, and J
thus for both crops the social returns are lower than privaggdprofitgyln“the case of green o
set-aside, benefits related to the provision of wildlife habitat@yd carbon sequestration are )
greater than nutrient runoff damage (even though green set-zgle is not fertilized, there is @,
usually some nutrient runoff from these areas) and thus the soci rBtyrns are higher t
private profits. Since land productivity is homogenous within each parcel, thergwdll be a
corner solution so that the whole parcel is allocated to the land use with the highest profit
or social return. This conceptual model has two critical land qualities. An entry-exit
margin of crop cultivation is defined by the equality of private or social rents from

cultivated crop and the corresponding rents obtained from green set-aside & and 6,
respectively. Switching land quality allocates the cultivated land between two crops and
is based on either profits 8. or social rents 8. . As shown by Figure 2.1, the privately

optimal land allocation between crop 1 and crop 2, 8, differs from the socially optimal

one, 6" . In the social optimum more land is allocated to crop 1 which is cultivated on

lower productivities of land with lower fertilizer and herbicide applications, and thus with
lower nutrient and herbicide runoff damages and with lower GHG emissions related to
production, transportation and use of these inputs. Moreover, relative to the private
optimum, the social optimum allocates more land in environmentally friendly green set-
aside.

Figure 2.1. Private and social optimal land allocation under heterogeneous land quality

6, land quality

Source: Lichtenberg, 2002.
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The policy scenarios to be analysed in each case study ageycompared to these private o)
and social benchmarks, and are meant to be representative of the instruments availa%to
policy makers. The policy is: imposing regulations to pdjide indirect incentiv Jif b
feasible, internalising positive and negative externalities, targeting them difec)ly with
payments and taxes. A policy instrument that is effective @incorporating thgexternalities ()
will resemble as closely as possible the social optimum, Only if an agpi Qironmental 3
policy allows differentiated payment rates to take into corsideration ]@ heterogeneity,
the social optimum could be attained as the first—best\)ﬁolicy. e to land quality v
heterogeneity, to be first-best the policies should be diff@ltiate by parcel because 9
marginal adoption cost, benefits and damage of cultivation will dg/fer by parcel. (@

It is quite difficult to determine the first-best solution, not hﬂy beﬁl Ef’(a})%i
quality heterogeneity, but also because of measuring marginal externality. As it stands,
none of the policies in SAPIM are first-best solutions. The levels of policy measures
(e.g. nitrogen tax rate, the amount of subsidy) were chosen in each case so as to replicate
the selected environmental damage or compensate for the additional cost related to
environmentally friendly farming.

These empirical practices are similar in concept to the seminal work of Baumol and
Oates (1975), in which setting an aggregate target level for environmental externality and
then finding the cost-minimising policy to attain this target reflects a more realistic
decision framework for environmental policy.
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1. Valuation estimates are subject to a great deal of uncertaint}gl—lgye judgement of ‘{@(
is reliable is not considered in this report. ° e C

2. Besides productivity of land, the environmental sensitiveness of land could also be a
source of heterogeneity. For example, the slopes of the parcels towards a watercourse
could differ. In that case, heterogeneity would affect the parameters of the runoff
function rather than the production function.

3. Land allocation choice here is between two crops, but it could also be between two
different methods producing same crop, for example, conventional tillage vs no-till or
reduced till.
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Environmental effects of agricult\\%&al poli(®/£
Literature review 0O Q‘

¢

by eV
A brief literature review is a useful starting point to putting intc!—cgtext the
agri-environmental analysis later presented in this document. Thus, the purpose of this
literature review is not to provide an exhaustive review of previous literature but rather to
illustrate various methodologies used to analyse the environmental effects of agricultural
policies and main results obtained in these studies. The review is organised according to
the following environmental issues: soil erosion, greenhouse gas emissions, pesticides,
nutrient-related water quality, livestock manure-related emissions and policy instruments
controlling these emissions, and biodiversity. This is followed by a short section on the

role of broad-ranging policies and multiple environmental effects.

Soil erosion

Environmental damage from soil erosion related to agriculture has long been
recognised as an important externality. Lundekvam et al. (2003) discuss the link between
increases in soil erosion and policies introduced in the 1950s and 1960s in Norway to
support agricultural prices and subsidise cultivation of new land through land levelling.
They estimate that land levelling increased erodibility of soils by 3-13 times. Norwegian
policy has evolved towards an emphasis on environment and such policies were removed
in 1985, and incentive payments for “no autumn tillage” were introduced in 1991. An
erosion model adapted for Norwegian conditions (ERONOR) was used, showing the
impact on soil erosion of land levelling and the subsequent introduction of no autumn
tilling. The authors also emphasise how weather patterns are very important in
determining soil loss.

Another study that makes use of a simulation model of runoff and erosion is the
analysis of Souchere et al. (2003) on the impact of the European Union's Common
Agricultural Policy (CAP) on soil erosion in Upper Normandy (France). They report the
loss of 200 000 hectares (ha) of permanent grassland from 1970 to 2000 and use the
STREAM model for the Bourville catchment to demonstrate how the observed
conversion of grasslands to winter and spring crops is expected to cause an 85% increase
in soil loss. The authors also report the importance of grassland location in limiting
runoff. In this respect, Yang et al. (2004) and Khanna et al. (2003) also report on the
importance of geographical targeting when introducing buffers under the United States
Conservation Reserve Enhancement Program (CREP). The authors of these two papers
compare current CREP enrolment in watersheds in Illinois (United States) to simulated
least-cost solutions incorporating a hydrological representation of sediment transport.

Wu et al. (2004) develop a micro-level economic model incorporating environmental
production functions to analyse the effect of payments for conservation tillage and crop
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rotations in the upper-Mississippi river basin. The authors report results for a range of o)
payments. For example, a USD 20/acre payment would redéce wind erosion by 21 d
water erosion by 10%. Q (\ °

The studies presented above use simulation models~o assess the likel pact of )
future or past policies. The policies analysed are either immediately lighable to the —
process models being used, or if not, the agricultural po@ies are simpl§Pnssumed to be o)
driving current agricultural trends without trying to disentangle polj ivers from other [1/]
causes of change in agriculture. Few ex-post analytical s ﬁ'}es of¥policy impacts have
been carried out. Baldock et al. (2002) literature review sim#arly reports how links are
postulated for environmental impacts, which have increased ovetlz period of years duri
which the policy has operated but also many other factors have beefat york. D s@t&t e
intuitive appeal of these studies, the lack of a counterfactual limits the concluSions that
can be drawn in terms of policies’ specific contributions to environmental change.

Goodwin and Smith (2003) is one of the few exceptions where a true ex-post analysis
of policy impact on soil erosion is carried out. Quantitative estimates of the effects of the
Conservation Reserve Program (CRP) and the federal crop insurance programme on soil
loss are obtained using cross-sectional county-level data encompassing agricultural
production and soil erosion both before and after the introduction of the CRP and the
expansion of crop insurance programmes subsequent to 1983. Observed patterns of soil
erosion were obtained from USDA’s National Resource Inventory (NRI). Producers are
viewed as producing two types of output: crops and land allocated to CRP, each involving
specific revenues and costs. The study confirms the Conservation Reserve Program
significantly reduced erosion, whereas federal crop insurance and disaster relief
programmes appear to have had little impact on erosion. Income supports tied to
production had considerable adverse effects. The authors report that approximately half
of the reduction in soil erosion attributable to CRP enrolment was offset by increased
erosion induced by increases in income-supporting federal programmes. Specifically, a
one-point increase in the percentage of total acres enrolled in CRP would reduce erosion
by an average 0.28 tonnes per acre. Conversely, a one percentage increase in the
proportion of revenues generated by direct farm programme payments would increase soil
erosion by 0.125 tonnes per acre. Reinforcing the role of CRP in reducing soil erosion,
Kellogg and Wallace (1995) also report on the impact of CRP on reducing annual soil
erosion by 395 million tonnes in the period from 1982 to 1992. As an alternative to CRP
expenditures, Plantinga (1996) in an application to Wisconsin reports soil erosion
reduction benefits stemming from afforestation of marginal agricultural land once milk
price support is reduced.

The CRP has been extensively studied also in terms of the environmental impact of
expiring contracts, i.e. of land returning into production. The results of this research,
typically ex-post at the plot level indicate that the environmental impacts of returning
CRP land to crop production would be very location-specific (Unger, 1999; Dao et al.,
2002; Gilley and Doran, 1997; Huang et al., 2002).

Another interesting analysis that decomposes observed changes in soil erosion into
the impact of a specific policy and other trends is provided by Claassen et al. (2004). In
their study the authors attempt to determine what proportion of overall cropland erosion
reduction in the United States between 1982 and 1997 was actually due to conservation
compliance (CC). The CC programme requires the application of approved conservation
systems on Highly Erodible Land (HEL) cropland as a condition of eligibility for most
farm commodity and conservation programmes.
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To accomplish the task Claassen et al. use environmental jydicators from the National o)
Resources Inventory (NRI) and data on distribution of farmslby commodity speciali. agin
é vey

and programme payments from the Agricultural ReQQurces Management .

(ARMS). According to the NRI annual cropland erosion fell from 3.07 billio@nnes in

1982 to 1.90 billion tonnes in 1997, or about 40%. @16 proportion &i utable to v
conservation compliance was ascertained by examining, the extent to : 1) erosion 3
reduction occurred on HEL land, ii)land use chan¥®¢ unrelate conservation
compliance resulted in reductions in erosion, iii) erosion w@a\reduc n farms with HEL v
land receiving payments (subject to CC) relative to farr@ with "HEL not receiving 9
payments, and iv) erosion was reduced beyond the level requi@d for compliance. The(@
conclusion of the study is that 295 million tonnes reduction in anbpal erosion (25%@

total reduction) could be directly attributed to conservation complian€e. [Ream&ion in

erosion is reported to be larger on farms that receive Federal farm programme payments

than on farms not receiving payments, particularly on farms with wind-erodible soils.

Based on a model cash crop farm in south-west Ontario, Stonehouse and Bohl (1993)
show that a one-time subsidy covering 20% of the outlay costs would induce a farmer to
convert from conventional tillage to no-till. However, the study suggests that conversion
to permanent cover crops such as alfalfa would require excessively high subsidies.
Finally, with respect to the use of taxes, Aw-Hassan and Stoecker (1994) determined that
if the off-site damages from conventional practices were taxed as high as USD 2.25 per
tonne of soil loss, the area of high-yielding/high-erosion land under conservation tillage
would increase significantly, while lower-yielding land would be converted to pasture.
However, in a similar study, Stonehouse and Bohl (1993) show that the meaningful levels
of soil erosion prevention via taxation are difficult to achieve and result in significant
reductions in net returns.

Greenhouse gas emissions'

Recent studies have estimated the potential farm sector impacts of strategies to
increase the quantity of carbon sequestered in agricultural soils and biomass. The general
approach has been to construct a hypothetical situation in which farmers are paid to
change land uses and/or production practices to store additional carbon in soils and
biomass.

Antle et al. look separately at shifting cropland to grasses and reducing summer
fallow. Three findings in Antle et al. are of note. First, eliminating fallow periods appears
to be a cost-effective method of carbon sequestration while expanding grasslands does
not — at least in eastern Montana. Over a 20-year simulation, sequestering about 7 million
metric tonnes (mmt) of carbon by expanding grasslands requires an annual rental
payment of USD 51.77 per acre and costs the government USD 3.15 billion (not
discounted, which is more than 14 times the cost it would take by increasing continuous
cropping). Second, a comprehensive GHG-mitigation strategy can include activities that
sequester relatively small amounts of carbon but at a very low cost. At the highest
payment level, switching from crop-fallow rotations to continuous cropping sequesters
less than 19 mmt of carbon over the 20-year simulation. While this amount represents
only a fraction of the sequestration potential of afforestation, two-thirds, or about 12 mmt,
could be captured for an annual payment of USD 8 per acre. Finally, for a given activity,
the cost of sequestering carbon can vary significantly within a region due to site-specific
biophysical and economic characteristics, indicating policy makers should note the
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potential for cost savings if sequestration incentives are desi@ed with flexibility to take O;)
advantage of heterogeneity among locations in each region. { \A
°

There are studies that present more comprehensive@ssessments in Wh@f}rbon
sequestration is part of agriculture’s larger potentialsato mitigate GHG issions
(Lewandrowski et al., 2004; McCarl and Schneider, 20015McCarl et al., 20@.

g
Lewandrowski et al. (2004) use the U.S. Agricultural béctor Mode]égMP), a spatial J
and market equilibrium model built to assess a wide rang%f eco ¢, environmental, v
and policy issues of interest to US agriculture. Model-based @dings reflect the provision

of financial incentives to landowners for sequestering carbon thrgugh changes in land use (@
(converting cropland to forest or grassland) and cropland manage ebtpractices (adopti
conservation tillage or alternative crop rotations). The main findings ar®thdt iptG price

of USD 10 per metric tonne (mt) for permanently sequestered carbon, the ERS model
estimates that from 0.4 to 10 mmt of carbon could be sequestered annually from adoption

of the land-use changes or management practices analysed; and at USD 125 per tonne,

from 72 to 160 mmt could be sequestered, enough to offset 4 to 8% of gross

US emissions of greenhouse gases in 2001; ii) the different sequestration activities
studied become economically feasible at different carbon prices with farmers adopting
cropland management (primarily conservation tillage) at the lowest carbon price, USD 10

per mt permanently sequestered carbon, and would convert land to forest as the price rose

to USD 25 and beyond. Afforestation is preferred to conversion of cropland to grassland

up through a USD 125 carbon price. Lewandrowski et al. also finds that the estimated
economic potential to sequester carbon is lower than previously estimated technical
possibilities: the economic potential by factoring into farmers’ adoption decisions farmers

could sequester up to an additional 28 mmt by adopting conservation tillage on additional

lands at the top carbon price they studied, USD 125 per tonne, as opposed to soil
scientists’ estimate to sequester as much as 107 mmt additional carbon through
conservation tillage.

In McCarl and Schneider (2001) and McCarl et al. (2003), farmers can adjust land
uses, crop choices, and management practices in ways that increase carbon sequestration,
decrease GHG emissions (i.e. CO,, CH,4, and N,O), or increase production of biofuel
crops. The ASMGHG model — a market and spatial equilibrium mathematical
programming framework — depicts production and consumption in 63 US regions for
22 traditional crop commodities, 3 biofuel crops, 29 livestock commodities, and more
than 60 processed agricultural products. The study uses the biophysical Environmental
Policy Integrated Climate (EPIC) model to calculate changes in carbon sequestration
associated with Crop management activities. The authors simulate a subsidy when
farmers switch to activities that reduce GHG emissions and a charge when farmers
change to activities that increase emissions. For carbon valued at USD 9.60, USD 48.10,
USD 96.20, and USD 480.80 per mt, net carbon sequestration is, 51.80, 146.40, 238.50,
and 395.50 mmt, respectively, while net GHG mitigation is equivalent to 53.90, 154.10,
255.70, and 425.90 mmt of carbon, respectively. In terms of the balance between
different greenhouse gas reduction options, at low carbon prices soil carbon sequestration,
afforestation, and CH4/N,O emissions reduction dominate GHG-mitigation activities. At
high carbon prices, the dominant mitigation activities are afforestation and biofuel
production. Regardless of the value assigned to carbon, CH4 and N,O emissions reduction
activities make a relatively small contribution to GHG mitigation.

Taken collectively, available studies suggest that the farm sector’s economic potential
to sequester additional carbon is significantly less than amounts deemed technically
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possible in soil science-based assessments. The most notewortyy divergence between soil o)
science and economic assessments concerns conversions§of cropland to per nt
grasses. From a national perspective, Eve et al. (2000) esdiate the technical pot b

converting cropland to grassland at between 26 and 54 mmt of carbon p ear. In

contrast, economic assessments by Antle ef al. and l\@larl and Schn er tind that v
sequestering carbon via this land-use change would not b@ompetltlve w;g er carbon- 3
sequestering activities. o

The published studies indicate that the most cost—effect}%zk X (Q‘arbon sequestering ¢
activities will depend on the level of carbon payment offeremr equivalently, the target
quantity of total sequestration to be achieved by the programme.(A ross studies, chan%?

in production practices — such as expanding no-till and shifting t carh()J]Ase @&1
rotations — dominate farm sector responses at very low payment levels. orestation
becomes the dominant sequestration activity at a carbon payment between USD 20 and

USD 100 per mt, depending on the specific features of the context modelled.

Pesticides

The challenge concerning tracing the environmental impact of agricultural policies
due to pesticides lies in the fact that pesticide risks cannot be adequately assessed by
simply quantifying the amount of pesticide used because of the number of different
chemicals with different potencies, transport characteristics, and non-target effects.
Several studies exist, for example, concerning the definition of pesticide risk indicators
(Levitan, 2000]; Falconer, 2002; Van der Werf, 1996). Stoate et al. (2001) provide an
overview of empirical studies on the environmental impact of pesticides in Europe, but
these are not linked to specific policies.

Dubgaard (2003) provides insight on the difficulties in assessing pesticide-related
policies by analysing the achievements of the Danish Pesticide Programme. Denmark has
implemented a pesticide policy that has led to the removal of about half the substances
previously permitted. The attained risk reduction depends on the pesticide impact
indicator used; however, most of the computed indicator values point to a reduction in the
load of toxicity per hectare. The author concludes that the re-evaluation and monitoring
programmes have contributed to an overall reduction in hazards from pesticides in
Denmark. The author also suggests moving from an ad valorem tax on pesticides to one
that is more targeted according to the environmental effect of each pesticide. In terms of
the effectiveness of re-evaluating the registration of the most toxic pesticides, Villarejo
and Moore (1995) come to similar conclusions of the Danish study for the case of the ban
on Ethyl Parathion in California — that it was a relatively efficient tool.

The only study we found that analyses the impact of policies on observed pesticide
use was the paper by Serra et al. (2005). The purpose of the article was to assess the
impact of the 1992 CAP reforms on the use of crop protection inputs using farm-level
data taken from the Eurostat Farm accounting Data Network for the period 1994-99.
During this period the 1992 MacSharry reforms went into effect. The estimated
elasticities suggest that an increase in both prices and area payments generate a
statistically significant increase in the use of crop protection inputs. Price effects are
reported to be more elastic than area payment effects. Hence, one could conclude that the
reductions in price supports in favour of area payments that occurred with the 1992 CAP
reforms stimulated a decline in the use of crop protection products. Serra et al. go on to
simulate the effects of policy shocks on the use of crop protection products. In a
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simulation exercise, the authors assess the effects of shocki the model in accordance O;)
with the changes introduced by Agenda 2000 and the 2083 Mid-Term Review e
CAP. As aresult of the implementation of Agenda 2000, réplts suggest a reductio, the b
despite use of crop protection products slightly more than 3%, leaving p amage
almost unaltered. The move from the 1999 frameworl@) the MTR scepario and the v
elimination of area payments in favour of decoupled payments involved @&f substantial 3

v

changes. Their model forecasts an 11% reduction in the use of crop prgection inputs as a

result of this policy shift. A
Remaining in the domain of simulation models, Psych&lakls et al. (2002) use an

empirical multi-objective approach to illustrate potential reductidiyi agrochemical us g(
farming region in northern Greece. The income loss of reducing the&' ur

of agrochemicals is assessed. The solution suggests a subset of 12 croppmgTTS ?ns with
maximum income for the corresponding levels of agrochemical use. The solution shows
that a substantial reduction of the use of agrochemicals can be achieved by changing the
pattern of cropping alone. Psychoudakis et al. conclude that the aid provided for by EU
support schemes to compensate farmers for income loss due to extensification results in a
substantial reduction in the use of fungicides and insecticides.

Water quality (nutrient pollution)

Nutrients, chiefly nitrogen, phosphorus, and potassium, are important inputs in
agricultural production systems. Of the three main nutrients, nitrogen and phosphorus
may cause water quality problems in surface water and groundwater. In the case of
agricultural nonpoint source pollution standard solutions for point source pollution, such as
effluent standards and effluent taxes, cannot be applied directly, since pollution flows from
nonpoint sources cannot be monitored with reasonable accuracy or at reasonable cost
(Shortle and Dunn, 1986). The economic literature on the design of nonpoint source
pollution control originated with Griffin and Bromley (1982). Subsequent influential
contributions were made by Shortle and Dunn (1986) and Segerson (1988).

Empirical literature has analysed both the impact of resource base heterogeneity, such
as differential soil productivity, on the effectiveness of uniform vs differentiated policy
instruments, and the implications of random or stochastic factors on efficient policy
design. Helfand and House (1995) analyse non-point source pollution control under
heterogeneous conditions in the case of nitrate pollution from lettuce production in the
Salinas Valley. They find the costs of uniform input taxes to be relatively small compared
to differentiated input taxes, which represent the cost-efficient solution. Fleming and
Adams (1997) have analysed alternative tax policies for controlling groundwater nitrates
from irrigated agriculture. They also found that the gains from spatially differentiated
taxes were quite modest. Shortle er al. (1998) comment that these results are unusual,
since many other empirical studies have shown that information-intensive and highly
targeted instruments in most cases clearly outperform uniform instruments when
transaction costs are not taken into account. For example, Carpentier et al. (1998)
analysed compliance and transaction costs of reducing nitrogen runoff from dairy farms
by 40%. They show that perfectly targeted standard reduces compliance and transaction
costs by almost 75% compared with the uniform standard.

Mapp et al. (1994) analyse regional water quality impacts of limiting nitrogen use by
broad vs targeted policies in five regions within the Central High Plains. Broad-based
policies analysed include: i) limitations on the total quantity of nitrogen applied (total
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restriction) and ii) limitations on per-acre nitrogen applica@'ans (per-acre restriction). o)
Targeted policies analysed include: iii) limits on the quantit® of nitrogen applied og

ils
prone to leaching (soil targeted restriction) and iv) specifi§ irrigation systems ( ﬁn— b

targeted restriction). Their results show that targeted policies provide greater r ion in
environmental damage for each dollar reduction in nef farm income, thag is; targeted ]
policies are more cost-effective than broad-based policigs, Among the ted policies 3
nitrogen restrictions differentiated on production systems &tperform ngrdgen restrictions v
on soil types.

P <& 4

Lacroix et al. (2005) analyse the cost-effectiveness of fa@ management practices for
reducing nitrate pollution in the north-east of France under rtainty and chmz\1§(
variability. They use a biophysical model to assess the probablhstlck' Cosfgetfect] £
the farm management practices supported by the European Union for reducing n1trate
pollution. Six nutrient management scenarios are analysed and each scenario is
characterised by a set of farm practices defined for controlling nitrate pollution. Four of
them simulate farm practices that have been suggested by the European Union to reduce
agricultural nonpoint source pollution. Analysed scenarios include e.g. limiting fertilizer
application on the land in vulnerable zones, integrated/precision fertilisation (aims to
optimise yields and reduce the mineral nitrogen in the soil by measuring soil mineral
nitrogen reserve), set-aside cross compliance, 20% reduction of nitrogen application and
use of catch crops etc. Lacroix et al. found that none of the policy scenarios tested
satisfies the nitrate concentration constraint every year. In the long run the optimal policy
scenario is the one that combines integrated fertilisation with planting of catch crops
immediately after the harvest. Their results highlight the effectiveness of catch crops to
act as buffer against climatic, cropping and soil conditions because catch crops reduce the
variability of nitrogen concentrations and thus reduce the risk of exceeding the water
quality or environmental constraint.

Vatn et al. (1997) developed an interdisciplinary modelling approach named
ECECMOD to analyse the regulation of nonpoint source pollution from agriculture. They
analyse the impacts of following policy scenarios on losses of nitrogen, phosphorus and
soil: i) 100% tax on nitrogen in mineral fertilizers, ii) 50% arable land requirement on
catch crops/grass cover, and iii) a per-hectare subsidy for spring tillage. The tax induces
both reduced fertilizer levels, more clover in the leys and better utilisation of nitrogen in
manure. However it does not have any effect on soil or phosphorus losses. Requirement
for catch cropping reduces all categories of losses and losses of nitrates are reduced twice
as much as in the tax regime. Subsidising spring tillage has a stronger effect on soil losses
than the catch crop regime, but it has insignificant effect on nitrate leaching. Tax on
nitrogen is the least costly measure per hectare and per kilogram reduced N leached.
Catch crops are more costly, but they have positive effects on erosion and phosphorus
losses as well. If the focus is exclusively on erosion then spring tillage is the least costly
measure.

Abrahams (2004) develops an empirical simulation model of corn production in the
United States and its impacts on nitrate pollution, and examines taxes and standards on
purchased nitrogen fertilizer and taxes and standards on excess nitrogen (that is, nitrogen
surplus). These environmental policy instruments are examined with and without corn
price support (analogous to the Deficiency Payment Program) and land retirement
policies (analogous to the Acreage Reduction Program). The results show that
economically efficient nitrate policy choices are sensitive to agricultural income support
programmes: in the presence of income support programmes, the preferred instrument is a
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fertilizer tax, whereas without the support programmes, theo)referred instrument is an
excess nitrogen tax. { A

°

Lankoski er al. (2006) analyse the social profitabilit@of conventional oard
plough tillage vs no-till by using Finnish data. Socj] welfare assessm ﬁof the )
alternative tillage practices takes into account the potential cost sav1® of no-till —
technology, such as lower fuel consumption and labour !@j)ut, as well a@potential yield o)
losses in comparison to conventional tillage. Following ironmentdeffects are taken [1/]
into account in social welfare assessment: surface runeff ofXnitrogen, dissolved
phosphorus, particulate phosphorus, and herbicide runoff 1 udmg MCPA runoff and e
glyphosate runoff. Their results show that only in one case (Harl y cultlvatlon) out Qf
three it is both privately and socially profitable to adopt no-till tech#blogy. In &Qgs
(wheat and oats cultivation) costs savings due to no-till adoption are no enough to
compensate yield losses it entails so that it is profitable for a farmer to continue
conventional tillage. From the social profitability viewpoint, there are important
environmental trade-offs related to no-till technology adoption: nitrogen runoff, soil
erosion, and particulate phosphorus runoff decrease; however, dissolved phosphorus
runoff increases remarkably (these runoffs are over three times those of conventional
tillage). Also total runoff of herbicides may increase because of increased use of
herbicides to control perennial weeds under no-till. From the social profitability
viewpoint, no-till adoption is again profitable only for barley cultivation.

Livestock manure related emissions and policies

Evidence for some European countries indicates that around 95% of ammonia (NHj3)
emissions into the air result from agriculture, with about 60% from animal manure
(mainly cattle) and the remainder arise mainly from the use of inorganic nitrogen
fertilizers (OECD, 2001; 2007b).

Yap et al. (2004) examine the adoption costs of shifting from nitrogen-based manure
policies to phosphorus-based policies in a hog-grain farm. In addition to the conventional
manure management alternatives and crop land use pattern adjustments, they consider a
possibility of changing the pig diets to reduce the amount of phosphorus in manure. Using
a simulation model they find that relative to the nitrogen-based policies, phosphorus-
based policies did not change the number of heads. However, pigs were fed an alternative
diet using enzyme phytase, and phosphorus excretion was reduced. Also, the cropping
pattern of the farm shifted slightly from corn and beans cultivation towards wheat
production.

Fleming et al. (1998) examine the net benefits of swine manure management for
alternative production systems. They allow for two alternative storage systems (anaerobic
lagoon and slurry basin) and analyse two alternative nutrient target levels (based either on
nitrogen or phosphorus standards). Assuming that the number of heads is given, they only
focus on the net benefits from manure over delivery costs. In a related model, Feinerman
et al. (2004) examine the costs of three alternative fertilization strategies (using a
chemical fertilizer, manure and both) when either a nitrogen or phosphorus standard is
imposed. They calculate the costs associated with each strategy and define the price
thresholds to describe shifts in the management regimes.

Kaplan et al. (2004) and Smith et al. (2006) provide empirical analysis of regional
manure policies. These papers demonstrate that the effects of manure policies depend
crucially on the transportation costs of manure and substitution possibilities between
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manure and chemical fertilizers. Manure policies typically to reduced production, o)
higher prices and decreased nutrient runoff. Also, it turns oé that the willingness gﬁp
& e

producers to adopt manure-spreading on their crop land¥)affects the costs of b
management. O

Ribaudo et al. (2003) apply the model by Fleming «Qal. (1998) to in@tigate three 2
alternative manure management practices (waste managd@nt, waste utiifeation, manure o)
transfer) to meet the manure nutrient standards at a regiogal level l@y also determine [1/]

the crop land area required to meet the standard on the b of willingness of the ¢,

farmers to accept manure on their crop lands. Both papers find that imposing a e

phosphorus standard implies much higher adoption costs than a n(t((igfn standard. \)(
c\

*Le
Biodiversity and wildlife habitats

There are some cost-effectiveness analyses of biodiversity management in the
literature. These studies have estimated biodiversity management costs as a cost to the
public exchequer (see, for example, Moran et al., 1996; Babcock et al., 1997; Macmillan
et al., 1998) and have used broad measures of biodiversity such as habitat area. Wynn
(2002) however takes into account farmers’ adoption cost when using data from ten
Environmentally Sensitive Areas (ESAs) in Scotland. Biodiversity is measured at the plot
and farm level. Biodiversity and adoption costs are combined in cost-effectiveness ratios.
Statistically significant biodiversity and adoption cost differentials were found between
farm types (cattle and sheep, mixed, specialist beef and specialist sheep). Neither high
biodiversity nor low adoption costs were necessarily associated with high cost-
effectiveness, which emphasises the importance of both factors.

Kleijn et al. (2003) have analysed the effectiveness of European agri-environment
schemes in conserving and promoting biodiversity. They reviewed 62 studies originating
from five EU countries and Switzerland (5), 76% of which were from the Netherlands
and the United Kingdom. Other studies were from Germany (6), Ireland (3) and
Portugal (1). According to Kleijn ef al. in the majority of the reviewed studies the
research design was inadequate to assess reliably the effectiveness the schemes. Overall,
54% of the examined species (groups) demonstrated increases and 6% decreases in
species richness or abundance compared with controls; 17% showed increases for some
species and decreases for other species, while 23% showed no change in response to agri-
environment schemes.

Wiitzold and Drechsler (2005) develop a simple ecological-economic model for
examining the cost-effectiveness of spatially uniform vs differentiated compensation
payments for biodiversity enhancing land-use measures. Their results show that the cost-
effectiveness may be very low for uniform payments.

Broad-ranging agricultural policies and multiple environmental effects

There are situations where major shifts in agricultural policy have little or no effect
on the environment. One such case is reported by Wier ef al. (2002) in relation to the
EU’s Agenda 2000 reform of the agricultural sector. The authors simulate the impact on
Denmark’s environment of reductions of 15% in cereal prices, 20% in beef prices, and
15% in milk prices, combined with increases in per-hectare premiums for cereals, and
headage premiums for cattle. The results indicate that the Agenda 2000 reform has
significant economic costs for Denmark but almost no effects on the environment.
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Similarly, Cooper et al. (2004) report simulation results comgerning the environmental o)
impact of the Free Trade Area of the Americas agreement, add find it to be minimal\A

Q S

Farm-level modelling approaches under heterogeneous Cﬁmitions O

U
Table 3.1 summarises the studies conducted at\_farm or fle@ level under J
heterogeneous agricultural productivity and/or environm 1 se dﬁ\(] . These studies 0/}
have focused on non-point source pollution of nutrlents tici nd sediment. The ¢,
analysed instruments range from regulations and taxes to subsidies for abating inputs. e

OV
b e Lect
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This case study examines the formulation of agri-environmental poli Eiimed at
multiple environmental outputs in the presence of spatial heterogeneity. A theoretical
framework is developed that establishes socially optimal joint provision of agricultural
commodities and environmental goods and services (specifically, water quality and
biodiversity) as a benchmark. As regards spatial heterogeneity the focus is on differential
land productivity that leads to differing fertilizer intensities and differing nutrient runoff.
Moreover, biodiversity benefits are dependent on land allocation/use choices between
different crops as well as between agricultural land and other land uses, such as forestry.

This framework is then used to examine conceptually and empirically the effects of
different types of agricultural and agri-environmental policies commonly used in many
OECD member countries, including crop area payments, fertilizer taxes, mandatory
minimum width of field edges or buffer strips, payments for establishing buffer strips,
and finally alternative types of conservation auctions.

The remainder of this chapter is structured as follows. First, a general theoretical
framework is developed for both traditional policy instruments as well as
green/conservation auctions. This is followed by a description of empirical framework,
policy simulations and results for traditional agri-environmental policy instruments.
Green auctions are then compared with flat-rate agri-environmental payments.

Theoretical framework

The theoretical framework and empirical specifications of the core equations used in
this case study are based on Lankoski and Ollikainen (2003), Lankoski et al. (2004), and
Cattaneo et al. (2007). Lankoski and Ollikainen (2003) develop an analytical framework
for analysing joint production of commodity outputs and positive and negative
externalities under heterogeneous land quality. They show that the optimal design of
policy requires the use of spatially targeted and tailored instrument combinations.
Lankoski ef al. (2004) extend the framework by adding entry and exit margin and
characterise conceptually and empirically the inefficiencies arising from the use of
existing policy instruments such as crop area payments, environmental cross-compliance
schemes and agri-environmental payments relative to the social optimum in the provision
of multiple outputs. Cattaneo er al. (2007) examine to what extent jointness and
environmental heterogeneity affect the performance of different auction designs vis-a-vis
conventional flat rate policies. They analyse whether the possibility of exploiting
environmental practices that provide multiple environmental benefits has an impact on
the relative performance of different policy designs. They specifically focus on an agri-
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environmental payment programme that promotes two env'aanmental targets, nutrient o)
runoff reduction and biodiversity provision. { \A
&

Q

Theoretical framework for socially optimal input us@and land allocgton

Theoretical model presented here is based on Lank})sld et al. ( % The Finnish
application of SAPIM describes agricultural production unib¥ heter@@eous land quality.
Figure 4.1 shows the spatial structure of this application. 0
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Figure 4.1. The spatial properties of the SAPIM
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Source: Lankoski et al. (2004).

Following Lankoski et al. (2004) this study considers agricultural production under
heterogeneous land quality in a region where farms are located along a river that drains
the area. The land is divided into parcels which are of the same size and homogeneous in
land quality (Figure 4.1). Land quality differs over parcels. It is assumed that it can be
ranked by a scalar measure ¢, with the scale chosen so that minimal land quality is zero
and maximal land quality is one, i.e., 0<g<1. Let G(q) denote the cumulative

distribution of ¢ (acreage having quality g at most), while g(g) is its density. It is further
assumed that g(g) is continuous and differentiable. The total amount of land in the region
is thus

G = [2(q)dg. (1)
0
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It is supposed for simplicity that there are only two ceeps grown in this region, b
Jj =1,2. Both crops are produced under constant returns tdsscale technologies. Withut

loss of generality it is assumed that crop 1 is better suited &ower quality land. Ol@ut of ¢

each crop per unit of land area, y;, is a function of land quality ¢ and t rtilizer v
application rate (fertilizer per unit of land area) I, ys= f (1l ) T@.production it
function is increasing and concave in fertilizer UHd land ity, that is, 5

flj(lj;q) > O,fllj(lj;q) <0, qu(lj;q) >0, qu](lj;q)‘»o. Le% and ¢ denote the
respective prices of crops and fertilizer. It also allows for the(;)ssibility that some part of
the land is left uncultivated and allocated to a residual use su&yeggfallow or it can be{
allocated outside of the sector (such as forestry in the empirical app atign)LT he 18v&1 e

per unit of land area generated by residual use is 7z ; it is assumed that it is 1n§ependent
of soil quality. Let L;(g) denote the share of land of quality g allocated to use j. The total

1
amount of land allocated to each use is thus H; = IoLf (9)g(q)dq,j=0,1,2.

Crop production has two environmental effects: it affects water quality via nutrient
runoff and biodiversity via wildlife habitat provided by cropped areas and field margins.
The focus here is on a special type of field margin, a buffer strip located between crop
land and the river that is left uncultivated and covered by perennial vegetation. Buffer
strips help reduce nutrient runoff as well as promote biodiversity. Let mj(g) denote the
share of a parcel of quality q allocated to crop j that is retained as a buffer strip. Since
buffer strips are maintained only on cropland, the total area of buffer strips in the region

1
isM = Io Zizlm i(@)L;(q)g(q)dq . Each type of land use contributes to biodiversity

by providing wildlife habitat. The contributions of different land uses need not be the
same; hence it is assumed that biodiversity benefits generated by the region are an
increasing, concave function of the (aggregate) areas of each type of land use,

k(H,,H ,H,,M).

Crop production also generates negative environmental externalities via nutrient
runoff. It is assumed that runoff for each parcel of land is a function vi((/-
mj(q))l(g),mj(q)) that depends on the crop, j, the amount of fertilizer applied to the parcel,
(1-mj(q))l(q), and the area of the buffer strip running the length of the parcel along the
river, mj(g). For convenience, runoff from residual use is assumed to be zero. By
assumption runoff is uniformly mixed in the river, so that pollution damage depends on

aggregate runoff, Z = [ v (l=m (@)l (@).m, (@)L, (9)g(q)dq . Let D(2)

denote the convex damage function from runoff ( D'(:) > 0; D"'(-) > 0).

The social welfare maximization problem can now be expressed as

max Ll[zzj:l A=m (@)pf’ (1 (@).q)—cl,(PIL;(q)+ Ly ()7’ ] g(q)dq

lj,mj,Lj,z,Hj

-D(z)+k(H,,H,,H,,M)
S.t.
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H, = Ll L;g(q)dq go A
_ 1 2 m o\
M= > m@L(@sq)dq O
1 2 Q
Z= sz:l v, (A=m)l;(q),m;(q)L;(q)g(q)dg U ’Ob
L@+ L(@)+L,(g)<1 Vq W Q~®
O

Let A; be the Lagrange multiplier associated with the crop 1 (H;) constraint, the(@

Lagrange multiplier associated with the buffer area (M) constrbnt, C the Lagr
multiplier associated with the runoff (Z) constraint, and ¢ the Lag.ranlge% iplier
associated with the constraint L, (q) + L,(q) + L,(q) <1. Then the first order conditions

defining the optimal use of fertilizer, the size of the buffer strip and allocation of land
among alternative uses in the social optimum are:

of ’ v,
l.: —c|-¢(——<0 2
j {pazj C} gazj -
. ov.
m;:—(pf’ —cl))+u-{—-<0 (2b)
om;
Li:(—m)lpf’ —cl]+A;+pum; v, —6<0,j=12 (2¢)
Ly:7’+4,-0<0 (2¢)
ok
H. :—-1.=0 2d
Vo 2d)
ok
e — =0 2
M Hu (2e)
Z:-D'(2)+¢=0 (2)

plus the aforementioned set of constraints.

Condition (2a) is the standard condition that fertilizer should be applied at a rate such
that marginal revenue equals its unit price plus the marginal social cost of damage from
runoff. The latter is the last term on the right hand side of condition (2a), as can be seen
from condition (2f), which says that the shadow price ¢ equals D {Z). It should be noted
that fertilizer application per unit area will vary over parcels and crops. After substitution
using equations (2e) and (2f), it can be seen that condition (2b) says that the size of the
buffer strip should be chosen to equate the opportunity cost of allocating land to buffer

strips, which equals the loss of crop rent, —|pf I —cl ; |, with the marginal agro-

ov .
biodiversity benefits and reductions in runoff damage, ;_A];_D,(Z)E)L' Equation (2c)
m .
J
defines the condition for the critical land quality dividing the land area between the two
crops. After substitution from equations (2d)—(2f), it can be seen that all land of quality q
should be allocated to the use with the highest social return, including crop rent
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9
(1—=m)[pf’ —cl;], marginal contributions to biodiveri@ from both the crop and )
. ok ok . , AN .
buffer strip, " +Wm ;» and marginal runoff damage, Q3 D"(z)v IE (\

J

Under certain regularity assumptions, condition (2c) @so defines two whique critical i)
land qualities: a minimum quality of land allocated to@op productiofiyand a critical »)
quality at which the land allocation switches from one crop, to ancﬁieésee for example ]
Lichtenberg 2002). Land of quality g < ¢, is allocated esthe résidual use. Land of ¢

quality g, <g < ¢‘ is allocated to crop 1. Land of quality g >¢" ié/allocated to crop 2. 7/,

<
This land allocation is illustrated in Figure 4.1. Furthermore, ok cag eEilés@W— y
totally differentiating conditions (2a) and (2b) that fertilizer application is increasing in

adl . om;
land quality (a—’ > 0) while buffer strip area is decreasing in land quality ( ;n’
q q

<0), also

as shown in Figure 4.1.

In the absence of government intervention profit-maximizing farmers’ decisions may
not take into account either negative (runoff) or positive (agro-biodiversity) externalities
from agriculture. It is easy to see from condition (2b) that farmers will not maintain
buffer strips in such cases because they receive no compensation for the lost rent (hence
condition (2b) holds as a strict inequality). The privately optimal fertilizer application rate
similarly ignores marginal runoff damage

o’
ol

J

[,:p c=0 (3a)

while land of each quality is allocated to the use that generates the highest rent without
consideration of runoff damage or biodiversity benefits

Ly:pf’—cl;-6<0. (3b)

These conditions have been analysed in detail in Lichtenberg (1989; 2002), and in
Lankoski and Ollikainen (2003).

Background and theoretical framework for green auctions

As regards agri-environmental payment programmes in OECD countries, most of
them are based on fixed flat rate payments provided to farmers who comply with a
predetermined set of management practices/criteria, such as reduced tillage or limits on
the intensity and timing of fertilizer, manure and pesticide applications. The obvious
problem with this type of flat rate payment approach is that heterogeneity in neither
farmers’ adoption costs nor site-productivity of environmental goods supplied are taken
into account in policy design and implementation. This may reduce cost-effectiveness of
the programme even if the policy-related transaction costs are taken into account.

Auctions could reduce information asymmetry between a farmer and a policy maker
and thus reduce the problem of hidden information and adverse selection. Auctions have
been recently applied to environmental conservation in agriculture (Latacz-Lohmann and
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Hamsvoort, 1997; Stoneham et al., 2003; Vukina et al., 200 n conservation auctions, ¢>
farmers bid competitively for a limited amount of environmental conservation confﬁa*s.

When making a bid a farmer faces a trade-off betwee@lpet pay-offs and acc e .
probability so that a higher bid increases the net pay-off but reduces the prqbapility of

getting a bid accepted. Thus, competitive bidding wi@push farmers tozreveal their ()
adoption costs and as a result it will reduce farmers’ inforiation rents p& mprove the 3
cost-effectiveness of an agri-environmental programnyé. It shou e noted that
conservation auctions may imply higher policy-related sacti@costs than flat-rate v
payment approaches. O 9

In this case study the environmental effectiveness anly cost-effectiveness Qf
conservation auctions relative to flat-rate agri-environmental paymeént ig a[s[e%et
regard to auction design this application focuses on an agri-environmental payment
programme promoting two environmental targets, nutrient runoff reduction and
biodiversity provision applying a sealed bid green auction (discriminatory first-price
sealed bid auction). A score index is used to rank the farmers’ applications. The score
index is a product of two aspects: environmental performance and the monetary size of
the bid. By giving weights to different environmental aspects in the programme, the index
establishes the relations between these aspects as concerns their relative priority (like the
Environmental Benefits Index [EBI] in the United States). As index weights are typically
known prior the auction, the index helps farmers to assess how their actions affect their
chances of getting their bids accepted. Unlike previous index applications, where the
weights given to the chosen environmental aspects are based on expert assessment, the
weights of runoff reduction and biodiversity conservation are developed using Finnish
valuation studies concerning biodiversity benefits and nutrient runoff damages. Hence,
the weights in the environmental index reflect the nature of social welfare function.

Following Cattaneo et al. (2007) it is assumed that the government announces an
agri-environmental programme to promote nutrient runoff reduction and biodiversity
provision. Farmers are asked to present a combination of environmental management
actions and related bids. To guide the bids, the government indicates the weights given to
the environmental performance and the size of the bid. Moreover, farmers promising to
reduce fertilizer application are required to make a costly soil nutrient test and to report
the actual amount of applied fertilizer to prevent moral hazard associated with non-point
pollution. Drawing on the farmers’ bids, a single score value (/) will be computed for
each application. The applications will be accepted according to the score value in so far

as the scores exceed a cut-off value (/¢), which is defined endogenously after the bids
have been submitted.

To formalise this bidding procedure, it is first defined how the environmental
performance of each bid is assessed. It is assumed that environmental performance
includes two components: an improvement in agricultural biodiversity (BD) and in water
quality by reducing nutrient runoff (BZ). In working lands (cultivated lands), biodiversity
is mostly promoted by field margins, which provide semi-natural habitat for wildlife.
Reducing nutrient runoff can be made by many means. The most obvious way is to
reduce fertilizer application, another is provided by establishing buffer strips between
fields and waterways. Also, a choice of tillage practice, such as reduced tillage or no-till
may be chosen to reduce nutrient runoff.

The focus here is solely on fertilizer reduction and buffer strips as the means of
reducing nutrient runoff. Fertilizer application is denoted by / and buffer strips by m.
Then, biodiversity and water quality improvement benefits can be expressed relative to
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the maximum improvement obtainable in a given parcel o) BD(m) and BZ(l,m), %
respectively. Assumption 1 characterises the environrfrental performance ir\%e

programme. Q O(\ ¢
: . a v
Assumption 1. Environmental performance, E b 3
Environmental performance is a linear combination oz;ﬁodiversit}@nd water quality U
improvement benefits, E(l,m)=aBD(m)+ BBZ(l, wit <a,f<1 and )
o+ f=1and 0< E(m,l) <1. Moreover, 0 e
dE “ b o
Al SE=E = fBZ,<0; e Lect
E
A2 £ =E =o0BD,+pBZ >0
dm

From assumptions A.1 and A.2 it can be seen that decreasing fertilizer application and
increasing buffer strip size reduce nutrient runoff. Moreover, there is a trade-off between
them: by increasing the size of the buffer strips one can allow for higher fertilizer
application in the bid for obtaining the same score. This substitution possibility plays a
crucial role in this model.

Next the score value [ is defined. By assumption, it depends on the environmental
performance E and the payment r required by the farmer relative to the maximum
payment as a function of environmental benefit provided, R(E). Moreover, the score

value is defined as a share of the maximum obtainable score value, denoted by I . Let ,
and @, denote the weights given to the environmental performance and the payment

required, respectively. Like above, 0 < @,,®, <1 and @, + @, =1. Now, the score
value can be expressed as,

r —_
I = |:CU€E + o, (1 _ﬁ):|l . 4

Thus, equation (4) says that the score value of each bid is a share (0 < [ < I ) of the
maximum obtainable score value. Clearly, it depends positively on the weight given to
the environmental performance and negatively on the payment required for the bid.

Farmers form their bids following the above rules. To become accepted into the
programme a farmer’s application’s index score must be above the endogenously
determined cut-off value. Obviously, the farmer’s bidding strategy will be guided by
expectations about this cut-off value. It is assumed that the farmers are risk-neutral, so
that they focus on expected values only. Thus, the farmer will submit a bid if the expected
profit from participating exceeds the profits under the private optimum. The expected
profits depend on the probability of being accepted in the programme. Let / denote the

minimum index value to have a chance at entering the programme. Then the probability
of being accepted to the programme is defined by

P(I>1¢)= ff(l)dl:F(l), )
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where density function f{I) and distribution function dﬁ) characterise farmers’ 0;)
expectations about the cut-off value. Let 7z, = pf(I")—cl’ Henote the farmer’s restgpeled

S . oy . . .
profits under the privately optimal solution, with [ the épumal fertilizer ap‘]@;@n, P
crop price and c fertilizer price. Furthermore, the profiamunder the agri-en mental
payment programme conditional on the choices of actuatfertilizer rate /, fer strip m

U
and soil nutrient test (NC) are expressed as 77, = (1— m)[;ﬂl )—cl ]— Igb J
o

Even though the soil nutrient test can be thought to re&% theQm‘al hazard problem
associated with fertilizer application, the farmer still has hiﬁn information concerning
the revenues and costs among others. This information rent (s€p Latacz-Lohmann andy
Van der Hamsvoort, 1998) is reflected in the size of the bid for the bﬁyn&eni_?f érgl’d;\%
environmental benefits to the programme. In the presence of hidden™-information,

<

r 27[3 — 7. Recall, the environmental benefits are produced by a combination of

fertilizer application and buffer strips. Therefore, it is assumed that the farmer reflects
their relative impact on the bid when producing the environmental benefits by choosing /
and m. More specifically, the following assumption can be made.

Assumption 2. The farmer’s bid, r
The farmer’s bid r, depends on the size of the buffer strip and fertilizer application:

dr(l,m) _ dr(l,m) _,

A3 r=r(l,m) with T r, <0 and -, >0

dm

Assumption A.3 follows from the fact that a higher fertilizer application rate reduces, but
a larger buffer strip increases the difference 71'; - 7[1* and thereby the payment required as

compensation to participate in the programme. Hence, unlike previous auction studies, r
reflects the inherent trade-off between buffer strips and fertilizer application.

Now, the farmer’s expected profits can be expressed as,

Ex=M=|r,,m—-x +rd,mF). ©6)

The economic problem of the farmer is to choose [ and m (and thereby the bid r) so as to
maximise the expected profits (6) from the bid subject to (4) and the obvious constraints
E(l,m)<1 and r £ R . The Lagrangean for the problem reads as,

L=|z,a.m) -z, +r@,m)|[F(D)+ 4, (R—1)+ A, (1 E) (7)

At an interior solution the Lagrange multipliers are zero and the first-order conditions can
be expressed as

I (A=m)pf, - cl+r, =—{a)eE, T r_Rz}

2 Mq)[_

8
F ) (8a)
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}L(Qq’ W ’
Qo

where @ = (1—m)[pf (1) = cl|- NC + r(l,m) - x;. O

m’: —[pf)—=cll+r, = —{a)eEm +o

U
In both necessary conditions for the optimum, the left hand side (LH m indicates -
the economic costs of providing environmental goods to<the progra\% and the right J
hand side (RHS) term indicates the expected return, that is\he ef %ﬁs [ and m on the v
score index and on the acceptance probability. It should that in (8a), RHS 9

bracket term is positive, so that that the LHS bracket term mlts/t be positive, too, and, &

greater than r,, which is negative. This is intuitive. The farrkar reduces fert&l‘y@f‘
°

application and, due to the concave response function, the value of margma"pr@duct of,
exceeds the net costs of fertilizer use. In (5b), the RHS bracket term is negative, so that
the negative LHS bracket term is greater than r,. It should be recalled from

dE
Assumptions A.1 and A.2 that = E =oBD, + BZ, 6 >0, which indicates that
m

buffer strips really perform in equation (8b) the double function of promoting biodiversity
and water quality improvement at the same time.

Empirical applications using Finnish data

This application utilises data from the Uusimaa and Varsinais-Suomi provinces in
southern Finland. The economic data originate from regional economic and employment
development centres, while the ecological data come from studies conducted on the
catchment area that approximately corresponds to these two provinces. The cultivated
agricultural land in the region was 402 300 ha in 2002, which represents approximately
20% of cultivated land in Finland. The average farm size in 2002 was 38 ha. Agriculture
in the region is predominantly crop production. The most representative crops in 2002
were barley (31%), spring wheat (26%), oats (16%), and rape (6%) (Yearbook of Farm
Statistics, 2003). Spring wheat and rape were selected as modelled crops on the basis of
their relative differences with regard to fertilizer intensity and biodiversity. The
predominant soil type in this region is clay and the predominant tillage method is
conventional tillage (mouldboard plough tillage). About two thirds of the total cultivated
land in the region is drained with subsurface drains (Finnish Field Drainage Centre,
2002).

The Finnish application of SAPIM model consists of a quadratic Nitrogen response
function, an exponential nitrogen runoff function, a damage function from nitrogen
runoff, and agro-biodiversity valuation function. The core equations of this application
are based on empirical specifications developed in Lankoski and Ollikainen (2003) and
Lankoski et al. (2004).

The private profits from agriculture in the absence of government intervention are

where m; denotes the buffer strip as a share of parcel (the minimum width of the buffer
strip is 0.5 m which corresponds to normal field edge), p; refers to the prices of crops and
c to the fertilizer (nitrogen) price, w to wage rate per hour and r to the cost of capital. It is
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assumed in (9) that cultivation requires employing per parcel @constant amount of labour o)
input (measured in working hours) and capital, and they‘are denoted by n, a
°

respectively. Thus, the wage cost per parcel is fixed (as@mrkmg hours are @@ and
depends on the actual cultivated share of the parcel. Capjtal cost is another\fiXed cost U
term but it is independent of the size of the buffer strip. Both fixed cost te?s affect the it
analysis: the size of the buffer strips is dependent on la@r costs, andPyth labour and »)
capital will affect directly land allocation and, hence, the s@al opti /]

The model employs a quadratic Nitrogen response fun@)n yl =a; +o;l; + ﬂll 9

which has been estimated for rape (crop 1) and spring Wheat p 2) in clay soils a{
Heikkild (1980) and Biackman et al. (1997), respectively. The land ah‘w 1 1n

into the response function through the intercept parameter a; and slope param er 04 by
calibrating the Nitrogen response function to reflect actual yields in clay soils in southern
Finland in years 2000-02.

a,=e;teyq o, = U, +Uq
a, =hy +hgq o, =T1], +1q

All prices and costs are from year 2002 (see Table 1 for parameter values). For
the estimation of labour and capital costs a standard activity set for field operations is
developed: primary tillage, seedbed tillage, planting, and herbicide application.' Labour
cost is based on estimated hours/ha for different operations and farmer’s wage rate per
hour. Capital cost is based on machinery required for aforementioned field operations and
machinery expense per hectare (which is measured by depreciation cost).

(10)

Besides rents from agriculture, ﬂ'i, the social welfare function contains nitrogen
runoff damages and agro-biodiversity benefits. The social welfare function for agriculture
is expressed as

SW =[x’ —3.57Z +54M ** (11)

In the second term Z denotes the total nitrogen runoff and the social value of marginal
damage from nutrient runoff is EUR 3.57 per kg of N runoff, which is estimated on the
basis of Yrjoli and Kola (2004),” who used the contingent valuation method to reveal the
Finnish consumers’ attitudes towards multifunctional agriculture and agriculture in
general and their willingness to pay for them.’ Linear damage estimate implies that
marginal damage from nutrient runoff is constant. Per parcel nitrogen runoff function

isz; = [1 m02]¢ ¢ OTHR0010=m)l] Phe firgt term on the right-hand side of equation,

I-m?, models nitrogen uptake by buffer strips. The calibration is based on Finnish
experimental studies on grass buffer strips (Uusi-Kédmppéd and Yldranta, 1992; 1996,

Uusi-Kédmppi et al., 2000). The term ¢ ¢ */-0010=m)0

from crop i generated by a nitrogen application rate of /; per hectare when buffer strips
take up a share of land m,. The parameter ¢ calibrates this expression so that it equals the
level of nitrogen runoffs generated by a nitrogen application rate of 100 kg per hectare in
the absence of buffers strips (Simmelsgaard, 1991). On the basis of Finnish experimental
studies on the runoff of nitrogen (Turtola and Jaakkola, 1987; Turtola and Puustinen,
1998), the parameter ¢ 1is set at 15 kg N/ha.

represents nitrogen runoff
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/
The third term denotes the agro-biodiversity Valuation.c?s?e buffer strip areas are O,)
linked to species diversity with the help of a study by Ma etdg!. (2002). They descri ﬂ]e

Q& ) °

relationship between floral species richness and buffer Qa‘ip area by S =

where @, (@,) is an estimate for the average change@q species richnegs Wde to an

v
increase in the length (width) of the area while keeping the width (lel% of the area 3
constant (¥ =1.6331, ¢, =0.0009, @, =0.0977). e the len@h”of the area is v

fixed in this application, the buffer strip size m uniquely de ;Qes th&width of buffer strip ¢
and thus, after having solved for m, the floral species richnes§ can be assessed by using e
the coefficients estimated by Ma et al. (2002). The estimdfg for agro-biodiversi
valuation function is given in terms of buffer strip hectares and tk’en frog &'@a“a

Kola (2004), which suggests EUR 54 as average WTP per hectare for biodiversity.

Non-agricultural land use in this application is forestry. This is an obvious choice, as
forests are the natural cover of the Finnish landscapes. It is assumed that if a parcel of
forest is converted to agriculture, there is a lump sum conversion cost but the yields
obtained from this converted land will reflect typical agricultural yields. If a previously
cultivated land is forested, it will take a long time for this parcel to produce regular forest
income. From Finnish studies an estimate of EUR 47.8 per hectare annual forest income
over one rotation period of trees in reforested agricultural land has been obtained. Hence,
this annual forest income EUR 47.8 per hectare provides reference profits for entry and
exit margin of agricultural land.

Overall landscape diversity is measured ex post using the Shannon Diversity Index,
SHDI = _Z;(Pi *InP), where P; equals the proportion of the region covered by

patch type i (see for example Eiden et al., 2000). There are four patch types in the model:
the areas allocated to forest, rape (crop 1), wheat (crop 2), and the total buffer strip area.
Since over 80% of land area in Finland is covered by forest, changes in the forest cover
are assumed to contribute nothing to the social value of biodiversity. Landscape diversity
is not included in the maximization procedures.

Parameter values for the model are reported in Table 4.1. The arable land area is
assumed to be 40 ha (the width of the field area, that is, the distance from the water
border to the other edge of each parcel is 200 m and the length, that is, the border along
the waterway, is 2 000 m, so that the length of each parcel is 50 m). The base case of the
model represents the private market solution (without taxes and subsidies) for cereals and
oilseeds in Finland in 2002. Average prices of marketing year 2002 within the European
Union are used. They may differ somewhat from the world market prices; however, as
they are used in all calculations, such differences do not cause any bias when comparing
alternative policy interventions.

Policy simulations and results

The model is used to estimate government budget outlays and social welfare as well
as crop production, nitrogen runoff, and biodiversity under several policy scenarios.
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&7 o
Policy alternatives lo) %
Two benchmark scenarios are used to compare peformance of alternativ @i— °
environmental policies: i) the private optimum, obtained aSsuming producers 1mise

profits ignoring positive and negative externalitiesgild ii) the social\@ptimum )
incorporating positive and negative externalities in the putation of sobtal benefits —
and costs. The policy scenarios to be analysed are con@red to the @ate and social J
benchmarks, and are meant to be representative of the i {sfrume 1lable to policy 1/]
makers. The options range from imposing regulations, to propidin %lrect incentives or, ¢

if feasible, internalising positive and negative externahtlescggetmg them directly with @

payments and taxes, as follows: |>' \)
c\
*Le
Table 4.1. Parameter values in the numerical application
Parameter Symbol Value
Price of rape p1 EUR 0.255/kg
Price of wheat p2 EUR 0.13/kg
Price of nitrogen fertilizer c EUR 1.2/kg
Parameter a
Basic level of response for rape Ho 9.72
Basic level of response for wheat Mo 30.8
Slope of the response change for rape n 0.01
Slope of the response change for wheat m 0.05
Parameter
Parameter of quadratic Nitrogen response B -0.0324 for rape
function -0.094 for wheat
Parameter a
Initial level of productivity for rape co 700
Initial level of productivity for wheat ho 680
Slope of the productivity change for rape e 10
. h 2
Slope of the productivity change for wheat ! 8
Nitrogen leakage at average nitrogen use 0 15 kg/ha
Farmer’s wage rate per hour w EUR 11.35/h
Farmer’s labour input per hectare n 6.57 h/ha
Capital cost rk EUR 144/ha

All prices and costs are from the year 2002. The price of nitrogen is calculated on the basis of a compound
nitrogen, phosphorus, potassium (NPK) fertilizer.

Source: Lankoski et al. (2004).
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e Regulatory means — imposing a minimum buffer 316 on all cultivated parcels

(7.1 metres [m] wide). { A

e Indirect instruments — internalising costs and bé?efits external to @ rivate
market: D

— Tax on polluting inputs — reflecting the polluterypays prmmpl%g applying it
indirectly using a nitrogen tax (tax rate 29%) (74

— Buffer payment — paying a fixed rate per metre O@uffeg?rip up to a depth of
10 m (EUR 1.5 per metre).

e Targeted agri-environmental incentives — providing a paymdpf that i rop
to the environmental benefit associated with agrlcultural ers1ty
(compensation for providers of a public good) combined with a runoff tax based
on damage estimates from nitrogen runoff (polluter pays principle). Tax is 96% of
runoff damage and payment is 100% of biodiversity benefit.*

The levels of policy instruments were chosen in each case so as to replicate the
aggregate nitrogen runoff of the social optimum solution. Thus, these levels may not
correspond to the one that leads maximum social profit for each instrument since
biodiversity benefits are not taken into account when setting the level of policy
instrument. The policy scenarios described above assume private profit maximisation by
producers. The results are compared to the private and social optimum without any
corrective policies. A policy instrument that is effective in incorporating the externalities
will resemble as closely as possible the social optimum. At the limit, if a policy is the
first-best solution to account for the externalities involved, the outcome for that policy
should replicate exactly the social optimum. As it stands, none of the policies proposed
here are first-best solutions. Due to land quality heterogeneity, to be first-best the policies
should be differentiated by parcel because marginal adoption cost and benefits of
cultivation and buffer provision will differ by parcel. The assumption made here is that,
due to transaction costs (information gathering and monitoring costs), policies are most
likely to be set uniformly across heterogeneous landscapes.

As noted before, agri-environmental policies are rarely imposed in a setting where
other agricultural policies are environmentally neutral. For this reason we repeat the
scenarios presented above assuming that farmers receive crop area payments of EUR 50
per hectare of cultivated area. This policy does not distort relative production between the
two crops; however, it affects the entry-exit margin since it is not provided if land is used
in forestry.

For an analysis of the private and social profitability of flat-rate agri-environmental
payments vs green auctions, please see the section below.

Comparing private and social optimum

First the impact of market failure on land use is analysed both in terms of extensive
and intensive margins. Thanks to higher productivity of wheat, the private optimum
favours wheat production (20 parcels) relative to rape (3 parcels), and leaves a substantial
share of lower quality land in forest (17 parcels). The social optimum on the other hand
favours less intensive use of fertilizer on an expanded agricultural area (Table 4.2). Forest
area is reduced (12 parcels) and production of rape is expanded because it makes less
intensive use of fertilizer than wheat (Table 4.3).
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Table 4.2. Input use and land allocation: Comparing pri@te and social optima O,)
S ‘\%_
- . °
Fertilizer use, Buffer strips, Nummrs Numbers \ rs
Policy (kg/ha) (m) of forest of rape (of\wheat
Rape Wheat Rape Wheat parggls parcels b parcels 2
Private 80.3 122.8 - - 1¥) c@fo 20 J
optimum W o
Social 72.6 116.5 10.0 0.8 12 QO 14 14 “
optimum . e
Source: Author's calculations. ~ |>, &\)‘
*LecC

From an environmental standpoint, whereas no buffers are introduced under the
private optimum and nitrogen runoff is high (367 kg), once externalities are factored in
the social optimum as shown by equation (11), 10-m buffers are put in place (slightly less
for wheat areas because of higher opportunity cost of not cultivating) and the total
nitrogen runoff is reduced by over 50% to 170 kg. Similarly, the species richness
improves nearly threefold, and a more diverse landscape is provided (as denoted by a
higher Shannon Diversity Index, Table 4.3). The implication, for this Finnish case, is that
extensive agriculture is the preferred outcome once biodiversity and nitrogen runoff
damages are taken into consideration.” Although food security considerations are not
specified as an objective, a side effect of the social optimum is a better balance between
the two crops, and a broader agricultural area on which intensification could be possible if
a shock in the commodity markets were to occur.

Table 4.3. Production and environmental effects: Comparing private and social optima

Total production,

ki Nitrogen runoff Species Shannon
Policy (kg) kg) ’ richness, Diversity
Rape Wheat (head) Index
Private 4 431 78 682 367 15 0.90
optimum
Social 19 205 52 698 170 44 1.21
optimum

Source: Author's calculations.

Quantifying in monetary terms the trade-off between profits and non-market benefits,
the results indicate that the social optimum entails a 13% decrease in profits, whereas
runoff damages are reduced by 54% and biodiversity benefits increase by 250%.° In the
balance, social welfare increases by 60% under a social optimum, thanks to a more
extensive approach to agriculture (Table 4.4).

The impact of agri-environmental policies in isolation

The simplest policy instrument to implement, namely imposing a minimum buffer
size, does not affect fertilizer intensity nor does it significantly alter entry and exit into
agriculture relative to the private optimum. The functioning of this instrument relies on
the imposed buffer to reduce aggregate fertilizer use and to capture nitrogen runoff while
providing biodiversity benefits. Providing incentives to introduce buffers by paying for a
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flat rate per metre of buffer (EUR 1.5 per metre) up to a certa@?epth (10 m) is similar to O,)
the buffer norm in terms of impact on land use with the éxception of some addi
entry into agriculture since these payments are received @ily if a parcel is unde
Whereas the minimum buffer or the buffer payment does not affect the intens'

the nitrogen tax (29% fertilizer tax) acts directly on fert@zer intensity. Ingo doing, the ]
profitability of the two crops is affected, both in absolute and relative t , leading to 3
considerable exit from agriculture (26 parcels in forestry, Fdble 4.5). I tive terms, the
nitrogen tax favours the production of rape, as it uses tilize@s intensively than v
wheat. O 9
¢ @
O
Table 4.4. Profits and social welfare: Comparing private and kfcia‘ optima C X
e
. Runoff Biodiversity Social
Profit .
Policy damage benefit welfare SW/SO*
(EUR)
Private
optimum 2 869 1309 322 1882 0.62
Social
optimum 2498 607 1127 3019 1.00

* SW/SO represents the social welfare ratio of the scenario relative to that of the social optimum.
Source: Author's calculations.

Table 4.5. Input use and land allocation: Agri-environmental policies in isolation

Fertilizer use, Buffer strip, Number Number Number
Polic kg/ha m of forest of rape of wheat
y g p

Rape Wheat Rape Wheat parcels parcels parcels

z;t‘;f:sm 80.3 12238 - - 17 3 20
Social optimum 72.6 116.5 10.0 9.8 12 14 14
Buffer norm 80.4 122.8 71 71 18 2 20
Buffer payment 80.2 122.8 10 10 15 5 20
Nitrogen tax 60.9 110.5 - - 26 9 5
Targeted A-E 73.1 116.7 8.6 9.5 12 14 14

Source: Author's calculations.

Targeted agri-environmental incentives (A-E), which take into consideration both the
benefits of reducing runoff (charge 0.96 of runoff damages) and of improving
biodiversity (by providing full payment of biodiversity benefits), is the policy instrument
that most resembles the social optimum in terms of fertilizer intensity, and of land-use
allocation (Table 4.6).” Where the targeted agri-environmental incentives scenario
deviates from the social optimum is in the size of the buffer strips, with rape cultivation
using a smaller buffer than is socially optimal. Despite this deviation, A-E payments
operate through a balanced combination of land-use change incentives (entry-exit from
agriculture), fertilizer-use intensity, and buffer adoption.
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The fact that for targeted agri-environmental incentivegycase buffers are installed o)

more extensively for parcels cultivated in wheat rather thak, in rape is slightly ¢ T-
intuitive as one would expect land to be withdrawn from p@gduction (as buffer) o Is b
with lower opportunity costs (rape). The explanation of this outcome is that it i§ rlatively
more profitable to manage runoff from rape by reduci@ fertilizer intensiy, while for v
wheat beyond a given level of reduction in fertilizer intensity it is more p, ble to limit 3
nitrogen damages by introducing a larger buffer rather thanfurther redu@ tensity. v

Q- 4

Table 4.6. Production and environmental effects: Agri-enviro@nental policies in isolation

¢, RS
Total X
production, Nitrogen Specie? L endmon
(kg) runoff, richness Diversity
Policy (k@) (head) Index
Rape Wheat
Private optimum 4431 78 682 367 15 0.90
Social optimum 19 205 52 698 170 44 1.21
Buffer norm 2 861 75 905 173 42 0.93
Buffer payment 6 961 74 748 172 44 1.08
Nitrogen tax 13 507 20 097 172 14 0.88
Targeted A-E 18 109 52 816 169 41 1.16

Source: Author's calculations.

The production effects of the four agri-environmental policy instruments are radically
different: on the one hand the buffer norm resembles a slightly scaled down private
optimum in terms of quantities produced, while on the other hand targeted agri-
environmental incentives provide an outcome closer to the social optimum (Table 4.6).
The buffer payment favours rape production, but is still in the general area of the private
optimum. The nitrogen tax is far from both private and social optima, with aggregate
production considerably reduced, and rape being favoured in relative terms because it
makes less intensive use of fertilizer.

The nitrogen tax is also the least desirable when it comes to species richness, which is
even less than in the private optimum, due to the reduction of land in agriculture under
this scenario. Furthermore, land use diversity is also at its lowest when the nitrogen tax is
applied (Table 4.6). The buffer norm and targeted agri-environmental incentives both
perform well in terms of species richness and landscape diversity, with targeted A-E
incentives best approximating land use diversity of the socially optimum solution.

Farmers’ profits under the different policy instruments can be interpreted as an
indication of the extent to which famers might favour the different policies. In this
respect, the farmers’ preferences would be for targeted agri-environmental incentives
followed by buffer payments (Table 4.7), both with post-payments profits that are higher
than the private optimum (subject to government budget constraints). The buffer norm
follows in third place, but entails a decrease of more than 10% in profits relative to the
private optimum without constraints.
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Table 4.7. Profits, budget outlays and social welfare: Agri-envir@nmental policies in isolation ,)
$

LN

. ‘1 °
Q) Bio- N3
Profit + Budget Runoff ~ diversity Social (\

Profit payments outlays damage™ benefits welfare~"SW/SO Q
Tl
Policy (EUR) (EUR) (EUR) (EUR) ) (EUR) g@ -
i ~ @V J
Private 2 869 2 869 - 1309 \\ 322 1882 0.62 1))
optimum O Q‘ )
Social 2498 2498 - 607 R A2
optimum N .
U
Buffer norm 2562 2562 - 617 880 v ® 8p5 o %
Buffer 2578 2953 375 612 1007 2973  0.98
payment .
Nitrogen tax 2588 2202 -386 613 196 2171 0.72
Targeted A-E 2531 3045 514 604 1082 3009 1.00

Source: Author's calculations.

In terms of farmers’ interests, the ease of implementation of the policy instrument
should also be considered. Whereas the A-E incentives envisioned here require
considerable information gathering in terms of externalities and monitoring of impacts, a
buffer norm or a buffer payment are easy to implement and monitor, requiring very little
information. This is an element of interest to policy makers designing the programmes,
but may also affect farmers’ perception of which option is preferable, that is their
willingness to accept a buffer norm or targeted A-E incentives package.

The nitrogen tax would probably also not appeal to policy makers because by
providing for very few biodiversity benefits the social welfare improvement obtained is
quite limited relative to the private optimum and considerably below the other two policy
options (Table 4.7). These results suggest that, since a nitrogen tax affects mainly the
intensive margin and targets only one objective, it should be paired with another policy
instrument affecting the extensive margin and targeting biodiversity.

From an aggregate welfare perspective, the A-E incentives approach comes very close
to the social optimum.® However, taking into consideration how much simpler the buffer
payment and buffer norm are to design and implement, the social welfare obtained by
providing a buffer payment (EUR 2 973) or imposing a minimum buffer (EUR 2 825) is
surprising. From a practical standpoint, this means that if the additional transaction costs
(information and monitoring) of setting up the targeted A-E incentives programme are
greater than EUR 0.9 per hectare then a buffer payment may be a more attractive choice
in terms of aggregate social welfare. Even the buffer norm could outperform the targeted
A-E incentives if the additional transaction costs of the latter exceed EUR 4.6 per hectare,
with the additional advantage of requiring no budget outlays from the government.

The impact of agri-environmental policies in the presence of area payments

Even in the current policy environment where efforts are being made to decouple
agricultural support from production, agri-environmental policies, although increasing in
importance, remain relegated at the margin of many countries’ agricultural policy
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portfolios. Here “agricultural support payments” are characterised as area payments (AP), o)
which do not affect relative returns of different crops, but dédampact the extensive a.;iin
(entry-exit from agriculture). Land use under crop area p@yments (Table 4.8) hi@x ts
that they entail a significant shift into agriculture, transferring into rape pr tion all
parcels that were previously under forest in the private OI@num. Wheat proguction is not v
affected. The expansion of the extensive margin entails® decreased fe)g er intensity 3
stemming from production on lower land quality parcels. Q\@ v

Table 4.8. Input use and land allocation: Interaction betweeQrea payments and AEPs

¢, R4
Fertilizer use, Buffer strip, Number Dqunb ®1§e\r)

(kg/ha) (m) of forest of rape  of wheat

Policy Rape Wheat Rape Wheat Parcels  parcels  parcels
Private optimum 80.3 122.8 - - 17 3 20
Social optimum 72.6 116.5 10.0 9.8 12 14 14
Area payment (AP) 79.0 122.8 - - 0 20 20
AP + buffer norm 79.0 122.8 7.1 7.1 0 20 20

AP + buffer

payment 79.0 122.8 10 6.5 0 20 20
AP + N-tax 59.5 110.5 - - 7 28 5
AP + targeted A-E 715 116.3 7.9 7.4 0 27 13

Source: Author's calculations.

The four agri-environmental instruments cannot counteract the shift induced by the
area payments. The impact of imposing a minimum buffer policy or providing a buffer
payment is limited because land allocation and fertilizer intensity are not affected. Area
payments limit the effectiveness of the buffer payment for high productivity parcels (the
ones in wheat) because the higher opportunity cost of introducing a buffer is compounded
with that of losing the area payment for th e share under buffer.

The nitrogen tax does counteract in part the impact of area payments by shifting back
into forestry a subset of the affected parcels, and favouring rape production. Rape
production is also favoured by the targeted agri-environmental incentives option, which
also leads to the introduction of buffers, and lower fertilizer intensities than with area
payments alone. However, none of these policies come even close to the social optimum,
as can be seen by the amounts of commodities produced and nitrogen runoff (Table 4.9).

The over-production associated with area payments leads to a 56% increase of
nitrogen runoff relative to the private optimum. Even with a minimum buffer size or
targeted agri-environmental incentives, which are most effective in limiting the increase
in runoffs, the runoffs are approximately 110 kg and 77 kg, respectively, above the social
optimum. The buffer payment, which in the absence of area payments performed
similarly to imposing a minimum buffer, does not perform as well in reducing runoffs.
The nitrogen tax performs particularly poorly in terms of runoff damages. Finally, also in
terms of land use diversity, all scenarios with area payments are inferior to the private
optimum due to the shift away from forestry and into agriculture.
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Table 4.9. Production and environmental effects: Interaction bet\@en area payments and AEPs() ,)
$ A
Total production, Nitrc@n Species @,g 1
(kg) runoff, richness, ersity
Policy Rape Wheat ('@ (head) ndex 2
Private optimum 4 431 78 682 37 152 0.90 J
Social optimum 19 205 52 698 17@) Q{p 1.21 v
Area Payment (AP) 27 580 78 682 520 16 0.69 9
AP + buffer norm 26 606 75 905 080 () 44 02 4%
AP + Buffer payment 26 201 76 197 318 450 | e(fscic
AP + N-tax 38 955 20 097 372 15 0.81
AP + Targeted A-E 35 780 49 703 247 45 0.77

Source: Author's calculations.

While area payments clearly improve farmers’ after-payment profits, pre-payment
farm profits from production are considerably below the private optimum, and below the
social optimum except for the case of the nitrogen tax (Table 4.10). The implication of
these reduced on-farm profits is that, with area payments, scarce government funds are
being used to shift agricultural production towards a lower welfare solution even by
private optimisation criteria. When also taking into account the added damages from
nitrogen runoff associated with area payments, which greatly counteract the biodiversity
improvement from expanding agriculture, the reduction in social welfare relative to the
private optimum (47% reduction) is an indication that area payments are not an efficient

use of government funds.

Table 4.10. Profits, budget outlays and social welfare: Interaction between area payments and AEPs

Profit + Bio-
pay- Budget Runoff diversity Social
Profit ments outlays damage benefits welfare SW/SO

Policy (EUR)
Private optimum 2869 2869 - 1309 322 1882 0.62
Social optimum 2498 2498 - 607 1127 3019 1.00
Area Payment (AP) 2 491 4 491 2 000 2044 560 1007 0.33

AP + buffer norm 2199 4129 1929 1 000 1558 2757 0.91

::y:nz:::fer 2170 4 583 2413 1135 1428 2 463 0.82

AP + N-tax 2513 3385 872 1328 462 1648 0.55

AP + Targeted A-E 2198 4776 2 647 883 1572 2818 0.93

Source: Author's calculations.
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Although the agri-environmental instruments considered j this paper cannot remedy O;)
the distortion introduced by area payments, the social welfare outcome for the xl%er
.In

norm and for the targeted A-E incentives is much better thgf) with area payments alen b
fact, these two policy options generate a social welfare that is less than 10%@10W the

social optimum. The bulk of the benefits obtained by eit@ buffer norm orMargeted A-E v
incentives are linked to additional biodiversity coming the introd of buffers 3
for both rape and wheat parcels, combined with an expandtd area un ese two crops v

associated with the area payments. Despite these addedMbiodiv ity benefits, runoff
damages are considerably higher, indicating that area paym@s shift the balance of non- <
market benefits obtained with the different agri-environmental p(&i/cies. 7/

<
The buffer payment, which in the absence of area paymek (mtff n@d’(ﬁ?e
minimum buffer norm in terms of aggregate welfare, becomes a less preferable option
when area payments are part of the policy package.

Introducing area payments significantly shifts land towards more extensive
agriculture, favouring rape relative to wheat (Figure 4.2). The agri-environmental policies
that were effective without area payments cannot counterbalance this shift. In the
presence of area payments, the agri-environmental policies provide a different mix of
benefits, from those provided without area payments (Figure 4.3). This different mix is
due to the inability of these policies to counteract the push towards the extensive margin
due to area payments, leading the policies to act mainly through the introduction of
buffers and/or fertilizer intensity. The only option to counteract this expansion of
agriculture is to impose a nitrogen tax; however, the social welfare attained by this policy
is inferior to the other three policies considered.

Figure 4.3 presents the contribution to social welfare of the different components
(profits, runoff, and biodiversity).” Agri-environmental policies without area payments all
have identical runoffs (by construction), with varying levels of profits and considerable
differences in biodiversity benefits. The introduction of area payments affects the
performance of policies in terms of the absolute and relative contribution of the three
components of social welfare. First, nitrogen runoff is greater than with the A-E policy in
isolation. This is not surprising, but what is surprising is that the nitrogen tax scenario,
aiming to reduce nitrogen runoff damages, when combined with area payments, performs
poorly in reducing runoffs compared to the other A-E instruments in the same context.
Furthermore, on-farm profits are higher in the nitrogen tax scenario under area payments
than for the other two instruments, which was not the case with the policies in isolation.

Despite having different land-use allocation, buffer sizes, and fertilizer intensities, the
minimum buffer and the A-E payment scenarios (both with and without area payments)
have very similar profiles in terms of the welfare components. The main difference when
area payments are part of the policy package is the greater contribution in terms of
biodiversity benefits, which counterbalances in part the negative environmental impact of
greater nitrogen runoffs. When compared to the social optimum, these two solutions over-
provide biodiversity and under-provide nitrogen runoff mitigation. This is not captured by
the aggregate social welfare number.

Flat-rate payment approach vs green auctions

In this section an economic and environmental performance of a green auction is
compared to the traditional flat-rate agri-environmental payment. The green auction
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mechanism relies on the weighted linear average of the envirghmental performance index
and size of payment proposed. The environmenta index $n turn is a weighted {}
average of nitrogen runoff reduction and agro-biodiversi§) promotion. The wei e
empirically estimated by mapping the socia welfare surfage using a sample of@) points
on the surface. The lowest social welfare value was tak coincide with ke zero-value i)
of the environmental index, and the weights were esti m@ed using a cxa& ained least- 3
square estimator so that the sum of the weights equals 1. T he weights@ptained adopting )
this procedure were 0.43 for biodiversity and 0.57 for Ydnoff @uction (for a more v
detailed description of the procedure and estimation resullts, @Annex B). o

&

<
Figure 4.2. Land-use decisions under different policies (over tl?é4&pal_ce@ C’(’\)
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Source: Author.

In this analysis both land productivity and environmental sensitiveness of land are
heterogeneous, so that the empirical model contains 40 differential land productivities
and four different dopes of parcels towards watercourse (Table 4.11). The size of each
field parcel is one hectare so that the total land area is 160 ha and it is allocated to three
aternative uses: forestry, crop 1 (rape) and crop 2 (spring wheat). The empirical model is
now used to estimate the outcome of the two alternative green auction designs, which are
compared with a current flat-rate payment approach. Two types of green auction are
examined: (1) green auction ranking by environmental score, (2) green auction ranking by
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environmental score and cost saving component (with 0.2 cost-weight). The o)
performance of green auctions is compared with the currer§ Finnish agri—environr%;%fll

the

payment programme that provides a flat-rate payment @)participating farmers L
basis of forgone profits of establishing 3 m-wide buffer strips and reduci itrogen
intensity from privately optimal level to the maxim@ allowed level\in the agri- ()
environmental programme. All policy options are compargd with two be ark cases of 3
model: farmer’s private optimum (without governmen interventio@ nd the social v

optimum. \90 Qs ‘0
Figure 4.3. Contribution to social welfare under diffefgngiolicies 4
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Source: Author.
The alternative policies we focus on are defined as follows:

1. Current flat-rate agri-environmental payment (Flat Rate): A 3 m-wide buffer strip
is required together with the maximum allowed nitrogen fertilizer application rate
100 kg/ha for rape and 120 kg/ha for wheat. The uniform agri-environmental payment as
a compensation for forgone profits amounts to EUR 21/ha.

2. Green auction ranking by environmental score (EnvMax): The bids are selected
according to their environmental score. The private optimum is a reference to calculate
the benefits from nitrogen use reduction. The budget is assumed to be restricted to the
amount of the current flat-rate payment approach described above.
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3. Green auction ranking by environmental score and cost-saving component b
(CostSave): The bids are selected according to their environiental score and cost- g
component, which is given a weight 0.2. The private optilgm is a reference to c&e °
the benefits from nitrogen use reduction. The budget is assumed to be restrl@ to the
amount of the current flat-rate payment approach.

U
Table 4.12 provides input use and land allocation resQl)s for private Qptimum, social J
optimum, and for all three policy designs. Comparison\gf the 'v@cly and socially 0/}
optimal solutions shows that due to higher productivity of syheat,\{hie private optimum ¢,
favours wheat production (80 parcels) relative to rape Q arcels), and leaves a e
substantial share of lower quality land in forest (68 parcels). Th£0§al optimum reducgs{
nitrogen use intensity for both crops and allocates more land to ¥ape gwhich u&s‘\té?é
intensively nitrogen fertilizer than wheat. Moreover, land allocation is sh e§ towards
less polluting forest and thus, area under forest is increased from 42.5% in the private
optimum to 47.5% in the social optimum. No incentives are provided in the private
optimum to establish buffer strips and thus this solution only provides the normal field
edge of 0.5 m width in every parcel so that total area under field edges is 0.23 ha.

Table 4.11. Additional parameter values in the numerical application of green auctions

Parameter Symbol Value

Nitrogen runoff

Nitrogen leakage at average nitrogen use under
4 different field slopes (from <0.5% to >3%) 0 11.4; 13.3; 16.7; 20.0 kg/ha

Share of surface runoff from total runoff v 90%

Labour and capital inputs

Farmer's wage rate per hour w EUR 11.35/h
Farmer’s labour input per hectare n 6.57 h/ha
Capital cost rk EUR 144/ha
Forestry

Annual forest income EUR 47.8/ha
Nitrogen runoff N 2 kg/ha
Nitrogen runoff damage EUR 7.15/ha
Biodiversity benefits EUR 16/ha
Exogenous social rent EUR 56.65/ha

Source: On the basis of field slope distribution in Finland, Finnish experimental studies on the runoff of
nitrogen (Turtola and Jaakkola, 1987, Turtola and Puustinen, 1998) and ICECREAM model results, the
parameter ¢ is set to four different levels to reflect the effect of field slope on the propensity for nitrogen
runoff.
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Table 4.12. Input use and land allocation: Flat rate vaugternative auctions

Q

(average input use is reported in bold and ranggin parenthesis)

N

O(‘

. Nitrogen intensity, Buffer strip, = Number | Nu Number
Policy (kg/ha) (m) L) of @ of
~ forest e wheat
Rape Wheat Rape Wheat \\) parc %argel s parcels
Private 80.3 122.8 A
optimum (80.2-80.5) | (120.3-125.4) 0.5 0.5 <3 68 12 80
Social 70.0 114.2 9.2 9.9 % |>, 4 \)(
optimum (67.3-72.5) | (111.5-117.1) (7.3-11.8) (7.2-13.7) PS (i P C,A&
79.8 122.8
Flat rate (79.1-80.5) (120.3-125.4) 3.0 3.0 40 40 80
72.8 122.2 6.3 1.9
EnvMax | 557.80.5) | (111.2-1254) | (0.5-15.0) | (0.5-17.3) 67 37 56
Cost 67.0 121.1 16.8 4.8 68 57 35
Save (64.0-70.3) | (110.7-125.4) | (11.3-24.3) | (0.5-20.8)

Source: Author's calculations.

In the social optimum the total area under buffer strips is 4.0 ha and the average width
is increased from 0.5 m in the private optimum to 9.5 m. Both nitrogen use intensity and
the width of buffer strips vary over land productivity and environmental sensitiveness of
land as is shown by figures in the parenthesis. In the private optimum variation in input
use is driven solely by differences in land productivity whereas in the social optimum
both land productivity and environmental sensitiveness of land (slope differences) affect
the variation of optimal input use. However, environmental heterogeneity has more
profound effects on the variation of socially optimal input use. For example, in the case of
wheat cultivation and considering only one land productivity class (g = 35), the socially
optimal buffer strip width varies from 7.8 m in the gentlest slope to 13.0 m in the steepest
slope, and the optimal nitrogen intensity varies from 116.0 kg/ha in the gentlest slope to
112.0 kg/ha in the steepest slope.

With regard to the social optimum all policies allocate too much land to agriculture
and among agriculture they fail to produce the optimal allocation of land between rape
and wheat. In terms of input use the flat-rate payment results in too high nitrogen
intensity for both crops and too narrow buffer strips. Both green auctions result in higher
than socially optimal nitrogen intensity for wheat. Ranking by environmental score
(EnvMax_joint) results in reasonably wide buffer strips in the rape cultivation whereas in
those parcels, which are allocated to wheat cultivation the width of buffers fall clearly
short of the socially optimal ones. The green auction with cost saving component
(CostSave_joint) promotes wider buffers in the wheat cultivation as well and in sum this
policy most closely resembles the socially optimal input use and land allocation.

Table 4.13 compares the social welfare performance of alternative policies relative to
private and social optima. Reported are total profits, budget outlays, the number of
accepted and rejected bids in two auctions, nitrogen runoff damage, biodiversity benefits,
social welfare, and social welfare of solution relative to that of social optimum. Social
welfare estimate also incorporates the social cost of public funds (marginal cost of
taxation). In Finland the marginal cost of taxation has been estimated to be 10-20% of
government payments (VATT). We assume a 15% cost of public funds and correct the
social welfare estimate of policy alternatives with this estimate of marginal cost of

<

Y

J

v
2
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taxation. The environmental payment is set at level EUR 24 per hectare in a flat-rate b
payment and the overall agri-environmental budget for greén auctions is defined lggne

budget in the flat-rate payment (total budget is EUR 2 482)) (\ °
Table 4.13. Profits, budget outlays and social welfare: FQ rate vs alternatibauctions 9
J 2 5
Number of \& Bio- @ Q/
Budget accepted/ Runoff versit Social
Policy Profit, outlays, rejected damage, fits, welfare, sSw/so 9
(EUR) (EUR) bids (EUR) R) (EUR) e
Private 11422 - - 5 564 12857 7748 0.670(
optimum X
Social [ )
optimum 10 216 - - 2622 3 348 11 6!5- e q.OO
Flat rate 13 001 2482 - 5234 4223 9 861 0.85
EnvMax 13 469 2 561 35/63 4 468 2192 9224 0.79
CostSave 12 581 2 489 67/25 3140 3171 10 726 0.92

Source: Author's calculations.

All policies increase total profits (these profits include government payments) relative
to private and social optima. However, the green auction with cost-saving component
(CostSave) is the least profitable from the farmers’ viewpoint. When comparing the
number of accepted and rejected bids under alternative auction designs one can see that
the number of accepted bids is clearly higher under the auction with cost saving
component because the unit-cost of each bid is lower (that is, the lower bid requested by
applicants improves their chances of being accepted). All three policies are welfare-
enhancing relative to the private optimum; however, their performance differs
substantially in terms of aggregate welfare and environmental performance. The green
auction with the cost-saving component (CostSave) clearly dominates the other policy
design options in terms of reducing runoff damage, whereas the flat-rate payment is
second to none in biodiversity promotion. Ranking exclusively by environmental score
(EnvMax) increases total profits even more than the flat-rate payment while providing
only moderate improvements in biodiversity promotion. In social welfare terms, the flat
rate payment is preferable to an auction adopting a pure environmental ranking. However,
a word of caution is in order because this result is achieved by the flat rate payment
programme counterbalancing high runoff damages with an over-provision of biodiversity
benefits relative to the social optimum. Moreover, it should be noted that the social
welfare may be overestimated for the auction cases as it is implicitly assumed that the
farmers’ assessment of their costs to implement environmental measures is correct. As it
is likely not to be the case, the decisions of the farmers may not be optimal given their
true adoption costs.

Summary of the Finnish case study

This case study investigated how environmental regulations, environmental taxes and
voluntary agri-environmental payments perform in a heterogeneous landscape. The focus
was on crop production and differential land productivity that implies differential input
use intensities as well as differential adoption costs with regard to agri-environmental
measures. The effects of alternative policy instruments on nutrient runoff and biodiversity
were taken into account through their impact on input use and land allocation choices.
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The results obtained with stylised model for Finnish agricajture indicate that different o)
agri-environmental policy instruments lead to very differedt outcomes in terms O%d
use, production, and environmental externalities, but the Mferent instruments ca@o e
compared directly. Furthermore, the policy context in which these agri-en mental

policies are put in place impacts the effectiveness of sucl@olicies. These differénces can v

be appreciated especially at the extensive margin, express@ as entry-exit agriculture 3

v

and the relative allocation of land to different crops™Targeted “environmental
incentives in the absence of area payments represent th&* scen that most closely
resembles the social optimum. However, the minimum @fer norm and the buffer 9
payment are very close from the optimum and are likely toentail significantly less(@
transaction costs than targeted instruments so they may be preferredb"l;he minimum byf{r

norm and the nitrogen tax scenarios both lead to under-utilisation of ag?icdltu@l (m% in
favour of forestry, accentuating this aspect that was already present in the private
optimum in the absence of policies. When agri-environmental policies are introduced, not

in isolation but in the presence of area payments, the relative effectiveness of the policies

is affected, and the bundle of environmental benefits provided changes.

The green/conservation auction (i.e. auction in which farmers bid for a limited
amount of conservation contracts) with the cost saving component outperforms other
agri-environmental payment programmes, but the difference is relatively small and the
auction result may be overestimated due to farmers' potential estimation errors as regards
their adoption costs. The outcome is quite close to the social optimum. In contrast, the
green auction ranking by environmental score performed worse, and was even less
welfare-enhancing than the flat-rate payment. This demonstrates the importance of the
cost-saving component in environmental policy design. Ranking the bids exclusively by
their environmental score creates incentives to over-provide environmental benefits for a
fixed payment to increase their chances of acceptance.
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It is assumed here that machinery is same for both crops(B'u e number of t;%lﬁge(
operations (e.g. seedbed tillage by harrowing) may differ between ci®ps]_ @ C

The study by Yrjold and Kola provides the mean annual WTP estimate for
multifunctional agriculture in Finland and it provided starting point for deriving the
valuation of nutrient runoff damage and biodiversity benefits. Information on the
Finnish population aged between 18 and 75 years of age (3 770 652) in 2002 and the
total amount of cultivated land (2.2 million ha) was used to define the average
willingness to pay per hectare of cultivated land. This willingness to pay estimate was
then decomposed to biodiversity and nutrient runoff damage.

Contingent valuation (CV) method is based on consumer surveys whose questions
elicit the consumer preferences for public goods by constructing a hypothetical market
for public goods. The aim of a CV is to estimate consumers’ willingness to pay for
public goods by asking them how much they would pay for certain government
actions (Carson, 2000).

This type of agri-environmental payment differs from the agri-environmental
payments used, for example, in the EU, where farmers are compensated for income
losses and cost increases.

However, these results are, at least in part, dependent on the fact that no biodiversity
value is assigned to forestry since the marginal contribution of an additional hectare of
forest is small, given the large portion of the country already under forest cover. No
biodiversity value is assigned to buffer strips in forested areas. This latter assumption
may be revised in light of information on the value of openings in forested areas,
probably leading to a slightly less extensive agriculture as the one given in social
optimum.

Biodiversity benefits for the private optimum (EUR 322) is the baseline value of
biodiversity without any buffers.

The tax imposed on runoff is less than the marginal damage because buffers jointly
produce biodiversity and runoff reduction.

The social optimum could be attained only using a first-best policy, which, in the case
of an agri-environmental incentive programme, would have to allow for differentiated
payment rates to take into consideration land heterogeneity. If runoff were affected
only by fertilizer intensity, and biodiversity by the buffer area, paying for the benefits
dollar-per-dollar would replicate the social optimum. However, since buffers jointly
provide both benefits, the optimal payment rate will depend on the marginal cost of
reducing fertilizer intensity vis-a-vis the marginal cost of an extra unit of buffer for
limiting nitrogen runoff.
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The top end of the bars in Figure 4.2 does not repre Qt social welfare. To ob ')
social welfare the runoff “benefits” must be subtrac@ from the cumulative t(’ﬁ f
profits and biodiversity benefits.
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Chapter 5 b
Switzerland: The environme \\,)ﬁl effect@
of dairy production 0

¢

Thi . L . b ° L_ e C&O
is chapter develops a dairy farm model which is designed to match the general
approach of SAPIM. In the dairy model, the representative farmer maximises revenue
from dairy production subject to manure policies. Given the orientation towards policy
analysis, the complexities of milk production are described in a simplified way using a
concave milk response function with two variable inputs. Dairy production is linked to
land use decisions, because the farm always has an opportunity to produce either feed for
livestock or crop for sale, or both. Manure emerges as a side-product in the dairy

production and can be used as a fertilizer input in the crop production.

Governments restrict the use of manure and chemical fertilizer in agriculture by
imposing either a nitrogen standard or a phosphorus standard. The grounds for using
these standards arise usually from different environmental concerns. Nitrogen standards
are typically used if nitrogen leaching from agriculture and livestock production to
groundwater is excessive, making the nitrogen concentration of the groundwater so high
that pumping water for drinking purposes imposes a health risk to people. In contrast to
nitrogen, phosphorus standards are generally applied when runoff to surface waters
deteriorates water quality leading to eutrophication and algae blooms.

Schnitkey and Miranda (1993) provide an analysis of phosphorus policies at a farm
level. Their model exhibits both dynamic and spatial features. Dynamic analysis is
needed, because phosphorus behaves dynamically in crop production. Particularly, the
crop yield depends on the state of soil phosphorus, which changes slowly in time and
depends on the past application rates of phosphorus. To analyse the phosphorus
dynamics, Schnitkey and Miranda impose a carryover function of phosphorus, which
links the current application rates to the accumulation of soil phosphorus. The spatial
dimension is introduced to reflect the increasing transportation/hauling costs of the
manure, because they require that the amount of manure produced must not exceed the
land area available for manure application. Schnitkey and Miranda solve the steady-state
optimum of the dairy farm subject to the requirement that the amount of phosphorus
applied may not exceed the given standard, set either per parcel or on the whole farm.
They demonstrate that there is a critical radius at which the profits from the use of the
manure and the commercial chemical fertilizer are equal. While manure is applied inside
the radius, the chemical fertilizer is applied outside the radius. They find that neither the
point-wise control, which restricts soil phosphorus at each location (parcel), nor a whole-
farm control, which restricts the average soil phosphorus (over all parcels), affects the
critical radius.

Regional level optimization models extend the farm level approach to cover a given
agricultural region. These models have some obvious advantages over the farm models.
First, they allow one to focus on the supply of and demand for manure and the resulting
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equilibrium in the region. Moreover, these models allow fpy the determination of the o)
optimal number of the farms in the region, which is a cruciakdeterminant of the agg e.gsr
nitrogen and phosphorus runoff. These aspects cannot b&focused properly in t X
farm models. A drawback of the regional models is that it is difficult to find d trahsed
regional policies to implement the regional optimuerhat is developad under the v
assumption that a sole owner makes all decisions in thgegion. Altho;ﬁ e regional 3
v

level is beyond the scope of the dairy farm model to be developed in ocument, it is
useful to summarise the basic findings of the regional modale Q\

2

Innes (2000) provides a rich theoretical analysis of hve@ck waste regulation at the
regional level. The model includes three environmental effe€is: s p111s from mzélgf(
storage, nutrient runoff from the application of manure to crop lan r
pollution including gases and pests. He examines the effects of policies cm?mrl ing scale
regulations to animal inventories, fertilizer taxes and waste storage and handling
standards. The main finding of the analysis is that, despite the imposed standards on
manure management, the livestock farms have a tendency to produce too many animals
either due to too large facilities, or due to too many facilities (i.e. too high entry). The
farm-based instruments cannot achieve the optimal regional production scale. Thus, the
key question for policy is how to enhance efficiency by regulating the livestock facility
sizes and entry. Finding such efficient policies is difficult in practice.

While Innes (2000) derives theoretical results, Kaplan et al. (2004) and Smith et al.
(2006) provide empirical analysis of regional manure policies. These papers demonstrate
that the effects of manure policies depend crucially on the transportation costs of manure
and substitution possibilities between manure and chemical fertilizers. Manure policies
typically lead to reduced production, higher prices and decreased runoff. Also it turns out
that the willingness of crop producers to accept manure to their crop lands affects the
costs of manure management. Ribaudo et al. (2003) apply the model by Fleming et al.
(1998) to investigate three alternative manure management practices (waste management,
waste utilisation, manure transfer) to meet the manure nutrient standards at a regional
level. They also determine the crop land area required to meet the standard on the basis of
the willingness of the farmers to accept manure on their crop lands. Both papers find that
imposing a phosphorus standard implies much higher costs than a nitrogen standard.

Drawing on previous literature, some “stylised facts” concerning the impacts of
manure policies can be outlined (Ollikainen, 2006). First, the farms can generally adapt to
the tightening nutrient standards by reducing the number of production animals, changing
the diet, changing the pattern of cropping in the farmlands, or by finding new crop lands
outside the farm; what combination of means is actually chosen, depends on their relative
costs. Second, the adoption costs and profitability of dairy production depend crucially on
manure management alternatives, especially on the hauling costs and the willingness of
outside farmers to accept manure on their crop lands. Third, the type of the nutrient
standard imposed clearly matters for the adoption costs. Adoption costs of achieving a
nitrogen-based standard seem to be lower than those of meeting a phosphorus-based
standard. Fourth, shifting from a farm-level to a regional level provides greater flexibility
for manure management policies but finding decentralised solutions may be difficult
(Ollikainen, 2006).

The remainder of this chapter is as structured as follows. First, a description of the
theoretical framework is presented. This provides the basis for the empirical application
on the basis of Swiss data. Policy simulations and results are then presented.
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Theoretical framework 0O ;)

{

This theoretical framework is based on Ollikainen (Z06). This model con \ﬁ a b
dairy farm which has a given amount of agricultural land. By assumpfion, milk
production is the main production line of the farm but as ﬂide product the farm provides v
also meat. For a given number of dairy cows, there \(ij)van annual ?S& production 3
associated with the outflow of older cows and inflow of cafves. Reven om selling the
meat minus the cost of buying calves creates lump-sum nebrevenu ecting the chosen v
number of milk cows. Moreover, manure produced as a sid@roduc of milk production
must be managed, that is, stored and then used as an input in crO@roduction.

2
/4

<
The dairy farm allocates its arable land to the most profitable u!%’. By agsu @i’h\f?e
quality of the arable land varies. It is assumed that within each parce'l"tg land is
homogenous but it differs across parcels, so that parcels can be arranged from the lowest
quality to the highest quality parcels. Three possible land-use forms are considered. The
land can be allocated to cereals production, silage production or to pasturing. Cereals
produced can either be sold at the market or used for feeding the cows. Silage is typically
produced for the use in the farm, because no general silage market is developed due to
steeply increasing transportation costs, which make large scale silage trading impossible.
However, local trade may exist. Pasturing is assumed to take place in the same field
parcels where grass silage is cultivated. Pasturing is a viable option to feed cows during
the summer season, although it is not mandatory for milk production. Pasturing can also
be thought to promote animal welfare.

Basic framework: Dairy production

The farmer optimizes jointly milk production, land allocation, and manure
management by choosing the relevant inputs and other required actions. To formalise this
decision one needs to make assumptions concerning relevant features of production
activities. Framework starts with the basic features of milk production and then necessary
assumptions concerning land-use are made.

Production function of milk (per cow)

The response function of milk can generally be expressed as Q = f(x,,...x, ), where
Q is the output per cow, and x;s describe all possible inputs in milk production:
concentrate, silage, labour and others. In empirical experiments, from which response
functions are derived, typically only a few inputs are controlled, while others are kept
constant. To reflect these aspects, it is assumed that the main inputs in milk production
are silage (s) and concentrate (v), i.e. Q = g(s,v). In line with empirical research we

assume that these inputs are imperfect substitutes in production.

Production of meat

The farm produces meat as a side product. For any number of dairy cows there is a
constant outflow of older cows and inflow of young calves. Thus, the farm receives a
steady flow of revenue from selling older cows to meat production and a steady flow of
costs of buying calves to replace old cows. We denote this net revenue associate with any
level of stocking, H, by @ . Depending on relative prices this term may be positive or
negative. Note also that a large increase in meat price leads to a change from dairy
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production to beef production. It is assumed here that cha@es are not big enough to o)
change the production line of the farm. {
AN .
Q &

Side-product: manure a O

(N), phosphorus (P), and potassium (K) — all neces$ary macr ents in crop
production. However, surplus of nitrogen or phosphorus owe# crop %ulrements may lead
to nutrient runoff and leaching into surface and ground wat@ The Share of manure and
urea is treated as constant and both are expressed under the label gnanure (w). The amount (@
of manure per cow depends on their feeding w = w(s,v) .The actuabehare of N, P, al@.ﬁ

in the manure depends on the ratio of silage and concentrate used. Whﬂf.: th'e-f%ner may
not be especially interested in the overall amount of nutrients and their shares in manure,
society definitely is, because N and P may have negative environmental effects.
Therefore, when specifying the runoff function from fields this aspect will be given
special attention.

U
As side-products milk production produces manure a@ urea, which @Qin nitrogen 3
1
v

Manure causes costs. A manure storage system must be installed. Its size depends on
the amount of dairy cows. Hence, this cost can be treated as an initial investment, because
it is a crucial part of the barn design. Manure can be used to complement chemical
fertilizers in production of silage or cereals. As the farm’s crop lands are dispersed in the
surroundings of the manure storage, the farm needs to invest in the capacity to transport
manure to field and to spread it on the fields. It is assumed that spreading cost of manure,
B, is constant in each parcel but let the transportation cost of manure be increasing. Let e
denote the overall spreading and transportation cost. It depends on the maximum amount
of manure that can be transported with one ride to the farm crop lands, X, and on the
distance of the fields in the farm, r

e(m,r)= fm+h(X,m,r) (1)

Due to capacity, the transportation costs become linked to per-hectare application of
manure.

Sometimes it may be optimal for a dairy farm to expand its milk production to a scale
where the farm crop lands cannot consume all the manure produced at the farm. Then, the
farm must find crops lands outside the farm for the excess manure. Transporting manure
outside the farm requires by assumption an investment in a bigger transportation capacity.
To describe the transportation costs to outside crop lands, denote the overall manure
produced in the farm by wH. Moreover, let M denote the total amount of manure applied
in the farm crop lands, so that the excess manure produced is given by (WH —M ).
Denote the distance to the relevant outside fields by ¢ and define the transportation costs
to outside crop lands as C = C(wH — M ,t), Naturally, the shape of this cost function

will affect the number of cows that is optimal in the long run for the dairy farm. The
steeper the cost function, the more binding the farm’s crop land area for the choice of the
number of heads and resulting manure.

Prices of dairy inputs

Concentrate is bought at a constant competitive unit price p,. Defining price for silage
is slightly more complicated. There are no well-developed markets for silage because
transportation costs are often prohibitively high. Thus buying silage outside the farm may
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be difficult. However, in the long run a local market may exis@nd silage can be bought at
a constant unit price, p,. In the presence of a local markés, the farm values the %e

produced at the market price. Finally, it is assumed thamabour and nursery, @ are ¢
constant per head. O
p D b 1)
Crop production U @fo 5
The farm has a given amount of crop land available, d\ék ted bQR This land can be ¢,
allocated to the production of cereals and silage. The 1 area allocated to silage
production can also be used for pasturing. Given that the land ity varies, interior Qr{

corner solutions for the land use are possible: all land may be allo ed;ntEelétt T
silage or cereals, but both land-use types may coexist.

Let y, denote the output of silage and cereals (e.g. barley or oats), i = 1 and 2, where

1 denotes silage and 2 cereals. Both crops are produced by using a fertilizer input. The
dairy farm applies both manure and chemical fertilizer. Chemical fertilizer applied per
hectare is denoted by /, and the manure applied per hectare by m. Whether / and m are
perfect or imperfect agronomic substitutes in production or not, depends on the nutrient
status and soil texture of the land and on the yields the inputs produce. It is assumed here
that both nutrient inputs contribute to the yield in a similar way. Moreover, by assumption
the farmer targets specifically nitrogen application but when using chemical fertilizer the
farmer also adds an annual steady-state amount of phosphorus. Assuming the farmer uses
a compound NP fertilizer (in which nutrients are in fixed proportions), nitrogen applied is
given by N =é&l, while (1—¢&)I denotes the phosphorus content. Recall, nitrogen

content in manure was defined as N = am. Using above definitions the response
function of the crops in terms of nitrogen applied in the form of chemical fertilizer and
manure is given by y’ = f'(N), where i = s,v. This equation reflects the possibility
that the farmer applies in each parcel either manure or chemical fertilizer depending on
which produces higher profits. As the yield response function and land quality is the same
for both inputs in any given parcel, the choice of using manure or chemical fertilizer will
depend on the (constant) unit cost of the chemical fertilizer, manure spreading and
hauling costs and on the parcel’s location.

To keep the analysis simple, it is assumed that cereal production is more profitable in
the higher quality parcels, while silage and pasturing takes place in the lower quality
parcels. Moreover, given that the transportation costs matter, it is assumed that the higher
quality parcels locate close to the barn and the land quality weakens monotonically in the
distance from the barn. This allows for a clear and intuitive interpretation of the analysis,
as the quality and distance will have a joint compounding effect on the optimal level of
fertilizer use between the parcels. In an empirical model, all kinds of spatial
configurations can be easily introduced.

Privately optimal dairy production

The long-run economic problem of the dairy farm is to choose the amount of cows
and their feeding so as to maximise the profits from milk production, to allocate each
quality of land to the most valuable use and to choose the optimal fertilizer use in each
land quality. In the long-run, the amount of farmland, A, is a variable input, too. This
choice, however, is omitted here and the optimal dairy production is solved for any
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arbitrary size of the arable land. This is not a drawback, becapse the main production line o)
is by assumption dairy production. The costly transportatiodvof the manure to crop*z,%s
outside the farm are allowed, which provides a flexiblg)mechanism to maint@a the
nutrient balance in farm crop lands.

How will the model be solved for the optimal numeof dairy cows? @nerally, the 2
number of cows, denoted by H, depends on many things&juch as silaﬁ‘?’@ursery, labour o)
and related costs. These unit costs are kept constant in th&ong—ru s&dation. Increasing [1/]
investment costs, c(H), comprising the costs of the barn andgu’lk essing system and ¢

the manure processing system c(H) =c¢,(H)+c,(wH) clo t]zilong—run model. V2

<
It is assumed first that the government imposes neither manure he’gukatitl:, n%t@}%
t re

or subsidies on crop production. Under these assumptions, the farmer rec venue
from the produced milk and meat and pays for the costs of the inputs and investment in
barn and manure systems. It is assumed that the revenue per head is constant

= [ng(s,v)—st—pvv—K+CI)]H—cl(H)—cz(wH)—C(wH—M,t).

A dairy farm faces the following long run economic problem. It must choose the
optimal number of cows and optimise their feeding and manure management. Moreover,
the farm must allocate the farmland into cereals, silage and pasturing in full accordance
with manure produced and silage needed in milk production. Optimality conditions for
the private optimum in absence of government intervention are the following:

Q=c/(H)+(c,+C,)w, where Q=[p,g(s,v)—p,s—pv—K+®]
(2a)

g, p,+(c+C,w,

zt =" (2¢)

From (2a) the optimal number of cows, H 0 , is obtained when the marginal revenue
(in terms of milk and meat) from the last cow brought in production equals to the
marginal investment and manure transportation costs caused by this last cow.

From (2b) milk is produced by using an optimal input combination of pasture, silage,
and concentrate that is defined by a condition where the value of their marginal
contributions to milk production equals their unit prices adjusted by the marginal manure
management costs.

From (2c¢) optimal land allocation is achieved where profit from producing cereals
equals to profit from silage production when input use intensities are optimal for both
Crops.

Conditions (2a) — (2c) characterise the production decision of a dairy farm in the
absence of government intervention.

Nutrient application standards

Nutrient application standards may be levied in a piece-wise manner as the maximum
allowable amount of nitrogen or phosphorus per hectare, or as an average overall standard
per farm. Here the effects of a nitrogen standard per hectare are examined. The impacts of
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G,
a phosphorus standard would be analysed analogously, so @at this analysis holds for O;)
phosphorus, too, as will be discussed at the end of this sectiok. \A
°

Suppose now that a nitrogen standard is imposed on ea@l hectare separatem@ting
the land quality, crop nutrient needs and nutrient runoff dasages. The nitro§e tent of

manure is defined by N™ = aom and nitrogen of chemical fertilizer in tu N'=d. 2

Thus, for each parcel the farmer has the following nitrk)éen restricti@@on the use of J

chemical fertilizer and manure, Q\ 0/
12

. O

<
The nitrogen standard reduces the fertilizer application in tll?’fa;m. As_the ’ﬁ)\h
amount of land is given, the nitrogen standard (1) implies also an overall ll'és iction on
the aggregate application of manure (denoted by M). Thus, due to the imposition of the
nitrogen standard, the farm faces two alternative situations. First, the overall manure
produced by the farm (wH) may still remain within the limits of the aggregate maximum
allowable manure (WH < M ). Alternatively, it exceeds this amount (wH > M ), which
requires using some additional measures, such as reducing the number of heads, changing
the diet or transportation to crop lands outside the farm.

W
om<N and & <N O

The analysis starts with assuming that wH < M . Obviously, there is no need to
adjust the number of heads in milk production, or the diet, nor transporting manure
outside the farm. Thus, the dairy production is separable from the crop production in the
short-run. Therefore, one can focus directly on the application rates of manure and
chemical fertilizer to the farm’s crop lands and trace out how they and the cropping
decision changes. Intuition suggests that relative to the privately optimal solution the
farmer now applies the excess manure to the fields that were previously subject to the
chemical fertilizer application, that is, the farmer extends the critical radius to outer
fields. Also, a change in the land allocation takes place. A formal analysis below shows
that this indeed is the case.

In the presence of (3), the farmer has the following constrained maximisation problem
to solve for each parcel and both crops,

Max r' =pifi(N)—cli,or ' =pifi(N)—e(mi,r); i=12 (4a)
subjectto &, < N, or om, < N, ; i=12 (4b)

Writing down the Lagrangian function, A, and differentiating it with respect to nitrogen
input produces

A, =pfu—c—u=0; A, =pfy—(B+h,)-u=0 5)

Setting the shadow price, i/, equal to zero in equation (5) produces the privately
optimal input use without government intervention. Optimality conditions under
government intervention in (5) thus differ from the respective privately optimal
conditions without government intervention. The shadow price, &, indicates the costs
caused by the tightness of the nitrogen standard. It is the same for both the manure and
chemical fertilizer. Relative to private optimum without government intervention, the per
hectare application rate is reduced. Therefore, the marginal in-farm transportation costs
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decrease and the optimal radius for manure transportation shifts outwards to cover (some O;)
of) the fields, which previously were subject to the chemical4ertilizer application. \A

m : °
When the aggregate amount of manure produced ift¥Vthe farm becomm@hlgh

relative to the farmland area, the farm has some excess ure and three basic\gptions to )
adjust to the nitrogen standard. First, the farm maynﬁuce the numb f cows to —
eliminate the excess manure. Second, changing the diet tUeduce the nitfdgen content of o)
manure to eliminate the excess manure is possible. Thir e farm, c& also try to find [1/]
crop lands outside the farm, where farmers are willing to accept maﬁ\% on their lands. v

Consider now the decision of the farm, for which wH > after the imposition of (7%
the nitrogen standard. In the short-run, the investments in the nnlbproduction ca %\[)'
and the number of heads are given and transporting the excess manure ofttsibie @cém is
the chosen reaction. Thus, the conditions governing the privately optimal milk production
remain unchanged. Also, the first-order conditions for the application of manure and
chemical fertilizer are identical to equation (5). The critical radius covers all farmlands.
Thus, the farm reduces fertilization to match the required nitrogen standard and transports
the excess manure outside the farm. Hence, the transportation of the excess manure

causes the farm simply a lump sum cost of the size C(Wﬁ -M ,1), where wH

indicates the fixed amount of manure and M indicates the aggregate nitrogen standard
for the dairy farm.

Let us ask, finally, what happens to the land allocation in the presence of the nitrogen
standard. It changes the relative profitability of cereal and silage production changes. The
condition for the interior solution in land allocation requires that

T =7r°, (6)

where bar refers to the profits from cereal and silage production under the nitrogen
standard. The reduced nitrogen application reduces the profitability of both crops but
more the profits from cereals grown on the high quality lands (for details, see Lankoski
and Ollikainen, 2003). Thus, we find that the nitrogen standard increases the land area
devoted to silage production, which is in line with the findings of the previous studies
presented in Chapter 3 that indicated changes in the cropping pattern as a response to
nitrogen standards.

In sum, the imposition of a binding and per quality adjusted nitrogen standard has the
following implications. When wH < M , the milk production remains unchanged but
crop production changes. The critical radius allocating parcels to manure and chemical
fertilizer application is extended in favour of manure application and the amount of land
allocated to silage production is increased. If wH > M , the means of adaptation chosen
depends of their relative costs. If transporting is the cheapest way to manage the excess
manure, the following impacts are obtained. The milk production remains unchanged,
fertilizer use is reduced and the transportation of the excess manure causes an additional
lump sum cost and a greater share of land is devoted to silage.

Consider, finally, the impact of a phosphorus standard on the fertilization rates.
Suppose the farmer uses on some fields the chemical NP-fertilizer. Suppose further that
the farmer can add pure nitrogen to complement the reduced amount of NP-fertilizer.
Given that this additional nitrogen can be applied together with the NP-fertilizer, the
impacts of the standard on fertilizer remain rather small. If additional nitrogen input is not
feasible, costs are higher, yet smaller than in the case of manure.
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The impact of the phosphorus standard on manure mana@ment is more complicated o)

given that the share of phosphorus in manure is smallerithan the share of nitgogkn.
Therefore, imposing a restriction to phosphorus leads tof) greater reduction to e b

application than the nitrogen restriction (provided, naturally, that nitrogen r ion is
not extremely high). If no other nitrogen source is ava@ble, the phosp s standard v
creates de facto a binding nitrogen standard for the farmer who ts nitrogen 3
application. This was analysed above and the only differet€e to the abgy¢~analysis is that
now the restriction is tighter and the reduction in profi\»is ar . The farmer has, v

however, an opportunity of adding some chemical nitrogen @comp ement the restricted
manure application. The technology of chemical fertilization ié/different from that of(@
manure spreading. Adding chemical nitrogen causes extra cosls' and thus, adeivug
chemical nitrogen may or may not be profitable in practice. * LeC

The analysis revealed that the impacts of manure policies depend much on the relative
cost-burden on the alternative means of adapting to tightening regulation. When dairy
farms are heterogeneous in terms of their cost structure, one can expect that all types of
adaptation can take place: reducing the number of production animals, changes in the diet
and changes in manure management together with altered cropping patterns.

Empirical application on the basis of Swiss data

Milk production is very important for Swiss agriculture, accounting for 23% of the
value of agricultural production. According to data from the Station fédérale de
recherches en économie et technologie agricoles (FAT), an average Swiss dairy farm
(traded milk) has 15.7 dairy cows, 17.9 ha of utilised agricultural area and 1.6 farm work
units. Between 1990 and 2004 the number of milk producers decreased from 50 334 to
33 072, and over the same period the average quota per dairy farm increased from 59 to
92 tonnes of milk. Federal expenditures for dairy farming have been decreasing in recent
years, going from CHF 716 million in the year 2000, to CHF 504 million in 2004. Of
these funds, 70% were used for cheese, 14% for butter and 15% for milk powder.

As regards agricultural policy the AP 2007 agricultural policy reform programme
provided the basic legislative framework governing agricultural policy for the period
2004-07. From 2008, the new policy package is gradually being implemented under the
Agricultural policy reform 2011 (AP 2011). The key feature of AP 2011 is a further
reduction of 30% in budgetary expenditures for market price support (2008-11 in
comparison with 2004-07). The savings are being used for direct payments for services
(e.g. preserving culturally valuable landscape or animal welfare) and to compensate for
difficult production conditions. All remaining export subsidies for agricultural
commodities are to be eliminated, and customs duties on imported animal feed and
cereals for human consumption are to be reduced.

There are two main categories of direct payments. General Direct Payments are
mainly granted in the form of general area and headage payments, and to a lesser extent
also include payments to farmers operating in less-favoured conditions. Ecological Direct
Payments are mainly granted in the form of area and headage payments to farmers who
voluntarily apply stricter farming practices than those required by the regulations and the
farm environmental management practice requirements (PER — prestations écologiques
requises). All Direct Payments are based on the condition that farmers comply with the
PER.
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The structure of the programmes and the eligibility coghtions applied within the O;)
General Direct Payments and the Ecological Direct Paymekts categories have remaiged

largely unchanged under the new AP 2011 (implemented f®pm 2008). Outlays to TS .
for these two categories remained rather stable in 2007 and 2008. About 80% (f Yhe total

is granted under General Direct Payments, although theﬁlave declined byn3% 1in 2008. v
Area payments per hectare of arable land and permanent cropland w educed, but 3
remain the most important single category and accoumt for 60% general direct
payments. The other important category of general paymer\ﬁa\is theQayment per livestock v
unit (LU) for roughage-consuming animals, and these payn@ts were increased by 37%

in 2007 to compensate for a reduction in milk market support. Additional payments are(@
granted for livestock under difficult conditions (e.g. mountains). I-&adage paymentg £0¥
roughage-consuming animals and animals raised in difficult conﬁith€t§g§fher
accounted for 33% of general direct payments. The remaining 5% of General Direct
Payments are paid to cultivate the steep slopes in mountain regions.

Ecological Direct Payments increased overall by 3% and about 44% of these
payments are provided to improve animal welfare. Payments for animal friendly
husbandry systems and headage payments for animals kept outdoors increased by 8.5%
and 2.4% respectively. Around one quarter of ecological payments are granted for
"ecological compensation" (payments for extensive meadows, dryland areas to produce
litter, hedges, floral and rotation fallow, extensive area strips and high-stem fruit trees)
and another 10% is paid for “contributions to environmental quality” (Contributions au
sens de I’ordonnance sur la qualité écologique — OQE). In 2008, the level of ecological
compensation decreased by 3%, while the contributions for environmental quality
increased by 40% (although from a lower base). The remaining ecological payments for
extensive farming and organic farming were reduced by 6.5% and 12.5% respectively.

From May 2009, the milk quota system was abolished for all dairy farmers, although
until May 2015 they will only be able to sell milk under the terms of existing contracts
drawn up with buyers (exempted are those farmers who sell their milk directly to final
consumers). Price support expenditures for dairy products were reduced in 2007 by 17%
compared to 2006, to reach CHF 361 million. The expenditures budgeted for 2008 was
reduced by another 5%. Payments for the price supplement paid to processors for milk
transformed into cheese and the premium for milk produced without silage feed were
reduced during 2007 and 2008, while domestic market support for butter slightly
increased. In 2007, export subsidies for cheeses and other milk products were 60% lower
than in 2006. In 2008, they were further reduced (50% lower than in 2007) especially for
the other milk products. By 1 July 2009, all price support expenditures for dairy products
will be abolished except the price supplement paid to processors for milk transformed
into cheese and the premium for milk produced without silage feed.

The main environmental challenges facing agriculture were identified in 2002 by the
Federal government which established a number of agri-environmental targets for 2005
(from a 1990-92 base), including: reducing surplus nitrogen (23%) and phosphorus
(50%); lowering pesticide use (30%) and ammonia emissions (9%); achieving 10% of
farmland as ecological compensation areas and cultivating 98% of farmland according to
ecological compliance or organic farming standards; and requiring 90% of drinking water
in agricultural areas to have a nitrate level below 40mg/I.
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Dairy production in Switzerland lo) o)
The heterogeneity of dairy production farms in S "%Zerland poses consi le °
challenges for defining a representative production system. The Internati arm

Comparison Network (IFCN), which compares costs gnd production syst across )
countries, addresses such issues by providing inforiffation on typic%farms. For —
Switzerland the data are assembled at FAT by relying@ participati arms and on J
expert opinion of what constitutes a representative productigg syst 1/)]

e

Four dairy farm types have been identified in the conte@ of %N for Switzerland, 9
representing all regions where milk production is significant:gtwo types in the Plain(@
region, one in the Hill region, and one in the Mountain region bvzarin, 2002). T?Qsi
representative farms differ in herd size (from 26 in the mountains to 70 if? thLl@ego the
two plain farms), in their cost structure and land requirements (highest in the mountains),
and final use for the milk (with milk in the hill region being used to produce traditional
cheese which requires not using any silage). These differences require focusing any
modelling exercise to a specific region, since a representative farm across regions would
not make any sense. The modelling effort undertaken by the Secretariat focuses therefore
on the Plain region.

The Plain region was chosen because it appears to be the region where dairy
production is most competitive, and the production systems present are the most similar
to those typically found in other OECD member states. In a recent study, FAT has
developed a detailed representation for a set of potential production systems in the Plain
region (Gazzarin and Schick, 2004). In the framework adopted by FAT various elements
and processes define a production system. These are presented in Annex B (Table B.1),
and include, for example, the production of fodder, feeding systems, and herd type and
size.

A considerable number of permutations are possible by changing characteristics of
the factors included in this table. Here we focus on herd type and size, and feeding
strategy (feed-mix) as factors of variation while other parameters are assumed as given
(Table 5.1). For example, all systems considered here adopt free-stall housing, with a
horizontal silo, perforated ground, and evacuation of the manure by scraper.

Table 5.1. Characteristics of systems with different herd types

Milk Labour Capital Land Stocking
yield costs costs costs rate
(kg ECM/ cliF/cowlyr)  (CHF/cowlyr) (CHF/cowlyr)  (head/ha)
cow/yr)
Reference cow 6700 2050 623 348 1.87
(grazing and silage)
Medium-
productivity cow 7 700 2087 678 354 1.81
High-
productivity cow 10 000 2 460 830 390 1.82
Reference cow 6 700 1869 623 362 1.80
(all grazing)
Seasonal grazing 6 500 1736 611 384 1.76

ECM stands for Energy Corrected Milk, which takes into account variations in fat content.
Source: Obtained using data from FAT report # 608, Table 8. Values are converted from costs per kg of milk
to costs per cow.
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Among the physical inputs required, the combination o ﬂ{?s forage grass and malze

silage, and concentrate feed clearly play an important role idkdetermining both millkq yi&ld
obtained per cow and nutrient content of manure. (\

D bo

In the analytical model the main inputs in milk produc\iégx 0= g(@? silage (s) and

concentrate (v), were assumed to be imperfect substitutes fii_prod n. The production

of milk in the empirical model is represented as conversionbf dry matter, protein and

energy from 3 sources: pasture and grass silage, maize sﬂage(gnd feed crop (barle L4
These three sources of feed are imperfect substitutes, meaning that e gannot su
one for the other in fixed proportions to obtain a given yield. Since Ie%o elling
framework is static, the amount of herbage intake associated with a hectare of
pasture/grass includes all grass-based outputs produced on that hectare, whether grazed
grass or grass silage.

Milk production per cow

s
Cule

A milk production function was calibrated on the basis of data linking milk yield to
feed mix. As can be seen in Table 5.2, the annual milk yield per cow is 6 500 kg using a
diet of mainly grass and maize silage together with a small amount of concentrate.
However, to achieve a yield of 10 000 kg, the share of concentrate increases while that of
grass decreases. Energy content in MJ was estimated for all feed mixes and then a
quadratic specification was fitted to describe how milk yield responds to the share of

concentrate X on feed mix, y=o + ﬂxs - jocsz . The estimated milk production function

describes quite well this non-linear relationship — higher yields are obtained by increasing
the share of concentrate (in terms of total energy).

Table 5.2. The effects of alternative feeding mixes on the amount of slurry (m?®) and excreted nitrogen
and phosphorus (P,05), kg per cow per year

Grass Slurry,

Milk Con- Maize  and hay, un- Slurry, Excretion  Excretion
yield centrate  silage total diluted diluted N P05
(kg ECM) (kg) (kg) (kg) (m3) (m°)  (kg/cowlyr)  (kg/cow/yr)
6 500 157 1652 4832 22.6 45.1 112.8 40.0
8 000 357 1689 4 958 24.2 48.4 121.0 42.9

10 000 971 2 409 4 304 26.4 52.8 132.0 46.8

Source: Menzi (2006) private communication on the basis of data from the Haute école suisse d'agronomie
(HESA).

Manure management

The data in Table 5.2 also indicates the amount of manure excreted according to the
diet, as well as the consequent nitrogen and phosphorus content of the manure. This
information, together with the optimal level of fertilizer and manure application on fields
permits the calculation of nutrient balances for the mixed dairy-crop farm.

The other important aspects of manure management are the technology used of
housing the animals, storing the manure, and finally spreading the manure. These are
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captured respectively by the fixed and variable cost assumpsions in the model. In the o)
Plain region, approximately 65% of housing systems are tie€l and 35% are loose h g
systems (cubicle houses). It is assumed here that a reprg@9ntative manure man t b
system is based on a slurry system, which represents over 50% of manure gement
systems in dairy farms in the Plain region. This system st@s undiluted, unt&?te manure ()
in tanks or pits until manure is applied to cropland. In thegain region ov, % of slurry 3
v

storages are covered. Depending on the size of manure stofage (from to 452 m’) the
investment cost of covered storage is from CHF 55 OOO&&) 86 Ammann, 2005).
Manure spreading is mainly based on broadcasting techniq@ which represents 87% of 9
dairy farms. However, trail hose application is analysed as an a]@rnative to broadcasting(@
technique. Depending on the capacity of manure spreading maﬁyinery (from 2{@9

8.5 tonnes) the investment cost is from CHF 15 000 to 40 000 (Ammann,’ZObj e &

Crop production

Due to lack of experimental data and parameter estimates for multi-nutrient crop
response functions, crop yield response is modeled through nitrogen. It is assumed here
that the farmer applies compound NPK chemical fertilizer, in which the main nutrients
(nitrogen, phosphorus, and potassium) are in fixed proportions (e.g. 20-5-10). By
assumption the farmer chooses the level of nitrogen application (N;) for each crop, and
because nutrients are in fixed proportions, nitrogen fertilizer intensity determines also the
amount of phosphorus and potassium used. Therefore, the amount of phosphorus applied
is e.g. 0.25*N; and the model can be expressed in terms of N;. It should be noted that
assumption relating to fixed proportions of main nutrients is only valid for chemical
fertilizer application. In the case of manure the ratio between nitrogen and phosphorus
could be affected by the feeding mix but data used for this application (Table 5.2) show
that the ratio between nitrogen and phosphorus is not affected by different feeding

m
i

rations. Per-hecatre nitrogen application intensity, N, = N Lf +@N;", is the sum of two

nitrogen sources; chemical fertilizer and manure. Depending on relative prices the
application of nitrogen in a given parcel may come fully from chemical fertilizer or from
manure or from both. Effective nitrogen value in manure or nitrogen available for crop, ¢
(O<@<1) depends on the manure spreading technique (e.g. injection vs broadcast
technique). A Mitscherlich nitrogen response is employed for describing crop response to
nitrogen, y;, = o/(1— yeiﬂN" ), where y; is crop yield (kg/ha), N; is applied nitrogen
(kg/ha) and o, v, and B are parameters. Differences in soil productivity (land quality) can
be incorporated through the parameter ¢ and y in the Mitscherlich Nitrogen response
function. Crop Nitrogen response functions are calibrated on the basis of data concerning

average nitrogen use for modeled crops (pasture/ grass silage, maize silage, and barley)
and crop yields in the Plain region.

Environmental effects of dairy production

Ammonia emissions, GHGs and nitrogen and phosphorus surpluses are the
environmental issues constituting the main focus of the empirical application. Ammonia
emissions will reflect the impact of dairy production on air quality, GHGs show the
impact on climate and nutrient surplus calculations serve as proxies for potential load of
nutrients to watercourses and in the case of nitrogen also emissions to air.
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Ammonia emissions are based on Swiss data and expeptyopinions on the effect of
different feed-mixes or feeding strategies on nitrogen conted¢ of manure and the ef of
alternative manure storage and spreading options on amnfhia emissions during
storage and spreading (Kulling et al., 2002; Hindrichsen et al., 2006; Reidy et 008)
Annex B (Table B.2) describes NH; emission factors@)r different cogmatlons of
housing system, manure storage and manure spreading (N@zi, 2006).

The effects of alternative feeding mixes on the amount\gs undilyted@nd diluted slurry
(m’) and excreted nitrogen and phosphorus (P,Os) are glve;g Ta .2 (Menzi, 2006).
Methane (CH,;) and nitrous oxide (N,O) emissions are eled on the basis of the
manure volume under different feeding mixes and estimates plél' ed by Kulling et al<
(2002) and Hindrichsen et al. (2006). As regards methane emission¥’both e 's%'ogg
manure storage and enteric emissions are taken into account as well as nitrous oxide
emissions from manure storage.

The soil surface nitrogen and phosphorus balances for each crop are calculated as the
difference between the total quantity of nitrogen or phosphorus inputs entering the soil
and the quantity of nitrogen or phosphorus outputs leaving the soil. The soil surface
balances (surplus/deficit) for nitrogen and phosphorus in each parcel in the model were
calculated by adding the total nutrient content of chemical fertilizer application and
manure application and by subtracting the nutrient content of the crop output. The
calculated nutrient surplus (kg/ha) provides an indicator of the production intensity, and
of the potential nutrient losses and environmental damage to surface and ground waters.
In addition to soil surface balance we also report farm-gate balance as a general indicator
of farm’s environmental load. Farm-gate balance is calculated by adding nutrient content
of inputs entering to farm (feed, chemical fertilizer, animals, etc.) and by subtracting
nutrient content of outputs leaving farm (crops, milk, animals, etc.).

Coefficients for nutrient content of manure are based on Menzi (2006) while
coefficients for nutrient content of different crops are taken from DBF (2001), which
provides detailed information on both the recommended level of nutrient use for each
crop and nutrient content of crop output.

Policy simulations and results

The following policy simulations are as conducted:
e General agricultural policy and its reform:

— Abolishment of dairy quota and its impact on milk price. This scenario applies
a 16% reduction in the milk price as reported in the Ferjani (2008).

e Regulatory instruments:

— Manure/nutrient application standard (based on N) required for achieving a
zero N surface balance.

— Imposing trail hose application technique for manure application on fields.

— Maximum stocking rate of 1.2 livestock units per hectare. Given the farm has
20 ha in total, this translates into a maximum upper limit of 24 cows.

Cule

2
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e Economic instruments:

— Tax (25%) on the price of commercial chemic%%rtilizer.

§‘9

o

C/O
2

N .

— Tax on the price of nitrogen actually applied (25%). Both chemic@ertilizer
and manure application spreading are taxed.

The policy scenarios described above assume privak)profit maxi
farmer. The outcome of the different policy instruments is\gzpress
environmental effectiveness and cost-effectiveness for

b

gi%

o

U
tion by dairy J
with respect to (1]

instrument.

The ©

environmental effectiveness of policy scenario is measured as’the reduction of the given V7
negative environmental impact relative to the Baseline. Cost-effdotiyeness combines fargi¢
profit reduction (farmer’s adoption cost or profits forgone) wi 5&%211
outcome — that is, the change in profits relative to change in environmental outcome.

the eEV'é)

o

Agri-environmental policies in Switzerland are implemented in a setting where other
agricultural policies are present and for this reason the scenarios assume that farmers
receive area payments of CHF 1 200 per hectare of cultivated land and headage payments
of CHF 856 per livestock unit.

Table 5.3 shows the economic and production impacts of alternative policy scenarios.

Table 5.3. SAPIM simulation results: The effects of different policy scenarios on profits,
production and land-use decisions

Policy scenarios

Milk Maxi- Trail- Standard Tax on Tax on
. quota mum hose on N N
Baseline ! . . . N .
abolish- stocking applica- applica- o applica-
; ; fertilizer X
ment rate tion tion tion
Farm
profits 82 083 47 993 62 231 81 854 74 984 79 607 76 445
(CHF/yr)
Numbers of
cows 34 32 24 34 34 34 34
Stocking
rate 1.7 1.6 1.2 1.7 1.7 1.7 1.7
(cows/ha)
Milk 331735 317505 236123 331735 331735 331735 331735
(litres/yr)
Crop production (kg)
Grass silage 181 342 181 342 181 342 77 933 148 750 258 219 250 542
Maize silage 94 713 94 713 94 713 219 824 79 861 - -
Barley - - - - - - -
Land allocation (ha)
Pasture/ 14 14 14 6 14 20 20
grass silage
Maize silage 6 6 6 14 6 0 0
Barley 0 0 0 0 0 0 0

Source: Author's calculations.
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The first column in Table 5.3 portrays the outcome forAhe Baseline without agri- o)

environmental policy interventions. Farm profits include rdyenues from both dair %d
crop production activities (20 ha). The baseline is a higidy-intensive dairy prognetion .
system with 34 cows which translates into a stocking rate of 1.7 dairy cows ectare.
Land is allocated in large part to pasture/grass silage () while the re§) available ()
land is allocated to production of maize silage for feed (30%). Both % silage and 3
maize silage are produced in greater quantities than consured as feed o thus surplus is
exported from farm (36 tonnes of grass silage and 14 tonk¥es of silage). Barley is v
not produced, as with given relative feed prices the most p@itable crops are grass and
maize silage. For an optimised diet feed grain (barley) is impor@/d and total imports are(@

32 tonnes per year. l)r . ,‘\)

Imposing environmental constraints — through either constraints onm production
practices or relative prices — reduces dairy farm profits in alternative policy scenarios
relative to the Baseline. General agricultural policy reform, and more specifically
decrease of milk producer price by 15% due to abolishment of milk quota, reduces farm
profits by almost 42%. The optimal herd size is reduced from 34 to 32 dairy cows with
corresponding decrease both in the stocking rate and total milk production. A constraint
on the maximum stocking rate (1.2 dairy cows per hectare) effectively reduces the herd
size from 34 to 24 and as a result milk production is decreased by 29% and profits by
24%. Hence, while removal of price support reduces farm profits significantly and has an
impact on the stocking rate, the regulation on the stocking rate has a huge impact on the
stocking rate, but a much smaller impact on farm profits. Although milk production is
significantly affected by these two policy scenarios land allocation between alternative
crops and optimal level of crop production are not affected because neither of these two
scenarios affect relative prices and thus profits in crop production.

The rest of the policy scenarios — nitrogen tax on chemical fertilizer, tax on nitrogen
application (both chemical and manure), trail hose application technology standard and
standard/upper limit on nitrogen application per hectare — are neutral in terms of dairy
production (dairy cow number and milk production) but they reduce overall farm profits
relative to the Baseline. However, in the case of trail hose application the overall farm
profits are reduced only very slightly (0.3%). In summary, this suite of scenarios
illustrates how different agri-environmental policy instruments may have differential
impacts on farm profits. Optimal land allocation and input use in crop production,
including chemical fertilizer and manure application rates, are all affected by these policy
instruments. The scenarios taxing nitrogen fertilizer and nitrogen application results in all
land allocated to pasture/grass silage. The production of feed grain is not profitable in any
of the reported policy scenarios.

Manure produced, its nutrient content, and the application rates of both manure and
chemical fertilizer are reported in Table 5.4.

Total amount of manure produced on the farm is naturally linked to the number of
cows and consequently in the case of milk quota abolishment and the constraint on the
stocking rate there is a reduction of the total manure produced on the farm (4% and 29%,
respectively). These policy scenarios do not affect the optimal level of manure
application, but manure exports outside the farm are reduced relative to the Baseline. The
remaining scenarios do not affect the total manure produced on the farm but they have an
impact on the amount of manure applied on farmland and therefore on manure exports.
Both standard on trail-hose application technique and tax on chemical N fertilizer give
strong incentives to shift application of manure to field parcels further away from farm
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centre. The critical radius for manure transportation and sp ﬁﬁng increases. However, o)
the intensity of nitrogen applied in manure is not affected, because in the case Q&ne
fertilizer tax the relative price of chemical fertilizer has ch@fged but not price of n .
from manure. In the trail-hose application scenario the cost of applying nitgdg¥n from
manure is reduced and thus it provides an incentive to in ase the amountgpplied. Both v
nitrogen standard and a tax on nitrogen application effe tlvely reduc amount of 3
manure applied and therefore result in increased exports o anure out@%f the farm. Q/

Table 5.4. SAPIM simulation results: The effects of different pollcernarlos on manure producti é
manure application, manure exports, nutrient conten(pf manure,

and nitrogen and phosphorus fertilizer applicati L C ,‘\)
e
Policy scenarios
Milk Maxi- Trail- Standard Tax on N
Base- quota mum hose on N Tax on N applica-
line abolish- stocking applica- applica- fertilizer PP
. ] tion
ment rate tion tion

Manure
produced 884 847 629 884 884 884 884
(m?)
Manure
apglication 483 483 483 677 218 687 397
(m”)
Manure
exgorted 401 364 146 207 666 197 487
(m
Nitrogen
in manure 221.0 211.8 157.3 221.0 221.0 221.0 221.0
(kg/ha)
Phosphorus
in manure 34.2 32.7 24.3 34.2 34.2 34.2 34.2
(kg/ha)
N fertilizer
application 114.6 114.6 114.6 82.5 48.3 48.4 85.8
(kg/ha)
P fertilizer
application 17.9 17.9 17.9 13.9 7.6 6.0 10.6
(kg/ha)

Source: Author's calculations.

Chemical nitrogen and phosphorus application rates are not affected by the first two
policy scenarios, namely milk quota abolishment and maximum stocking rate, while the
rest of the policy scenarios have quite significant impact on the optimal level of chemical
nitrogen and phosphorus application rates. In particular, the scenarios with tax on
nitrogen fertilizer and standard on nitrogen application reduce the amount applied
by 58%.
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The environmental impacts of alternative policy scenari@ in terms of nitrogen and
phosphorus balances, ammonia emissions, and CO,-eq{emissions are report@in

Table 5.5. Q (\ °
O

Table 5.5. SAPIM simulation results: Nutrient balances, aeronia emissions, @G emissions 9
. 7. 5
Policy scenariog® Q\ v
O 7
Base- ﬂglt(a Maximum Eza;: Stz?‘d d Taxon Taxon N(@
line agolish- stocking applica- applica- l>' N a%o' g
rate - - ferflizér & Gi
ment tion tion
Surface nutrient balance
(kg/ha)
Nitrogen 81.2 81.2 81.2 73.8 0.0 85.3 59.9
Phosphorus 2.2 2.2 2.2 1.8 -15.8 -6.4 -11.8
Farm-gate nutrient balance
(kg/ha)
Nitrogen -4.5 -11.9 -55.0 3.3 -19.3 -99.0 -52.0
Phosphorus 1.4 0.4 -5.3 2.2 -1.9 -10.5 -4.7
Other environmental impacts
Ammonia
emissions 38.0 38.0 38.0 26.2 38.0 38.0 38.0
(kg/head)
CO2-eq
emissions 3887 3 881 3887 3887 3887 3887 3887
(kg/head)

Source: Author's calculations.

In Table 5.5 two different nutrient balance methods are reported, namely surface
balance (kg/ha) and farm- gate balance (also reported as kg/ha). Using the surface balance
method the Baseline implies a small phosphorus deficit and a substantial nitrogen surplus.
Because nitrogen can be applied either as chemical fertilizer or as manure, the nitrogen
surplus is poorly addressed in most of the policy scenarios except when a quantitative
standard on nitrogen application is imposed, or when a tax is applied on both fertilizer
and manure application. The scenario for N standard application requires an average
reduction of 132 kg/ha of nitrogen applied in order to achieve a zero Nitrogen surface
balance. The tax on nitrogen application reduces nitrogen surface balance by 26%. Soil
surface phosphorus balance is generally negative in most scenarios because of the
predominance of grass silage in the composition of crops planted. It is only positive in the
trail-hose application scenario, where there is a large shift in cropping in favour of maize
silage. This shift in cropping occurs because of lower nitrogen prices (from manure)
implied in this scenario make maize silage the most profitable crop — these results are
clearly conditioned on the initial assumptions about yield response to nitrogen application
for the various crops.

The farm-gate nutrient balance measures the difference between the nutrient content
of inputs (chemical fertilizer and net trade in feed) and output (milk produced). Measured
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in this way, the farm-gate balance in the Baseline is negati@sgr nitrogen, and slightly o)
positive for phosphorus. Nitrogen surplus is negative in all fplicy scenarios except \u%n
a@i y

technology standard on trail-hose application method iQadopted. Most of th b

scenarios overshoot environmental objectives leading to further negativ@a ances
(deficits) for both phosphorus and nitrogen relative to t@ Baseline. This i particularly v
case in the scenario with nitrogen fertilizer tax, but also \for the scena,& imposing a 3
standard on nitrogen application and maximum stocking rate. Setting standards too

stringently also has implications in terms of profits, and \se® fact, Qse two options are v

among the ones with the lowest profits. 0 9

Concerning ammonia emissions, these are closely linked to the amount of nitrogen i
manure, the housing system, type of manure storage and manure&i)readi g 80@
Therefore, the only policy scenario where ammonia emissions per head of dairy cow are
significantly affected is adoption of trail-hose manure application method. Ammonia
emissions are reduced over 30% relative to the broadcast application technique used in
the Baseline. Similarly, the CO,-equivalent emissions show little variation between
alternative policy scenarios when measured per head of dairy cow.

Table 5.6 shows that the average cost-effectiveness of alternative policies to reduce
nutrient surpluses varies quite a lot within and across nutrients and balance methods.
Generally it is more expensive to reduce phosphorus surplus than nitrogen surplus. Cost-
effectiveness ratio is not applicable for those cases that result in increase of negative
environmental effect relative to Baseline (e.g. the case of trail-hose application and
surface balance for P).

Table 5.6. SAPIM simulation results: The cost-effectiveness of different policy scenarios on the reduction
of nitrogen and phosphorus surpluses

Policy scenarios

Trail-hose Standard on Taxon N Taxon N

application N application fertilizer application
E';‘::"‘:;f'&'_‘”e: relative to the 229 7 099 2475 5638
Surface balance N, CHF/kg 2 4 n.a. 13
Surface balance P, CHF/kg n.a. 26 30 29
Farm-gate balance N, CHF/kg n.a. 24 1 6
Farm-gate balance P, CHF/kg 3 107 10 46

n.a. = not applicable
Source: Author's calculations.

Summary of the Swiss case study

In this chapter a stylised dairy farm model has been developed to describe dairy
production and its environmental effects. Theoretical results were presented for nutrient
standards with and without excess manure production. In the former, milk production
remains unchanged but crop production changes, and the critical radius is extended in
favour of manure application and the amount of land allocated to silage production is
increased. When excess manure is produced, the adaptation chosen depends on the
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relative costs of different options. If transporting is the cheppest way to manage the o)
excess manure, milk production remains unchanged, fertdlization is reduced ?é&*e

transportation of the excess manure causes an additionaQump sum cost and a er .
share of land is devoted to silage.

As regards environmental effects, the empirical algication focusesén ammonia 2
emissions, GHGs, and nitrogen and phosphorus surplusdé) Analysed &?y instruments o)
ranged from general agricultural policy reforms to more targeted nmental policy [1/]
instruments, including both regulations and economic ins rgents. hat emerges from ¢,
the empirical results is that general agricultural policy refort#/in the form of milk quota
abolishment has significant impact on the profitability of prod(vz jon — through a ;IIH\?(
price decrease of 16% — and less so on herd size and the proddctign Ehg“@ e
opposite holds for regulation imposing a maximum stocking rate.

Most of the policy scenarios do not affect total manure produced on the farm, but they
have an impact on the amount of manure applied on farmland and therefore on manure
exports. Both standard on trail-hose application technique and tax on chemical N fertilizer
give strong incentives to shift application of manure to field parcels further away from
farm centre. Thus, the critical radius for manure transportation and spreading increases.
Both nitrogen standard and a tax on nitrogen application effectively reduce the amount of
manure applied and therefore result in increased exports of manure outside of the farm.
Chemical nitrogen and phosphorus application rates are affected significantly by some of
the policy instruments, notably tax on nitrogen fertilizer and standard on nitrogen
application.

Because nitrogen can be applied either as chemical fertilizer or as manure, the
nitrogen surplus is poorly addressed in most of the policy scenarios except when a
quantitative standard on nitrogen application is imposed, or when a tax is applied on both
fertilizer and manure application. This result clearly demonstrates the well known
problem of substitution of unregulated activities, whether chemical fertilizer or manure.
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We have also simulated a policy scenario in which grain prlcaeyas increased by %i%(
and in that scenario 4 ha out of 20 were allocated to feed grain. o L eC

Note
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Chapter 6 3
United States: The environmental effect \ﬁf cro @/gductlon v
and conservation auctio rE) &‘ 9
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This case study focuses on the economic and environmental pe!'foﬁance of
conservation auctions vs traditional agri-environmental policy measures in the US. The
economic and environmental effects are, however, not aggregated in this case study and
no social benefit function is computed. The three alternative land-use types analysed in
this application are: land retirement for environmental purposes, such as partial field
buffer strips, and two alternative tillage methods to produce a cultivated crop; no-till and
conventional mouldboard tillage. The Conservation Reserve Program Continuous Signup
(CCRP), for example, provides partial field retirement through vegetative buffer
installation along water courses to capture nutrient runoff and provide other
environmental amenities. No-till and conventional tillage represent here management
under the working lands programmes (such as the Environmental Quality Incentives
Program, EQIP). In this application the sources of heterogeneity are both differential land
productivity and environmental sensitivity of the parcels. Environmental heterogeneity is
represented here by differing slopes of field parcels towards watercourse. Different field
slopes result in variation in the propensity of soil to erode and nutrients and herbicides to
runoff from different field parcels.

Following Aillery (2006), land retirement is usually best suited for those parcels
where environmental damage due to erosion and related sediment, nutrient, and herbicide
runoff would be high relative to the value of agricultural commodity production. While
land retirement usually results in large environmental benefits per hectare, the programme
cost of land retirement could be high since payment rate should reflect the full
agricultural value of the land. This means that under a budget constraint for the agri-
environmental or conservation programme larger overall environmental benefits may be
obtained from a working lands programme, since it allows land to remain under
production and compensation payment rates do not need to reflect the full agricultural
value of land.

For working lands programmes the performance of no-till vs conventional
mouldboard tillage is an important element of a conservation plan. Relative to
conventional tillage, no-till farming is generally found to provide considerable
environmental benefits in terms of reduced soil erosion, nitrogen runoff, and particulate
phosphorus runoff. However, not all environmental effects of no-till are favourable
relative to conventional tillage, since many studies report that dissolved (orthophosphate)
phosphorus runoff may increase under no-till due to the accumulation of phosphorus in
the soil surface. Moreover, no-till may increase the abundance of perennial weeds thus
requiring a higher use of herbicides which may eventually increase herbicide runoff
relative to conventional tillage, and no-till may also increase potential for leaching of
nutrients and pesticides to groundwater. Furthermore, with regard to greenhouse gases
no-till farming contributes to carbon sequestration but it may increase the emissions of
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nitrous oxides. Thus, from society’s viewpoint no-till involvg important environmental o)
trade-offs that need to be incorporated into the analysis. { \A
°

From the farmer’s viewpoint no-till seems to providénmambiguous cost d«hions
because of lower labour requirements and fuel consurﬁtion. Capital inve nt and )
maintenance costs may also be reduced, although upfromt' capital require@nts for new —
equipment can represent a barrier to adoption. Furthelkgjore, relative /@ conventional o)
tillage no-till may provide potential revenue from carbon ¢gedits in d@ontext of carbon [1/]
markets. However, no-till yields may be lower than those er cél?entional tillage, in
particularly during the transition period (usually up to fiveyears) to no-till before soil
structure develops so that it starts to support no-till yields (e. g.(w ber of macropore}i;:(
Moreover, no-till requires specialised equipment, including direcgiﬂagteg;a dét'ﬁ 0
affects the timing of planting, since “covered” soils usually take longer to dfy and warm
after winter period. Thus, a switch from conventional tillage to no-till farming implies a
learning curve for a farmer. Thus from a farmer’s viewpoint no-till involves some
important economic trade-offs.

With regard to policy instruments to be analysed in this case study the main focus will
be on:

e Environmental and economic performance of land retirement programme vs
working land programmes;

e Environmental and economic performance of green auctions vs flat-rate agri-
environmental payments; and

e The cost-effectiveness of traditional policy instruments, such as input use taxes,
input application standards, and payments for conservation tillage practices and
structural practices, including buffer strips between field parcels and
watercourses.

For assessing the trade-offs between land retirement and working lands programmes,
theoretical and empirical frameworks are developed in order to explicitly analyse relative
costs and benefits. To our knowledge Feng et al. (2006) is the only study where land
retirement and working lands programmes are analysed within a joint framework. Feng
et al. analyse how the existence of a pre-fixed budget allocation between CRP and EQIP
affects the potential environmental benefits obtained from alternative policy
implementation schemes. In their empirical application based on data from lowa they
found that a working lands programme is more cost-effective than land retirement for low
levels of environmental benefits measured by an index of multiple benefits. Only at high
target levels of environmental benefits would it be cost-effective to enrol land into a land
retirement programme. They also find that there can be large efficiency losses due to the
pre-fixing of conservation budgets, regardless of whether a simultaneous or sequential
implementation strategy is followed for these two programmes.

Moreover, in this application we are also interested in assessing the cost-effectiveness
gains from auctions. More specifically we want to investigate the relative importance of
gains received from environmental targeting (through the Environmental Benefits Index —
EBI) vs gains received through adoption cost revelation through competitive bidding.
This provides important policy implications, since if environmental targeting is the main
source of cost-effectiveness gains then policy makers could implement also
e.g. regionally differentiated payments on the basis of performance screens, such as an
environmental benefit index, without bidding.
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This chapter is organised as follows. The theoretical fraynework is developed and
presented next. This is followed by a description of case stady area (the US Cor Rit)
and policy simulations and the results. The chapter conc@ies with a summary @
results.

a b v
Theoretical framework J > J
4 v

The theoretical framework for this case study builds\» tha&%veloped for green ¢
auctions in the Finnish case study and presented in Chapter ¥¢Thus, we follow Cattaneo
et al. (2007) and assume that the government announces an agrﬁm]%ironmental payment{
in the form of a conservation auction programme, in which farmers¥1d gomypeti i\élﬁ, T
a limited amount of conservation contracts. The programme aims to promote water
quality improvements through reduction of sediment, nitrogen and phosphorus runoff
from farm fields to watercourses.

To guide the bidding, the government reveals the weights given to the environmental
performance, E, and the maximum bid payment, R. On the basis of farmers’ bids, a single
score value (/) will be computed for each application and the applications exceeding a

cut-off value (I°) will selected. Cut-off value is defined endogenously after the bids
have been submitted.

The environmental performance of each bid with respect to surface water quality
includes three measures/indicators: reduction of sediment, nitrogen and phosphorus
runoff. Nutrient runoff can be reduced through reducing N and P fertilizer application
rates or by establishing buffer strips between farm fields and waterways. Farmers may
also adopt conservation tillage practices, such as no-till, in order to reduce both sediment
and nutrient runoff.

The focus here is on practice adoption — including fertilizer application intensity,
tillage practices and establishment of buffer strips — as the means of reducing both
nutrient and sediment runoff. Nitrogen runoff in a given land productivity class i,

Z;N = g;N(l;,m;), for tillage practice/crop rotation/erodibility combination j can be
expressed as a function of fertilizer use [ ; and the share of parcel allocated to buffer strip
m; Phosphorus runoff is defined similarly by Zj. =g iy (¢ m; ,¢j) as a function of
fertilizer use and buffer strip but it also depends on soil phosphorus status ¢; . Sediment
runoff is given by Z ;S = gj.S (m; , 49; ), where «9; is the slope of the parcel.

Environmental performance, E, is a linear combination of water quality improvement
benefits from reduction of nitrogen, phosphorus and sediment runoff,'

E;(l,m)=aZN(l,m)+,BZP(l,m)+}/Zs(m), (1)

with O0<,f,y<1l and a+ fB+y=1and 0< E(l,m) <1.
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E =dZ,+pZ,<0 Q '0\2’53) °
E =dZ, +pBZ,+¥, >0 a O (2b)

U
As in the Finnish case study, the score value [/ ends on thebﬁQVironmental 3
performance E and the payment r required by the farmer relativé@o the maximum ]
payment as a function of environmental benefit provided; Q(E). oreover, the score ¢,

value is defined as a share of the maximum obtainable score va ue,/denoted by I . Let o, <
and @, denote the weights given to the environmental performabee %nd the p@f@él}t

required, respectively. Like above, 0 < @,,®, <1 and @, + @, =1. Now, the score
value can be expressed as,

r —_
I = |:a)eE + o, (1 _ﬁ):|l . (3)

Thus, equation (3) says that the score value of each bid is a share (0 < I < I ) of the
maximum obtainable score value. Clearly, it increases with environmental performance
and decreases with bid.

Farmers form their bids following the above rules. To become accepted into the
programme a farmer’s application’s index score must be above the endogenously
determined cut-off value. Obviously, the farmer’s bidding strategy will be guided by
expectations about this cut-off value. It is assumed that the farmers are risk-neutral, so
that they focus on expected values only. Thus, the farmer will submit a bid if the expected
profit from participating exceeds the profits under the private optimum. The expected

profits depend on the probability of being accepted in the programme. Let / denote the

minimum index value to have a chance at entering the programme. Then the probability
of being accepted to the programme is defined by

PU> 1= [ f(hdl = F(I). (@)
Now, the farmer’s expected profits can be expressed as,
Ex' =T1=|z,(1,m) - + r(l,m)|F(I). 5)

Let ﬂ; =pf(")—cl" —Q—K denote the farmer’s profits under the privately

optimal solution, with {* the optimal fertilizer application, p denotes crop price, ¢ denotes
fertilizer price, Q represents other variable costs of cultivation except fertilizer, and K
denotes fixed capital costs. The profits under the working lands agri-environmental
payment programme are conditional on the choices of fertilizer application rate / and

buffer strip size m and are given as 77, = (1 — m)[pf (D)—cl - Q] — K. Fixed capital costs
of cultivation are thus not dependent on buffer strip size.
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In the case of working lands payment programme the econpgmic problem of the farmer o)
is to choose / and m (and thereby the bid r) for a given fand productivity classdnd
production system j so as to maximise the expected profit{(5) from the bid subje ) b

and the obvious constraints E; (I,m)<1 and r; < R. The Lagrangean for ﬂ@roblem 0
U > o
: 4 v
L=|ram-n +rdm)|F(D+ A (R-r)+A, (1\43) < ©

At an interior solution the Lagrange multipliers are zero and the ﬁ{sggrder conditions c\ay’(

is,

be expressed as e Le c\
rRE'(I) -
lO . (1—M)[pf‘l —c]+rl :_|:a)eEl + o, R—zl:|mq)1 (7a)
R TF'() . -
" —[pf)—cl-Q)+r, =< @E, +o —m | " o] 7b
m [pf( ) C ] r‘lﬂ { e m r R2 F(I) ( )

where @ = (1— m)[pf H—cl- Q] —K+r(,m)— 7[3 . In both necessary conditions

for the optimum, the LHS term indicates the economic costs of providing environmental
goods to the programme and the RHS term indicates the expected return, that is, the
effects of / and m on the score index and on the acceptance probability. In (7a), RHS
bracket term is positive, so that the LHS bracket term must be positive, too, and greater

than 7;, which is negative. In (7b), the RHS bracket term is negative, so that the negative

LHS bracket term is greater than 7, . Conditions (7a) and (7b) provide interior solution

for optimal input-use intensity under the working lands programme, that is, a programme
that provides incentives for adjusting input use towards more environmentally friendly
practices and outcomes on cultivated lands.

Given the above framework for green auctions in working lands raises a question
whether a land retirement type of agri-environmental payment programme could be
incorporated into this same theoretical frame? The answer is yes since for each land
productivity class i and production system j a farmer compares the profits from

participation in working lands programme 7,(I',m )+r(l",m") with corresponding
profits from participation in land retirement programme, 77,(m=1,1=0)+r(l/,m).
Thus, in the case of land retirement we end up with a corner solution where whole parcel
is allocated to “buffer”, that is m=1 and fertilizer use is zero (I=0)°.

In the first stage, in each differential land productivity and environmental
heterogeneity parcel, the farmer compares profits obtained from participating in land
retirement compared to the working lands programme and then selects the option with
highest profits. In the second stage, the farmer compares those profits with the profits

obtained in the private optimum, ﬂ'; (m=0,l 0) and decides whether or not he or she
participates in the agri-environmental payment programme.
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Empirical application on the basis of the US Corn Belt lo)

{
The Corn Belt has been selected as the US case study a@@@a for the following re@

e A good mix of no-till and conventional moldbgard tillage in the, rc@n, with
substantial no-till and conventional/moldboard Titlage acreage i ajor crops
(corn and soybean) produced. e

e A significant amount of CRP area in the region. W Q\

2

Y

J

v
2

e A single region in the Regional Environment and®Agriculture Programming o,
Model (REAP) hosted by Economic Research Servi Bf' the United Stateg(

Department of Agriculture. ° | e ct

The REAP model defines representative crop rotations by region, which are used to
capture differences in yield, cost, and environmental coefficients. Two representative
crop rotations for the Corn Belt region are selected: continuous corn and corn-soybean.
The REAP model defines acreage share in Highly Erodible Lands (HEL) and Non-Highly
Erodible Lands (NonHEL), with differentiation in model yield, cost and environmental
coefficients.

Cost data for this case study were obtained from the ARMS cost-of-production
estimates and other data sources, such as the World Resources Institute (WRI). Most of
the cost items vary by tillage practice (no-till and conventional moldboard tillage).
Primary cost items include: fertilizer, herbicide, machinery, fuel, and labour costs, and
land rents.

With regard to environmental effects and parameters the data is generated by the
EPIC (Environmental Policy Integrated Climate Model). EPIC is a crop biophysical
simulation model that is used to estimate the effect of management practices on crop
yields, soil quality, and environmental effects at field parcel level. Environmental data
provided by EPIC includes: i) soil erosion; ii) nitrogen lost in solution; iii) nitrogen lost in
sediment; iv) total nitrogen loss; v) phosphate lost in solution; vi) phosphate lost in
sediment; vii) total phosphate loss; viii) pesticide runoff; and(ix) changes in soil carbon.

On the basis of above data the basic model and two auction models for working lands
simulations has been developed as follows.

Crop production

Crop nitrogen response functions (quadratic specification: a+bN-cN”2) estimated
with US data were calibrated with data for eight crop/rotation/tillage/erodibility
combinations with known nitrogen application level and with known yield level (see
Table 6.1 for a description of eight production systems). The original value of parameter
b from published research was retained in Nitrogen response function and then
parameters a and ¢ were solved to correspond to known nitrogen (N) application level
and yield level for each combination. Thus eight Nitrogen response functions were
obtained (one per each combination). It was then assumed that these response functions
(and parameters) represent mean level of productivity in the case study region. On the
basis of land productivity distribution in the study area (see Figure 6.1) seven land
productivity classes were developed (by combining six first classes). These seven
productivity classes were incorporated into the model as follows. The above-mentioned
calibrated response functions were assumed to represent the mean productivity. By
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keeping a and c at their levels solved, the parameter b was s

' /‘
ed so that there would +/—

5% change of yield (productivity) per one index point so\that productivity diff
would range from -15% to +15% around the mean. Ty provides altogether%: g
60 differential combinations of land product1V1ty/cr0p/r0tat10n/t11lag* ibility
combinations. ]
U ’0 J
Table 6.1. Descriptive abbreviation for different crop/till@/erodiqn%:ombinations v
~ T ‘0
Descriptive abbreviation Crop(s) Tillage method (/ ;I?scgﬁ;::;‘tlion (@
HEL_MLD_Corn Comn Mouldboard HigBly Erogibl&— —
HEL_NLL_Corn Corn No-till Highly erodible
HEL_MLD_Corn/soy Corn/soy Mouldboard Highly erodible
HEL_NLL_Corn/soy Corn/soy No-till Highly erodible
NonHEL_MLD_Corn Corn Mouldboard Non-highly erodible
NonHEL_NLL_Corn Corn No-till Non-highly erodible
NonHEL_MLD_Corn/soy Corn/soy Mouldboard Non-highly erodible
NonHEL_NLL_Corn/soy Corn/soy No-till Non-highly erodible

Source: Author's classification.

Figure 6.1. Soil productivity by National Commodity Crop Productivity Index Land Class
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Source: Author's calculations.
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Environmental process functions lo) %

On the basis of EPIC data the Secretariat has estimﬁtd functional expressi \h)r
nitrogen runoff, P-in solution runoff and P-in sediment Yunoff, and genera iment
runoff. These functions provide the core of the environmeﬂal component of thewwodel.

HEL/nonHEL (Erodibility Index >8) and nonHEL (Erodibiity Index < ea and assume

that this corresponds to the category 8-8.9 annual tonne&éf soil{gkesion in the USLE
range for the study region (see Figure 6.2). This gives a dist@ltion in which the share of 9
nonHEL land 88% and HEL land is 12%. Based on this informaéi/on, the total acreage of(@

HEL is about 8.5 million acres and the total acreage of nonHEL lanc&Z million acres&\)
°* LecC

Figure 6.2. Distribution of acreage by the USLE soil-loss category (HEL land)

v

To connect the data on soil productivity and soil er@bﬂity we ap e shares of 3
b

v
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Source: Author's calculations.

Environmental benefit index (EBI)

Corn Belt specific EBI weights (Cattaneo et al., 2005) were used to construct a
surface water quality based EBI, which is based on the weights given for Nitrogen
(weight 0.22), Phosphorus (weight 0.22) and Sediment (weight 0.56) runoff plus each
parcel’s relative impact on these three types of runoff (as a function of nitrogen and
phosphorus application intensity, tillage practices, and buffer strip widths).

We follow Cattaneo et al. (2005) and Claassen et al. (2007) and derive relative
damage estimates (RDEs) for each type of runoff (nitrogen, phosphorus, and sediment)
on the basis of edge-of-field runoff. Production systems with low relative damage
estimates (RDEs) indicate more environmentally friendly practices and those with high
estimates contribute higher quantities of pollutant runoff to watercourses. Relative
damage estimates are converted to a 0-1 impact index (Iy;) for each runoff type:
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RDE in(RDE ) OQA O’)
- —min .
Iy = S — L \Q)
max(RDE ;) —min(RDE ) Q (\ °

where min(RDE;j) and max(RDEj) are the minimum maximum damagd-eStimates
across all production systems i and parcels k for the /™ runoff type (Cattane% al., 2005).

Y

J

v
2

Environmental indices can be specified as indices of potential envf@?mental gain or
environmental performance (Claassen et al., 2007). For ¥rlices measure potential
gain, a high value shows high potential for environmenta@amage in the absence of
abatement measures or alternatively potential for lost ortunity to improve(@
environmental performance in the absence of environmental medsares. Environm
performance index is a mirror image since index value is high whel ther@i&small
opportunity for environmental gain (Claassen et al., 2007). That is, when environmental
performance is high, further environmental gain from measures is low.

In our analysis a performance based index is used; however, basic index calculations
are for potential gain type index. Thus we follow Claassen et al. (2007) and convert
environmental gain index to performance index as given by equation (9)

S, =max(I)-1, 9)

!

where Sy is performance-based index value for farm f, I; is the potential environmental
gain index value for farm and max(/) is the largest possible value of 1.

Policy simulations

Alternative policy experiments in this case study are listed and described in Table 6.2.
The level of the instruments is fixed arbitrarily (unless otherwise stated).

As can be seen from Table 6.2, all together 10 different policy instruments/instrument
combinations are analysed and compared to the benchmark of private optimum.

Results

We start by reporting the results for the benchmark case of private optimum. The US
case study model incorporates all variable and fixed costs related to each of eight
different combinations of crop/rotation/tillage/erodibility (production units) and on the
basis of these farmers’ profits are calculated. Choice variable is nitrogen application and
phosphorus application is determined on the basis of nitrogen application by assumption
of fixed proportions (different for each combination) of these main nutrients in fertilizers
as given by our data. Table 6.3 shows both the variable and fixed production cost items
for representative production units under mean level of land productivity.

As can be seen from Table 6.4, representative production systems/units vary greatly
as regards different production cost items. As empirical research has shown no-till
farming entails much smaller energy (fuel) and labour costs than conventional tillage. On
the other hand chemical costs are higher due to increased need to control perennial weeds
under no-till.
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Q )
Policy Ghhracteristics 0> o)
\\ - @ (1]
\®d Q\
Benchmark 0 9
, (@
Private Optimum No government policy int(c! tion. Serves ag\d

benchmark for policy experiments as rEg@s@r its
and environmental performance.

Traditional regulatory and economic policy instruments

Mandatory buffer Regulation mandating a 2.5% buffer strip between
field parcel and watercourse.

Nitrogen fertilizer tax Fertilizer tax of 25% on the price of chemical nitrogen
fertilizer.

Combination of nitrogen fertilizer tax Fertilizer tax of 25% on the price of chemical nitrogen
and mandatory buffer strip fertilizer combined with 2.5% mandatory buffer strip.

Nitrogen fertilizer application limit Nitrogen fertilizer application limit of 100 Ibs/acre.

Nitrogen fertilizer application limit and Nitrogen fertilizer application limit of 100 Ibs/acre and
mandatory buffer mandatory 2.5% buffer strip.

Conservation auctions

Conservation Auction | Discriminatory pricing auction focusing on buffer strip
establishment and fertilizer use reduction on working
lands.

Conservation Auction Il Uniform pricing auction focusing on fertilizer use

reduction on working lands.

Conservation Auction llla Discriminatory pricing auction focusing on fertilizer
use reduction on working lands with equal weights
(0.5) for environmental benefits and cost factors.

Conservation Auction lllb Discriminatory pricing auction focusing on fertilizer
use reduction on working lands with differential
weights for environmental benefits (0.99) and cost
factors (0.01).

Conservation Auction lllc Discriminatory pricing auction focusing on fertilizer
use reduction on working lands with differential
weights for environmental benefits (0.01) and cost
factors (0.99).

Source: Author's classification.
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Table 6.3. Variable and fixed costs of cultivation for dlfferen@roductlon systems/units ,)
under mean productivity A
m A o
Variable costs I F )sts
Descriptive abbreviation USDiacre Q 6 acre Q)
Phosphate Energy Chemical  Labour\ ) Other /Pand  Other J
W 4
HEL_M_D_Corn 11.32 9.86 12.60 10.27 3.46 119.00 53.96 v
HEL_NLL_Com 13.07 4.82 16.20 6.92 119.00 51.28
HEL_M_D_Corn/soy 214 8.81 11.66 8.53 68. 119.00 48 82 (@
HEL_NLL_Cormn/soy 13.73 4.20 15.37 559 75.09 b¢ 119.00
NonHEL_MLD_Corn 11.06 9.86 22.04 10.27 7312 ® I_Qoe C54 61
NonHEL_NLL_Comn 13.07 4.82 17.16 6.92 7447 119.00 51.08
NonHEL_MLD_Cormn/soy 3.36 8.81 11.66 8.53 60.45 119.00 48.69
NonHEL_NLL_Com/soy 13.73 4.20 15.37 559 63.50 119.00 46.56
Source: Author's calculations.
Table 6.4. Private optimum: Input use, production, profits and environmental impacts
under mean productivity
] Nitrogen Nitrogen Phosphorus  Phosphorus Soil .
Production system Cropyield applied runoff applied runoff erosion Profit
tonnes/acre Ibs/acre Ibs/acre Ibs/acre Ibs/acre  tonnes/acre USD/acre
HEL_MLD_Comn 251 104 153 0.3 0.5 9.3 1196
HEL_NLL_Com 3.76 120 20 20.7 6.8 24 3335
HEL_MLD_Com/soy 410 54 6.3 49 0.9 9.8 303.8
HEL_NLL_Com/soy 4.66 68 12 312 7.3 28 360.9
NonHEL_M_D_Corn 427 145 25.0 251 76 8.0 410.3
NonHEL_NLL_Corn 427 120 21 29.7 84 1.8 448.8
NonHEL_MLD_Corn/soy 5.14 54 6.4 76 52 8.2 4947
NonHEL_NLL_Corn/soy 5.66 68 14 312 8.7 20 528.3

Source: Author's calculations.

Table 6.4 shows input use, production, profits and environmental impacts under the
privately optimal solution without government intervention. In reviewing yields obtained
under different production systems/units, an interesting feature is that no-till yields are
higher than yields under conventional tillage when comparison is made within the same
rotation and erodibility category. On the other hand yields are higher for NonHEL lands
than HEL lands. As regards input-use intensity there is a significant variation between
different production systems so that no-till is more intensive as regards nitrogen
application than conventional tillage in all but one case (NonHEL_MLD_Corn).
Phosphorus application is determined on the basis of nitrogen application by assumption
of fixed proportions, but it is different for each production system and thus there are quite
significant differences across systems as regards phosphorus application intensity.
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Table 6.4 shows that despite higher nitrogen applicati([)]r;f')'-tensity in no-till farming, O;)
the nitrogen runoff is clearly lower than under conventiondl tillage, while the o Q.ite
holds in the case of phosphorus runoff. Soil sediment erogfon is naturally much l&r n b
NonHEL lands than under HEL lands and it is also lower in no-till farming(relative to

conventional tillage. Farmers’ profits are consisten@ higher undergno-till than v

conventional tillage, and they are also much higher for NWEL lands tha,b L lands. 3
U W ¥ v

Analysis of traditional policy instruments 0 Q‘ v

As regards the analysed policy instruments and their enviggnmental and economic, &
: . L <
impacts, Table 6.5 compares two basic policy instruments to zﬁdress surface
quality issues, namely the establishment of mandatory buffer strips (Z.S%l_of@givated
area) and setting a tax on chemical nitrogen fertilizer (25%).

Table 6.5. Results: 2.5% buffer strip requirement and 25% tax on fertilizer price

Buffer strip (2.5 % Fertilizer tax (25 %)

Nitrogen  Phosphorus Soil Profits Nitrogen  Phosphorus Soil Profits
Production system runoff runoff erosion runoff runoff erosion

Ibs/acre Ibs/acre  tonnes/acre USD/acre Ibs/acre Ibs/acre  tonnes/acre USD/acre
HEL_MLD_Com 105 04 6.5 116.6 15.0 0.5 9.3 1194
HEL_NLL_Com 14 5.8 17 325.1 20 6.6 24 3334
HEL_MLD_Com/soy 43 0.8 6.8 296.2 6.2 09 9.8 3038
HEL_NLL_Com/soy 08 6.3 19 351.9 12 72 28 361.0
NonHEL_MLD_Corn 174 6.5 55 400.1 244 76 8.0 410.2
NonHEL_NLL_Comn 14 7.2 12 4376 21 84 1.8 44838
NonHEL_MLD_Corn/soy 44 45 57 482.3 6.4 52 8.2 494.6
NonHEL_NLL_Com/soy 0.9 75 14 515.1 1.3 87 20 5284

Source: Author's calculations.

As can be seen from Table 6.5, the establishment of mandatory buffers of 2.5% of
cultivated area in each field parcel is quite effective as regards both nutrient runoff
reduction and erosion control.” When compared to private optimum, farmers’ profits are
reduced by 2.5% while nitrogen runoff decreases over 31%, phosphorus runoff by almost
15% and soil erosion by almost 31%. Thus, mandatory buffer seem to provide quite cost-
effective policy intervention for addressing water quality issues. The story is quite
different in the case of fertilizer tax, however, and indeed our results just confirm the well
established empirical result that fertilizer taxes need to be quite high to be effective as
regards nutrient runoff reduction. As Table 6.5 shows, a 25% tax on nitrogen fertilizer has
almost zero impact on farmers’ profits while reducing nitrogen runoff on average by only
1.3% and phosphorus runoff less than 1%.

Table 6.6 shows the effectiveness of instrument mixes/combinations to reduce
nutrient runoff and soil erosion. In theory both of these instrument-mixes should perform
well, since the instruments combined do complement each other in reducing nutrient
runoff, that is, fertilizer tax or application limit reduces fertilizer application while buffer
strips reduce the surface runoff nutrients. However, results in Table 6.6 show that the
instrument mix combining mandatory buffer and fertilizer tax mainly relies on buffer
strips as regards the environmental effectiveness because additional gain over the single
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instrument policy of mandatory buffer is quite marginal (ad@tlonal gain is only 1% or O;)
s0). The combination of nitrogen application limit (100 Ib${acre) and mandatory er
provides the instrument combination with much more additional gain over the (& .

e_
instrument mandatory buffer strip. With on average 9% reduction of farme@ profits,
nitrogen runoff is reduced by 39.5% and phosphorus runo@by 21.2%. b v

J
Table 6.6. Results: Combination of nitrogen tax and buffer strip ar@x;ombin i@of nitrogen application@
limit and buffer strip 0 2

Nitrogen tax and buffer str Nit n cation limit and buffer siri
itrogen tax ip roge @hb'l imi e 3(
Nitrogen Phosphorus  Soil Nitrogen Phosphor® |§oe C
runoff runoff erosion Profits runoff runoff erosion  Profits
Production system lbs/acre  Ibs/acre  tonnes/acre USD/acre lbs/acre  Ibs/acre tonnes/acre USD/acre
HEL_MLD Com 10.3 0.4 6.5 116.4 9.8 0.4 6.5 115.2
HEL NLL Com 14 5.7 17 325.1 1.1 4.4 17 293.3
HEL MLD Comvsoy 43 0.8 6.8 296.2 4.3 0.8 6.8 296.2
HEL_NLL_ComVsoy 08 6.1 1.9 352 0.8 5.8 1.9 351.9
NonHEL_MLD Com 167 6.5 55 400 8.8 5.5 5.5 258.7
NonHEL _NLL._Com 14 71 1.2 437.6 1.2 6.4 12 405.8
NonHEL MLD Comvsoy 4.4 45 57 482.3 4.4 45 5.7 482.3
NonHEL_NLL_Com/soy 09 74 14 515.2 0.9 7.3 14 515.1

Source: Author's calculations.

Table 6.7 presents average abatement costs (USD/Ib of N runoff) for alternative basic
policy instruments including mandatory buffer, nitrogen application limit, and the
instrument combinations of nitrogen tax with buffer strip, and nitrogen application limit
with buffer strip.

Table 6.7 shows that there is a huge variation in the average abatement costs both
across production systems and across policy instruments. However, one should note that
if nitrogen application limit is not binding (shown by zero adoption cost) then the average
abatement cost is mainly driven by adoption cost of establishing mandatory buffer. This
can be seen for example, in the case of following production systems:
HEL_MLD_Corn/soy, HEL_NLL_Corn/soy, NonHEL_MLD_Corn/soy, and
NonHEL_NLL_Corn/soy. However, clearly the average abatement costs are much higher
for the more profitable tillage practice no-till.

Analysis of conservation auctions

After analysing conventional policy instruments and instrument combinations it is
time to analyse how new policy approaches, namely alternative types of conservation
auctions, perform relative to the private optimum and traditional agri-environmental
policy instruments.
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Table 6.7. Average abatement cost (USD/Ib of N runoff) for a&rnative policy scenarios ,)
{ N
Average abaterperi cost, (\\1 °
USDVIb of N runoff n
. Q =~ v
Production system Mandatorybuffer ~ Napplication limit N Tax + buffer b N limit + buffer —
) 122N »)
A4 @V
HEL_MLD_Com 1 1 W 1Q\ 1 4
HEL_NLL_Com 13 92 0 13 46 9
HEL_MLD_Corn/soy 4 0 4 4 (@
HEL_NLL_Corn/soy 24 0 (54b, 2
NonHEL_M_D_Corn 1 12 1 * | eCo
NonHEL_NLL_Corn 17 102 17 49
NonHEL_MLD_Corn/soy 6 0 6 6
NonHEL_NLL_Corn/soy 31 0 30 30

Source: Author's calculations.

Table 6.8 shows basic results for Conservation Auction II that employs uniform
pricing payment format and focuses on nitrogen application reduction in different
production units under mean productivity and erosion. It is supposed that the farmers
estimated adoption costs are equal their true adoption costs which may not always be the
case in practice.

Table 6.8. Results for uniform pricing auction

Environ-
Private Auction Bid value mental Benefit/
Napplication Napplication CC _env usbD performance  cost ratio
Production system
HEL_M.D_Com 104 100 14 14 0.342 02
HEL_NLL_Com 120 100 326 326 0.608 00
HEL_M.D_Corm/soy 54 54 0.1 0.1 0.379 50
HEL_NLL_Com/soy 68 65 1.0 1.0 0.560 06
NonHEL_M_D_Com 145 100 145.0 1450 0.259 0.0
NonHEL_NLL_Comn 120 100 326 326 0.577 0.0
NonHEL_M_D_Com/soy 54 53 0.1 0.1 0.334 57
NonHEL_NLL_Corm/soy 68 66 0.3 0.3 0.543 1.8

Source: Author's calculations.

As Table 6.8 shows, the uniform price auction reveals farmers’ true adoption costs
since all production units bid exactly the amount of their true adoption cost for nitrogen
use reduction. As regards the last two columns dealing with environmental performance
and benefit-cost ratio (B;y/C;) of each bid one can see that relative ranking of bids would
be different if targeting would be based on environmental performance or benefits instead
of a benefit-cost ratio.
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Tables 6.9 and 6.10 introduce spread (range) of the Ajasic results presented in o)
Table 6.8 for increased (+15%) and decreased (-15%) ldnd productivity with n

erosion. Q (\ °
O

Table 6.9. Uniform price auction with -15% decre@ in land produc@ty 9
\J D J
Private Auction \Mhid val mental Benefit/ v
Productivity Napplication Napplication CC_env OJSD performance  cost ratio (2

Production system (/ @
HEL_M_D_Com -15% 100 98 04 04 |>, 0.346 O%O(
HEL_NLL_Comn -15% 114 100 1741 1741 L = Co.
HEL_M_D_Corm/soy -15% 50 49 0.1 0.1 0. 6.0
HEL_NLL_Com/soy -15% 63 60 08 08 0579 0.7
NonHEL_M.D_Comn -15% 139 100 1085 1085 0.259 0.0
NonHEL_NLL_Comn -15% 114 100 154 154 0577 0.0
NonHEL_M_D_Corn/soy -15% 48 47 0.1 0.1 0.340 6.6
NonHEL_NLL_Com/soy -15% 62 60 03 03 0558 22

Source: Author's calculations.

Table 6.10. Uniform price auction with +15% decrease in land productivity

Environ-
Private Auction Bid value mental Benefit/
Production system Productivity Napplication Napplication CC_env usb performance  cost ratio
HEL_M_.D_Corn 15% 107 100 54 54 0.342 0.1
HEL_NLL_Corn 15% 125 100 53.1 53.1 0.608 0.0
HEL_M_.D_Corn/soy 15% 59 58 0.1 0.1 0.373 42
HEL_NLL_Corn/soy 15% 73 69 13 1.3 0538 04
NonHEL_M_D_Corn 15% 151 100 186.9 186.9 0.259 0.0
NonHEL_NLL_Corn 15% 126 100 56.3 56.3 0.577 00
NonHEL_M_D_Com/soy 15% 59 58 0.1 0.1 0.327 438
NonHEL_NLL_Corn/soy 15% 74 72 04 0.4 0528 15

Source: Author's calculations.

Tables 6.9 and 6.10 show that increase in land productivity (from -15% to +15%
around mean productivity) increases privately optimal fertilizer application and thus it
increases opportunity costs of environmental measures (adoption costs). Thus, farmers’
bids are much higher (on average over 200% higher) while environmental performance is
decreased 3% and benefit-cost ratio is weakened by 51%.

Table 6.11 combines 11 simulations and these simulations are all discriminatory
payment format auctions but they differ as regards weight given for environmental
performance and bid. The results are expressed as average values for eight production
systems with mean land productivity and erosion.
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Table 6.11. Discriminatory payment auction: impact of weigh ﬁ’ auction performance

{ &

m Environmental
Auction N_env CC_env Bid performance r’&
-

Environment 78.7 27.3 190.8D 0.452 b 0.0024
Environment 0.9, Cost 0.1 78.7 27.3 190.8 U 0.452 0 0.0024
Environment 0.8, Cost 0.2 78.7 27.3 190.8 \)} p 0.0024
Environment 0.7, Cost 0.3 78.9 27.2 184.7 O & 0.0024
Environment 0.6, Cost 0.4 79.3 26.9 170.2 (/0.451 0.0027
Environment 0.5, Cost 0.5 79.6 26.6 151.4 ol;eo 0.00SQO
Environment 0.4, Cost 0.6 79.8 26.5 137.2 0.450 ° L eo 33
Environment 0.3, Cost 0.7 80.0 26.5 127.0 0.449 0.0035
Environment 0.2, Cost 0.8 80.1 26.5 119.3 0.449 0.0038
Environment 0.1, Cost 0.9 80.2 26.4 113.4 0.448 0.0040
Cost 80.2 26.4 109.0 0.448 0.0041

Source: Author's calculations.

Table 6.11 shows how assuming different weights affects auction markets and
resulting environmental responses. Placing more weight to environmental performance
naturally reduces nitrogen fertilizer application and increases adoption costs and thus also
farmers’ bids. Environmental performance slightly increases, however, it is dominated by
the increase in costs and thus benefit-cost ratio worsens slightly. And when higher weight
is assumed for cost/bid then opposite holds so that nitrogen fertilizer application slightly
increases, adoption costs and bids decrease, and environmental performance slightly
decreases while a benefit-cost ratio improves slightly.

Summary of the US case study

This chapter focuses on the economic and environmental performance of
conservation auctions relative to more traditional agri-environmental policy measures.
The economic and environmental effects are however not aggregated. In this application
the sources of heterogeneity are both differential land productivity and environmental
sensitivity of the land, more specifically differential propensity to erosion and thus
nutrient and sediment runoff. The analysed policy instruments range from traditional
regulatory and economic instruments, including fertilizer application limits and taxes to
different types of conservation auctions including both uniform and discriminatory
pricing types of auctions. Conservation auctions employ environmental benefit indices as
environmental performance screens that help to target conservation effort to parcels that
provide large environmental benefits.

As regards traditional policy instruments the regulation mandating the allocation of
2.5% of land along watercourses as vegetated buffers effectively reduces sediment and
nutrient runoff with reasonably small adoption costs to farmers. The combination of a
mandatory buffer with a fertilizer tax (25%) to reduce application intensity provides only
small additional environmental gains over a mandatory buffer alone, while the
combination of a nitrogen application standard and a buffer strip is much more effective.
This result underscores the well known problem with fertilizer taxes — they need to be

®)
2
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very high to have an impact on behaviour. Hence, the epmbination of a nitrogen 0;)
application limit and a mandatory buffer provides the instrument combination thAis
superior to other traditional policy instruments. Q ’0 .

As regards conservation auctions the application of agniform pricing auct@ reveals )
farmers’ estimated adoption costs and thus their inmation rent is(Mpduced and —
budgetary cost-effectiveness is increased. On the other l@)ld, a discrimipatory payment J
format gives farmers an incentive to place their bids abqye thei tion costs: low [1/]
adoption cost farmers have a greater incentive to do so thanhigh adoption cost farmers. ¢,
Changing the weight between environmental performance a#d cost/bid affects optimal
fertilizer-use intensity, farmers’ adoption costs, farmers’ bfds, and environmenal(
performance for a given budget. '7 e e C"
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1. To avoid unnecessary notation we drop the superscript i n&,subscrlpt Jj fron&@
choice variables / and m.
2. It should be noted that changes in the width of buffers would not affect reductions in
nutrient runoff in a linear fashion.
3. Note that buffer strips can naturally be voluntary as well, for example, through

contracts.
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This case study investigates the optimal land-use allocation and nitrog $phcatlon
under a representative Japanese farm that consists of a rice paddy field, upland field and
land abandonment. Rice paddy fields, which are the typical land-use type in Asian
monsoon conditions, are analysed in this study. Conducting a case study using Japanese
data by incorporating characteristics of paddy field cultivation into the SAPIM

framework provides interesting extension to the SAPIM studies.

Japan is currently undertaking market-oriented agricultural policy reforms and is
accelerating the implementation of agri-environmental policies although they still
constitute a very small part of the overall policy package. For this case study, data and
some other information were provided by Japanese Ministry of Agriculture, Forestry and
Fisheries (MAFF) and national research institutes. Direct payments for core farmers are
linked to the application of these principles as a cross-compliance measure (MAFF,
2008a; OECD, 2009)."

Policy context and analytical framework

The transition to environmentally friendly farming is being encouraged in accordance
with the Principles of Environmental Policy in Agriculture, Forestry and Fisheries
(2003). The Agricultural Environmental Code agreed in 2005 requires the necessary
production practices that farmers should adopt for environmental conservation. This code
initiated a further movement to cross-compliance measures targeted to environmentally
beneficial practices. New direct payments for core farmers are linked to the application of
these principles as a cross compliance measure (MAFF, 2008a; OECD, 2009).

For environmentally-friendly farming practices which must go beyond the “reference
level”, the government provides additional support for farmers as incentives. “Eco-
farmers” who adopt sustainable agricultural practices are encouraged by concessionary
loans. Moreover, direct payments for environmentally pioneering farming and the
promotion of organic farming based on the Law for Promoting Organic Farming, enacted
in 2006, are being implemented. Support and incentives for agri-environmental farming
practice are summarised in Table 7.1. In addition to promoting agri-environmental
farming, recent policies strengthen agri-environmental programmes, such as promoting
the production of bio-energy derived from non-food materials, mitigation and adaptation
to global warming and biodiversity conservation.” Based on the MAFF’s Comprehensive
Strategies for Global Warming, which was enacted in 2008, and The Role of Agricultural
Soil in Preventing Global Warming (MAFF, 2008c), counter measures for GHG
mitigation from farmland, such as incentives for farmers, are under discussion.
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Table 7.1 Current agri-environmental policygmeasures3

Q

L4 (\/!O
2

-

XN .
qures

Policy aim Details D Polig )
- —
Adoption and The adoption and compliance with the co\ie)s for @:&ndition of J
compliance with Agricultural Practice in Harmony with the E\gyironme vironmental (1]
the Agricultural (Agricultural Environment Code) cross compliance )

Environment Code

O

<

Support for
eco-farmers

Based on the Law for Promoting the Introduction%f |>,
Sustainable Agricultural Practices, promoting
certification of "Eco-farmers” who practice sustainable
farming and support their activities by financial and
technical support. The number of eco-farmers was

167 995 at the end of March 2008.

: <
Concessionar
IoanL e C,)&O

Support for
pioneering farming

Measures to Conserve and Improve Land, Water
and Environment was introduced in 2007, which
support the progressive farming activity contributing
to the conservation of local environments by reducing
the use of chemical fertilizers and synthetic agri-
cultural chemicals by more than 50% compared with
conventional application.”

Direct payments
(agri-
environmental
payment)

Support for
organic farming

In accordance with the Law for Promoting the Organic
Farming which was established 2006, no-chemical
fertilizer and no-pesticide farming is promoted.

Concessionary
loans;
Tax relief;

Direct payment

(in the context of
support for
pioneering farmer)

* There is another scheme to support for maintaining and promoting the “natural-circulation” function of
agricultural ecosystem (e.g. biodiversity, landscape).

Source: MAFF (2008b).

Before starting the modelling phase of SAPIM, it is useful to clarify the country
specific agri-environmental issues and policy targets to appropriately reflect the actual
situation. As shown in Table 7.2, the number of eco-farmers (step 1) has been used as a
general indicator (see also OECD, 2008b). But, according to the discussion in MAFF
(2008b), indicators such as the amount of organic matter applied, the amount of chemical
fertilizer and pesticide use (step 2) which have important environmental effects, are set as
policy targets (indicators) for the coming period.

It is difficult to define and measure actual environmental damage and benefits, such
as water quality, GHG emissions and biodiversity richness (step 3), as policy targets.
However, for effective policy design and evaluation, measurement is needed. In brief,
step 1 is the easiest policy target (indicator) compare with step 2 (input-based) and step 3
(performance-based) targets.

Currently, the lack of monitoring data impairs the evaluation of agri-environmental
performance at the national level. In addition, "little is known of the relative costs and
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benefits of using agricultural land to provide ecosystem seryiges, especially rice paddy, o)
compared to other land-use types" (OECD, 2008). Consequéntly, so as to capture au§ -
effect linkage, micro level policy analysis which integrgl§s economic and bio@ al .
modelling is necessary. O

In Japan, farm nitrogen and phosphorus surpluses dec@ed over the per@ 1990-92 to
2002-04, but absolute levels per hectare remain amdgﬁ the highes@across OECD
countries. On the other hand, agriculture can supply certair\ﬁzosyst%@wices depending
on their management, and rice paddies provide a higher dgvel ecosystem service ¢
(e.g. water-retaining capacity) than other types of agricultuted land use. But due to the e
decrease in the farm area, provision of ecosystem services, wiid species diversity a\njg(
value of landscape have been impaired. These country-specific chzj?éctfgis?'_cs é}@l’ﬂ- e
taken into account in the SAPIM case study.

Cule

Table 7.2. Agri-environmental policy objectives and indicators

Indicators (example)

Objectives Step 1 Step 2 Step 3
Improve water Chemical fertilizer Water quality in public
quality use per hectare water body
Improve air quality Number of Chemical fertilizer Level of greenhouse
(GHG) farmers use gases in the atmosphere
who

Improve soil conduct Organic matter Soil fertility index
conservation agri-environmental application (N, P and K)

farming
Improve Pesticide use Number of species
biodiversity or lives
Greater Organic matter % of sustainable
sustainable use of application usage

organic matter

Source: MAFF (2008b).

In this model, “nitrogen runoff” which might cause eutrophication® and “GHG
emission (sequestration)”5 are considered as environmental externalities. As indicated in
Table 7.2, “water quality improvement” and “improve air (GHG)” are part of the key
objectives in Japanese agri-environmental policy, and also are possible to capture
quantitatively. Recently, improving biodiversity is under the spotlight in Japan,’® but there
is no clear evidence between agricultural inputs and the level of biodiversity, which
makes it difficult to incorporate the relationship into the quantitative model.

Following the Finnish SAPIM study, land is divided into rectangular parcels which
are of the same size and of homogeneous land quality (productivity: ¢g), but
heterogeneous as between parcels. It is assumed that each parcel is 10 ares and the total
cultivated land is 6 ha (60 parcels). Policy support is concentrated on “core farmers”, who
are defined as efficient and cultivating over 4 ha. Consequently, the farm size in the
model needs to be set larger than 4 ha in order to reflect various support measures.

To estimate the profit function, national statistics data on 5-7 ha farm size is used,
although the average Japanese farm size is approximately 1.36 ha. This assumption will
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&
not cause a big difference in social welfare estimation becayse the impact of the input- o)
related externality (e.g. nitrogen runoff) is constant with farmisize in this model. \A

ion)

The land-use classification is assumed as rice, upland m)p production (or ¢ 1@ ¢
and abandonment in this study (Figure 7.1). The upl crop area, whic s been )
converted from rice paddy, is assumed to be increas in the mode]bthe area of —
temporarily converted upland field from paddy fields bUraining watefdys 740 000 ha, o)

v

accounting for 30% of cultivated paddy. Wheat is assumed\fllgre to lﬁt\l@llpland crop.

There is some trade-off between paddy fields and ufljnd crdps with respect to 9
environmental externalities. For example, the amount of methape emission from upland(@
fields is zero, while those of N,O emissions are higher ( sﬁmura et al,?2
Consequently, it is valuable to analyse both rice and the upland crop'cdl_t_i\@i&a m a
continuous analytical framework by formulating their main characteristics from both
economic and environmental perspectives.

Suppose that the land reform in paddy fields (drainage canal and sub-surface
drainage) has already been undertaken. This means that it is possible that a farmer can
decide the land allocation only by reference to the profit from each parcel, and so it is not
necessary to incorporate “the land conversion cost” exogenously.

Figure 7.1. Spatial characteristics used in the Japanese SAPIM

Land
Abandonment ——T1—> Rice paddy Upland
(Wheat)

» Land quality: g

Source: Author.

Lichtenberg (1989; 2002), Lankoski and Ollikainen (2003), Lankoski et al. (2004),
Ollikainen and Lankoski (2005) and Lankoski et al. (2006) have developed a framework
for analysing the joint production of commodity and environmental outputs as well as
negative externalities under heterogeneous land quality and this is the point of departure
for this modelling exercise.

Estimating the absolute level of environmental effects is often difficult, and optimal
land use might change depending on the relationship of absolute levels of externalities in
the model. When m;, sw; and q; refer to the private profits, the social welfare and land
quality respectively, Figure 7.2 illustrates the land allocation between abandonment (7,
SWwyp), rice (m;, sw;) and wheat (m,, sw,) with respect to the private and social optima,
depending on the magnitude of the relative negative and positive externalities. In Case 1
of Figure 7.2, positive externalities are greater than negative externalities for both crop 1
and 2, while social welfare in abandonment is considered as same in private optimum.

The entry-exit margin of crop production has changed tog,™, and the land switching
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point is ¢’ " in the social optimum. Alternatively, Case 4 illugfyates the opposite case. As

shown, the optimal land allocation generates very diffe@lt degrees of environ\Mal
effects.

The conditions of the Japanese case correspond to Ca@?a, but further ingQrporation of

alternative environmental externalities might bring different results f timal land
allocation. Consequently, it is important to place more emphasis on t ative effect of
each agri-environmental policy on private and social welfatdd Q\

O

Figure 7.2. Private and social optimal land allocation under heterogé)li;ils land productivit\s:(

Different cases

e Lect

Case 2: sw'<n', sw”>

®)
2

Y
J
v
2
/4

»
3 swo T »>q

Source: Author, modified from Lichtenberg, 2002.
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Theoretical framework &O \A ')

°

In the model, the optimal land-use allocation and nitrogen appli@ (the
combination of chemical fertilizer and organic fertili@r) were consideged” under a v
representative farm. The model consists of quadratic h{)iiogen respon nctions for 3
cultivated crops, exponential nitrogen runoff (purificationyfunctions, &HG emission
functions which combine CH,, N,O and carbon sequestraﬁb}l fuanas. Producer profits v
are maximised under exogenous crop prices and input costs. O

Following Lankoski and Ollikainen (2003) and the Pﬁn ish case study, I l'(@
G(q) denote the cumulative distribution of ¢ (acreage having quality’q , § SE] él tﬁh e

2

g(g)is its density, and assume that g(g) is continuous and differentiable. The total
amount of land in the region is

1
G = [g(g)dq. (1)
0

It is assumed that only rice and wheat are cultivated in this region, i =1,2. Both
crops are produced under constant returns to scale. Output of each crop per unit of land
area is denoted by y,, and yield is a function of land quality gand the fertilizer

applicationx, . The applied amount of fertilizerx, is the combination of chemical

fertilizer x, and organic fertilizerx,, y, = f'(x,;q). This production function is

increasing and concave in fertilizer and land quality. Assume that the arable land can be
allocated to either paddy rice or wheat. The share of each crop L, and L, is given by

L= [2(q)dg=G(q,) @)
0

L= [2(g9)dg=G(1)-G(g)). 3)

9>

Land abandonment is not considered in the theoretical part in order to simplify the
discussion. Two environmental effects are assumed: water quality impacts through
chemical fertilizer runoff and GHG emissions through chemical and organic fertilizer
application.

Crop production

The profit from agricultural production is expressed as,

7' =pf (@) —ex,i=1,2 @
Here p,refer to the price of crops and cto the fertilizer price, which are both taken as
given.

Organic fertilizer cause yield-increase effect, which effect depends on the amount of
application: @' (x,,) , defined as 1<®'(x,,) with @' >0 and @', <0. At the same time,

LINKAGES BETWEEN AGRICULTURAL POLICIES AND ENVIRONMENTAL EFFECTS © OECD 2010



7. JAPAN: OPTIMAL LAND-USE ALLOCATION gD ﬂL’pREGEE\P@iAIION -107
S ' /'
the additional cost of organic fertilizer collection, transpgstation and spreading are
incorporated in the profit function. In the presence of yield-facrease effect and add@al
cost of organic application, the profit function is modified @)follows,

7 =p.f (%, %,,q)® (x,)— ci(xcﬁoi), i=12 bo (5) )
Nitrogen runoff and purification U /0 5

Q\

Aggregate N runoff is a function of chemical fertl r us€. Suppose that the 9
N content in organic fertilizer is not included in the N runof function, because N in, &
S <
organic fertilizer could be serious problem only when the appli n amount is yery
large. In this model, the maximum application of organic is approxnna?el)l_let:@() ares
due to economic factors (high additional cost). The runoff of nutrients (kg) from each

parcel is expressed as a function of chemical fertilizer applied x_ as

z,=v,[x, (] fori=12 (6)
with v_>0,v_>0. Thus, the runoff function is convex in the fertilizer application. It is

well known that paddy fields effectively improve water quality by removing nitrogen due
to denitrification and absorption. When the total nitrogen inflow in the paddy field water
exceeds the total outflow of nitrogen discharged out of the paddy field water, the paddy

field works as a nitrogen removal site, which means z, is negative. Then total amount of
runoff from the land area devoted to rice and wheat as

2= {nla@]h+v [ @] 0=k (@)dg. @

The monetary valuation of runoff damages (purification benefit), defines a valuation
function, D(z), which is assumed to be convex (D(-) >0,D())  <0)

GHG emission and sequestration

Regarding GHG emissions, agriculture is an important anthropogenic source of CH,
and N,O. In addition to GHG emissions, there is the role of agricultural soils as a carbon
sink.

CH, emissions

The impact of organic fertilizer for CH, emissions is critical (Yan et al., 2005), and
the amount of the applied material and CH, emission can be described by a response
curve. Methane generation is not possible if soil is not maintained in an anaerobic state.
Upland soils are normally oxidative and in aerobic condition, therefore CH, is not
produced. CH, emission is denoted as

CH, = [{m[x,(@)]L}s(q)dg 8)

with m_>0,m_ <O0. Thus, the runoff function is concave in the organic fertilizer
application (Yan et al.; 2005; IPCC; 2006).
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& S O
N emissi @)
U emissions O o

Following the guideline of the Intergovernmental Pane &n Climate Change (IPOQ\if
the N,O emission is a combination of direct emissionS™denitrification) alb irect
emissions (associated with atmospheric deposition and nitﬁgen runoff),

v
N,0 = |{[m(x,(9). x,, (@), 2)] L, +[n,(x,,(q) ).2,)](1 (@)dg (9) =
H”quqzm[nqu\)qz é@}gc]q 7

with n_>0,n_ <0 then the emission function is concave 1@16 fertilizer application. 9

¢ @
O
b e Lect

Carbon sequestration

Soil carbon stock is affected heavily by fertilizer management as well as CH, and
N,O emissions from agricultural land. Appropriate amounts of organic fertilizer could
increase the soil carbon content and stimulate the total GHG emission reduction. The
carbon sequestration function is

Seq = {5 [x.@] 1 +5, [ro@]0- L)} g(9)dg (10

with s >0, s <O0. Thus, the sequestration function is concave in the organic fertilizer
application.

Consequently, the net GHG emission is expressed as follows,

1

e= [{mlx,@]L}s(a)dq

0

+ [{lm (@, x,0(@), 2L + [, (20 (), 5,0 (9), )] (A= L)} g (@)dg - (1)
- [{s:[xo@]L +5, [x,. (@]~ L)} g(9)dg.

The monetary valuation of emission damages (sequestration benefit), defines the
valuation function, GW (e), which is assumed to be convex (GW(-) >0,GW(:)  <0).

Features of the first-best solution

Chemical fertilizer affects both yield and environmental externalities. Moreover, there
is a trade-off in organic fertilizer applications, which means organic fertilizer can help
maintain soil fertility (yield-increase effect) and increase carbon sequestration. On the
other hand, it could increase CH, emissions and be a source of water quality problems.
The social welfare maximisation problem can now be expressed as

SW = J 2 P (@, 9P, (x,(9) — ex,(9) g (q)dg + D(2) + GW [e(m,n, 5)].(12)

0 i=l1
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The social planner chooses the use of inputs (chemical angyorganic fertilizer) for each o)
parcel under heterogeneous land productivity. The first-hest optimum is solv%or

recursively. Q o °
_ o v, on.

SW! =p.f. —c. +D'(z2)— —=0 13

L=pfie DS + Gl : e

v
; R 1
. o v, Wl Wil v
SW = pfi® ¢ +D()2r+G' o) W+ Q=0 14
Xy p lf Yo Yo cx”i M (Z) aXm- ’ (e)|:ax00+ axoi axoi " 7
7/

&
On the basis of the optimal use of inputs and thus profits for ebh crop, from g’g@eh
land quality the land is allocated to the highest social return use in gacil—p@c . The

unique value of switching land quality, g, is defined by,

7, + D'()v, +GW '()e, =7, + D'(-)v, + GW '()e, (15)

Consequently, land is allocated to crops by taking into account not only profits, but also
the effect of land allocation on N runoff and GHG emission.

The private optimum can easily be extracted from equations (13) to (16). Under the
private optimum, the farmer ignores the effects of environmental externalities. By setting

the marginal damage (benefit) to zero 77, = 77, is obtained.

Empirical framework

As shown in the theoretical framework, farmers consider not only the amount of total
N, but also the combination rate of chemical fertilizer x_, and organic fertilizer

application x ;. The total amount of N application to the agricultural field is the sum of

N fertilizer and N content of organic matter. According to MAFF (2008b), despite the
amount of organic matter applied that is recommended (e.g. 1.0-1.5t /10 ares for paddy
field), this is not implemented (88 kg/10 ares) due to several difficulties. In this model,
the trade-off for organic matter application, which has a positive effect on yield per
parcel, and high costs of spreading and transportation costs, need to be considered. The
estimated Nitrogen response functions and field survey data are shown in Figure 7.3. In
general, wheat yield is more responsive than paddy rice to nitrogen applications.
However, as shown in Annex C (Figure C.1), in the case of rice, the estimated nitrogen
response is very difficult to assess.

Crop production also generates negative environmental externalities via nitrogen
applications. But paddy fields could be N removal sites or pollution sites depending on
agricultural activities and the nitrogen concentration of irrigation water. It is well known
that paddy fields and wetlands effectively improve water quality by removing nitrogen
due to denitrification and absorption, which is effective only when irrigation water has
strong nitrogen concentration.
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Figure 7.3. Nitrogen response function of riceal wheat O
L.
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Source: Author's calculations.

The N removal (purification) function is expressed here by one numerical example.
The basic nitrogen balance is calculated by following equation,

Nbalance _ paddy=F + ILi+ ILp—OLs—-OLp (16)

where F is load by fertilizer, ILi is inflow loads by irrigation, ILp is inflow loads by rain,
OLs is outflow loads by surface discharged water, OLp is outflow loads by percolation.
According to the field survey by Yoshinaga et al. (2003), the total nitrogen inflow in
paddy field water was 27.9 kg/ha and total outflow nitrogen discharged out of the paddy
field water was 24.4 kg/ha. The paddy field had a nitrogen removal capacity of 3.5 kg/ha
during the observation period (Figure 7.4). So as to estimate the stylised runoff function,
several data on the nitrogen application amount and runoff volume is needed.
As explained in Annex C, data are, however, too scarce to build robust function
estimates. Estimated exponential nitrogen runoff (purification) functions are described in
Figure 7.5 and should be used with caution.

Agriculture does not account for a high percentage of total GHG emissions in Japan,’
although agriculture is an important anthropogenic source of CH, and N,O emissions. In
SAPIM, since the same control variables must be used in the biophysical model and profit
function (Nitrogen response function), it is important to consider the choice of control
variable first. As summarised in Table 7.3, GHG emissions from agricultural land
(IPCC’s 4C category rice cultivation and 4D category agricultural soils) derived from
chemical and organic fertilizer applications account for approximately 80% of total
emissions (in italics in the table). In this analysis, therefore, fertilizer application amounts
could be considered as control variables. Rice cultivation is a main anthropogenic source
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&
of CH, (methane) emissions. Fertilizer application and plo 1ng of organic soil cause o)
ammonium ions inside the soil, and then N,O is emltt . N,O is also emitt ia
denitrification. O i

In addition to CH; and N,O emissions, other re@roh deals wit tlQrole of ()]
agricultural soils as a carbon sink. Agriculture could potentially achig% significant -
reduction in the risk of climate change by taking CO, out & the atmos and storing it <
in the soil. Given the present circumstances, only four\&untriaﬂ&?nada Denmark, v
Portugal and Spain) have elected to include “Cropland Mafiagement and Grazing Land 9
Management” (the key activities relevant to agricultural mdustrE:{s) in their accounts for (74
the Kyoto protocol first commitment period (2008-12). No info t&n is contained 11{@

GHG Inventory of Japan on this category (MOE, 2008). ° LeC

Figure 7.4. One example of water and nitrogen balance of paddy field during crop period

Top number: water (mm), bottom number: nitrogen (kg ha-1)

Percolation

Source: Yoshinaga et al. (2003).
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Figure 7.5. Shapes of estimated N runoff and pur&gation function \A
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Table 7.3. CH, and N,O emissions from rice cultivation and agricultural soils

2006
IPCC Category Gas emissions
(Gg CO:2 equivalent)

Straw left on field CHa 3775.78
Rice Intermittently Various compost materials CH. 981.60
cultivation flooded left on field

No straw or compost left

on field (baseline) CHa 785.28
Synthetic fertilizers N2O 1522.70
Direct soil Animal waste-applied soils N2O 1 070.50
emissions :
Agricultural Crop residues N20 913.28
soils Organic soil N-O 721.10
Indirect Atmospheric deposition N-O 1281.25
emissions N Leaching and runoff N2O 1 700.95
SUM 12 752.44

Source: MOE (2008).
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G,
The OECD Expert Meeting on “Soil Organic Carbon Agriculture: Developing O;)
Indicators for Policy Analysis” recommended that OECD<countries could devel e
indicator: Change in total organic carbon in agricultural@@nd over time (OECD ). b

Regarding the survey on paddy and upland crop fields, precise and holistic s@surveys
have been conducted in Japan since 1979.°

U
Adopting no-tillage, which is strongly recommendeUn the USA, 4deording to the o)
discussion in MAFF (2008b; 2008c), is unlikely to be a p@xnising clrique to suppress [1/]
carbon release from arable soils, because of the high-hunaidity high-temperature ¢,
climate of Japan (vigorous weed growth is a serious bottleneek). The appropriate amount

of organic input seems to be feasible to increase soil carbofiygontent and stimulif(
reductions in total GHG emissions, given Japanese weather conditiofs. o Le C“

Organic fertilizer applications help maintain soil fertility, and also cause
environmental trade-off, which increase CH, emissions and soil carbon sequestration.
Studies on comprehensive carbon dynamics are limited in paddy fields. However,
Nishimura et al. (2008) studied the effects of land-use change from paddy rice cultivation
to upland crop cultivation in the Soil Carbon Budget (SCB), which is estimated by
integrating the amounts of net carbon supply and removal of CO, and CH, and drainage
of paddy fields for upland crop cultivation causing significant carbon loss from the soil.

Since the amount of fertilizer application is the control variable in the profit function
(Nitrogen response function), it is possible to incorporate the CH,, N,O and CO,
emissions (sequestration) into the economic optimisation model. Then, the net GHG
emission (CO, equivalent) is explained by the following equation.” The details of each
gas emission formula, which are based on IPCC guidelines and field surveys in Japan, are
explained in Annex C.

GHG(CO,eq)=21eCH, +310e N,0 +CO,. (17)

Social welfare function

The monetary valuation of environmental effects is used to aggregate each
environmental effect and then combined with the profit function. These valuation
estimates are based on published valuation studies. Firstly, the monetary valuation of
N runoff and purification (per kg) is considered. The stated preference method
(contingent valuation method and choice experiment) is difficult to apply directly,
because of the unfamiliarity of nitrogen runoff and purification, which might induce
inappropriate valuation (Hanley et al., 1997). Additionally, there is no precise calculation
on this in Japan.

On the other hand, a couple of estimations were conducted using the replacement cost
method. It is difficult to apply to water purification in cultivated land where the amounts
of purification vary depending on natural conditions and farming practices. Shiratani
et al. (2004; 2008) overcame this difficulty based on a newly developed method which
replaces the N removal rate of paddy fields and the N runoff rate of upland fields by the
sum of the maintenance and depreciation costs (in place of construction cost) of water
quality improvement facilities. These facilities have same characteristics as paddy fields,
which is that the amount of removal N increases in proportion to the N concentration. The
related cost of water quality improvement facilities does not change even though the cost
of removal is huge. Consequently, the cost per kg of removal becomes cheaper in
proportion to the volume removed. Shiratani et al. (2004; 2008) estimated the monetary
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value of N purlflcatlon (paddy) as 0.3 JPY/m*/day based the relationship between O;)
N removal rate (g/m*/day) and N concentration of irrigation water (mg/L) an .355
N runoff (upland) as -0.08 JPY/m?*/day based on the relatiQfiship between N effus te
(g/m*/day) and applied N (g/m?*/day), respectively. Each value should be co ed into
per-parcel (10 ares) and per-year terms for SAPIM 51m1@t10ns and after &s operation v
42 000 JPY/10 ares/y'® and -29 200 JPY/10 ares/y were oggined. The dl% ce between 3
v

benefit and damage values comes from the specificity of réeplacement ¢ ethod.

Regarding paddy, N purification is effective only when @ nitr%}n concentration of
irrigation water is above 2.5mg/l, and this kind of paddy fie accounts for 10% of total
paddy fields (Shiratani et al., 2004). In addition, the characterifics of SAPIM anal sigX
which capture the cause-effect linkages in a representative f:

extrapolate them to provide insights at more spatially aggregate levels, shoul e taken
into consideration. In short, if the monetary value estimated above is used as it is,
overestimation will occur to investigate the social welfare in the aggregated level.
Consequently, we choose to abate the monetary valuation of N purification as 1/10 (10%
of total paddy fields), with the result that 4 200 JPY/10 ares/y is obtained. This operation
is follow as Shiratani et al., which tried to estimate the external economic value of Japan-
wide cultivated land.

Concerning upland crops, the estimated runoff function is derived from surveying
upland-catchment basins. But land use linkages will strongly affect the runoff amount
from upland to rivers. According to the N outflow model developed by Tabuchi (1998a)
and Tabuchi (1998b), approximately 65-75% of N is removed in the process of water
flowing naturally from upland to paddy field (lowland) by denitrification under anaerobic
condition and uptake by rice plants. In this analysis, the average figure 70% was quoted
form the observations in Tabuchi (1998a, 1998b), and the monetary valuation obtained is
-8 760 JPY/10 aresl/y.

Since the average amounts of net purification and runoff are set at 0.64 kg/10 ares/y
(under average N application: 8.9 kg/10ares/y [Nishio, 2001]) and 4.94 kg/10ares/y
(under the average N application: 13 kg/10 ares/y estimated by the National Agriculture
Research Centre), each monetary value (per kg) is given by 6563 JPY/kg and
674 JPY/kg. Per-kg value of purification is much higher than runoff damage, because,
again, it comes from the characteristics of replaced water quality improvement facilities
and the relatively small purification amount compared with runoff volume.

In the next step, GHG valuations are considered. One of the choices amongst the
various studies is to use the price of emission allowances as a proxy (CO,-eq emissions).
In emissions trading theory, the marginal abatement cost equals the allowance price.
However, there are difficulties: The EU Emissions Trading Scheme (EU ETS) is the
world’s first large-scale GHG trading programme, covering around 12 000 installations in
25 countries and six major industrial sectors, but the marginal abatement cost of GHG in
Japan is much higher than the EU average (Table 7.4)."" In addition, Japan’s ETS has
been launched only recently, hence not enough data are available at present.

The social cost of carbon (SCC) is estimated as the economic value of the extra (or
marginal) impact caused by the emission of one more tonnes of carbon (in the form of
carbon dioxide) at any point in time. It can be interpreted as the marginal benefit of
reducing carbon emissions by one tonne (Yohe et al., 2007). They conclude that the
average cost is USD 12 in the Contribution of Working Group Il to the Fourth
Assessment Report of the IPCC. But this figure is also inappropriate to apply to Japan,
because it is the overall average value in the world.
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Table 7.4. Marginal abatement costs (in 1990 USD/tC;éﬁO Kyoto target) O,)
: <
Model No trading m ﬁgg?:; @? |n\g *
0 U
us OECD-EU Japan CANZ —
ABARE-GTEM 322 665 645 423 1 Og@ 23 J
AIM 153 198 234 1 4}) Qﬁ? 38 v
CETA 168 O] ™ 26 “
Fund G, 14 10 \(@
G-Cubed 76 227 97 157 530 || @20
GRAPE 204 304 70 44
MERGE3 264 218 500 250 135 86
MIT-EPPA 193 276 501 247 76
MS-MRT 236 179 402 213 77 27
Oxford 410 966 1074 224 123
RICE 132 159 251 145 62 18
SGM 188 407 357 201 84 22
WorldScan 85 20 122 46 20 5
Administration 154 43 18
EIA 251 110 57
POLES 135.8 135.3 194.6 131.4 52.9 18.4

Sources: Cited in Weyant, 1999; Council of Economic Advisors (1998); EIA (Energy Information
Administration) (1998); Criqui et al. (1999).

Baker et al. (2007) (originally, in Viguier et al., 2003) provide a comparison of four
model estimates of the costs of meeting Kyoto targets with domestic emission trading and
without international trading (Table 7.5). As for Japan, two of the four results are
available, with the domestic carbon price estimated as 59.8 (2 000 USD/tCO,) by EPPA

model and 70.8 (2000USD/ACO,) by POLES model, respectively (average,
65.3 USD/tCO,).

Table 7.5. A comparison of estimates of domestic carbon price

Domestic carbon prices (2000 USD/tCOy)

Model EPPA GTEM POLES PRIMES
EU 47.3 461 55.9 401
us 68.1 52.6
Japan 59.8 70.8

Source: Barker et al. (2007).
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Taking into consideration the pros and cons of each met (Table 7.6), it is feasible o)

to use a modelling estimation of the domestic carbon price tdaggregate the environm\ al
Is

effects in SAPIM. By using the average exchange rate & year 2000 — 1USD¢q
107.8 JPY — 7 039 JPY/Ct is obtained. D

Table 7.6. A comparison of GHG monetary e@uation metho@

o\
, , L o

Schemes Merits Demerits (\Prlce Sources
Price of allowance Actual trading Differences 10-2p EUR European
in EU-ETS datawith  in marginal abatement b Climate %

significant trading  cost between EU e L Eéc rﬁy

volumes and Japan X

Price of allowance Actual trading Thin market 800-1 250 JPY Government
in Japan-ETS data of Japan
(voluntary
participation)
Social cost Several peer- MAC in Japan is 12 USD Yohe et al.
of carbon review studies  higher than average (43 USD/Ct) (2007)
Modelling Domestic Depends on the 65.3 USD IPCC (2007)
estimation of situationis  model (wide range of  (average)
domestic carbon reflected estimation value)
price

Source: Author.

Using the above monetary value estimation, the social welfare function can be
expressed as

| .
SW = LZEZ +az,+ Bz, +yGHG  fori=1,2

674 if 7,50
Whel’e o= . (18)
6563 if 7, <0
B =—674
¥=7039

where 7 refer to farmer’s profit function, z to the amount of nitrogen runoff
(purification), GHG to the total emission of global warming gases.

Policy simulations and results

The model estimated the government budget outlays and social welfare as well as
crop production, nitrogen runoff and GHG emission under the various scenarios. There
are two phases of the analysis. The first analysis compares the private and social optima.

e Private optimum: Producers maximise their profit ignoring both positive and
negative externalities.

e Social optimum: Government planners maximise producers and society’s profit
through also incorporating both positive and negative externalities.

Y
J
v
2
/4
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The second analysis compares different policy options f@ reducing nitrogen runoff

and GHG emissions (Figure 7.6). The policy scenadips assume private %ﬁt
maximisation by producers. Q (\

O

Figure 7.6. Analysis frameW(Q b
) D
[ Analysis1 ] W %

- Private optima Agri-ergyironmental <
- Social optima policy ¢ | ecC
D —
Without production ) Without production
adjustment policy Comparing adjustment policy

Source: Author.

As prior conditions, three direct payments (national average) for core farmers, which
were introduced in 2007 as part of the Farm Management Stabilisation Programme
(MAFF, 2008a), were incorporated into the model:

e Payment based on historical area planted, aiming to correct for disadvantages in
domestic agriculture caused by geographical handicaps as compared to other
countries.

e Payment based on the commodity output, aiming to encourage quality
improvement of domestic products by differentiating the payment rate according
to the product quality.

e Payment to compensate for 90% of the loss of income compared with the average
income of the preceding five years (excluding the extremes) to mitigate income
instabilities caused by price fluctuations. Rice is included only in this payment.

Concerning the effect of the rice production adjustment policy, in which a rice
production quota was allocated to each region based on the sales record of two preceding
years, although the farm level analysis such as SAPIM could not reflect the effect of the
quota (which prevents the rice price decrease via production control to meet decreasing
demand), in this analysis the “without production adjustment” case was also calculated by
assuming that the price decrease resulting from the relaxation of quota is 4.66 %, which
has been estimated by OECD (2009).

Analysis 1: Private and social optimum

Firstly, the private and social optima are estimated as the benchmark. The private
optimum reflects the rice price under the production adjustment policy (quota) and the
subsidy. It means the profit maximisation of the farmer as it is at present. Consequently,
the rice paddy area under the private optimum could be assumed as the amount of
production quota for rice paddy. The results are compared to the private and social
optimum without any corrective policies. The comparison between the private and social
optima, that is to say, the impact of market failure on land use, is analysed in this model.

LINKAGES BETWEEN AGRICULTURAL POLICIES AND ENVIRONMENTAL EFFECTS © OECD 2010

<

®)
2

Y

J

v
2



118 —7.JAPAN: OPTIMAL LAND-USE ALLOCATION AND NITROGEN APPLICATION

e /-‘t E di..
S O

Estimated land allocation and fertilizer application per

ares (Table 7.7), total

production and total fertilizer use (Table 7.8), N runoff andiGHG emission (Tabl\lg),

&

and profit and social welfare (Table 7.10) are recorded in eggh table.

O

2

Table 7.7. Land allocation and fertilizegpplication b 9
0 o) J
Fertilizdld4se per 10a
Policy Land use %ce wheat QJ

Rice Wheat | Chemical (kﬁh Organic (t) Chemical (kg) Organic%
Private optimum:under the production adj. 41 19 9.42-9.92 ~ 0.23-0.39 15.31-15.61 0.679.77
Social optimum:under the production adj. 41 19 6.69-6.76 .%7-0.86 13.24-13.29 O.Q =0.99
Private optimum:without the production adj. 41 19 9.62-10.15 0.1 4 15.31-15.62_‘\067-0.77
Social optimum: without the production adj. 60 0 6.89-6.98 0.69-0.830 | e C -
Policy1: Chemical N -50% + Payment: 40 20 471-496 091111  7.65-7.80  1.42-1.54
under the production adj.
Policy1 : Cherr_ucal N -50% + Payment: without the 52 8 4.74-5.07 0.86-1.13 7.71-7.65 1.42-1.53
production adj.
Policy2-1: Chemical N tax (50%): 41 19 9.03-9.44  0.30-0.45 14.92-15.12  0.73-0.81
under the production adj.
Felepls Enemiesl WHER (ED2F 43 17 9.22-964  0.24-040 15.13-15.72  0.38-0.72
without the production adj.
Policy2-2: Chemical N tax (300%): 41 19 7.07-722 062073 12.87-12.98  0.93-1.00
under the production adj.
elliege s oo N7 52 8 716731 058072 12.95-12.98  0.97-1.00
without the production adj.
Policy3: Minimum Organic + Payment: 41 19 6.71-6.86 1.00 12.15-12.25 1.50
under the production adj.
otk Wl Qg = FETLCE 46 14 6.69-6.86 1.00 12.18-12.25 1.50
without the production adij.
Policy4: Organic payment (quantity payment): underthe| 4 g 427-447  157-1.58  13.08-13.09  1.27-1.30
production adj.
Policy4: Organlc p_)ayment (quantity payment): without 49 11 4.92-4.48 1.57-1.59 13.09 1.29-1.30
the production adj.

Source: Author's calculations.

Private optimum

e Farmer’s profit: The farmer maximises yield by relatively large amounts of
chemical fertilizer application under profit maximisation behaviour. High-cost
organic fertilizers which consist of input price, transportation and spreading cost
are not used so much (0.23-0.39 t/10 ares in rice, 0.67- 0.77 t/10 ares in wheat). In
private optimum, farmer’s profit is the highest among all scenarios.

e Land use: 41 parcels are allocated to rice paddy and 19 parcels are wheat. No land
abandonment. The reasons why rice was not cultivated on all of the parcels are
the relatively high cost of rice production and the character of rice production,
which has a small nitrogen response even in the high land quality field (see
Figure 7.3). Since this analytical framework assumed the relatively large farm in
the flat area, deficit (land abandonment) did not occur. Regarding this point, the
primary reason of abandonment of cultivation is structural, such as lack of
succession. In fact, the current land use of rice and upland crop is approximately
1.6 million ha (production quota) and 0.79 million ha, respectively. The
simulation results could thus well express the reality of current land use.

e Environmental externalities: Nitrogen runoff via chemical fertilizer application.
With regard to GHG, the impact of CH, emission and carbon sequestration via
organic fertilizer application is small.
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Table 7.8. Total production and total ferti]'@er use ,)
{
Total production g Fertilizer use (total) (\' " ®
Policy (kg) Rice Wheat Total Total

Rice Wheat | Chemical @nganic  Chemical Orgal Chemical  Organjig
Private optimum: under the production adj. 22242 12555 396 L3 294 d 690 27 ¥
Social optimum: under the producion adj. 22719 12671 276 , 34 252 o 528 52 e
Private optimum: without the production adj. 22164 12555 405 \W K 294 O 14 699 24=d
Social optimum: without the producion adj. 34248 0 412 .48 0 @ 0 418 467,
Policy1: Chemical N -50% + Payment: > ﬂé\ e
under the production adj. 22055 13463 193 4 5 29 348 ¢9
Policy1: Chemical N -50% + Payment:
withoutt production ad, 29250 5384 255 52 (’ 61 12 317 (@ 65
Policy2-1: Chemical N tax (50%): M M
under the production ad, 23488 11340 397 16 hﬁ ° Ils e C @&) 29
Felley2els il N v (ST 23415 11340 406 14 255 13 661 27
without production adj.
Policy2-2: Chemical N tax (300%): 22570 12652 294 28 246 18 540 46
under the production adj.
elley s il el N v (e BT 29135 5537 379 34 104 8 482 42
without production adj.
Policy3: Minimum Organic + Payment: 22889 12901 279 41 232 29 511 70
under the production adj.
R LI (O - FETATIET 25901 9669 312 46 171 21 483 67
without production adj.
Policy4: Organic paymept (quantity payment): 23003 12877 180 65 249 24 429 89
under the production adij.
Policy4: Organic payment (quantity payment): 27868 7661 214 77 144 14 358 92

without production adj.

Source: Author's calculations.

Social optimum

e Farmer’s profit: Social planners maximise social welfare. Consequently, the
farmer’s profit is lower than those of the private optimum.

e Land use: Maximum social welfare was obtained within the rice production
adjustment policy (41 parcels are restricted as maximum allocation for rice

cultivation).

e Environmental externalities: Substitutions from chemical fertilizer to organic
fertilizer has occurred partially. The amount of nitrogen runoff decreased to
approximately half volume. Regarding GHG emission, organic applications (0.77-
0.86 /10 ares in rice paddy and 0.92-0.99 /10 ares in wheat) promote the carbon
sequestration, and result in a significant decrease of net GHG compared with the
emissions under the private optimum.

Without production adjustment policy

In the next simulation, private and social optima are estimated without the rice
production adjustment policy (quota). It is assumed that the rice price drops by 4.66% and
the diversion payment for wheat production'” is kept. A direct payment to cover the
income decrease due to the rice price drop is set as 6 000 JPY/10 ares (decoupling
payment) to meet with same social welfare outcome as under the production adjustment
scenario. The gross amount of the decoupled payment is not included in the social welfare
calculation, because it is assumed that payments are allocated from the existing

agricultural budget.
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Table 7.9. N runoff and GHG emissi(@ ,)

GHG emission and se@ tion *

, N runoff * t)
Policy (k) D Total i)
QH§ N20 CO2 CO2eq. 5§
Private optimum: under the production adi. 101.0 11 .4 Q' -3.4 13 g
Social optimum: under the production adj. 56.4 é& -8.5 6.2 ¢,
Private optimum: without the production adj. 103.4 11 4\.) 3.0 -3.0 11 é .
Social optimum: without the production adj. -58.9 17.3 (/ 1.3 -8.0 1Q.

Policy1: Chemical N -50% + Payment:
under the production ad.
Policy1: Chemical N -50% + Payment:

11.3 11.8 % ° |_Q_:9C,’t 5.1

without production adi. 34.4 193 17 97 73
f q- f o/ \-
Policy2-1: Chemlgal N tgx (50%): 76.9 12 1 58 4.0 10.9
under the production adj.
i - H /)
Pgllcyz 1: Chemlcal Ntax (50%): 78.8 12.0 538 36 112
without production adj.
f _n- f o/ \-
Policy2-2: Chemlgal N tgx (300%): 54.1 118 57 6.3 8.2
under the production ad.
i _n- H /.-
P9I|cy2 2: Cherplcal Ntax (300%): 101 14.9 19 6.6 10.2
without production ad;.
Policy3: Mlnlmum Orgaruc + Payment: 45.5 121 59 9.0 6.0
under the production adj.
P9I|cy3: Mlnlml:lm Organlc + Payment: 17.9 135 55 9.3 6.8
without production adj.
Policy4: Organic paymgnt(quantlty Payment): 50.7 125 30 1.8 37
under the production ad.
Policy4: Organic payment(quantity Payment): 17 15.0 54 13.0 4.4

without production ad;.
* The minus represents the purification for nitrogen and the sequestration for carbon.
Source: Author's calculations.

Private optimum

e Similar results as under the production adjustment scenario are obtained as a
corollary to setting the amount of the decoupled payment.

Social optimum

e Farmer’s profit: The social planner maximises social welfare. Consequently,
farmer’s profit is lower than those of the private optimum.

e Land use: Social welfare was maximised by expanding the rice cultivation area,
which has a bigger positive externality. Rice paddy was allocated to all parcels.

e Environmental externalities: Substituting organic fertilizer for chemical fertilizer
has partially occurred. CH, emissions were increased due to the expansion of rice
paddy land use, while nitrogen purification is fully achieved. Note that the
increase amount of carbon sequestration is bigger than CH, emissions.
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Table 7.10. Profit and social welfarb
{

. N .

) 'ﬁunoff GHG &
Profit Budaet damage emission S
Policy Profit +payment 9 ‘ 9 damage wellase SW/SO

(tax) outlays “f'c‘;“:"’” (Sequestratio NQOOJPY) v
‘ene it n benefit) —
Private optimum:under the production adj. 1854 1854 - U 73 79 7, 1847 0.94 J
Social optimum: under production adj. 1802 1802 - 203 -40, 1962 1.00
Private optimum:without the production adi. 1873 1873 (246) \)37 Q%V 1850 0.89 w
Social optimum: without production adj. 1765 1765 (360) 387 € 2077 1.00 0)
oV ; Y N

Policy1: Chemical N -50% + Payment: 1703 1871 168 36 1914 0.98

under the production adj.

Policy1: Chemical N -50% + Payment: (/ .

i AT 1663 1827 164 354 L 51 1966 9‘5(
Policy2-1: Chemical N tax (50%): j V- s O d
under the production adj. 1853 1792 61 121 76 @ 18é C 0.97
Policy2-1: Chemical N tax (50%): 1871 1811 61 109 79 1902 0.92
without production adj. i
Policy2-2: Chemical N tax (300%): 1813 1515 208 197 58 1951 0.99
under the production adj. -
Policy2-2: Chemical N tax (300%): 1814 1548 266 300 72 2041 0.98
without production adj. )
Policy3: Minimum Organic + Payment: 1738 2218 480 209 42 1906 0.97
under the production adj. .
Policy3: Minimum Organic + Payment: 1755 2035 480 257 48 1965 0.95
without production adj. i
Policy4: Organic payment (quantity payment): 1619 2266 647 230 26 1822 0.93
under the production adj. :
Policy4: Organic payment (quantity payment): 1592 2087 695 314 .31 1876 0.90

without production adj.
Note: SW/SO represents the social welfare ratio of the scenario relative to the social optimum, and the denominators (SO) which are used in the each case
( under or wothout production adj.) are those of social optimum, relatively.

Source: Author's calculations.

The comparison between private and social optimum, that is to say, the impact of
market failure on land use is analysed in this model. As shown in Figure 7.7, results
revealed that under the private optimum, rice is cultivated in 41 parcels and wheat is in
19 parcels, fertilizer use is higher than under the social optimum. Under the social
optimum, more land is allocated to paddy fields due to their positive (i.e. reduced
negative) environmental externalities only if the rice production adjustment policy
(quota) is relaxed.

Analysis 2: The impact of agri-environmental policy

In Analysis 2, several agri-environmental policy simulations are conducted on the
basis of results in Analysis 1. The policy scenarios assume private profit maximisation by
producers and a comparison of different policy options for reducing nitrogen runoff and
GHG emissions is undertaken. Policy scenarios are as follows:

e Policy 1: Imposing 50% reduction of chemical fertilizer use plus an
environmental area payment, which compensate for the amount of profit lost
compared with the private optimum.

e Policy 2-1: Tax on price of chemical fertilizer (tax rate is fixed arbitrarily at
50%).

e Policy 2-2: Tax on price of chemical fertilizer (tax rate is fixed arbitrarily at
300%).

e Policy 3: Imposing a minimum organic fertilizer (manure) application (1 t/10 ares
for rice paddy and 1.5 t/10 ares for wheat) plus an environmental area payment
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Private profits and social returns

JPY &

L4 (\/
(8000 JPY/10 ares for rice paddy and wheat), w@ch compensates for the
additional cost of organic matter use. \A

e Policy 4: Environmental payment based on themdmount of organicﬁhzer
(manure) applied (8 000 JPY/1 t for rice paddy amd 8 000 JPY/1.5.t wheat),
which compensates for the additional cost of orgafffc matter use.

(%

Figure 7.7. Private profits and social returns without 6duct1 djustment
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Source: Author's calculations.

Amongst the policy scenarios, it could be said that policy 1 and policy 2 are targeted
to control nutrient runoff and policy 3 and policy 4 are to enhance soil carbon
sequestration. Note that policies aiming to decrease nutrient runoff through chemical
fertilizer application control also affect net GHG emission simultaneously through the
substitution from chemical to organic fertilizer as the result of farmer’s profit
maximisation behaviour. In addition, note that the policy mix with policy 1 (or policy 2)
and policy 3 (or policy 4) have not been undertaken in this study.

Results

e Social welfare in policies 1-4 resembles the social optimum. Since social welfare
is optimised under the rice production quota, there are no noticeable differences
compared with the social optimum.

e Regarding the chemical fertilizer tax, as has already been analysed (e.g. Opschoor
et al., 1994), a low rate of environmental tax (policy 2-1) might not be enough
incentive to change the farmer’s behaviour and the impact for the farmer’s profit
is small. Quite high tax rates (policy 2-2) are required to achieve same level of
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environmental effect as other environmental policjes, but this policy results o)
dramatically decreases the farmer’s profits. Consequéently, in order to contrﬁgw
nitrogen runoff, reducing chemical fertilizer by pr@foting substitution of gg ic b
fertilizer use is effective. Agri-environmental payments subject t mical
nitrogen application standard are more effective t the unit tax or 3ﬁ payment.

U

e 1In general, the increase in the amount of soil cakbbn sequestratfgh is above the J

increase of CH, emission. Thus, net GHG em{'ﬁions % {cantly decrease [1))]
comparing with emission under the private optimum.

2

e Agri-environmental payments based on the amount¢of organic application,(@
(policy 4) result in significant amounts of carbon sequb&ation althougé\)t
increases the fiscal budget burden. ° i_ ecC

Without production adjustment policy

In the next step, the agri-environmental policy impact was considered without the
production adjustment policy. In this case, it is assumed that the rice price drops by
4.66% and the diversion payment is kept. A direct payment to cover the income decrease
due to the rice price drop is set as 6 000 JPY (decoupling payment), as in Analysis 1. The
gross amount of the decoupled payment is not included in the social welfare calculation,
because it is assumed that payments are allocated from the existing agricultural budget.

Results

¢ In the every policy scenario, higher social welfare is obtained than the under the
production adjustment simulation.

e High efficiency was achieved though agri-environmental payments (policy 1 and
policy 3), but care should be taken when interpreting the results because transfer
efficiency and transaction costs are not considered.

Summary of the Japanese case study

In this case study a social benefit function is proposed and some environmental
effects of agricultural production are modelised and then monetarised. However it should
be kept in mind that these both steps entail important difficulties and uncertainties.

The results obtained with the SAPIM application to Japanese agriculture indicates
that different agri-environmental policy instruments lead to very different outcomes in
terms of land-use, production, and environmental externalities. A special feature of this
case study is the integration of rice production with upland field crop production in the
same analytical framework. In general, rice paddies could provide positive or negative
environmental effects in this analysis, depending on farm management practices.
Consequently, the incentives provided to farmers that encourage environmentally friendly
production practices have a significant impact on the environmental effects of rice
paddies.
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Some caveats should be noted. First, it is not necessarjly the case that the results
would apply to every rural area, because national average ddta or available scientifi. ‘a’a
were used in this modelling exercise. For example, if the{fitermediate and mour.ét
areas are analysed then data for the profit function and externalities should apted
accordingly. Second, it is assumed in this analysis tha@armers change eir land use
within the multi-purpose paddy field to deal with the cogntinuous land of rice and
upland crops. Finally, scientific data was limited to estci\'jate robust léonshlp in the
empirical model (Annex C) and also the following variables arﬂqt considered: CO,
emissions from agricultural land, transaction costs, and trans@ efficiéncy.

The main findings of Japanese case study are summarised as follows: <

. . X
e In every scenario, more parcels are allocated to rice paddy® thhn @ Swheat.
Quantitatively, rice production predominated over wheat production in raising the
farmer’s profit and in improving environmental performance (externalities).

e In terms of social optimisation, social welfare is maximised when every parcel is
allocated to rice production. In this case, the farmer’s profit is lower than those of
the private optimum.

e Agri-environmental policy could compensate for the reduction of social welfare
of the private optimum via reducing negative and increasing positive externalities.
But even in this case, not every parcel is allocated to rice production, due to the
small nitrogen response of rice and the high production cost.

¢ In order to control nitrogen runoff, reducing chemical fertilizer through promoting
substitution by organic fertilizer use leads to environmental improvements. Agri-
environmental payments subject to a chemical nitrogen application constraint is
more effective than a nitrogen tax.

e With regard to carbon sequestration, an agri-environmental payment depending
on the level of application of organic matter (manure) is preferable. With regard
to social welfare, a payment subject to the application of a minimum organic
matter, which can avoid the increase of the fiscal budget burden (caused by the
increase application of organic matter on paddy fields), has a higher social
welfare than a unit payment depending on the level of application of organic
matter.

e Without a production quota policy scenario the results show a positive impact for
nitrogen runoff reduction, carbon sequestration and social welfare.

®)
2

Cule

<
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As the basis for this modelling exercise, the key agricultur(ﬁ licies in place %\Qf(
December 2009 were assumed (e.g. direct payments for core metrseaEe, see
OECD, 2009). However, it has since been decided, under the new Basic Plan for
Food, Agriculture and Rural Areas (Cabinet Council decision of March 2010), that a
revised programme of income support (direct payments) for all farms will be
established, and that payment schemes previously targeted only to core farmers will
in future be discontinued. Prior to the formal implementation of this policy reform, in
April 2010 pilot programmes were set up which made direct payments to rice-
producing farmers conditional on their participation in rice-production adjustment
schemes. Despite this recent reform, however, the key results of the present study
continue to hold, given that its focus is a relative comparison of the social welfare
outcomes brought about by the implementation of various agri-environmental
policies, and not an absolute comparison.

For example, The Biomass Nippon Strategy (2002; 2006), which establishes a set of
programmes aimed at recycling more than 80% of waste biomass and utilisation of
more than 25% of unused biomass, the report on the Remarkable Increase in
Production of Domestic Biofuels (2007) shows that an increase in biofuel production
(6 million kilo-litres, MAFF estimation) is feasible by around 2030 if appropriate
technical developments are achieved. The Law Promoting Domestic Biofuel
Production (2008) aims to accelerate the use of non-food materials such as rice straw
and wooden biomass for bioethanol production.

Although direct payments to farmers in hilly and mountainous areas aim to prevent
abandonment of farming and maintain a range of ecosystem services, these payments
are not included in this study.

Compared to the amount of nitrogen runoff, phosphorus runoff is quite small (Tabuchi
and Takamura, 1985).

Methane, an important GHG, is generated from paddy field rice cultivation.

Japan is the host of the 10th Conference of the Parties to the Convention on
Biological Diversity (COP 10) scheduled for October 2010, at Aichi-Nagoya.

Emissions of IPCC category 4C (rice cultivation) and 4D (agricultural soils) occupied
only1% of total emissions.

The Korean government has also monitored the range and role of soil organic carbon
in paddy and upland crop fields (OECD, 2003).

CO, emissions derived by agricultural machinery use are not included due to the lack
of data.

Paddy cultivation period is assumed as140 days.
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United States, Japan, OECD-Europe, and the rest of ,the OECD (CANZ), calc d
using 13 world models. “Despite the wide discrepanc®és in results across , the
robust information is that, in most models, margirﬁ abatement costs a‘@lr to be
higher in Japan than in the OECD-Europe.”

In the TPCC third assessment report, marginal abateg@ costs are compared for ¢he

(www.grida.no/publications/other/ipcc_tar/? src:/cliﬂqa}e/ipcc_tar/ %&4 1.htm)

MAFF provides subsidies to the producers’ organié&&ons t(@!ovide an economic
incentive to participate in the production adjustment prdggamme. The average amount

is approximately 35 000 JPY/10 ares. ¢, <
b- %
*Lec

2

Y

J

]
v
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Sensitivity analysis \» Q\@

Policy analysis, by testing the impact of different poss1‘t${ l)tates of the
provides insight into the impacts of different government instruments. \é\’ been
discussed in the various SAPIM case studies, and in the comparative ana1y51s chapter.
This chapter considers how the validity of these results can be assessed through
sensitivity analysis.

Sensitivity analysis is important in the development of recommendations for policy
makers. It permits an assessment of whether the analysis is credible, robust to different
assumptions, etc. In principle, sensitivity analysis is a simple idea: change an assumption
or a parameter in the model and observe how this affects behaviour. The more complex
the model (i.e. the higher the number of assumptions and parameters), the more difficult it
is to systematically test all possible combinations. Sensitivity analysis can be categorised
into two categories: 1) sensitivity to parameter values, and 2) sensitivity to key
assumptions.

Sensitivity analysis of model parameters

Pannell (1997) proposes various systematic strategies to assess uncertainty in model
parameters. The most comprehensive strategy (i.e. testing all states of the world) is very
resource intensive. On the other hand, a judiciously chosen simple strategy can still be
reasonably systematic and yet provide the key insights that would have been obtained
under the comprehensive strategy. Pannell describes this “simple” strategy as follows:

e Select parameters to be varied. Identify a range for each parameter which
realistically reflects its possible range;

e Conduct sensitivity analyses for each parameter individually, using two parameter
values (max. and min.);

e Identify the key parameter by sensitivity index

SI=(D. -D_)

max min
where D, is the result for the maximum parameter value and D, is the result
for the minimum parameter value.

e Summarise results. For each key decision variable, calculate the values of
sensitivity index (SI) for all parameters and discrete scenario, and rank them by
absolute value. These results can be reported directly or used to select which
parameters will be examined in graphs and tables (e.g. spider diagrams). This
permits the decision maker to focus on important parameters and relationships;
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e Draw conclusions: (a) do X, (b) do either X or Y depgmding on the circumstances,
(c) do either X or Y, depending on preferences, and €d) if in doubt, do X (sa@et
\\ *

strategy). Q

L - a O g

Sensitivity analysis with respect to key assumptio b —_
o J
The SAPIM case studies are all based on a set of key assumpyi €/ The models are [1/]

partial-equilibrium, and therefore require assumptions ;%ast outBut prices and input ¢
prices — i.e. these are exogenous to the model. Values for thege assumptions are specific
to each case study, and therefore depend on the corresponding pdlicy environment in each$
country. For example, a key assumption in two case studies (Japaﬁ'and Syvit r@f&) is
government intervention in output prices such that they are above prices observed in the
international market. In the Swiss case study, the “sensitivity” of this assumption is
already analysed in the scenario in which the market regulation (dairy quotas) are
eliminated. Similarly, a common scenario in all case studies has been the application of a
tax on fertilizer. This is equivalent to testing the sensitivity to changing fertilizer price.

Therefore, there is some overlap between the definition of sensitivity analysis with
respect to key assumptions and the policy simulations already conducted. Nevertheless, it
is still useful to systematically assess the sensitivity of all case study models to a
consistently defined set of changes in key exogenous assumptions.

Sensitivity analysis of SAPIM case studies

In summary, it is not necessary to test all combinations, as a well chosen subset
comprising the critical assumptions and parameters will permit an assessment of what are
the most likely sources of uncertainty in a model. In the context of this study, which ranks
policy instruments according to different criteria (e.g. cost-effectiveness, environmental
effectiveness, etc.), an important question is under what circumstances would the ranking
of policies be changed?

The sensitivity analysis for the SAPIM case studies is therefore conducted as follows:
e Change by 10% and 30% output and input prices.

e Change by 25% the value of parameters that determine crop yield response to
fertilizer.

e Compare the relative ranking of policies with respect to cost-effectiveness and
environmental effectiveness.

Output and input price shocks

Table 8.1 reports the results for a 10% and 30% shock in output and input (fertilizer)
prices respectively for each of the country case studies. The baseline situation is
presented in absolute quantities, while the scenario results are presented as a percent
change from the base. In the Finnish and Japanese case studies, the private optimum is
reported here, while the social optimum is reported in Tables 8.2 and 8.3.

The output price shock is defined in each case study as a 10% and 30% change in the
prices of agricultural commodities produced on that farm. Profit changes are in
reasonable ranges for each case study — a 10% (30%) shock in output prices generates
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more than a 10% (30%) change in profits simply because costs have not been changed.
There is some variation in the size of the profit change amongst the case studies, ho ﬁzr
comparisons across case studies is not meaningful h@Qause of the very t b
production systems studied (e.g. dairy in Switzerland vs corn in the US), a ccause
productions costs have not been modelled in the same @y in all studies €¢.g. all farm v
costs included in the Swiss case while, in the US, labqur and capitpb sts are not 3
included). < v

Output price shocks also generate land-use change. In @e Fidgish and Swiss case ¢
studies, land-use changes were in some cases substantially di rent than the initial mix in
the base. Differences in land-use change have an impact on ni n runoff. Therc;g;f(
a priori it is not possible to predict whether an increase in output \XET legd e
in nitrogen runoff. In the US case study, the principle crop (corn) is plant'e?i 1N rotation
with soybean and therefore land-use change is by definition constrained. In the Japanese
case study, the increase in rice and wheat prices increases the incentive to expand rice
paddy production area, because the base price of rice is higher than that of wheat. Indeed,
the decrease in nitrogen runoff in the scenario without production adjustment (rice quota)
scenario is bigger than the value under the rice production quota scenario where rice
cultivation is constrained.

The fertilizer price shock shows consistently across the case studies that nitrogen
runoff (or surplus) is relatively insensitive to changes in the price of fertilizer. This is
essentially a consequence of the way nitrogen response is represented. It is a well known
result that using a Mitscherlich nitrogen response function implies relatively price
inelastic fertilizer application. Nevertheless, in the case study countries where alternative
competing agricultural crops are available, some shifts in land allocation patterns are
observed. In the Finnish case study, the reported change in nitrogen runoff is large in
terms of the whole farm (-19% to +20%), but the changes reflect shifting land use into
and away from forestry. Per hectare runoff for crop activities is very little affected. In the
Swiss case study, no changes in nitrogen runoff occur by assumption, because within a
wide range of situations chemical fertilizer is easily substitutable with the nitrogen
equivalent in manure produced from the dairy operation.

Table 8.2 reports the results for a 10% shock in output and input (fertilizer) prices as
well as 30% change in nitrogen runoff damage estimate in the social optimum of the
Finnish case study.

The results show that an output price increase (decrease) of 10% increases (decreases)
social welfare 56% (26%) due to increase (decrease) in the profitability of crop
production. The corresponding effect of fertilizer price change has smaller impacts on
social welfare under social optimum. A fertilizer price increase reduces social welfare
since profits are decreased in absolute terms more than nitrogen runoff damage. In the
case of nitrogen runoff damage estimate, the increase of that estimate by 30% results in a
slight increase in social welfare due to decreased nitrogen runoff and thus runoff damage.

In the Japanese case study, the sensitivity of the results to the valuation of
environmental externalities was tested by changing by 10% the monetary value of N
runoff (purification) and GHG emission, to line up with other shocks reported earlier
(output and fertilizer). In addition a 30% change was also imposed to account for the
higher degree of uncertainty related to monetary valuation.
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on social welfare (EUR); farmers' profits in social optimum

)
Table 8.2. Finnish case study: The effects of output and input prices atpq nitrogen runoff da estim?te
R); total nitrogen rur@% ) °

and nitrogen runoff damage (kg

O

A

—

% Chang\e)from base

2>

EUR Output price Fertili@price A%ﬁunoﬂ damage

Social optimum Base +10% -10% +10% (0% A +30% -30%
N
Social welfare 3019 56 -26 -3 1%/ 2 12 7/,
- \

Farmers' profits 2498 62 -23 -3 22 I)r 7 7(_\)
Total runoff 170 54 59 18 18 °d ey
Runoff damage 607 54 -59 -18 18 -15 17

Source: Author's calculations.

Table 8.3 reports the Japanese results for a 10% and 30% shock in monetary valuation
under the social optimum. The results show that the impact of changing monetary
valuation is much smaller than the impact for output price changes reported in Table 8.1,

even in the 30% scenario.

A key result from Japanese case study continues to hold within the range of this
sensitivity analysis. That is to say, the results of without rice production quota scenario
show a positive impact for nitrogen runoff reduction, carbon sequestration and social
welfare, comparing with rice production quota scenario.

Table 8.3. Japanese case study: 10% and 30%

shock in monetary valuation under the social optimum

N Evaluation GHG Evaluation
Base +10% -10% +30% -30% +10% -10% +30% -30%
Profit, Production adjustment 1802 -02% 02% -07% 07% 0.1% 01% -04% 0.3%
(000 JPY)
w/o Production adjustment 1765 -0.2% 02% -0.6% 0.7% 0.1% 01% 0.3% 0.2%
Welfare, Production adjustment 180 7% 5% 9% 3% 6% 6% 5% 7%
(000 JPY)
w/o Production adjustment 2007 5% 2% 9% 2% 3% 4% 2% 5%
N runoff Production adjustment 564 3% 7% -12% 23% - - - -
(total kg)
w/o Production adjustment  -589 1% 1% 04% 3% - - - -
GHG emissions, Production adjustment 6.2 - - - - 3% 2% 8% 6%
(total COR)
w/o Production adjustment 10.7 - - - - 1.0% 1.0% -20% 20%

Source: Author's calculations.
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Parameter shocks: Nitrogen response function

Each of the SAPIM case studies includes a module f@?

§‘9

o

crop activities that re

L4 (\/!O
’)

°
non-linear functions to model crop yield response to nitrogeéh application. Thes 10ns
comprise three parameters: an intercept parameter (a) thagtserves mainly t rate the )
model to the base yield, a slope parameter (o) and a curVature paremeter (B). The slope —
and curvature parameters together determine crop yield r@bonse to nitrdgkn application. J
The curvature parameter () is negative in order to reflect @mmsh@éturns to nitrogen 1/]
application. (%

The Finnish, US and Japanese case studies were modeled
y=a+ox-Px°, while the Swiss cases study employed a Misterlich

T

Bx), where y is the yield and x is the level of nitrogen application. The c®e
Nitrogen response function were shocked by 25%. Three types of shocks were conducted:
only a, onlyp and both aandf3. Table 8.4 reports the results.

ek

g quadratic functlons /4
tion,
in the

Table 8.4. Sensitivity analysis: 25% shocks to parameters in the nitrogen response function

Nitrogen response

B aand
Country Base 25% -25% 25% -25% 25% -25%
Finland  Private profit, EUR 2869 142% -15% 273% -29% 307% -33%
N runoff, kg total farm 367 134% -23% 235% -77% 235% -100%
Switzer-  Private profit, CHF 82083 32% -23% 3% -5% 36% -28%
land
N balance, kg/ha 81.2 -98% 112% -73% 69% -142%  160%
United Private profit, USD/acre 375 154% -118% -52% 86% 71% -71%
States
N runoff, Ibs/acre 745 57% -35% -28% 78% 2% -3%
Japan  Private profit, 000 JPY  Froduction ggs sn0n 419, 9% 27%  23%  -23%
adjustment
Production o a4 40 o o o
N runoff, kg total farm adjustment 101 81% 34% 34% 93% 3% 5%
w/o
Private profit, 000 JPY  Production 1873 48% -39% -18% 25% 22% -22%
adjustment
w/o
N runoff, kg total farm Production 103 99% -71% -52% 78% 17% -16%
adjustment

Source: Author's calculations.

Given a negative curvature parameter (), shocking the slope parameter (o) alone
should result in higher output response than shocking both a and B. This is true in the US
and Japan case studies, where there is little (Japan) or no land-use change (US). For
example, in the Japan case study, the 25% increase in parameter o induces a slight land-
use change from rice to wheat simply because the slope of the wheat response curve is

steeper than that for rice (0,00 /% > OV, /0%, Simultaneously, the

wheat wheat rice
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intensification of nitrogen application increases. These integrgted effects result in more o)
than a 25% change. The 25% shock in both parameters genérate less than a 25% gz%e

in profits and N runoff, because the effect of a change is pdffially offset by the eff b

However, in the Finnish and Swiss case studies, laad-use changes also@ntribute )
importantly to profit and N-runoff. In these cases it is ™ot possible a prio\ to predict —
whether or not shocking a and B individually will have @greater impaé@than shocking o)

v

both a and B simultaneously. W Q‘

Summary of the sensitivity analysis ¢,

<

The sensitivity analysis presented in Tables 8.1 to 8.4 reflect Jﬂ’fy ? srll_all 1@5‘&;\&
the range of possible alternatives that could be explored. Nevertheless;” they cover
important variables, and a range of uncertainly of 10% and 30%. While it is true that
results for farmer’s profit, nitrogen surplus, nitrogen response etc. are all crucially
dependant on the assumptions used in the model, the analysis presented in this report does
not critically hinge on the absolute level of the results obtained. The models are carefully
calibrated to reproduce real world examples from each case study country. Therefore,
a priori, the sensitivity analysis presented here (and any other reasonable combination of
shocks) should not produce unexpected results. It is also true that some key assumptions
drive model outcomes. This is well illustrated in the shocks on fertilizer price, where the
functional form used for modelling nitrogen response implies very low price elasticity.
This very closely approximates the actual situation in each of the case studies examined,
and is therefore not only a crucial assumption of the framework but also reflects reality.

2
/4

The key source of uncertainty is arguably related to the valuation estimates of social
benefits in the case studies for Finland and Japan. While this analysis does not attempt to
address the question of what is a reasonable range of uncertainty for the valuation
estimates of social benefits, even a 30% shock does not change in a fundamental way the
results obtained.
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Chapter 9
Comparative analysis of results for\})l 1 case stadies

@) v

This chapter provides an overview of the main results obtame(({ abross the case tué\r%
for Finland, Switzerland, United States and Japan. In the prev1ous l;h@eé the
importance of the policy environment specific to each case study was emphasised. In
particular, within each case study, the role of the “policy package” is crucial, as it defines
the context, and therefore the assumptions that must be applied in order to have a realistic
representation of the impact of agri-environmental policies. For example, the crop yield
response to nitrogen application is location specific, as are the assumptions about
exogenous prices for outputs and inputs.

The main contribution of this chapter would be to compare and contrast the results
across countries, rather than to analyse the policy implications, because the individual
context is crucially important in defining the policy mix. Nevertheless, the impact of
different types of policies can still be compared — simply the focus will be more on
relative effectiveness with respect to environmental goals.

Comparing environmental and economic impacts

Each of the case studies has been chosen to highlight the very different production
system and policy context (Table 9.1). The common thread underlying all case studies is
the impact of various environmental policies. Specifically, all case studies have an
important crop production component, in which the impact of fertilizer application is
assessed in terms of crop yield and nutrient runoff. In terms of policy instruments
common to all case studies, fertilizer taxes and — with the exception of the Swiss case
study — the impact of buffer strips on nutrient runoff can be compared.
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Table 9.1. Choice variables, environmental issues and policy instrume@s covered in different case st%ijs

S ‘\%
. S er- °
Finland V;g? d us A pan
\J
Forest, PQ .Land Paddy, G)
ure, retirem ==
rape, wheat,
s@e, no »)
wheat, b3 con “nal abandon-
Land use buffer \ﬁy \ ment (1]
illage Y
Fertilizer X X O X X o
Choice Buffer strip width X & L. X \(
variables v’ S
Stocking rate x e L eC
Manure application X X
Nutrients X X X X
. Soil erosion X
Environmental
issues Ammonia X
Greenhouse gases X X
Biodiversity/wildlife X
Agri- Regulatory X X X
environmental  |ngirect tax X x x X
policy
instruments Direct payment X X X X
Conservation auction X X

Source: Author's classifications.

The environmental policy instruments to be compared:

Change in nitrogen Change in nutrient

Environmental Change in GHG

. application runoff 2 .
policy (kg/ha) (kg/ha) emissions
Nitrogen tax All countries All countries Japan, Switzerland

Buffer strip Finland, United States Finland, United States

The cost-effectiveness of these policies in terms of profit foregone per unit of
environmental impact:

Environmental Change in profit Change in profit Change in profit

. USD/ha per kg runoff per kg GHG
policy ( ) (USD/kg) (USD/kg)
Nitrogen tax All countries All countries Japan, Switzerland

Buffer strip Finland, United States Finland, United States
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Tables 9.2 and 9.3, below, provide summaries for comparative analysis of@ esults
of case studies. 0O b ()
o J

Table 9.2. Comparative analysis of nitrpgen tax @ ]

- <& o

Finland Swit\z'e)rlﬂd* us*  Japan*** @,

Change in b e
nitrogen kg/ha/% 1.10 2.65 0.25 - &-43 %.13
application
. Change in
Environmental i kgha/% 0.7 019  002-013 0.08
impacts .
(nitrogen) runoff
Change in GHG o
emissions COst/ha/% 0.00 0.001
Change in profit USD/ha 10.3 114.2 -0.25-+0.5 2.89
Economic Change in profit
efficiency per kg runoff USD/kg 2.11 1.1 -22-+15 0.70
Change in profit ,op 00,4 1111

per tonne GHG

(Shaded cells indicate no data are available for a given case study.)

* Farm-gate nutrient balance, tax on fertilizer price.

** The diversion of each figure relates to each of the eight different combinations of crop/
rotation/tillage/erodibility.

*#** Without production adjustment programme.

Source: Author's calculations.

As can be seen from Table 9.2, nitrogen tax reduces nitrogen application by
1.1 kg/ha/tax rate in Finland and corresponding figure for Switzerland is 2.65 whereas
application reduction per tax rate is more modest in the case of the US and Japan.
As regards average abatement cost (change in profit per kg of runoff), the most expensive
country is Finland (2.11 USD/kg) and the lowest abatement cost countries are the United
States (-2.2 — 1.5USD/kg) and Japan (0.70 USD/kg). These differences mainly reflect the
share of total production cost attributable to nitrogen fertilizer. However, changes in
nitrogen application for both the US and Japan are quite small, and thus it is obvious that
a nitrogen tax might not provide a very strong incentive for farmers to change their
behaviour in those countries.

Table 9.3 provides cost estimates for reducing nitrogen runoff by establishing buffer
strips. Huge variations for average abatement cost (change in profit per kg runoff) are
observed across US cultivation systems.

The lowest average abatement cost in the US (HEL_NLL_Corn/soy: 1.4 and
NonHEL_MLD_Corn: 2.9) is similar to the Finnish abatement cost estimate.
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Table 9.3. Comparative analysis of bufoQtrips

o RN

Change in
nitrogen
application
Change in
nutrient
(nitrogen) runoff

Change in GHG
emissions

Environmental
impacts

Change in profit
Economic Change in profit
efficiency per kg runoff

Change in profit
per tonne GHG

-

N\
Finland* itzerland us** Japan

kg/ha/%

kg/ha%

COqt/ha/%

USD/ha

USD/kg

USD/COat

(Shaded cells indicate no data are available for a given case study.)

* Buffer norm.

** The diversion of each figure relates to each of eight different combinations of crop/rotation/tillage/erodibility.

Source: Author's calculations.
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In this report, the conceptual and quantitative linkages betw(e/ebagricultural 1@\%
and environmental impacts have been analysed using the Stylised Ag’ri—e’nv@rﬁental
Policy Impact Model. Developed by the OECD Secretariat, SAPIM was used to analyse
the policy-environmental linkages in the cases of Finland, Japan, Switzerland and the
United States. Overall, these cases cover a broad range of policy instruments, agricultural
situations and environmental conditions.

Chapter 10
Conclusions

Determining the environmental impact of agricultural policies is complicated because
land resources are highly heterogeneous, biophysical processes are complex and the
actions tied to a specific policy do not take place in isolation, but within a broad and
evolving socio-economic and technological context. Moreover, weather variability and
climate change can have a considerable impact on environmental impacts. Models cannot
replicate the real world, but can provide indications of the expected environmental
outcomes. They do not substitute for an ex post analysis of an impact of a specific policy.
Nevertheless, in order to aid policy makers in the design and implementation of cost-
effective policies, it is necessary to have a better understanding of the linkages between
policy instruments and environmental impacts. The value of this type of modelling is that
it isolates policy choices from other developments and influences (such as weather) — this
is often difficult without an appropriate modelling framework.

The key challenges are to first identify the change in farmers’ actions on choice of
production and production methods that are due to specific policy interventions, and then
to determine the extent to which those actions affect environmental quality. While the
conceptual relationships are relatively well-established, quantitative modelling is
complicated for at least four reasons:

e Biophysical processes are complex and the relationship between a given practice
and its environmental outcome is not always clear.

e Many of the environmental effects are site-specific, reflecting heterogeneous
agricultural and environmental conditions, and thus the impacts cannot be readily
extrapolated to the aggregate level, through generalised policy-response
coefficients.

e There are in practice a mix of policy instruments applied and multiple
environmental impacts which make modelling particularly difficult.

e Many of the environmental impacts are not measured (or measurable) in monetary
terms- limitation to accounting for these externalities in the objective function
from the perspective of producers and society.

In brief, SAPIM uses a combination of economic and biophysical models of
representative farms (or production units) in the countries analysed. The SAPIM
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approach is pragmatic, modeling a representative farmer’s 1sion-making at the field o)
parcel level, because this level of detail is necessary for pQlicy analysis to capt ﬁne
complex economic and biophysical interactions that af) site-specific and g y .
characteristic of agricultural production. Therefore, considerable SAPIM res@ cannot
be extrapolated directly to more aggregate spatial levels.

U
SAPIM is specifically designed to capture the en\A'Lr))nmental effé@s of different o)
agricultural policies through their impacts at the infensive @rgin @ se intensity and [1/]
production practices), the extensive margin (land-use agﬁ:ati between different ¢,
agricultural activities) and the entry-exit margin (land entesthg or leaving agriculture) e
under heterogeneous conditions. <

The Finnish study investigated how environmental regulations, en\ﬂroh_m&tgfé'xes
and payments for voluntary improvements affect agri-environmental performance in the
case of crop production with varying land productivity that implies different input-use
intensities and adoption costs with regard to agri-environmental measures. The effects of
alternative policy instruments on nitrogen runoff and biodiversity were taken into account
through their impact on input-use and land allocation choices. The results indicate that
different agri-environmental policy instruments lead to very different outcomes in terms
of land-use, production, and environmental externalities. The policy context in which
these agri-environmental policies are implemented influences the effectiveness of such
policies so that the e.g. presence of arable crop area payments reduces both the
environmental effectiveness and cost-effectiveness of targeted and tailored agri-
environmental policy measures.

Targeted agri-environmental payments in the absence of crop area payments most
closely replicate the social optimum that incorporates both farm profits and value of
environmental externalities. However, the minimum buffer norm and the buffer payment
are very close to the optimum and are likely to entail significantly lower transaction costs
than targeted agri-environmental payments so they may be preferred. Mandatory buffer
strips and nitrogen taxes both lead to under-utilisation of agricultural land in favour of
forestry. As regards agri-environmental payment programmes, conservation auctions — in
which farmers bid for a limited amount of conservation contracts with the possibility to
bid on both environmental performance and cost/bid — slightly outperforms other agri-
environmental payment programmes. The outcome of this type of auction is quite close to
the social optimum. In contrast, the conservation auction ranking solely by environmental
score performed worse, and was even less welfare-enhancing than the traditional flat-rate
payment (which is wuniform irrespective of heterogeneous adoption costs and
environmental benefits). Thus, applying a benefit-cost targeting could help to deliver a
more cost-effective outcome.

The Swiss study examined the dairy sector, with the environmental effects focused on
ammonia emissions, GHGs, and nitrogen and phosphorus surpluses. The policy
instruments ranged from general agricultural policy measures to more targeted agri-
environmental policy instruments, including both regulations and economic instruments.
The results show that abolishing the milk quotas would have a significant impact on the
profitability of production, through a consequent decrease in the milk price.

Most of the policy scenarios do not affect the total amount of manure produced on the
farms, but they have an impact on the amount of manure applied on the farms and
therefore on manure available off-farm, that is to be exported outside of the dairy farms.
Both a nitrogen standard and a tax on nitrogen application effectively reduce the amount
of manure applied on the farm and therefore result in increased exports of manure off the

LINKAGES BETWEEN AGRICULTURAL POLICIES AND ENVIRONMENTAL EFFECTS © OECD 2010



e /‘ t 105)]@[%610NS -141

L4 (\/n
farms. Chemical nitrogen and phosphorus application rates \a?so affected significantly
by some of the policy instruments, notably a tax on nitrogei.fertilizer and an uppe l.i.%;jt
on nitrogen application. When policy-induced excess amaiifit of manure is produged, the .
farms’ adaptation strategy depends on relative costs. If transporting is the chea way to
manage the excess manure, milk production is not affec@, fertilizer use i&reduced and ]
the transportation of the excess manure represents juman addition §st. Because 3
nitrogen can be supplied to the plants either from chemicalertilizers opffom manure, the
nitrogen surplus is poorly addressed in most policy scenatids exc%\wnh a quantitative v
standard on nitrogen application that combines both sources@ nitrogen input, or when a
tax is applied on both fertilizer and manure application. Thams, the well—established(@
problem of substitution of unregulated activities is manifested in aibbproduction. ,‘\)

°
The United States study focuses on the economic and environmental pel?fo?mance of
conservation auctions relative to conventional agri-environmental policy measures. Three
alternative land-use practices are analysed in this case study — land retirement for
environmental purposes (buffer strips) and two alternative tillage methods to produce
cultivated crops (no-till and conventional tillage). No-till and conventional tillage
represent key management choices under the working lands agri-environmental
programmes. In this application the sources of heterogeneity are both differential land
productivity and environmental sensitivity of the land, more specifically differential
propensity to erosion and thus nutrient and sediment runoff. The policy instruments
analysed range from traditional regulatory and economic instruments, including fertilizer
application limits and taxes, to different types of conservation auctions, including both
uniform and discriminatory pricing types of auctions. Conservation auctions employ
environmental benefit indices as environmental performance screens that help target

conservation effort to those parcels providing large environmental benefits.

Relative to conventional tillage, no-till farming entails much lower energy and labour
costs; however chemical costs are higher, due to abundance of perennial weeds and thus
greater need for chemical control. For almost all analysed production systems (or
production units) that involve different crop/rotation/tillage/erodibility combinations, no-
till entails higher yields and thus — because of cost savings and higher revenues — the
profits for no-till are higher than for conventional tillage. As regards environmental
effects, no-till provides benefits in terms of reduced soil erosion and nitrogen runoff.
However, phosphorus runoff increases due to accumulation of phosphorus in soil surface.
As regards traditional policy instruments, the regulation mandating the allocation of 2.5%
of land along watercourses as vegetated buffers effectively reduces sediment and nutrient
runoff with reasonably small adoption costs to farmers. The combination of a mandatory
buffer with a fertilizer tax (25%) to reduce application intensity provides only small
additional environmental gains over a mandatory buffer alone, while the combination of a
nitrogen application standard and a buffer strip is much more effective. This result seems
to confirm a well-known problem with fertilizer taxes — they need to be relatively high to
have an impact on behaviour. Hence, the combination of a nitrogen application limit and
a mandatory buffer provides the instrument combination that is superior to other
traditional policy instruments. As regards conservation auctions, the application of a
uniform pricing auction reveals farmers’ estimated adoption costs, and thus their
information rent is reduced and budgetary cost-effectiveness is increased. On the other
hand, a discriminatory payment gives farmers an incentive to place their bids above their
adoption costs: low adoption cost farmers have a greater incentive to do so than high
adoption cost farmers.
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The Japanese study investigates the optimal land-usey allocation and nitrogen o)
application for a representative Japanese farm that consists é?rice paddies, upland if;%ls
and abandoned land. The results indicate that differ@t agri-environmental iCy .
instruments lead to very different outcomes in terms of land use, prod n and
environmental externalities. A special feature of this c@ study was to §ptegrate rice ()
production with an upland field crop (wheat) in the si)ne analytica ework. In 3
v

general, paddy fields could provide either positive or ative envi ental effects,
depending on farm management practices. Consequently? the i tives provided to
farmers that encourage environmentally friendly rice p@luction practices have a 9
significant impact on environmental effects. ¢, /4

<
In every scenario, the results show that more parcels of land bére.allﬁa déo"t:ﬁ%
paddy than to wheat. Social welfare is maximised when every parcel of land 15 used for
rice paddy production, due to the net positive externalities (nitrogen purification and
carbon sequestration) generated by paddy rice production. Agri-environmental policy
could provide incentives to farmers to reduce the negative and increase the positive
environmental externalities. But even in these policy scenarios, not every parcel is
allocated to rice production, due to the small nitrogen response of rice paddy and high
production costs. In order to control nitrogen runoff, reducing chemical fertilizer use and
increasing organic fertilizer use increases social welfare. If farmers reduce chemical
fertilizer applications, and are provided with payments for that, then this increases social
welfare more that the application of a nitrogen tax. With regard to carbon sequestration,
an agri-environmental payment subject to a minimum organic fertilizer application
provides a higher level of social welfare than a per-unit payment related to organic
fertilizer application. In the case of the relaxation of a rice production quota, the result is
an increase in social welfare. It should be stressed that in all the policy simulations, the
basis of the calculations is the domestic price of Japanese rice.

In each of the four case studies, the importance of the specific policy environment is
emphasised. In particular, the “policy package” is crucial, as it defines the context, and
therefore the assumptions that must be applied in order to have a realistic representation
of the impact of policies. Each of the case studies highlights different production systems,
environmental issues and policy context. The common thread underlying all case studies
is the impact of various policies under heterogeneous conditions. Specifically, all the case
studies have an important crop production component, in which the impact of fertilizer
application is assessed in terms of crop yield and nutrient runoff.

In each case, the analysis modelled alternative scenarios of policy options to
determine the production choices and environmental outcomes that would be optimum
from the perspective of producers and society (only in the Finnish and Japanese case
studies). The results highlight the well-established observation that when positive or
negative environmental externalities are not factored in to farmers’ decisions, then the
production choices and environmental outcomes will reflect the weighing-up of private
costs and revenues by farmers. Policy intervention can potentially raise social welfare
through bringing those externalities into the equation. One of the innovative elements in
this study was to develop a framework in which a mix of policies and multiple
environmental impacts can be analysed. Clearly, in practice, this is a formidable task
given the requirements of data and model specification, as well as the need to take
account of transaction costs incurred by farmers and the policy process. Another
innovation was to model auction systems as one of the options — having the potential
advantage to reflect the heterogeneity of productivity, preferences and agro-ecological
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situations among farms and farmers to achieve well—démed and targeted agri- o)
environmental policy objectives. { N

The analysis thus highlights the trade-offs involvedm among productio (ﬁices, ¢
policy instruments, and economic and environmental outgjnes. The value of APIM )
approach is that a flexible framework has been developetdthat can be used@ the policy —
and research communities to analyse their specific inter@s. The quantipative results in o)
this study arising from the various scenarios modelled shquid be vj and interpreted [1/]
as illustrative. In that regard, given the heterogeneities mcive ~Xonly policy options ¢
within a given country context — and not across countries —~8hould be compared. There
has often been a lack of robust and quantitative analysis of the %Eiges between poli
drivers and environmental outcomes in the agricultural sector. Deci ons.hal; %e@ n
that have relied heavily on “trial and error” approaches to establish “which policies
work”. The approach described here is intended to redress the balance so that observed
changes, for example, in nutrient runoff or greenhouse gas emissions or biodiversity
associated with farming, can be better explained as to their cause, and in particular their
link to policy.

The quantitative approach employed in this analysis is subject to limitations. In
particular, given the site-specific nature of agri-environmental linkages, the results
obtained with SAPIM must be interpreted as depending on the specific conditions
modelled in each case study country. Thus, it is not appropriate to generalise the results to
more spatially aggregate areas, or to make quantitative comparisons between case studies.
In addition, there is a range of uncertainty on key parameter estimates that then have
consequences on the results obtained from modelling. This was explored, albeit only
briefly in the sensitivity analysis. A key source of uncertainty is arguably related to the
valuation estimates of social benefits in the case studies.These limitations are not unique
to the SAPIM analysis — quantitative results obtained from any other model framework
would be subject to similar limitations. Improving the reliability of the modelling is
however an essential and challenging task.

Nevertheless, with these limitations in mind, some general policy lessons can be
drawn from this analysis:

e Policies need to recognise the inherent heterogeneity of the agricultural sector.
The environmental impacts and the adoption costs of a given policy instrument
vary significantly depending on location-specific conditions, and therefore spatial
targeting and tailoring of policy incentives should be considered.

e Unregulated polluting activities may be important, thus the need to control all
relevant inputs, processes and technologies.

e The effectiveness of a given policy instrument is linked to the overall policy
package — policies should be evaluated considering interaction with all other
policies rather than in isolation.

e Environmental co-benefits and trade-offs need to be recognised as an integral part
of policy design and implementation.

Modelling is but one element in the arsenal of information available to policy makers
in designing and implementing policy. Tracking the environmental performance of
agriculture through carefully designed and measured indicators provides comprehensive
information on agri-environmental trends and can pinpoint where actions are especially
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needed. Understanding the range and characteristics of agri ~fﬁral, agri-environmental o)
and environmental policies can help identify the incenti¥es and disincentives fﬁng
farmers in making production decisions that have envirdifnental consequences. is
respect, SAPIM provides a valuable, pragmatic and flexible approach to help @lain the
link between policies and environmental outcomes. b
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Table A.1. Estimation of the weights for biodiversity and runoff reduction

Biodiversity (B0) and runoff reduction (B1)

Non-linear Regression Summary Statistics

Dependent Variable NORMEBI

Source DF Sum of squares Mean square
Regression 2 29.11133 14.55567
Residual 98 .58293 5.948284E-03
Uncorrected total 100 29.69427

99 4.41821

(Corrected total)

R squared = 1 - Residual SS / Corrected SS = .86806

Asymptotic 95 %

Asymptotic Confidence Interval

Parameter Estimate Std. Error Lower Upper

BO 430403317 .023813339 .383146521 477660113

B1 .569596683 .025683448 .518628717 620564649
Asymptotic Correlation Matrix of the Parameter Estimates

BO 1.0000 -.8357

B1 -.8357 1.0000

LINKAGES BETWEEN AGRICULTURAL POLICIES AND ENVIRONMENTAL EFFECTS © OECD 2010






ANNEX B. THE SWISS CASF@Uy.‘&C]&C@)’QATA -147

The Swiss case study: Backgr
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Table B.1. Characteristics differentiating dairy production syst{yls analysed by FAT (@

X
YT et
Categories Available options
Winter feeding Grass silage
(with silo) Maize silage
Hay (dried on ground)
Winter feeding Hay (first-cut, barn-dried);
Forage (without silo) Ventilated subsequent cuts
provision ~ Summer feeding Pasture-grazing only (pp)
(with silo) 50% harvested grass & 50% pasture grazing (hp)
50% silage & 50% pasture grazing (sp)
Year-round silage (ss)
Summer feeding Pasture-grazing only (pp)
(without silo) 50% harvested grass + 50% pasture grazing (hp)
Forage stocking Dry forage (without silo)
Round bails with maize-silo
Automated tower silo
Horizontal silo
Barn structure Free-stall housing
Buildings Cubicles
Loose housing
Milking equipment Fixed milking unit (herringbone)
Mobile milking unit (herringbone)
Forage distribution 1:1 Animal/feeding post ratio,
2:1 Animal/feeding post ratio,
Ad-libitum feeding with automated forage
provision self-service from horizontal silo
(combined with pasture-grazing)
Reference cow 6 700 Kg ECM*/year
Seasonal grazing cow 6 280 Kg ECM/year
Herd type Medium productivity 7 740 Kg ECM/year
High productivity 9 110 Kg ECM/year
Small cow (Jersey) 6 130 Kg ECM/year
Medium mechanisation (m1)
Herd size 30-100 cows

Higher mechanisation (m2)
Outsourcing - minimal mechanisation (m3)

* ECM = Energy-corrected milk.
Source: Gazzarin and Schick (2004).
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Table B.2. Emission factors for different combinations of housing sy@m, manure storage and mancl?rs
spreading { A
o A o
i N\
Housing system Manure storage Manure spread'mg Ammoni@nissions
(3 0of N tot) v
L\ —
Tied stall Open storage Broadcast applitajion D 34 J
N v
Tied stall Open storage Trail hose applicati@ 26 9
2, <
. 4 |
Tied stall Covered storage Broadcast application l)r 29 .‘\)
°*LecC
Tied stall Covered storage Trail hose application 20
Cubicle house Open storage Broadcast application 35
Cubicle house Open storage Trail hose application 28
Cubicle house Covered storage Broadcast application 31
Cubicle house Covered storage Trail hose application 22

Source: Menzi (2006).
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Annex C
The Japanese case study: Empiric%)specigsa%n
O

G <
The detailed modelling specifications for Japanese case studyba're .provided 81.@&
Annex. Le

Profit function

Farmer’s profits from production in the absence of government intervention are

= Dy, —cx,—wn,—o, fori=12 (19)

where p, refer to the price of crops, y, to the yield/10 ares, ¢ to the fertilizer (nitrogen)
price, w, to wage rate per hour and 0, to other cost. The model employs a quadratic

Nitrogen response function, y, =a,+a,x, + 3x; where x. refer to the amount of
N application (kg/10 ares). They are estimated for crop 1 (rice) and crop 2 (wheat).

When famers consider (to use) organic matter applicationx , in addition to (instead

of) chemical N fertilizer x , total amount of N application to the agricultural field is

ci’
summation of N fertilizer and N content of organic matter. Despite recommend organic
matter application amount (e.g. 1.0-1.5 t/10 ares for paddy field), the implementation is

inactive (88 kg/10 ares) due to the following problems.

e Difficulties to realise of the manure application effects from farmers’ viewpoints
due to the diverseness of manure quality;

e Huge amount of application is needed comparing with chemical (high spreading
cost);

e Lack of co-operation among crop and livestock farming (high transportation cost).

Several surveys have already revealed that the effect of organic matter application to
the yield is statistically positive. According to Shibahara et al. (1999), continuous long-
term application of organic matter retrench the total N application for the certain amount
of the yield due to the high N absorption of organic matter. In fact, according to the
answers for the mail survey by the Livestock Environmental Improvement Organisation
in 2003, the reason for the organic matter applications for farmers were improvement of
the quality of products or stabilisation of production via keeping fertility of soils, keeping
the soil soft and activate soil microbe.
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Average N content in organic fertilizer (cow manurebis set as 0.7% based on
Okayama prefecture agricultural centre (2008, originally fcom MAFF), and ther\&%al
°

Cule

amount of N application is expressed as Q o
x,=x,+1000ex e 0.0% bo (20)
1 000 means the conversion of unit from tonne to kg. \\)» @fb
Generally, N requirement *substitution rate (%) = the OUI&f organic fertilizer “9
(kg/10a)* N content rate (%)*Fertilizer efficiency (%), where feptilizer efficiency is 30% (@
(Okayama prefecture agricultural centre, 2008, originally in Nishid, 3007). ‘\)
°

C
Suppose that positive effect for yield is expressed as®,(x,,), and thalt‘ogpaddy is

supposed as 5% and wheat is as 10% under the 1t application, which is based on the
several field survey data (e.g. Miyazaki prefecture, 1999; Shibahara et al., 1999). Taking
into consideration of additional cost for organic matter application, profits function is
expressed as follows:

7' =pa,+ox + Bx)D.(x,)—cx, — (c,, +¢, te,)x, —wn —o; fori=12 (21)

where ¢, refer to the price of organic matter (JPY/tonne), ¢, to transportation cost

(JPY/tonne) and ¢, to the spreading cost (JPY/tonne).

Nitrogen response function
Rice paddy

Quadratic nitrogen response function of rice paddy was estimated by over 50 sample
field surveys data which was collected by Toriyama (2000):

y, =368.6+31.7x, —1.4x°(R* =0.61) (22)

Even if without fertilizer, nutrition in the irrigation water affects to yield. It is generally
said that the yield without fertilizer decrease only 1/5 due to the high fertility of paddy.'
To reflect actual yield in paddy field, a; is given by fixed value to exclude the effect of the
irrigation water, and then the land quality ¢ is incorporated into the response function.
Response function is expressed as

¥, =368.6+ (e, + €,9)x, — (U + 14,9), (23)

According to data in Toriyama (2000), spread of yield is about 30% under the average
N application amount (see Figure C.1), Consequently, the ranges of parameters are set

as22.19<e,+eq<41.21and 0.98 <y, + 1,q <1.82. When q is distributed uni-
formly between 1 to 60, parameters ey ey, o and L, are estimated as follows:

¢, =22.868.¢,=0.322, 1, =0.994and 1, =0.014
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Figure C.1. The relationship between nitrogen applicat'@l and yield for rice
{
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Source: Toriyama (2000).

Wheat

Quadratic nitrogen response function of wheat (converted from rice cultivation) was

estimated by National Agricultural Centre data sets (1989):

y, =214.9+45.6x, —1.2x,>(R* =0.99)

(24)

However, this survey was undertaken to collect the highest yield data. Therefore the

function (24) could not be a representative average response function. Due to the lack of
enough data to reflect land quality variety, average and lowest yield response function are
estimated based on the assumption that spread of yields is about 40 %. This 40% is based
on the variety of targeted yield under the average N application, which is determined in
The Nitrogen Application Standard by each local government.

Wheat response function to nitrogen is expressed as
y, =214.9+ (hy + hq)x, + (7, +17,9)x,” (25)
where 19.54 < h, + hg<45.6 and 0.51<n,+1n9<1.2.

Then, the following parameter s are obtained, 4, =19.101,/, =0.442, 17, =0.526
and7;, =0.012
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Nitrogen runoff and purification function lo) %

Rice paddy s \A °

It is difficult to formulate the relationship between the amount of N applj S; and
its impact by easy-to-use way, because N runoff from irri@tion and meteorig water might ()]
affect to N balance in rice paddy. Generally, N runoff from paddy is explg’g as follows: 3
v

[N runoff (surface runoff+subsurface flow)]=[The effect %Sirrigat' @ater—load] HThe
effect of meteoric water-load]+ [The effect of N applicatio O Q‘l

In this regard, Kunimatsu and Muraoka (1989) proposed thanE,polluting load L i€
given by L =aC,Q, + BC,,0,, + AX , where C,, and C,,are con entration (éi@érted

2
/4

water and meteoric water, Q, and Q,, denote their volume, respectively. X is amount of

fertilizer application. a, B and y are each coefficients. They also said that, meanwhile, the
amount of N into the agricultural land from fertilizer is fairly larger than those of irrigated

water and meteoric water. Ignoring the effect of two terms «C,Q, and BC,,Q.,, the

relational expression is L = AF . Taking into consideration of the large effect of fertilizer
application as stated in Kunimatsu and Muraoka (1989) and conveniences for economic
optimization, the Secretariat tried to estimate the relationship between N application and
runoff by exponential form (e.g. Tabuchi and Takamura, 1985) as:

4= 2,exp(3%) 6)

where z, refer to the amount of N runoff (surface and subsurface) and x; to the amount of
N application.

Paddy fields could be N removal sites or pollution sites depending on agricultural
activities and nitrogen concentration of irrigation water. It is well known that paddy fields
and wetlands effectively improve water quality by removing nitrogen due to
denitrification and absorption, which is effective only when irrigation water has strong
concentration. Although the nitrogen movement in paddy is not simple, relationship was
estimated by using Kunimatsu and Muraoka (1989) and recent field survey data which
were collected by Shiga prefecture during paddy cultivation period (Figure C.2).
Exponential relation was found between the amount of N application and runoff.

z, =0.0062¢"*°% —1.14(R* = 0.54) (27)

where z, refer to the amount of N runoff from paddy and x, to the amount of N
application in paddy.”

The number of observations is not enough to examine the validity and also R? is not
so high to obtain the robust results. At this point, another curve was estimated by different
approach based on N balance in paddy field: [Net N runoff (kg/10a)] = 0.0042 x [N
applied (kg/10 a)]* + 0.2049 [N applied (kg/10a)] — 2.0858,> which is shown in
Figure C.3. As shown, the overall shape is not similar to Figure C.2. However, in the
limited range for general N application in paddy field (5-10kg/10 a), the differences
between those of two curve is not particularly large.
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Figure C.2. Field data on N runoff and puriﬁcatiov‘n paddy field
{
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Sources: Kunimatsu and Muraoka (1989) and Shiga prefecture (2007).
Figure C.3. N runoff and purification curve alternative estimation

N runoff and purification
Z (kg/10a) 3
2 /
1
/ N application
X (kg/10a)

0 T T |
/ 10 15

1 /

2

Source: Author's calculations.

Wheat

In a precise sense, soil condition, crops, cropping season and methodological
condition could affect to N runoff, nevertheless approximately 30% of applied N could
runoff as the average in Japanese condition (Kunimatusu, 1989; Takedam 1997;
Shiratani, 2004)." But linear function is not appropriate for optimisation of the social
welfare function. Consequently, exponential form was estimated on the basis of Japanese
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field data which was sorted out by National Institute for @O—Environmental Science

NIAES),
z, =1.129¢"""** (R* = 0.19) sy
0 O

where z, refer to the amount of N runoff and X, to the N@plication. /Ob

Cule

"/

Due to the lack of enough observation (there is no in%& atio%’ﬂ slopes), R* is not 12
sufficiently high. To verify the robustness of estimated eﬁonential curve, the linear
functions and general nitrogen runoff ratio (Table C.1) were &)ng)zared in Figure C. .(@
Under the average amount of N application, say lower than¥20 Ko/ Eaetbf& X
consistency with the other estimation results as shown in Figure C.4.

Table C.1. Nitrogen runoff ratio

Pollution source Land use N runoff ratio (%)
Paddy field 0-10

Fertilizer application Upland field 20-50
Grassland 5-20

Manure Livestock farm 60-100

Source: National Institute for Agro-environmental Science (1998).

Figure C.4. Estimated nitrogen runoff function form in upland field

10
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Source: Author's calculations.
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GHG emission and sequestration function’ o) o)
Each category of emissions are considered here one by &e based on the [PCC @), °
MOE (2008) and field survey data for country specific coefficients. O

CH, emission D b 2
. U o J
Rice paddy 7
. . o . v
It is well known that rice cultivation is a main an@opo&m source of CHy ¢
emissions. According to the IPCC (2006), several rice cultivdtion characteristics should

be considered in calculating CH, emissions: regional diffefnges in rice cropplgﬁ(
practices, multiple crops, water regime, ecosystem type, flooding terg
to these factors, the impact of organic amendments on CH, emissions uge and

amount of the applied material and CH4 emission can be described by a response curve.
Yan et al. (2005) conclude that organic amendment and water regime in the rice-growing
season were top two control variables, and climate was the least critical variable.

The water regime in the rice growing season was classified as: continuous flooding,
single drainage, multiple drainage, wet season rain fed, dry season rain fed, deepwater, or
unknown. In Japan, most of paddy fields (98%) are intermittently flooded. There is
scaling factor for water regimes during the cultivation period relative to continuous
flooded field, however, intermittently flooded (multi aeration) in the IPCC category is
different in nature from the intermittently flooded paddy field (single aeration) concept in
the IPCC Guideline.’

IPCC (2006) set a default seasonal CH, emission factor for rice under continuous
flooding conditions and without organic matters. Scaling factors (SF) are used to estimate
CH, emissions from rice fields to reflect each countries situation such as water regimes or
organic matters. But IPCC (2006) said that country-specific emission factors and scaling
factors should only be used to reflect appropriate condition if they are based on well-
researched and documented measurement data (IPCC, 2006). A default emission factor is
1.30 kg CHy/ha/day (23.4 kg/10a/180 days).

The basic equation to estimate CH, emission from rice cultivation per 10a is defined
in equation (29), which is converted form IPCC (2006).

CH, = EF, o SF, o SF, o SF,. (29)

where, CH, (t CH4/10a/yr) is annual CH4 emissions from rice cultivation, EFc is the
baseline emission factor for continuously flooded fields without organic amendments,
SFw is the scaling factor to account for the differences in water regime during the
cultivation period, SFp is the scaling factor to account for the differences in water regime
in the pre-season before the cultivation period and SFo is the scaling factor to account for
the differences in both type and amount of organic fertilizer applied.

As for emission factors, Japan has country-specific emission factors for intermittently
flooded paddy (single aeration), which has estimated as 12.96 gCH,/m*/yr (0.001296
tCH,/10a/yr) in MOE (2008).” This data reflects both of Japanese specific emission
factors and water regimes.
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:[1+Zxoj-CFj-10j ! O (30)
,. a

U
where x,; (t /10a) is application amount of organic fertlhie) jin dry w for straw and J
fresh weight for others, CF; is conversion factor for orgagic fert (in terms of its J}
relative effect with respect to straw applied shortly befc@ cu1t1 atlon) as shown in @

Table C.2. ¢, (@

As shown in Table C.2 and Figure C.5, the impacts of organ?c,fectiliEerérC,rﬁn\c%l
differing in their types and application amount. On present showing that rice straw is
applied in 60% of agricultural land, the other manure is in 20% and no application is 20%
(MOE, 2008) in Japan, otherwise MAFF is strongly promoting the manure application
from the perspective of (net) GHG reduction and keeping fertility of the soil. The
conversion factor of farm yard manure is, therefore, going to be used in this modelling.
This choice of control variable is also important at the policy simulation stage, because
manure application takes further effort for manure collection and spreading (Japan Soil
Association, 2009).

The scaling factor of organic fertilizer is defined as fOIIOW@ PCC, 2006):

By using country-specific data, CH, emission (t CH4/10a/yr) equations (15) are re-
written as follows:

CH,=0.001296(1+x,0.14

)0 .59 (3 1)
The Guidelines for Enhancement Fertility of Soil recommend that normal manure
application amount is 1.0-1.5t/10a in paddy, but the actual application is decreasing from

451 kg/10a (y1970) to only 88 kg/10a (y2005) due to decoupling of crop and livestock
farming and aging of farm labour forces.

Table C.2. Default conversion factor for different types of organic amendment™*

Organic amendment Conversion factor Error range
(CF)

Straw incorporated shortly (<30 days) 1 0.97-1.04
before cultivation

Straw incorporated long (>30 days) 0.29 0.20-0.40
before cultivation

Compost 0.05 0.01-0.08
Farmyard manure 0.14 0.07-0.20
Green manure 0.50 0.30-0.60

* Straw is in dry weight, but others are in fresh weight.

Sources: Yan et al. (2005); IPCC (2006).
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Figure C.5. The relationship between the amount of organic amend@ent application and the size%},)
°
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Sources: Yan et al. (2005); IPCC (20006).

Upland

Methane generation is not possible, if soil is not maintained in an anaerobic state.
Upland soils are normally oxidative and in aerobic condition, therefore CH, is not
produced.

N,O emission
Direct emission

The fertilizer application and ploughing of organic soil cause ammonium ions inside
the soil, and then N,O is emitted in the process of oxidizing the ammonium ions into
nitrate-nitrogen under aerobic conditions. In addition, N,O is emitted via denitrification.
EFs for N,O associated with the application of synthetic fertilizers to farmland soil were
set based on actual data conducted in Japan, and same emission factors are also used for
those of organic fertilizer. Because there was no the significant differences between EFs
of synthetic fertilizers and organic fertilizers, analysing data on N,O emissions from
Japanese agricultural fields. Akiyama et al. (2006) estimated EFs of Japanese rice paddies
and upland fields as 0.31% (£0.31%) and 0.62% (+0.48%), respectively. Uncertainties
still remain, but these EFs are used in MOE (2008),9 as shown in Table C.3.
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Fertilizer application derived N,O emission is, 0O ¢>
{
1 % 44 \A °
N,0, . =——eEF, o(x +x,¢0.007e¢T000)e . i)
71000 a2 O

v
where N,O i, ; refer to direct N,O emissions derived f@) fertilizer ?égication in land o)
use i (t N,O), EF,; to emission factors (kgN,O-N/kgN) (fO{éRaddy: 01 and for upland ]
crop: 0.0062), x,; to the amount of chemical fertilizer appliCation (RgN), x,; to application
amount of organic fertilizer (tonnes/10a) and 44/28 mealﬁthe conversion of N,O-N

emission to N,O emission. (/

<

<
OV
b e Lect

Indirect emission

In the next step, the estimation methods of indirect emission are going to be
considered. When E,; is N,O emissions associated with atmospheric deposition (kgN,O)
and E; is emissions associated nitrogen leaching and runoff (kgN,O), indirect emission
N;>Ojndirec: i 18 €xpressed as follows:

N20 = Eadi + Eli' (33)

indirect _i
Emissions from atmospheric deposition can be expressed as,

44
E,  =EF, o(x ®Frac;, +N, OFracGASM)o%. (34)

where E,; refer to N,O emissions from atmospheric deposition, EF,, to emission factors
(kgN,O-N/kgN) , x¢; to the amount of nitrogen fertilizer, Fracgasc (0.1) to the rate of
deposition chemical fertilizer (kgNH;-N+NOx-Nkg), Np to the amount of N in applied
organic fertilizer, Fracgaso (0.2) is the rate of deposition from organic fertilizer (kgNH;-
N+NOx-Nkg). Therefore,

! 00.010(x.00.1+xa.00.0070100000.2)0;1—2. (35)

adi = 1000 oi

Emissions from nitrogen leaching and runoff (E) are defined by,

Eli:LoEFloZioﬂ (36)
1000 28

where EF, refer to the N,O emission factor from nitrogen leaching and runoff (kgN,O)
and z to the runoff amount (kgN). Although the proportion of N runoff against
application is set as 30% in the MOE (2008), equations (13) and (14) which are estimated
in this SAPIM analysis are used for the leaching and runoff amount.

1 44
E, = ©(0.01240Z.(x,)o— (37)
1000 28
All of the emission factors used this section are summarised in Table C.3.
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Table C.3. N,O emission factors for fertilizer in a@'cultural soils O,)
L N
Crop species Emission factom Uncertainties(\\ ¢
(kgN2O-N/kgN) (kgN2O-N/GN)

) v
Synthetic and organic Paddy rice 0.31% U :O.@Vo —
fertilizer U @ »)

Upland crop 0.62% .\ @ "48% v

S
Indirect emission 1.00% 0 +0.5%
(atmospheric deposition)

Indirect emission 1.24% Bebse & L

(nitrogen runoff and leaching)

Source: MOE (2008).

CO; emissions and sequestration

As already mentioned, only four countries are elected to include ‘“Cropland
Management and Grazing Land Management (the key activities relevant to agricultural
industries)” in their accounts for the Kyoto protocol first commitment period, however
the relationship between farm management and SOC could be considerable in
anticipation of post-Kyoto discussion. Japan has country-specific continuous survey data,
which had been undertaken in 52 areas for paddy and 26 are for upland crops. Overall
average data reveals that organic matter applications increase the amount of carbon
sequestration: 1t /10 ares manure application cause 40.6-77.4 kgC/10 ares sequestration in
paddy field and 1.5 t/10 ares manure results 37.3-170.9 kgC/10 ares sequestration in
upland.

The amounts of carbon sequestration via organic matters application differ from soil
type to soil type. In this analysis, gray lowland soils and gley soils for rice paddy and
andosols for upland crop are used for curve estimation respectively, because these soil
types are one of the representative soils which are widely distributed in Japan, as shown
Table C.4. In addition, the use of dominate type soil could permit extrapolation to more
spatially aggregate level.

The amount of carbon sequestration is expressed as follows,

€0, =3 Seq, o+ (38)
12
Regarding specification of function form, since there is upper bound for carbon
sequestration capacity, polynominal functions are estimated by using data from MAFF
which include the amount of application per year, the increased amount of soil carbon in
each soil types. And then (39) and (40) are estimated for paddy and upland field,
respectively (Figure C.6).

Seq, =—0.0062x,> +0.052x, (R* = 0.80) (39)

Seq, =—0.0013x* +0.022x,. (R* = 0.69) (40)
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Table C.4. The amount of carbon sequestration in the casv‘ﬁmanure application 0,)
(1.0 t/10 ares for paddy and 1.5 t/10 ares@"kupland) O\A °
O
Q o/
The amount he amount
of carbon U Area /0 of carbon

sequestration

Cule

@, sequestration

(tC/10 ares/yr) (Tyoo h; (1 000 tC/yr) v

7/
A A*B
(A) (Ey L ( l‘ RN
°
Grey lowland soil 0.0472 718 L e
Gley soils 0.0406 604 245
Wet andosoils 0.0774 186 144
Paddy field
Yellow soils 0.0515 98 50
Brown lowland soils 0.0752 96 72
SUM 1702 850
Andosols 0.0373 1584 591
Brown forest soils 0.0644 450 299
Upland crop ]
field Yellow soils 0.0696 308 214
Grey lowland soil 0.1709 144 246
SUM 2 486 1 350
SUM 2200

Source: MAFF (2008b; 2008c).
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Figure C.6. The relationship between the amount of manure applicgtion and the amount %

sequestration m '0

O
20

Q
e

The amount of carbon
sequestration (tC/10 ares)

0.1

0.08 / @
0.07 (& <
0.06 / b ° A%

) / LeC
0.05 / T e Rice Paddy
0.04 / .._,.-" -------- Wheat(upland field)

0.03 0
/T
0.02
yas

0.01 -

O T T T T 1
The amount of manure

application (t/10 ares)

Source: Author's calculations.

The other parameters for the model are reported in Table C.5.

Table C.5. Parameter values in the numerical application

rbon,>

Y

J

]
v

Parameter Symbol Value Unit Source
Price of crop: JPY/kg MAFF stat. (2008)
Rice P4 219 13 130 JPY/60kg
Wheat P 152 9 144 JPY/60kg
Price of nitrogen fertilizer C 183.8 JPY/kg MAFF stat. (2008)
Labour cost: JPY/10a MAFF stat. (2008)
Rice Win, 26 087 W118.5h/10a, n1: 1 410 JPY/h
Wheat Wany 6 699 Wo: 4.4h/10a, no: 1 523 JPY/h
Organic matter: MAFF (2008)
Price of organic matter Cop 5000 JPY/t
Transportation cost Cot 1 000 JPY/t
Spreading cost Cos 2000 JPY/t
Other cost: JPY/10a MAFF stat. (2008)
Rice (oF 62 267
Wheat 02 43972
Monetary valuation:
N removal benefit 6 563 JPY/kg Shiratani et al. (2004)
N runoff damage 650 JPY/kg Shiratani et al. (2004)
GHG damage 7 039 JPY/t Baker et al. (2007)

Source: Author's compilation.
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The following are the main functions of irrigation water in paddy: IPnalgr:G@pr of
nutrient, 2) nitrogen fixation, 3) accumulation of organic and easily-absorbed and

4) less soil erosion.

Suppose that the N content in organic fertilizer is not included in this equation,
because N in organic fertilizer could be serious problem only when the application
amount is enormous. In this model, the maximum of organic is approximately
1.5 t/10 ares due to the economic reason (high additional cost).

This function is estimated by Dr Shiratani at National Institute for Rural Engineering
as one example.

For example: Shiratani (2004) estimates as [N runoff(kg/10a)] =0.317* [the amount
of N application]+0.5887, and Takeda (1997) estimates as [N runoff (kg/10 ares)]
=1(.281* [the amount of N application]+1.33

Calculations based on 2006 IPCC Guidelines for National Greenhouse Gas
Inventories: Volume 4 Agriculture, Forestry and Other Land Use (IPCC, 2006) and
“National Greenhouse Gas Inventory Report of Japan” (MOE, 2008), as far as
possible.

See also Ministry of the Environment Greenhouse Gas Inventory Office of Japan
[GIO], CGER, NIES (2008) for detailed information (Www-
gio.nies.go.jp/aboutghg/nir/2008/NIR_JPN_2008_v4.0_E.pdf).

General emission factors which are used here are estimated by the Secretariat from
CH, emission factors on each soil type and the proportion of Japan’s surface area by
soil types.

The exponent in this equation is provided with uncertainty range of 0.54-0.64.

The emission factor of Japan is lower than that of default value in the IPCC (2006). It
is the reason that the volcanic ash soil that is widely distributed in Japan releases little
N,O emissions.
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