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Preface

For the purposes of national planning and policy development there is a need for forecasts and
analyses of environmental themes; such work should be made consistent with current
economic forecasts and analyses. However, environmental issues are often linked to specific
physical activities that are not directly specified in economic models.

This report presents satellite models for the macroeconomic model ADAM. The satellite
models determine the physical acitivities of environmental importance in argriculture, sewage
treatment, waste handling and landfills using a macroeconomic scenario from ADAM as a
starting point. Combined with ADAM and the energy model EMMA (Energy- and emission
models for ADAM) the satellite models presented constitute a system that links emmisions of
all major substances relevant for the environmental themes climate change, acidification and
eutrophication to economic activities. For illustrative purposes the entire system of models is
put to work in the final chapter of the report.

The models are developed as a part of the research within the AMOR-centre of the Strategic
Environmental Research Programme. The institutions involved in the rescarch are:

Risg National Laboratory

Danish Institute of Agricultural and Fisheries Economics
National Environmental Research Institute

Statistics Denmark

Researchers responsible for the present report are Frits Mgller Andersen, Risg National
Laboratory (project manager), Morten Werner, Statistics Denmark, Jgrgen D. Jensen, Danish
Institute of Agricultural and Fisheries Economics, Trine S. Jensen, National Environmental
Research Institute.

Research contributions have been provided by Gitte Terp Henriksen, Statistics Denmark,
Asger Olsen, Statistics Denmark, Jytte B. Illerup, National Environmental Research Institute,
Connie Nielsen, Danish Institute of Agricultural and Fisheries Economics and Morten
Winther, National Environmental Research Institute

This publication has been edited by Frits Mgller Andersen assisted by Sanne B. Christiansen,
Anne H. Fabricius, Lars B. Termansen, and Morten Werner.

Statistics Denmark, August 2001

Jan Plovsing
Asger Olsen
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1. Introduction and summary

1.1 Background and objectives of the report

The state of the environment sets conditions for economic activities, and economic activities
affect the environment through the use of natural resources and emissions related to the
production and consumption of goods, transport etc. Among the more important
environmental themes related to economic devclopment at a national level are climate
changes, acidification and cutrophication. Each of these environmental areas has becn the
subject of national environmental plans, and national standards have been put forward for
each of these areas.

For each of the themes, there is a closc relationship between economic activity and
environmental pressure. For example, economic growth leads to incrcased use of energy,
transport etc., which in turns Icads to increased emissions of cnergy-related pollutants (e.g.
carbon dioxide, CO,). On the other hand, environmentally-motivated poliey regulations (e.g.
restrictions on livestock production in the agricultural sector) have an impact on economic
development. Thus, for macroeconomic planning etc., there is a significant need for
quantification of the interactions between economic activity and the effects on central
environmental factors, in relation to projections as well as analyses of policy regulations.

The approach used in the modelling of interactions between economic activities and
environmental pressure is the development of satellite models that attach specific emissions to
the specific economic activities. The approach cnables the disaggregation of cconomic
activities and calculation of emissions under various assumptions concerning relevant
ecconomic activities. Examples of such model systems are the E3ME model (An Energy-
Environmental-Economy Model! for Europe) (European Commission Directorate-General XII,
1995} and the Norwcgian MSG-EE model.

A Danish example of an environmental satellitc model is the EMMA model (Andersen et al.,
1997), which focuses on the cnergy-related cmissions of carbon dioxide (COs3), sulphur
dioxide (SO,) and nitrous oxides (NOy) in relation to the macroeconomic model ADAM.'
The emissions described in EMMA constitute major shares of the Danish contribution to
climate change and acidification respectively. However, other emissions also play significant
roles in climate change, as well as acidification. In relation to climate change, emissions of
methane (CH,) and nitrous oxides (N,O) are important, and in relation to acidification,
ammonia {NH3) is a significant contributor,

The satellite models presented in this report aim at expanding the ADAM-EMMA tframework
to include these cmissions, along with models for cutrophication, thus improving the
possibilities for taking into account the impacts of economic activities on the cnvironment at
the macro level. The objectives of the satellite models are:

- To facilitate forecasts and policy analyses, where environmental themes/emissions are
evaluated in line with standard economic variables, e.g. gross national income,
employment, balance of payments

' ADAM (Annual Danish Aggregate Model) is a macro-econometric model of the Danish economy. The model
is used for official economic planning. Furthermore. the model is used by various firms. institutions,
organisations ete. (Statistics Denmark. 1996)
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- To generate consistency between macroeconomic forecasts and forecasts concerning
various environmental themes. For instance, if the use of energy is changed, emissions
of several substances (not just CO,) change.

1.2 Modelling impacts of economic activities on climate, acidification and
eutrophication

As indicated above, the models developed in the current project comprise emissions relevant
for the environmental themes: climate change, acidification and cutrophication,

1.2.1 Climate change, acidification and eutrophication and relations to
economic activities

The major links between environmental themes, emissions of substances and major economic
sectors arc illustrated in figure 1.1. (Bold frames indicate the focus in the present report).

[ - . - - . 2
Figure 1.1 Environmental themes, emissions of substances and economic sources.

Environmental

Climate change Acidification Eutrophication
themes
co. pu 7 4 P Substances
Energy Landfills Agriculture Sewage Sources

CO, CHy N,O N
N,O CH,4 P
CHy NH;

SO; N

NOy p

NH;

As is seen from the figure, the links between environmental themes, emissions of substances
and economic activities are fairly complex. The environmental themes discussed herc
originate from the emissions of a number of substances (for example, climate change is
caused by emissions of CO,, N>O and CHs) and some of the substances contribute to several
of the environmental themes (for instance, NH; contributes to both acidification and
eutrophication). Furthermore, individual economic activities cause emission of several
substances (agriculture emits N>O, CHy4, NH3, N and P), and individual substances are emitted
from sevcral activities (CHy from energy, landfills and agriculture). Linking emissions of the
different substances to the same economic model cnsures consistency between analyses of the
individual substances. However, in a few cases minor spill-over effects between emissions of
the different substances are not modelled endogenously ¢.g. removing SO, at powerplants by

* CO,: carbon dioxide, N,O: nitrous oxide, CH,:methane, SO4: suiphur dioxide, NO,: nitrous oxides. NHy: ammonia, N-
nitrogen, P: phosphorus.
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the production of gypsum emits CO,, and the link between changed power production and
required SO, removal is not modelied endogenously. Thus, to a certain extent the models of
individual substances are separate models using the same basic data, and complete
consistency requires consistent exogenous input data. Major spill-over effects like evaporation
of ammonia (NHs) and emissions of nitrous oxides (N:0) in agricultural production are
modelled endogenously.

1.2.2 Modelling emissions in a macroeconomic framework

As illustrated in figure 1.1, the emissions of relevant substances are linked to energy
consumption, landfills (deposition of organic waste), agricultural production and sewage
treatment. Further, emissions of substances are often linked to specific physical activities,
which must be specified at a lower level of aggregation than that used in the ADAM model.
For example, the emissions of methane from agriculture depends on the number of animals in
different categories (cattle, pigs, etc.), whereas in ADAM agriculture is described as only one
activity. Therefore, in order to link emissions to ADAM it is necessary 1o

- disaggregate the relevant economic activities
- establish a correspondence between economic and physical activities

- link emissions of substances to the relevant physical activities

An illustration of the system of environmental satellite models developed for ADAM is
shown in figure 1.2.

Figure 1.2. The structure of environmental satellite models for ADAM

»| ADAM

EMMA LADA \ 4 i
i Sewagce Waste

ESMERALDA Landfills
v v |

b

Emissions

ADAM is a medium-term econometric model of the Danish economy, distinguishing 19
production branches and 12 categories of private consumption, and it also includes a
determination of total energy use by households and branches. In ADAM, agriculture is
represented by one branch, where production is determined from the demand side, as is the
case in all ADAM’s branches. For environmental modelling, a special version of ADAM has
been developed, where the agricultural production is determined from the supply side,
assuming that the export price is exogenous to the agricultural sector.
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EMMA is a detailed energy model disaggregating the total energy use by households and
industries from ADAM into seven types of energy: electricity, natural gas, district heating,
solid fuels, fuels for transport, other fluid fuels and bio-fuels. Further, energy consumption is
determined in the physical quantity TJ (Tera Joule), and emissions of CO2, SO2 and NOx are
linked to the individual uses of energy measured in TJ. A detailed documentation of EMMA
including emissions is given in Andersen et al., (1997) and Andersen and Trier, (1995).

LADA is a satellitc model containing a disaggregation of ADAM’s aggregated agricultural
sector into 5 subsectors: crops, cattle, pigs, pouliry and other. This disaggregation allows the
possibility of taking into account changes in the composition of agricultural activity. As
emissions of various substances differ significantly across agricultural subsectors,
disaggregation is necessary for an appropriate modelling of agriculture-related emissions.

The basis for the LADA-disaggregation is the ESMERALDA-model, which is an econometric
model describing producer behaviour in 16 agricultural lines of production, including 8 cash
crops, 3 roughage crops, 2 cattle sectors, 1 pig sector, | poulty sector and a fallow land sector.
This level of detail enables: a) fairly precise linkages between economic variables and
physical quantity variables, and b) fairly detailed assessments of the impacts of changes in the
composition of agricultural production. The latter enables refinement and adjustments of
parameters for the 5 more aggregated LADA-subsectors.

In the area of agriculture, ESMERALDA is more detailed than LADA, which in turn is more
detailed than ADAM. Hence, linkage to physical quantities is most straightforwardly
established in the ESMERALDA -model, and linkage to the overall economy is more
straightforward in ADAM, whereas LADA establishes the correspondence between the two
models. The distinction between different lines of agricultural production in LADA and
ESMERALDA gives the possibility of taking into account composition effects on economy
and emissions at two different levels of detail. The set of agricultural models may be used in
lwo ways:

a) detailed ESMERALDA scenarios/projections arc implemented in LADA, making it
possible 10 analyse policies affecting the agricultural sector at a fairly detailed level in
ESMERALDA, and thercafter analyse the macro-economic effects of these policies in
ADAM by aggregating the detailed ESMERALDA results through LADA

b) ADAM projections arc utilised in LADA, giving projections of production, factor
demands and land use in 5 subsectors. Data for these subsectors are disaggregated into
16 lines of production and linked to physical quantities, by means of ESMERALDA.

Finaily, in relation to waste and sewage, two simple models are developed. In relation to the
emission of methane (CHy), a simple model for the generation of waste and the deposition of
organic waste is developed. The generation of waste is linked to the individual categories of
private and industrial activities in ADAM, and the deposition by type of waste is calculated
assuming exogenous deposition rates. In relation to discharge of nitrogen (N) and phosphorus
(P) from point sources, the amount of sewage is linked to the population and industries in
ADAM.
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Emissions are calculated from the definition:
Emission = Activity level- emission coefficient

where Activity level is defined by variables in the economic model (including satellite models)
and emission coefficients are defined relative to the specific variable in the economic model.
Examples of activity levels may be the number of animals in specific livestock categories,
tonnes of crops harvested, number of vehicles, tonnes of waste, ctc. That is, emission
coefficients are physical measures related to specific physical or cconomic variables modeclled
in the economic — or satellite — models.

1.3 Overview of the report

The following provides an overview of the report. This overview should provide the reader
with an overall understanding of the model concept presented in this report, as well as of the
individual elements of the concept.

Chapter two describes some of the relevant issues related to the ADAM-model, focusing on
the changes in ADAM necessary for the current modelling. These changes include:
introducing supply-side determined agricultural production into the model, integrating food
processing industries with the agricultural sector, and changing domestic price formation in
light of the exogenous export prices.

Chapter 3 describes the LADA model. As mentioned above, LADA consists of 5 agricultural
subsectors: crops, cattle, pigs, poultry and other (horticulture, fish farming, etc.). The chapter
describes the data underlying LADA, the model’s representation of the 5 subsectors, and the
incorporation of detailed ESMERALDA projections of the agricultural sector into the model.

Chapter 4 gives a short introduction to ESMERALDA, focusing on the detailed data
underlying the model and the disaggregation of LADA-subsectors into individual lines of
production to establish a correspondence between economic variables and relevant physical
quantitics in agricultural lines of production.

The modelling of emissions related to climate changes is described in chapter 5. This includes
methane (CH,) and nitrous oxide (N,O) from agriculture as well as from waste. landfills and
energy production. Agricultural cmissions of methane arc linked to the numbers of animals in
different lvestock categories, and agricultural emissions of nitrous oxide are linked to
numbers of animals and numbers of hectares with different crops. Methane emissions from
waste and landfills are linked to the amounts of deposited organic waste of different
categories.

Chapter 6 treats acidification, with focus on the cmissions of amunonia (NHji). The
agricultural emission of ammonia is linked to the numbers of animals in diffcrent livestock
catcgories (distinguishing between grazing and stable animals), as well as the area with
different crop categories. Other NHj3 emissions include emissions from road transport
{emissions are linked to the numbers of vehicles and the corresponding shares of vehicles
with catalytic converters.

Emission of nitrogen (N} and phosphorus (P) related to the environmental theme
“eutrophication of the aquatic environment” and a simple model of scwage is described in



12 Introduction and summary

chapter 7. Eutrophication from agriculture is related to the surplus of nitrogen and phosphorus
respectively. The surplus depends on input from animal manure, synthetic fertilisers,
wastewater sewage and industrial waste used as fertiliser, fixation and deposition, and
removals in terms of crop harvest and evaporation. Other sources of nitrogen and phosphorus
include various specific point sources.

Finally, the satellite models developed in this report are combined with the modetling of CO,,
SO; and NOx emissions in the EMMA model, Use of the combined model framework is
illustrated by a number of examples. One example is a baseline projection, where an
ESMERALDA projection is used for modifying the agricultural part of an ADAM forecast,
using LADA for this modification. The modified ADAM forecast yields projected macro-
economic variables as well as projections for the considered emissions (CO;, CH4, N>O, SO,
NOx, NH3, N and P) at a national level. The established model framework can also be applied
for policy scenario analyses. This is demonstrated by three different scenarios, which could be
considered as alternatives to the baseline projection:

- change in government expenditure (traditional fiscal policy experiment)
- restrictions on animal density in agricultural production
- changes in agricultural feed practices, and hence changed emissions coefficients.



2. The agricultural sector in ADAM

In the current version of the ADAM model, production in the agricultural sector is determined
from the demand side, while the output price is considered exogenous. It can be argued that
this is not an appropriate description, because the agricultural sector in Denmark is small
relative to a large world market and supply is restricted by land availability. This leads to the
hypothesis that production is determined by the producer, who chooses the output level
contingent on the export price.

This section presents the modelling of the agricultural production as determined in a modified
version of ADAM. The modified version incorporates the hypothesis of exogenous prices of
agricultural products in the export market, and describes the pricing behavior of the sector in
the domestic market. At the sane time the model makes the importance of quotas etc. more
visible within the model, and the link between the agricultural sector and the associated
industry manufacturing of food, the nf-industry, is modelled explicitly. The model is made to
facilitate a better description of agricultural production with and without underlying LADA-
scenarios. Supply-side determined production in the agriculture is also discussed in Werner
(1999).

Section 2.1 solves the theoretical problem of a sector selling to both the domestic and the
export market facing an exogenous price at the export market. Section 2.2 describes the
structure of the food producing industries in ADAM. Equations describing supply-side
determincd production are introduced in section 2.3, while section 2.4 describes equations for
exports, export prices and subsidies. In section 2.5 equations for domestic prices are
estimated.

2.1 Supply-side determined production

This section describes the behaviour of a profit maximizing sector or industry producing one
output which is sold in two markets. In the first market it is assumed that the industry knows
some downward sloping demand curve and faces competition from competing goods. In this
market, which will be refered to as the domestic market, the sector chooses an output price. In
the other market. the output price is exogenous and the sector faces a horizontal demand
curve. This market is referred to as the export market.

The above implies that the sector is solving the problem:

d\ o
maxIl = p*- D(—p—;j v --(x - D{ 1—’—1} - TC(X) (2.1.1)
p L p/

x.p

where X is the level of production, while p is the price of the sector’s output and p° s the
prices of the competing goods in the domestic market. p° is the exogenous price received by
the sector in the export market. D(p*/p°) is the domestic demand for the product produced by
the industry given prices p!and p°. It is assumed that D(p“/p¢)<0 and that the priceelasticity.
g, is constant and numerically larger than 1; TC(X) is the cost minimizing total costs of
producing X. Finally, it is assumed that MC'(X)>0, where MC(X)=TC’{X).
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Solving the problem Icads to the following first order conditions:

Po= MC(X) (2.1.2)
and
p'=(+4u) p* (2.1.3)

Equation (2.1.2) is a supply function for the sector stating that the level of production is
chosen so that the marginal cost of production equals the export price. Equation (2.1.3) shows
that the industry chooses its domestic market price, p*, as a mark-up on the export price, p*.
This is due to the fact that the export price can be scen as the alternative price of selling in the
domestic market, since the industry can always sell 10 the export market at the price p*. The
constant mark-up follows from the assumptions on the elasticity3 in the demand function.?
Note from (2.1.3) that

o) d A d € €
P dime P pd:(”“)' Py (2.1.4)
ip® ept pt (1+u) p°

that is, a 1 % change in the export price leads to a 1 % change in the domestic price. This is
the feature of equation (2.1.3) which is used in the empirical model.

Finally, it is noticed from equation (2.1.1) that total exports from the sector are determined
residually from production and domestic demand for X,

2.2 'The agricultural and related sectors

The agricultural sector in ADAM, denoted the a-sector or a-industry below, is an aggregate of
5 industries from the most detaited level of the National Accounts. The industries are
agriculture, horticulture erc., agricultural services, forestry and fishing. However, the ADAM
industry denoted manufacturing  food, the nf-industry, which consists mainly of
slanghterhouses but also dairies, bakerics and mills etc., relies heavily on the agricultural
sector for inputs. This section discusses the interdependency of the a-sector and the nf-
industry and the assumptions which are made in the modelling of the production in these two
industries.

* The price clasticity of demand with respect to p* is

i o
o7
= PP

" The first order condition with respect to p is

7
i d o ¢ ¢ e
1 1 > Y
D(pr.)ua“’.o'(’){,)- (_—,;“'D'(p,)- B T PO (A S T DN
! Lp) p pop p D.(P VT p :
])E'J ])u’
p”:{ . ]-p"(—} p"zfl— : J-p"(—) p"z(H;i)-p"
1+¢ \ 1+¢

where p=-1/(1+&) as £ is constant and I8>1 it follows that p is a positive constant.
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If one looks at the fixed price input-output table describing 1997 at the ADAM aggregation
fcvel, one finds that about 55% of output from the agricultural sector is used as input in the nf-
industry, 15% is used by the agricultural sector itself, about 20% is sold directly to the export
market. mainly as exports in SITC-group 0, E0, while the remaining approximately 10% is
used directly for consumption (7%} or inputs in other domestic industries. The nf-industry
sells approximately 55% of its output in the cxport market, mainly E0, about 20% of total
production is used for private consumption of food, while just over 10% of production is used
by the industry itself. Looking at the nf-industry from the input side it is seen that 38% of the
total production stems from the agricultural sector.

The very low proportion of agricultural products used by final domestic demands indicates
that a large proportion of agricultural output must be processed before it is consumed. This
implies that one could think of agriculture as producing two goods, one which needs
processing and one that can be consumed directly. This suggests that agriculture can scll the
part of its production which must be processed, either to the nf-industry or to foreign plants.
Likewise, the scctor can sell the part of its production that does not need processing to cither
domestic or foreign consumption. In the model presented in the following section, it will be
assumed that the proportion of agricultural output which is processed in the nf-industry is
exogenous.” For simplicity, it is furthermore assumed that the remainder of the agricultural
production can be sold either to domestic demands or exported at the exogenous export price.

The proportion of agricultural production used as input in the nf-industry has been relatively
stable since the mid 1970s, varying between 34% and 39% of total production in the nf-
industry. This amounts to between 55% and 60% of agricultural production. One can think of
the input of agricultural semi-manufactured products as the basic input in the nf-industry,
while other inputs such as labour, capital, encrgy and other materials are gross complements
to the agricultural input in the nf-production function. It is assumed that the nf-industry will in
fact buy and manufacture the agricuftural output in question. In principle, the nf-industry can
buy agricultural input in the a-sector or on the world market. The current version of ADAM
already allows for this via substitution between input of products from the a-sector and inputs
from imported agricultural products from SITC groups 0 and 2, M0 and M2. Approximately
35% of output from the nf-industry is exported, while 20% is used in private consumption of
food. This implies that the nf-industry can be considered a one-output industry, in the sense
that it produces for consumption only.

The determination of production in the nf~industry in the modified version of ADAM rests
upon the two assumptions concerning production in the a- and af-industries discussed above:

1} A proportion of the agricultural output must and will be processed in the nf-industry
before it can be sold to final demands

2) Agricultural semi-manufactured products from the a-industry are the basic input in the
nf-industry

Assumption 1} states that selling live pigs, raw milk etc. directly to households is not custom
and that a proportion of these goods is in gencral not exported. The hypothesis implies that a
constant proportion of the agricultural production is processed in the nf-industry; this
proportion is assumed to change only with the composition of agricultural output. The

" This assumption could be justified by an argument that some proportion of agricultural production is not fit for
transportation over long distances. In this case the proportion of agricultural output which needs processing in
the nf-industry is determined by, for instance. the underlying composition of agricultural production.



16 The agricultural sector in ADAM

objection to 1) is that it might be possible for the a-sector to sell some of these goods in the
export market.

Assumption 2) states that if there is no agricultural production, then there is no production in
the nf-industry. The objection to 2} is that the nf-industry could alternatively import MO and
M2 products for processing.ﬁ

2.3 Modelling production in the a-sector and nf-industry

The starting point for modelling the determination of agricultural production is the solution to
the theoretical problem described in section 2.1. Two additional features are taken into
account: 1) a scenario concerning production and prices in the g-sector might be known from
the LADA-model. 2) the dependency between the a- and nf-industries discussed in section
2.2.

Concerning 1) the model is constructed such that some exogenous benchmark scenario,
typically derived from some ESMERALDA/LADA scenario, determines the initial level of
production in the agricultural sector, given some scenario describing factor prices and the
price obtained in the export market. If the export price or the factor prices change compared to
the benchmark scenario, the first order condition (2.1.2) comes into play, altering the
production,

The cost of production in the baseline scenario is given from the LADA scenario, or
alternatively from the factor demand system in ADAM. In both cases the production function
exhibits constant returns to scale, implying that the marginal cost is constant. This introduces
a problem of indeterminacy to the model, since production will be infinite if the export price
is above the marginal costs, and undetermined if the export prices equals the marginal costs.
There will be no export if the export price is below the marginal costs.

The problem is solved by assuming that the reaction of exports of EOQ to price changes i1s
unaltered compared to the current version of ADAM, implying that some price elasticities of
production can be derived using the estimated export price elasticities used in the current
version of ADAM. This practice implicitly assumes that the marginal cost depends positively
on the level of production, which can be justified by assuming, for instance, that land is a
fully fixed and crucial factor in agricultural production in all subsectors (despite this not being
explicitly modelled in neither LADA nor ADAM), or that for instance some costs of
respecting rules in agricultural production rise when production is increased.

Given the above, and assuming some sluggishness in adjusting production to a new level, the
production in the agricultural sector can be written in error correction form as in equations
(2.3.1) and (2.3.2) below:

pre()
log( fXaw) = log( fXae)+ &} - log kfXa
pwaw
(2.3.1)
pwawe
kfXa = =
preQe

* The ohjections to [} and 2) could be objects for fuiure resecarch.

" 1n this case the level of production in the theoretical problem {2.1.1) will be determined by the domestic
demand when the secter choses some profit maximizing domestic prices according with (2.1.3)
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where 29 is the long run price elasticity of production in the a-scctor, fXaw is the profit
maximizing level of production in the long run. fXae, pneQe and pwawe are agricultural
production, the price received by the producer when exporting to E0 and costs of production
in the baseline scenario. pnef) is the actual price received by the exporter and pwaw is the
actual costs of production. Note from (2.3.1) that if pneO=pneQe and pwaw=pwawe then fXaw
is equal to the agricultural production in the baseline scenario.

The dynamics of production are given by

d] ( )vdl (X )+w[.‘ dl (Pn(:'O; }
og(fXa)= dlog(fXae) + {1 dlog| . -kfXa, (2.3.2)

+7 - (log(fXaw, ,) - log( fXa,_,))

where £¢ is the short run price elasticity of production in the a-sector while v is the speed of
adjustment. Note from (2.3.2) that the actual protit maximizing level of production also in the
short run is equal to the corresponding variable in the baseline scenario, as long as the actual
export price and costs are unchanged relative to the baseline scenario.

The elasticities &7 and £¢ are regarded as exogenous variables in the modified ADAM. This

allows changing the elasticity of production, which is an advantage when analysing the effects
of changing rules and quotas, since changes in rules can reduce or expand the scctors'
possibilities of reacting to price changes. Especially new rules or quotas can hinder expansion
of production through restrictions or higher costs of production, thereby lowering the
elasticities. Furthermore it allows the user of the model to introduce the hypothesis that the
elasticitics are decreasing in production as a result of land scarcity. As a benchmark the output
elasticities are chosen such that the price elasticities of exports, EQ}, are identical in the partial
models of £0 in the current and the modified version of ADAM."

The starting point in the modelling of production in the nf-industry is hypothesis 1) and 2) in
section 2.2. If one assumes that the underlying composition of agricultural production is
unchanged, these assumptions imply that a one % increase in agricultural production raises
the production of products which need processing in the nf-industry by 1%, thereby increasing
the material inputs in the nf-industry by 16:. In ADAM production and material inputs are
proportional, hence a 1 % increase in agricultural production leads to a 1% increase in
production in the af-industry.

" In the current version of ADAM exports of £0 are determined by a downward sloping demand curve in the
world market and the relative price of E0 produced domestically (which is a mark-up on average unit costs) and
elsewhere. [n both models a higher world market price will increase Danish exports, In the modified ADAM this
is due to increased production and higher domestic prices. and in the current version of ADAM due to the
increased competitiveness of domestically produced goods. The benchmark output elasticities are choosen such
that the cffect on fixed price £0 of a one percent increase in the world market price is identicat in the two
models.

¥ Agricultural products are a part of materiai input. fVimif, in the af-industry. The total material input 1s
proportional to input of agricultural production when it is assumed that fVamf is produced from inputs from
various industries and import groups by Leontief technolegy. This is almost the case in ADAM. However, there
is some substitution between cnergy and material as well as substitution between domestically produced and
imported inputs; this leads to small deviations from the Leontief assumption. These deviations will result in
minor deviations from the hypothesis of proportionality between agricultural and #f production when using the
model,
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It follows that production in the af-industry is given as:
dlog( fXnf) = dlog(fXa) (2.3.3)

This equation states that the growth rates in production in the a- and nf-industry are equal.

For forecasting purposes, equation (2.3.3) can be used directly, as long as there are no
changes in the composition of agricultural output. If one, for instance, in a policy analysis
based on ESMERALDA and ILADA observes changes in the composition of agricultural
output, one should consider whether this is likely to change the proportion of total agricultural
prodution which must be processed before sold to the final demands. This is the case in the
expertment in section 8.2.2, where the production of pigs and cattle is reduced, while crop
production etc. is unchanged. In this experiment it is assumed that the entire change in
production is duec to change in the part of production, which must be processed in the nf-
industry and corrections are introduced into equation (2.3.3).

The pricing behaviour in the nf-industy is given by (2.1.3), as the pricing behaviour in the
domestic market is independent of the production level.

2.4 Export, export price and subsidies

Having determined the production in the agricultural sector and the corresponding production
in the af~indusiry, the exported volume of E0 from these industries is found residually from
production and demands other than E0:

F<i>EO= fX<i>-|Y acis< h>jX<h>+Z(a<i><j>-D{p<}>D 2.4.1)
; : pep

where { = a, nf and indexes h, j denote industries and final demands (other than EOQ)
respectively, faE0 and frfEQ are exports of SITC 0 from the a- and nf-industry respectively.
The prices p<j> are prices of final demand. These are functions of domestic prices in the a-
and af-industries. From equation (2.4.1) it is especially noted that industry pricing behaviour
in the domestic market affects the level of exports.

An intermediate variable describing the exported volume from the a- and af-industry is
defined as:

fEOk = faEO+ ffE0 (2.4.2)

The SITCO export from the a- and af-industry, fEOk, amounts to approximately 90% of total
SITCO exports, and the total exported volume fEO is assumed to be proportional to exports
from the a- and nf-industry:

fEOk

FEOk(-1) (2.4.3)

JEO = fEO(-1)

The remaining 10% of the exported volume originates from (rade, gh, the an-industry
"manufacturing of beverage and tobacco" and finally, imports from SITCO, M0. Equation
(2.4.3) implies an assumption of constant propertics among the input-output coefficients aae0,
anfe(), annel), aghe0 and ame0. In this way modelling of input-output coefficients is avoided,
and due to the large proportion of fEO originating from the ¢- and nf-industries the assumption
seems reasonable.
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Returning to the problem (2.1.1) and the actual production in the agricultural sector (2.3.2), it
can be seen that production is determined by some export price and the marginal costs of
producing. The export price in question is the price received by the producer when exporting
goods in SITCO.

In ADAM variable terms, the price received by the exporter is:

SipeQ
JEO

preQ = pe0- (2.4.4)

where pe( is the price received by the exporter less subsidies, while SipeQ/fEO is the subsidy
received per exported unit.'’ The price, pe0, could be considered the price of Danish products
in the world market. In the moditied model pef) is considered to be exogenous and it is a
compound price determined by world market prices, exchange rates and the composition of
the Danish sub-SITCO exports. Note that pe0 cannot be considered a genuine world market
price of fEQ, since other countries might have other compositions for their SITCO exports.
That is, the price pre0 is made up of three major components: some world market price and
exchange rates, which together equal peQ and subsidies received by the sector. In the current
version of ADAM pe() is calculated from the cost side.

The subsidy received by exporters of SITCO is given from different schemes such as Sipe0 =
Sipee + Sipaa + Sipeq, where Sipeg is a residual and Sipaa 1s compensatory payments for
arable crops. Sipee is export subsidies. In principle Sipee is received when exporting to
markets outside the EU, and implies obtaining a price lower than some guaranteed price.
Here, however, we are only looking for some rate, fpe0), as an approximation of the export
subsidy obtained per unit exported.

It is found that:

Sipee = 1-(p™ - p¥)-(I-a)- fEO+ Sipeem -

Sipee - Sipeem : (2.4.5)

tpeQ = JEO T (p™ - Py (- )

where 7 is the proportion of the price difference received as a subsidy, o is the proportion of

exports to EU countries and p®" is the price guaranteed by the EU, while p"* is the world
market price. Sipeem is monetary equalization amounts. Equation (2.4.5) tends to lead to a
rather rough estimate of the subsidy rate #pe(. Since 1, a, p" and p*Y are unknown, the rate is
determined simply as (Sipee-Sipeem)/fED.

In the modified version of ADAM
SipeQ = Sipaa + tpeQ- fEQO- Sipeem+ Sipeq (2.4.6)

is the modelling of the total subsidy reccived by the exporters of £0.

' In ADAM Sipe0 is taxes on specific goods net of subsidies to specific goods. Sipe0 is negative as agriculturc

is a net reciever of subsidies. This implies that the price received by the sector when exporting, pne0, is higher
than the price received at the border, pe0.
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2.5 Domestic prices

Solving the problem (2.1.1) leads to the first order condition (2.1.3), where the price in the
domestic market will be chosen as a mark-up on the price the exporter can obtain in the export
market, pre0.

In order to determine the pricing behaviour in the two industries, the following equations are
estimated:

dlog(px < i>)=pidlog(pred)+ pdlog(pne0 )+ p, (2.5.1)

i=a,nf. The model is estimated to be unrestricted and under the joint restriction §/ + f§, = |

and f, = 0. When these restrictions are imposed (2.5.1) has the property of (2.1.3) that a 1%
mcrease in the price received when selling in the export market, pre0, implies a 1% increase
in domestic prices chosen by the a- and nf-industry. The change of domestic prices take place
within two years.

The equations have been estimated using data for the period 1968 — 1997. The results can be
read in Table 2.5.1 and Table 2.5.2 below. The restrictions have been tested using the usual F
statistic based on the RSS. Whben testing at a 5% significance level comparing the F statistic
to the F(2,29)-distribution the restriction cannot be rejected, and the magnitude of the
coefficients are generally understandable.

Table 2.5.1 Estimation of pxa

Parameter No restrictions Br+py=1land pi=0
ceefficient s.d. coefficient s.d.
5 0.00265 (0.004609)
¥ (.85308 (0.052883) 0.89219 (0.041201)
Bs 0.06969 (0.052255)  0.10781
R” 0.9152
RSS 0.0109 0.0115
DwW 2.3402 2.3310

Table 2.5.2 Estimation of pxnf

Parameter No restrictions Y+ pY =1 and Bl =0
cocfficient  s.d. coefficient  s.d.
o 0.00583 (0.003083)
ol 0.79091 (0.035325) 0.83994 (0.029378)
B 0.11309 (0.034907)  0.16006
R’ 0.9559
RSS 0.0049 0.0059
DW 2.9664 2,7100

In the modified version of the ADAM model, the effect of this description of domestic prices
of goods from the a- and nf-industries is that world market prices will affect the domestic
price level through the supply side.
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The main problem when using price equations like (2.5.1) to determine domestic prices is that
the nf-industry will be buying inputs for use in production at the price pxa, even though these
inputs need manufacturing, as argued in section 2.3. However, there are possible ways of
avoiding this problem. One way could be to disaggregate the domestic market of the
agricultural sector into two sectors: the naf-industry and the rest. Another way could be to
avoid looking at the internal deliveries among the a- and sf-industries.






3. The LADA model

The LADA model describes production in five agricultural subsectors constituting the
agricultural sector in ADAM. These subsectors are crops, cattle and milk production, pigs,
poultry and a sector defined residually, named the g-sector. The LADA model has two main
purposes. First, the model can be used as a translation and aggregation module which
translates ESMERALDA scenarios into LADA scenarios,and aggregates these scenarios into
a scenario describing the agricultural sector in ADAM. Secondly, the model can be used to
analyse simple and small changes in the agricultural subsectors of the model compared to
some baseline scenario. For this purpose LADA has a simple description of factor demand
and land usc in the subsectors. In both cases the LADA-model provides a complete scenario,
describing the agricultural sector in ADAM as well as projections of the physical production
in ESMERALDAs 16 lines of production which are used as input in the environmental
satellite model describing emissions from agriculture.

Section 3.1 describes the data construction methods and sources which have been used during
data construction. In section 3.2 the transformation of the ESMERALDA scenario into LADA
scenarios is described, while section 3.3 contains a description of the modelling of the
subsectors production and factor demand. Section 3.4 comments on different ways of using
the model.

3.1 Data construction

The five LADA subsectors: crops, cattle and milk production, pigs, poultry and the g-sector
are a disaggregation of the ADAM agricultural sector, the a-sector. The objective in the data
construction is to obtain subsector series for crops, catile and milk production, pigs and
poultry which are eonsistent with an appropriate aggregation of the ESMERALDA lines of
production. The consistency of the scries is crucial when ESMERALDA seenarios are used
for projection of the LADA subsectors.

The historical data concerning production and output prices in the five subscctors are
published in The Agricultural Statistics and National Accounts from Statistics Denmark. Data
on production and output prices describing 29 subsectors can be found in the Agricultural
Statistics. These serics are aggregated to the LADA subsectors crops, cattle, pigs and poultry.
Data from the National Accounts are mainly used to construct data describing the g-subscctor.
Table 3.1.1 below shows the connections of the LADA subsectors, the Agricultural Statistic,
The National Accounts and the ESMERALDA lines of production. In Table 3.1.1 note the
residual component of the g-subsector. This residual contains the difference between the
definition of the agricultural scctor in the Agricultural Statistics and the National Account
compared to the agricultural sector in ADAM. Accordingly the g-subsector contains for
instance fishing and forestry, besides what is shown in Table 3.1.1.

Data concerning the input side of production i.e. use of energy and materials, labour and
capital are constructed based on a disaggregation of the agricultural sector from the input-
output tables published by Statistics Denmark into the five subscctors. The disaggregation has
been performed for one year by the SJIFL. Data for the remaining years have been constructed
based on information on production and total input in the a-sector, assuming that the
production structure is fixed. Other sources in the data construction are historical data from
SJFI and historical data from the ADAM model. Although the input side data series cannot be
claimed to be historical, they constitute a reasonable basis for projections of input use in the
five subsectors based on ESMERALDA scenarios. A detailed description of the data and data
constrution can be seen in Nielsen (2000) and Werner (2000a).
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Table 3.1.1 Construction of production and output prices

av-subsector

seeds for sowing, seeds for
manufacturing, sugar beets,
potatocs

' LADA subsector Agricultural Statistics and ESMERALDA, lines of
National Account production
Crops Total cereals, pulses ripened, spring barley etc., winter

barley, wheat, pulses, rape,
seeds tor sowing, potatoes,
sugar beets, fallow

Caitle
ak-subsector

Milk, cattle, grass and green
fodder, other crop products

dairy cattle, nurse cows,
rearing cattle, calves, fodder
beets, grass rotation

Pigs Pigs sows, baconers
as-subsector
Pouliry Eggs for human consumption, Poultry

ao-subsector poultry

Others

ag-subsector

Vegetables, mushrooms, fruit
and berries, flowers, potted
plants, nusery products, horses,
sheep, furred animals, game,
other livestock, residual

3.2 Projections based on ESMERALDA scenarios

One of the main purposes of the LADA model is to be able to translate forecasts and policy
scenarios from the ESMERALDA model into scenarios of the agricultural sector in ADAM,
thereby enabling forecasts from ADAM to be based on SIFI scenarios for the agricultural
sector and derivation of macrocconomic effects of agricultural and environmental policies
affecting the agricultural subsectors. The ESMERALDA scenarios involve projections in both
fixed and current prices. The linkage between the ESMERALDA and LADA series is
modelled in a submodel of the LADA model. In the following discussion, this submodel will
be referred to as the transformartion module. The purpose of the module is to transform an
ESMERALDA scenario into a projection of production and factor demand in the five LADA
subsectors, using as much information from the ESMERALDA scenario as possible. The
transformation module is described in detail in Werner (2000b).

The methods of projecting the variables in the LADA subsectors based on ESMERALDA
scenarios differ for different categories of variables. The ag- subsector has to be handled
separately as there is no information about this subsector in the ESMERALDA scenario.

The main categories are:

1) Production

2) Input of energy and material and gross value added
3) Labour force

4) Capital input and investment

5) Taxeselc.

6) q-subsector

7) Physical units

The projection of the production series is straightforward, as aggregation of ESMERALDA
production series across lines of production and types of output causes no problems. The
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LADA subsector productions are obtained using the last historical observation in a given
production series from LADA as a base, and then projecting this series using the growth rate
in the corresponding series from the aggregated ESMERALDA scenario. Tbis is done in fixed
and current prices and the output prices are derived.

Projecting the use of energy and material in the LADA subsectors based on the
ESMERALDA scenario is somewhat more difficult. The rcason is that the ESMERALDA
input structure is based on the costs of different material and cnergy inputs while the LADA
input structure - like the input structure in ADAM - is based on an input-output model. The
inputs are then aggregated to energy or material costs.

Table 3.1.2 shows the ESMERALDA cost structure and how it is linked to the LADA input
structure. The first column shows the ESMERALDA costs. The second column shows the
components at the input-output level in LADA which are affected by the different
ESMERALDA cost components. The third column shows the cost component, which is
finally affected by the ESMERALDA costs.

In the transformation module the projection of the LADA energy and material demand is
carried out at the level found in the ADAM input-output system, involving supplies from 19
industries and 15 import groups. This implies that the composition of the aggregated material
use changes over time in each of the agricultural subsectors in LADA. Macroeconomic effects
from environmental policies aimed at certain inputs in agricultural production, for example
fertilizers or pesticides, are thercby easier to derive. Again, growth rates from an aggregation
of the ESMERALDA forecast are used for projecting LADA series. Inputs at the
disaggregated LADA level which are not atfccted by any ESMERALDA cost component are
projected using the observed value in the last historical year.

Gross Value Added is determined residually from production, energy and material use and
some tax variables commented on below.
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Table 3.1.2 Linking ESMERALDA costs to LADA costs

ESMERALDA Input from sector LADA cost

Seeds av, M0 Material

Fertilizer / manure ak, as, nk, M2, M5 -

Concentrated feeds av, nf, M0 -

Fodder roots ak -

Pesticides nk, M3 -

Energy ng, ne, M3k, M3q Energy

Other services gi, qq Material

Confract operations aq -

Green fodder ak -

Labour Labour costs

Insurance qq Material

Other costs ag, qq -

Maintenance, equipment nm -

Costs equipment Capital costs, equipment
Maintenance, buildings b Material

Costs building Capital costs, buildings
Maintenance, land qq Material

Abbreviations: av —~ crop subsector, ak - cattle and milk subsector, as - pig subsector, ag - other
agricultural, ng - petroleum refineries, ne - public energy supply, nf — manufacturing of food. nm -
manufacturing of macinery, nf — Shipyards etc., nk — manufacturing of chemicals, b - construction,
qh - trade, gt - miscellancous transport, gg - miscellaneous services, MO — imports from SITC group
0, M3k — imports of coal, M3g — Imports from SITC 3 other than coal and crude oil, M5 inmports
from SITC 5

The ESMERALDA model projects the use of labour, measured in hours worked, as well as
labour cost in each line of production. These series are used for projecting the corresponding
LADA series using growth rates from the aggregated ESMERALDA scenario. From these
projections further scries concerning the use of labour in LADA such as hourly compensation
and persons employed are derived. The partition of total employment into self-employed and
wage earners is derived using ADAM assumptions on the development in hours worked per
year and the share of self-employed within total employment.

The projections of series concerning capital stocks of buildings and machinery are the least
reliable due to two particular circumstances. First, it is rather difficult to split the aggregated
capital stock of equipment and buildings in the agricultural sector in ADAM into the
corresponding series concerning the five LADA subscctors. Consequently, the levels of
capital stocks in the subsectors might not be appropriate. Secondly, the corresponding series
for the use of equipment and buildings in ESMERALDA is difficult to link to the stock series
in LADA. Nevertheless, these series are important as they describe the assumptions on
technological development underlying the ESMERALDA scenarios.

Despite the problems, an attempt is made to derive projections of the LADA capital stock
series from the ESMERALDA scenario. Again the level of capital stocks in the last historical
year in the LADA data is projected using growth rates from ESMERALDA series on the total
cost of using cquipment and buildings respectively. Knowing the capital stocks, gross
investment is determined using a relation describing the accumulation of capital and ADAM
assumptions on capital depreciation. Investment prices are derived from the ESMERALDA
forecast. Based on these investment prices and assumptions on interest rates etc., the user-
costs of capital are determined.
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One way of avoiding the problems involved in linking the capital series could be to ignore the
use of capital in the LADA model, and use the ADAM factor demand equations to determine
the development of the stock of equipment and buildings in the agricultural sector contingent
on the production determined ip ESMERALDA. However, crucial information on the
assumptions on technological development underlying the ESMERALDA scenario might be
lost unless this information is extracted from the ESMERALDA scenario and introduced in
the ADAM equations in some other way.

ESMERALDA provides forecasts of the subsidies received by the subsectors. The LADA
model describes value added faxes, custom, taxes and subsidies on products and other taxes
and subsidies. When projecting the subsidies the growth rate of the subsidies is used. Taxes
are by and large projected using assumptions from the ADAM model.

The ESMERALDA scenario contains no information on what is happening in the g-sector,
which is the residual between the agricultural sector in ADAM and agriculture as defined by
SJFL Historically, the production in the ag-sector constitutes approximately 40%. of total
volume produced in the agricultural sector in ADAM. The transformation module per default
projects the production in this sector as keeping its relative importance unchanged, compared
to the last historical year. However, this procedure will not always be appropriate. For
instance, this practice will exaggerate the effects of the policy when studying effects of ap
agricultural policy aimed at reducing pig production, the explanation being that the growth
rate in the ag-production will be affected by changed pig production. In such an analysis, one
solution could be to project activity in the ag-subsector using the changes in the remaining
subsectors.

Finally, the series describing the production in 14 of the ESMERALDA subsectors in physical
units are copied unaltered to the LADA scenario. These series that are used in the emission
models are measured in tons of production in the crop subsectors and number of animals in
the animal subsectors.

3.3 The LADA subsectors

Besides the transformation module, the LADA model contains a description of production
and factor demand in the five subsectors. This feature can be used when one wants to study
environmental and macroeconomic effects following simpie and small changes in agricultural
production at the subsector level compared to some baseline scenario. This part of the modcl
is described below: however, only main features and key equations of the model are explicitly
commented. The entire model is found in Annexes 3.1 and 3.2,

It is assumed that technology in the five subsectors can be described by a Leontief production
function, but the determination of the production level differs among the subsectors. In the as-
_ao- and ag-subscctors, production is considered (o be exogenous, while production in the av-
and ak-subsectors is determined by the land available to the sectors.



28 The LADA model

In the as-, ag- and ao-subsectors, it is assumed that equipment, buildings, labour, material and
energy are used as inputs in production. Combined with the technology assumption, the
production in these subsectors can be written:

JKm< k> fKb<k> Hg<k> Vm< k> fVe<k>)

bk < k > bkb < k> bhg < k> bum< k> bve < k > (3.3.1)

X <k»>= min(

where  k=as, ag, ao and fX<k> is production in subsector & measured in fixed prices.
JKm<k> is use of machinery, fKb<k> is use of buildings, Hg<k> is labour input measured in
hours, fVm<k> is input of materials and SfVe<k> is energy inputs. Both energy and material
inputs are measured in fixed prices. bkm<k>, bkb<k>, hg<k>, bvm<k> and bve<k> are
technological coefficients of equipment, buildings, labour, material and energy respectively.

Keeping in mind that production is considered to be exogenous, equation (3.3.1) and an
assumption of cost minimization yield the factor demands. Note especially, that the input
coefficients concerning input of material and cnergy are not explicit variables in the model,
but are determined as sums of input-output coefficients from the disaggregated Ievel, as:

bve<k>=ang <k>+tane< k> +amdk < k > +tam3g < k > (3.3.2)
and

bvim< k >= Za< Je<k>
i (3.3.3)

J=av,ak,as,ao,aq, nf ,am,nt,nk b, qh, qt.qq,m0,m2,m3k ,m3g,m5, si

where the a<j><k> are input-output coelficients at the disaggregated level of inputs. As an
example, the coefficient anmas shows how much of the input to the pig-subsector originates
from the nm-industry, manifacturing of machinery.

Determination of production in the av- and ak-subsectors is different, since it is assumed that
land is used as an input in production and that the land available to the subsectors is the
limiting factor in production.

Again the technology assumption implies that production is given by:

n<h> fKm<h> fKb<h> Hg<h> fVm<h> fVe<h>]

X h = [ ’ * ? ? ’
X <h>=min brv < h>"bkm< h>"bkb<h> bhg<h>'bvm<h> bve< h>

(3.3.4)

where ii=av, ak and nv<h> is the land available to subsector h measured in hectares and
biv<h> is the technological coefficients associated with land in subsector A. The remaining
notation is as above. Since the amount of land available to each subsector is the limiting
factor, the production in subsector / is determined as

ny < h>

X < B> (3.3.5)

bnv < h>

Demands for the remaining factors are determined from equations (3.3.4), (3.3.5) and the
assumption of cost minimization. Equations (3.3.2) and (3.3.3) also apply to material and
encrgy coefficents, hvm<h> and byve<h >, in the av- and ak-subsectors.
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The total amount of fand available, nv, is considered to be exogenous. In the land allocation
between the av- and ak-subsector it is assumed that land lying fallow, avbr, is exogenous and
the use of land in the ak-subsector, nvak, is given by

nvak = nvsh+ nvvg + nvrf (3.3.6)

where nvsh, nvvg and nvrf are land used for rotation grass, permanent grass and fodder roots
respectively.

The land available to the av-subsector, nvav, is determined residually as

nvav = nv - (nvak + nvbr) 3.3.7)

This modelling of production and land used by the subsectors av and ak implies that
increasing land use and thereby production in one sector leads to a decline in land use and
thereby production in the other subsector given the total amount of land available and the
amount of Jand lying fallow. This property of the LADA model mimics a corresponding
property in the ESMERALDA model. Of course one can also change production by changing
the total amount of land available or the area lying fallow. In these cases, however, one has to
keep in mind that changing the area laid fallow will affect the subsidies received by the sector,
and a change in the total area available to agricultural production will influence the economy
through various channels.

Given the land available to the av- and ak-subsectors, the production volumes are determined
from (3.3.5) and, assuming cost minimization, the demand for capital, labour, material and
encrgy is easily derived from equation (3.3.4),

From equation (3.3.1) aud (3.3.4) it can be seen that all production factors except for land in
the av- and ak-subsector are modelled as fully flexible. This is not an appropriate description
of the demand for equipment and buildings, and implies that only small changes in production
can be appropriately analysed directly in the LADA model. If the changes are sufficiently
small it can be argued (at least regarding equipment) that most of the desired change in the
capital stock can be gained by instantly changing investments. If one wants to analyse larger
changes in production it is recommended that demand for capital is either determined by the
factor demand equations in ADAM or that explicit assumptions concerning the reduction or
growth of the capital stock are made.

The necessary investments consistent with the capital stocks are determined by the
accumulation idcntity:

f<g><k>= fK<g><k>-(1-bfi<g>va)fK<g><k> | (3.3.8)

where g=m,b denotes equipment and buildings respectively, and bfi<g>va is the depreciation
rate for capital of typc ¢ obtained from the relevant ADAM scenario. Finally, the uscr-cost of
capital is determined for each subsector and each type of capital. The user-cost describes the
cost of using onc unit of capital for one period of time and is endogenous depending on
investment prices.
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The employment, Q<k>, k= av,akus,ao,aq, in each subsector is derived from the labour
demand measured in hours per year, Hg<k>, as

0< ko= 955> 1000 33.9
oo Ha<k> 3
e (33.9)

where Hgn is the agreed number of working hours per year in the manufacturing industrics in
ADAM. This equation yields a rather rough estimate of the number of persons employed,
because the number of hours in manufacturing and agriculture are not necessarily the same.

The taxes paid and subsidies received are modelled in four groups. As mentioned above, the
modelling of taxes is by and large identical to the modelling of these variables concerning the
aggregated agricultural sector in ADAM. Subsidies on production are considered exogenous,
vs.fhereals1 the subsidies on products are modelled as a subsidy-rate times the production in fixed
prices.

In general, output prices as well as factor prices except user-cost of capital are exogenous in
the model. Current price projections arc casily derived by inflating fixed price scenarios.

To enable the calculation of emissions from the agricultural sector, the production in the
subsectors is disaggregated to production measured in physical units at the ESMERALDA
level, that is tons of crops in the av-subsector and number of animals in the ak-, as-, ao-
subscctors. It is assumed that the tons produced and number of animals per volume of
production is constant, implying that physical production is proportional to production in
fixed prices.

Finailly, the LLADA model contains some equations used to aggregate the subsector
projections to a projection describing the agricultural sector in ADAM. This part of the model
is referred to as the aggregation module. This module has two important properties

1) When using thc LADA model for simulation in historical years on the constructed
data, the results from the aggregation module concerning the entire agricultural
sector in ADAM are in fact the historical observations of this sector

2) When using the model for aggregation of ESMERALDA scenarios, the subsector
scenarios remain unaltered through simulation

The first property implics that the aggregation module and the data are consistant with the
ADAM a-sector. The second property implics that it is in fact the LADA subsector scenarios
based on the ESMERALDA scenarios that are aggregated even though the LADA model has
to simulate to derive the scenario describing the aggregated agricultural sector in ADAM.

* The taxes modelicd in LADA correspond with the indirect taxes in the ADAM input-output system. These are
value added taxes, Siga<j>, taxes and subsidies on specific goods, Sipa<j>, and taxes and subsidies on
production, Siga<j>.
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3.4 Using the LADA model

Regardless of the use of the LADA model the output provided by the model is:
1) A scenario describing the activity in the agricultural sector in ADAM

2) Projections of the production in the ESMERALDA lines of production counted in
produced tons in the crop lines and number of animals in the animal lines of
production

The scenario describing the agricultural sector is used to analyse macroeconomic effects of
some development in the agricultural sector. The productions in the ESMERALDA lines of
production counted in physical units are used as input to the emission model calculating the
emissions of N.O, CH; ete.; see Figure 1.1.

There are three different ways of using the LADA model:

1) Some ESMERALDA baseline scenario is aggregated to the ADAM level and used
in an ADAM forecast

2y Given an ESMERALDA baseline scenario and one or more alternative scenarios,
macroeconomic and environmental effect of policies studied in ESMERALDA can
be evaluated

3y Given an ESMERALDA baseline scenario, the macroeconomic and environmental
effects of restricting production in one or more of the subsectors: crops, cattle and
milk, pigs and poultry can be studied using the LADA model only

Looking at case 1) the only task of the LADA model is to aggregate the five subsectors into a
scenario describing ADAMSs agricultural sector and pass series on production in physical
terms to the emission model. Thereafter, the environmental effeets of the ESMERALDA
forecast are calculated in the emission model, while some macroeconomic forecast based
upon the ESMERALDA forecast of the agriculture can be made in ADAM.

In case 2) the objective will typically be to evaluate the environmental benefits and economic
costs of introducing some policy aimed at the agricultural sector. The ESMERALDA baseline
scenario is used to construct consistent scenarios describing emissions and the
macroeconomy. Alternative emission and macroeconomic scenarios can then be constructed,
consistent with the alternative ESMERALDA scenario. The environmental benefits can be
assessed by comparing the baseline emission scenario to the alternative emission scenario,
while economic costs in agriculture can be evaluated by comparing the two ESMERALDA
scenarios, and derived macroeconomic effects can be found by comparing the macroeconomic
baseline scenario to the alternative scenarios.

Case 3) is similar to case 2) except for the fact that only simple and small changes in
subsector production can be analysed using the LADA model alone, and that the economic
influence from the change on the agriculture must be evaluated at the LADA or ADAM level.
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Annex 3.1 List of variables for LADA

The notation is standard ADAM notation, so the only news for those familiar with ADAM is
the subsectors. A variable X appears normally in current prices, fixed prices, and as a deflator,
the notation is then X, fX, and pX respectively. The disaggregation of ADAM’s a-sector
implies that to the usuval g for agriculture in ADAM the following suffixes will be added: v, &,
s, f, and g for crops, cattle, pigs, poultry, and other agriculture respectively. Hence fXas is X in
fixed prices for the pigs subsector,

10-coefficients have the prefix g followed by supplying sector or import, and recipient scctor,
e.g. anmas the coefficient for supply from the nmi-sector to subsector s.

Variables

a<i><j> i=av, ak, as, af, ag, ng. ne, nf, nm, nt, nk, b, gh, gt, qq, m0, m2, m3k, m3q, m$, si, yw, yf
j=av, ak, as, ao, ag

coefficient for supply from sector i to use in sector k

Supplies are the same as standard ADAM-supply, except for the disaggregation of sector a.

av crops
ak cafttle

as pigs

ao poultry

ag others

ng petroleum refineries

ne energy suppliers

nf manufacturing of food

nm manufacturing of machinery

st transportation eguipment

nk chemica!l industry

b construction

qh trade

gt other transport

qq other services

m() import of SITC (: {oodstuff

m2 import of SITC 2: unmanutactured goods, non food, except fuel
m3k import of SITC 32: coal and coke

m3g restdual import of SITC 3: petroleum, clectricity, and gas
ms import of SITC 5: chemicals

5i indirect taxes, lotal

yw compensation of cmployees

yf gross value added

bhga<j> j=v, k. s, 0, q
necessary input of hours per unit produced in sector §

bivp<k> k=b, m
present value of expected fiscal depreciation from an investment in capital type &

blkba<j> j=v, k. s, 0, ¢
necessary input of buildings per unit produced in sector j

bkma<j> j=v, k, 5,0, g
necessary input of equipment per unit produced in sector j

brva<j> j=v, k s, 0, ¢
necessary input of [and per unit produced in seclor j

hgsa
ratio of self-employed in ADAM’s a-sector
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bgsa<f> j=v, k 5 0 g
ratio of self-employed in subsector §

btgxa
degree of charging VAT on ADAM’s a-sector

fba<j> j=v. ks 0. ¢g
gross fixed capital formation in buitdings and civil engineering projects in subsector j. 1995 prices

flma<j> j=v, k 5, 0 49
gross fixed capital formation in machinery, transport equipment and
other equipment in subsector j, 1995 prices

fKba<j> j=v, k s, 0, ¢q
gross capital stock of buildings etc. in subsector j

fKma<j> j=v, k. 5,0, g
gross capital stock of machinery etc. in subsector j, 1995 prices

fKeba<j>j=v, k 5,0, ¢
net capital stock of buildings etc. in subsector j

JKnma<j> j=v, k 5 0.4
net capital stock of macbinery etc. in subsector f

asj> j=v. ks, 0.q
use of energy and material in subsector j, 1995 prices

fYea<j> j=v, k 5 0 ¢
use of energy in subsector f, 1995 prices

fVma<j> j=v, k 5,0, ¢
use of materials in subsector 7, 1995 prices

Ka<j> j=v, ks 0.4
gross output in subsector j, 1995 prices

fYfa

gross value added in ADAM’s a-sector, 1995 prices

fYla<j> j=v.k s, 0.q
gross value added in subsector j. 1995 prices

high
average working hours in manufacturing, hours per year

hga<j> j=v, k 5. 0, q
volume of hours worked in subsecctor §

fha<j= j=v. k s 0.q
gross fixed capital formation in buildings and civil engineering projects in subsector j. current prices

Ima<j> j=v, k 5, 0 ¢
gross fixed capital formation in machinery, transport equipment. and other equipment in subscctor j, current
prices

iwbz
redemption yields on bonds
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iwlo
banks interest rate on advances

la<j> J=v. ks, 0,¢q
implicit hourly compensation per wage earner in subsector j

n<f> J=km, ko, ka, kI, ss, s, oe
size of livestock in ESMERALDA subsector j

n<j>e  j=km, ko, ka, ki, 53, 51, oe
size of livestock in ESMERALDA in subsector j, initial estimate for agruculture

ny
total fand available

ma<j>  j=v, k
land available to subsector j

nvbr
land lying fallow

nv<j>  j=sh, vg, if
hectares used in ESMERALDA subsector j

nv<j>e  j=sh,vg, f
hectares used in ESMERALDA subsector j, initial estimate for agriculture

pwa<j> j=v, k. s, 0 g
average unit costs in subsector J

pwaw
average unit cost in ADAM’s g-sector

plba
price of buildings and civil engineering projects in ADAM’s a-sector

plma
price of machinery, transport equipment and other equipment in ADAM’s a-sector

pYa<j> j=v.k s, 0, ¢
deflator for use of energy and materials in subsector j

pVea<j> j=v. k 5, 0, ¢q
deflator for use of energy in subsector j

pVma<j> j=v, k, 5, 0, g
deflator for use of materials in subsector j

pXa<j> j=v. ks 04q
deflator for gross output in subsector j

pYfa<j> j=v ks, 0 g
deflator for gross value added in subsector |

gsa<j> j=v.k 50, ¢
number of self employed in subsector §

gwa<j> j=v k s 0 ¢
number of wage earners in subsector §

wi<k>ae k=b, m
expected growth in pi<k>a
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Sigxa
VAT revenue from gross output in ADAM’s g-sector

Sigxa<j> j=v, k 5, 0. g
VAT revenue from gross output in subsector

Sipvea
revenue from duties on use of energy in ADAM’s g-sector

Sipvea<j> j=v, k 5. 0.4
net revenue from duties on use of energy in subsector |

Sipxa
net revenue from taxes on specific goods in ADAM’s g-sector, total

Sipxa<j> j=v, k 5. 0, ¢
net revenue from taxes on specific goods in subsector j, total

Siga
net revenue from taxes on production in ADAM's g-sector, total

Siga<j> j=v, k 5,0 ¢
net revenue from taxes on production in subsector j, total

Siqal
revenue from dutics paid by employers on wage and salary costs in ADAM’s a-sector

Sigal<j> j=v, k s, 0. q
revenue from duties paid by employers on wage and salary costs in subsector j

g
VAT rate

tselsu
expected marginal rate of corporation tax

t<j> J=vf, vy, vh, vb, vo, vk, vr
production in ESMERALDA subsector /, tons

t<j>e j=vf, vy, vh, vb, vo, vk, vr
production in ESMERALDA subsector /, tons, initial estimate for agriculture

hea
rate of duty on fVea

nea<j> j=v,k 50 ¢
rate of duty on fVea<j>

wi<k»a k=bh, m
user-cost on capital stock of type £, in ADAM’s a-sector
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ui<k>a<j> k=bm j=v k 5 0 g
user-cost on capital stock of type &, in subsector j

Va<j>j=v, ks, 0, ¢
Use of energy and material in subsector j, current prices

Vea<j> j=v k5 0, ¢
Usc of energy in subsector j, current prices

Vma<j> j=v, k 5 0, ¢
Use of materials in subsector j, current prices

Xa<j> j=v ks, 049
£ross output in subsector f, current prices

Yfa
gross value added in ADAM’s a-sector, current prices

Yia<j> J=v. ks 0 ¢
gross value added in subsector J, current prices

Ywa
compensation of employees in ADAM’s a-sector

Ywa<j> j=v,k s 0,4
compensation of employees in subsector j
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Annex 3.2 The LADA-model

() equations forming the LADA model

) * ok d ok ok ok ok ok ok ok ok

{
{) SUB-SECTORS
(

) & d &k ook ok ok ok ok k%

{(} PRODUCTION

FRML _D fXav =
FRML D fXak =
FRML I Xav =
FRML _I Xak =
FRML _I Xas =
FRML I Xao =
FRML I Xag =

(nv- (nvsh+nvvg+nvrf) -nvbr) /bnvav 3
nvak/bnvak S

pXav*fXav
pXak*fXak
pXas*fXas
pXac*fXao
pXag*fXag

Lr Ur Uy L Uy

{) ENERGY CONSUMPTION

FRML _GJR
FRML _GJR
FRML _GJR
FRML _GJR
FRMI, _GJR
FRML I
FRML I
FRML _I
FRML I
FRML T

{) MATERIAL
FRML _GJR
FRML _GJR
FRML _GJR
FRML _GJR

fVeav = ({angav+aneaviam3kav+amigav)*fXav §

fveak = (angak+aneak+amdkak+am3gak)*fXak $§

fveas = (angas+aneag+am3lkasg+am3gas)*fXas 3

fVveaoc = (angac+aneaoc+am3kac+am3gaoc)*fXao 3

fveaq = (angag+aneag+amikag+am3gaqg) *fXag 3

Veav = pVeav*fVeav $

Veak = pVeak*fveak S

Veas = pVeas*fVeas S

Veao = pVeao*fVeao $

Veaq = pVeag*fVeag $

CONSUMPTICON

fvmav = {aavav+aakav+aasav+aacav+aagav+anfav+
anmav+antav+ankav+abav +aghav+
agtav+aggav+amlav+amZav+ambav+
asiav)*fXav 5

fvmak = (aavak+aakak+aagak+aacak+aagak+anfak+
anmak+antak+ankak+abak +aghak+
agtak+aggak+amOak+amZak+amSak+
asiak} *fXak 5

fVvmas = (aavas+aakas+aasas+aaoas+aagas+anfas+
anmas+antas+ankas+abas +aghas+
agtas+adqgas+ambas+am2as+amsas+
asias) *f£Xas $

fvmao = ({(aavao+aakaoct+aasao+aaocao+aagao+anfao+

anmac+antac+ankao+abao +aghao+
agtao+aggao+amlac+amz2ao+amsac+
asiao} *fXao §
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FRML GJR fvmag = {aavagt+aakag+aasag+aacag+aagag+anfag+
anmag+antag+ankag+abag +aghag+
agtag+aggag+amlag+am2ag+amSag+

asiaq) *fXaq S
FRML I Vmav = pVmav*ivmav $
FRML _I Vmak = pVmak*fvmak 3
FRML I Vmas = pVmas*fvmas S
FRML _I Vvmao = pVmao*fVmao $
FRML I Vmag = pVmag*fvmag 3

(} ENERGY- OG MATERIAL CONSUMPTICHN

FRML _1I fvav = fVmav + fVeav 3
FRML _I fvak = fVmak + fVeak §
FRML I fvas = fVmas + fVeas 5
FRML I fvao = fvmaoc + fveao §
FRML _I fvag = fvmag + fveag $
FRML _I Vav = Vmav + Veav 5
FRML _I Vak = Vmak + Veak 3
FRML _I Vas = Vmas + Veas &
FRML I Vao = Vmao + Veao §
FRML I Vag = Vmag + Veaqg $
FRML I pvav = Vav/fvav 3§
FRML I pVak = Vak/fvak 3
FRML I pvVas = Vas/fVas 3§
FRML I pVvao = Vao/fvac
FRML I pvag = Vag/fvag §

() GROSS VALUE ADDED

FRML I Yfav = pYfav+rifvyfav 3
FRML _ I Yfak = pYfak*fyfak $
FRML T Yfas = pYtas*fyfas $
FRML I Yfao = pYfao*fyfao 3
FRML I Yfag = pYfag*fyfag 3

() WAGES AND EMPLOYMENT

{) bhga<k> er det nedvendige timeinput pr. producerede enhed, er endnu ikke
dannet i banken

FRML _GJR HQav = bhgav*fXav $
FRML _GJR HQak = bhgak*fXak S
FRML GJR HQas = bhgas*iXas 5
FRML _GJR HQao = bhgao*fXao 5
FRML _GJR HQag = bhgag*fXaqg S

FEML _GJR OQwav
FRML _GJR Qwak
FEML _GJR Qwas
FEML _GJR Qwao
FRML. _GJR Qwag

HQav* (1-bgsav;* {1/hgn)*1000
HQak* {1-bgsak) * (1/hgn) *1000
HQaa~* (1-bgsas)* (1/hgn) *1000
HQao* (1-bgsao) * (1/hgn} *1000
HCag* {1-bgsaqg) * (1/hgn)*1000

Ly Ly Uy U U

o0 mn

FRML _GJR Qsav
FRML GJR (Qsak
FEML GJR (zas
FEML GJR Qsao
FEML _GJR 9Qsag

HQav*bgsav* (1/hgn) *1000
HQak*bgsak* {1/hgn) *1000
HQas*bgsas* {1/hgn) *1000
HQao*bgsac* {1/hgn) *1000
HQag*bgsag* {1/hgn) *1000

L L U A

[ I A 1]

FRML _GJR Ywav
FEML GJR Ywak
FRML GJR Ywas
FRML _GJR Ywao
FRML _GJR Ywaqg

lav* {l1-bgsav) *hgav-Sigalv
lak* {1-bgsak) *hgak-Sigalk
las*{l1-bgsas) *hgas-Sigals
lao* {1-bgsao) *hgao-Sigalo
lag* (1-bgsaq) *hgag-Sigalg

L4 U At

it R
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{} CAPITAL, COSTS OF CAPITAL AND GROSS CAPITAL FQRMATION

{} GROSS CAPITAL STOCKS

FRML _GJR fKmav = fXav*bkmav 5

FRML GJR fKmak = £fXak*bkmak $

FRML _GJR fKmas = fXas*bkmas $

FRML _GJR fKmac = fXao*bkmao 3

FRML _GJR fKmag = £fXag*bkmag $

FRML GJR fKbav = fXav*bkbav §

FRML _GJR fKbak = fXak*bkbkak s

FRML _GJR f£fKbas = fXas*bkbas $

FRML GJR fKbao = fXao*bkbao $

FRML GJR £fKbag = fXag*bkbag S

(} CAPITAL FORMATIOW

FRML I fImav = fKmav-{(l-bfimva)*fKmav{-1) S
FRML I fImak = fKmak-(l-bfimva)*fKmak{-1) S
FRML I fImag = fKmag-(l-bfimva)*fKmasi{-1) 3§
FRML I fImac = £fKmao-(l-bfimva)*fKmao(-1) 3§
FRML I fImag = £fKmag-{(l-bfimva)=*fKmag(-1) $
FRML T fIbav = fKbav-{l-bfibva)*fKbav{(-1} 35
FRML I fIbak = fKbak-{1l-bfibva)*fKbak(-1} 5
FRML I fIbas = fKbas-{l-bfibva)*fKbas(-1) S
FRML T fIbac = fEKbao-{l-bfibva}*fKbac{-1) s
FRML I fIbag = fKbag-{(1-bfibva)*fkbag(-1) $
FRML I Imav = pImav*fImav $

FRML T Imak = pImak*fImak 3

FRML I Imag = pImag*fImas S

FRML I Imac = plmaco*fImac 3§

FRML I Imag = plmag*fimag §

FRML I Ibav = ©pIbav*fIbav 3§

FRML I Ibak = pIbak*fIbak §

FRML I Ibas = plIbas*fibas 3

FRML I Ibaoc = plbao*flbkaoc 3

FRML I Ihag = plbag*flkbag 3

{}) NET CAPITAL STOCK

FRML GJR tKonmav = fImav+ {(i-bfinmva}*fknmav(-1) §
FRML _GJR fKnmak = fImak+ {(l-bfinmva}*fKnmak{-1) &
FRML _GJR fKnmas = fImas+{l-bfinmva)*fKnmas{-1} S
FRML _GJR fKnmac = fImao+ (l-bfinmva)*fKnmao{-1} &
FRML _GJR fxnmag = fImag+ (l-bfinmva) *f{Knmag(-1} $
FRML _GJR fKnbav = fIbav+(l-bfinbva)*fKnbav{-1) $
FRML _GJR fKnbak = fIbak+(1-bfinbva)*fKnbak(-1) $
FRML GJR fKnbas = fIbas+{l-bfinbva)*fKnbas(-1) 3
FRML _GJR fKnbao = fIbao+ {l1-bfinbva)*fKnbao(-1) §
FRML _GJR fKnbag = fIbag+{l-bfinbva)*fKnbag(-1) 3
FRML T bfknmav = fKnmav/fKmav S

FRML T fknmak = fKnmak/fKmak 3

FRML T bfknmas = fKnmas/fKmas 3

FRML T bfknmao = fKnmac/fKmac 3

FRML T bfknmaqg = fKnmaqg/fKmaqg $

FRML I bfknbav = fKnbav/fKbav S

FRML I bfknbak = fKnbak/fKbak S

FRML I bfknbas = fKnbas/fKbasg $

FRML I bfknbac = fKnbao/fkKbao $

FEML I bfknbag = fKnbag/fKbag )
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() USER-COST
() MACHINERY
FRML _GJR uimav=bfknmav*pimav*(l-tsdsu*bivpm)

/{l-tsdsu)* ((i-tsdsu)*iwlo+bfinmva-0.5%rpimae} $
FRML _GJR uimak=bfknmak*pimak=* (1l-tsdsu*bivpm)

J{l-tsdsu)* {{1-tsdsu)*iwlo+bfinmva-0.5*rpimae) S
FRML GJR uimas=bfknmas*pimas* (1-tsdsu*bivopm)

/(1-tsdsu)* {{1-tadsu)*iwlo+bfinmva-0.5%rpimae) $
FRML _GJR uimao=bfknmac*pimao* (1l-tsdsu*bivpm)

/{l-tsdsu)*{{1-tsdsu)*iwlo+bfinmva-0.5*rpimae) §
FRML _GJR uimag=bfknmag*pimaqg* (1-tsdsu*bivpm)

/ (1-tsdsu) * ({i-tsdsu) *iwlo+bfinmva-~0.5*rpimae) 3§
() BUILDINGS
FRML GJR wuibav=bfknbav*pibav* (1-tsdsu*bivpb)

/(l-tsdsu)* ({1-tgdsu) *iwbz+bfinbva-0.5*rpibae) 3
FRML _GJR wuibak=bfknbak*pibak*(1~tsdsu*bivpb)

/ (1-tsdsu) *{{l-tsdsu)*iwbz+bfinbva-0.5*rpibae) §
FRML GJR uibas=bfknbas*pibas*(1-tsdsu*bivpb)

/(l-tsdsu)*{{l-tsdsu)*iwbz+bfinbva-0.5*rpibae}) 3
FRML GJR uibao=kfknbao*pibao* (l-tsdsu*bivpb)

/(l-tsdsu) * ({1-tsdsu)*iwbz+bfinbva-0.5*rpibae) 3
FRML GJR uibag=bfknbag*pibag*{l-tsdsu*bivpb)

/{1-tsdsu}*({1-tsdsu)*iwbz+bfinbva-0.5*rpibae) §
(} COSTS OF PRODUCTION

FRML GJR pwav=(uimav*fKmav+uibav*fKbav+lav*Hgav+Veav+Vmav+sigav-

sigalv) /fXav 3

FRML _GJR pwak=(uimak*fKmak+uibak*fKbak+lak*Hgak+Veak+vmak+sigak-

sigalk) /f¥Xak s

FRML GJR pwas=(uimas*fKmas+uibag*fKbas+las*Hgas+Veas+Vmas+sigas-

gsigals)/fXas 3

FRML GJR pwao=(uimao*fKmao+uibao*fKbao+lao*Hgao+Veao+Vmac+sigao-

siqala)/fXao s

FRML GJR pwag=(uimag*fKmag+uibag*fKbag+lag*Hgag+Veag+Vmag+sigag-

sigalqg) /fXagq $

{) TAXES AND DUTIES

FRML _GJR Sigzav
FRML _GJR Sigzak
FRML _GJR Sigxas
FRML _GJR Sigxac
FRML _GJR Sigxagq
FRML GJR Sipveav
FRML _GJR Sipveak
FRML GJR Sipveas
FRML _GJR Sipveao
FRML _GJR Sipveaq
FRML _GJR Sipxav
FRML _GJR Sipxak
FRML GJR Sipxas
FRML _GJR Sipxao
FRML _GJR Sipxaqg
FRML GJ_ Sigalv
FRML _GJ_ Sigalk
FRML GJ Siqals
FRML _GJ Sigqalo
FRML GJ Sigalg
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{} AGGREGATION TO THE AGRICULTURAL SECTOR IN ADAM
() Frok A odeokok Ak ok ko ok ke ok ke ke ke ke ke ke ek ke ke ke ke ok ke ke ok

{} PRODUCTION

FRML I fXa fXav + fXak + fXas + fXao + fXag 3
FRML _I Xa Xav + Xak + Xas + Xao + Xag §

FRML 1 pXa = Xa/fXa 3

It

(} ENERGY- og MATERIAL CONSUMPTION

FRML I fVea = fVeav + fVeak + fVeas + fVeac + fVeag $§
FRML _1I Vea = Veav + Veak + Veas + Veao + Veag $
FRML I pvVea = Vea/fVea 3

FRML I fVma = fVmav + fvmak + fVmas + fVmao + fvmag §
FRML I Vma = Vmav + Vmak + Vmas + Vmao + Vmag §

FRML I pVma Vma/fvma $

tvav + fvak + fvas + fvao + ftvag $
Vav + Vak + Vas + Vao + Vag §$
Va/fva 3

FRML I f£fVa
FRML I Va
FRML I pVa

[ 1]

{} GROSS VALUE ADDED

fyfav + fYfak + f¥fas + fY¥fao + f¥fag 3
Yfav + Yfak + Yfas + Yfao + Yfag $
FRML I pYta Yfa/fyfa 3

{} WAGE AND EMPLOYMENT

FRML T fYfa

FRML I Yfa

[T}

FRML I HQa = HQav + Hgak + HQas + HQac+ HQag 3
FRML I CQwa = Qwav + Qwak + Qwas + Qwac+ Qwag S
FRML I Qsa = @sav + Qsak + Qsas + Qsac+ Qsag $
FRML I Ywa = Ywav + Ywak + Ywas + Y¥Ywac+ ¥Ywag 3

() CAPITAL, CAPITAL COSTS AND GROSS CAPITAL FORMATION

i

FRML I fKma fKmav + fKmak + fKmas + fKmao + fKmag $

FRML I fKba = fKbav + fKbak + fKbas + fKbao + fKbag $

FRML T fKnma = fKnmav + fXnmak + fKnmas + fKnmao + fKnmag $

FRML I fKnba = £fKnbav + fKnbak + fKnbas + fKnbao + fKnbag $

FRML I fIma = £fImav + fImak + fImas + f£Imaoc + fImag &

FRML. I fIba = £fIbav + fIbak + fIbas + fIbao + fIbag §

FEML T Ima = Imav + Imak + Imas + Imao + Imag $

FRML I Iba = Ibav + 1Ibak + Ibas + Ibao + Ibag $

FRML I plIma = Ima/fIma 3§

FRML I plba = Iba/fIba 3

FRML I bfknma = fKnma/fKma §

FRML I bfknba = fEKnba/fKba $

FRML I uima = bfknma*pima* (1-tsdsu*bivpm)/ (1-tsdsu)
*{{l-tedsu)*iwlo+bfinmva-0.5*rpimae) §

FRML I uiba = bfknba*piba*{1-tsdsu*bivpb)/ (1-tsdsu)

*{{1-tsdsu) *iwbz+bfinbva-0.5*rpibae) $
FRML I 1la ={lav*Hgav+lak*Hgak+lasg*Hgas+lao*Hgao+lag*Hgaqg) /hga $

{) COSTS OF PRODUCTION

FRML GJR pwaw= (uima*fKma+uiba*fkKba+la*hga+Vea+Vma+5iqa-sigal}/fXa 3
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{} TAXES AND DUTIES

FRML I Sigxa
FRML I Sipxa
FRML I Sipvea

Sigxav + Sigxak + Sigxas + Sigxao + Sigxag &
Sipxav + Sipxak + Sipxas + Sipxao + Sipxag $
Sipveav+ Sipveak+ Sipveas+ Sipveao+ Sipveag $

fl

FEML I tvma
FEML I tvea

{(Sipxa-8ipvea)/fvma §
Sipvea/fvea $

10

FRML I Sigal
FRML _I Siga

Sigalv + Sigalk + Sigals + Sigalo + Sigalg $
Sigav + Sigak + Sigas + Sigac + Sigag $

ItH
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() DISAGGREGATION TO PHYSICAL ESMERALDA VARIABLES

() I R R R R R E R R A R L R E R Ry R

FRML GJR nkm = nkme* (fXak/f{Xake) S
FRML GJR nko = nkoe*(fXak/fXake) $
FRML _GJR nka = nkae*(fXak/fXake) $
FRML GJR nkl = nkle*(fXak/fXake) $
FRML GJR ngs = ngse* (fXas/fXase)/1.9 5
FRML GJR nsl = nslex(fXas/fXase}/1.9 S
FRML GJR noe = noee*{fXas/fXase)*6.421 5
FRML GJR tvi = tvfe*(fXav/fXave) 5
FRML _GJR tvv = tvve* (fXav/fXave) $
FRML GJR tvh = tvhex{fXav/fXave) $
FRML GJR tvb = tvber(fXav/fXave) $
FRML GJR tvo = tvoe*{fXav/fXave) $
{} FRML GJR tvg = tvg~*(fXav/fXave) S
FRML GJR tvk = tvke*{fXav/fXave) s
FRML GJR tvr = tvre*{fiXav/fXave) s
(} FRML GJR tvrf = tvri*(fXav/fXave) $
{}) FRML GJR tvsh = tvsh* (fXav/i{Xave) S
(} FRML GJR twvvg = tvvg*(fXav/fXave) 5
{) FRML GJR tvoc = tvoc* (fXav/fXave) 5
= $

{} FRML _GJR nvg nvge*fXav/IXave
FRML GJR nvsh = nvshe*nvak/nvake §
FRML GJR nvvg = nvvge*nvak/nvake §$
FRML GJR nvrf = nvrfe*nvak/nvake $



4. The ESMERALDA model

4.1 Introduction

As mentioned above, ESMERALDA'! is an econometric behavioural model representing the
Danish agricultural sector. The model describes production, input application and land use
etc. in 16 of the most significant agricultural lines of production (spring barley, winter barley,
wheat, peas, rape, sceds for sowing, potatoes, sugar beets, fodder beets, green fodder in
rotation, permanent grasslands, dairy cattle, beef cattle, pigs and poultry as well as the fallow
area) as functions of e.g. exogenous agricultural product and input prices, quantitative
restrictions etc. Green fodder in rotation, dairy cattle, beef cattle and pigs can also be
considered as aggregates. Hence, dairy cattle comprises dairy cows and rearing cattle, beef
cattle comprises nurse cows and slaughtering calves, pigs comprise sows and baconers, and
green fodder in rotation includes grass and silage cereals. In total 19 lines of production are
distinguished. However, the proportions within the aggreates dairy cattle, beef cattle, pigs and
green fodder are assumed to be constant in the simulations with ESMERALDA. The model is
based on econometrically estimated cost and profit funetions for different farm types, where
prices are among the explanatory variables. Simulations with the model are combined with an
aggregation procedure to aggregate farm type results to e.g. a national level. Among the
output variables from the model can be mentioned areas with different crops, numbers of
animals in different livestock categories, revenues from sales of agricultural productions,
input costs ctc. Aggregated revenues and costs are in principle comparable with
corresponding official agricultural gross factor income figures, although there are some
differences in the definition of the agricultural sector, cf. below.

4.2 Data
Main data sources underlying the ESMERALDA model are:

- official aggregated data from Agricultural Statistics, Statistics Denmark

- more detailed farm accounts data from Danish Institute of Agricultural and Fisheries
Economics (SJFI)

- detailed data concerning the economy of individual lines of agricultural production from
SJFI

The LADA-data are consistent with official aggregated data from Statistics Denmark. For
various reasons the more detailed SJFI-data are not strictly consistent with these official
figures. Hence, a number of data compatibility issues arise, including differences in the
degree of representativity in the two data samples, ditferences in sector and variable
definitions and differences in the level of detail in the available data. These problems will be
handled in the following.

The agricultural accounts statistics database comprises data from a sample of approximately
2000 farms on an annual basis. The sample represents farms with at least 5 hectares. Based on
data from the full-time farms in this sample (around two thirds of the sample), a statistic for
the economy of individual lines of agricultural production is also provided. By contrast, the

** Econemelric Sector Model for Evaluating Resource Allocation and Land use in Danish Agriculture (Jensen,
2000, Jensen et ai., 2001).
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official data from Statistics Denmark are based on a sample of approximately 24000
enterprises, which also includes horticulture as well as a larger number of very small farms.

Data concerning individual lines of production

An overview of data concerning individual lines of production can be obtained from Table 4.1
below. The figures arc supplemented by official data for total activity levels in the respective
lines of production.

‘The number of baconers represents a stock measure, i.c. the number of pigs except for sows at
a given point in time. In contrast, the output and input figures in the baconer sector represent
revenues and costs per produced baconer. In general, the stock of baconers can be converted
to the number of produced baconers per year by multiplying by a factor of 1.9.

For example, table 4.1 shows that in cereals, pulses and rape an average of 14-17 hours of
labour 1s applied per hectare per year. The value of equipment is estimated as the technical
replacement value, whereas the value of buildings is estimated on the basis of cash value
according to the general assessment of real property. Figures concerning gross yields
represent the total output value for each of the production lines, including output used on-
farm, such as for example cereals used for feeding animals. For dairy cows, gross yield
represents the value of milk whereas the yield of beef is given in the beef yield tow of the
table.

Input applications in the subsequent threc blocks of the table are ordered according to
variability. The first section includes the most variable costs, the second section contains
semi-variable inputs, and the lower section represents fixed costs. Among the most variable
costs are seeds for sowing, fertilisers, chemicals, feeds etc., whereas semi-variable costs
include labour and equipment costs. Labour costs include the stipulated value of the labour
delivered by the farm family. In general, the most variable costs are most easily related to the
individual lines of production than is the case for capacity costs (labour, capital etc.)
Furthermore, capital costs are based on standardised assumptions concerning depreciation,
interests etc. Hence, the validity of the variable costs can be considered as more reliable than
those for less variable costs, at least as far as the distribution on lines of production is
concerned.

Relation between line-of-production data and agricultural gross factor income data

The above data represent the gross yields and input applications of each individual line of
production without specifically taking into account the interrelations between different lines
of production. Thus, gross yield figures represent the economic value of the total yield of the
considered produet, including the share used internally on the farm. Correspondingly, input
costs represent the total use of an input including deliveries from other lines of production on
the farms. By contrast, the official gross factor income statistics only represent net output and
input use, i.e. marketed outputs and inputs net of on-farm deliveries. The gross figures are,
however, important if the model user wants to analysc changes in the composition of
agricultural production.

The figures in Table 4.2.1 can be aggregated to the national level using the total activity levels
in the first line of the table. The resulting figures can be compared with the official gross
factor income figures. This comparison as well as a decomposition of the differences is
presented in Table 4.2.2.
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The first figure in Table 4.2.2 represents the total output value of cereals amounting to 9.2
billion DKK. when SIFI-figures arc aggregated. By comparison, the official figure is 6.3
billion DKK. The main reason for the difference is on-farm deliveries which are not included
in the official statistics. Differences in the average physical yield level in each of the data
samples from SIFI and Statistics Denmark also contribute slightly to explaining the difference
between the two figures for cereals. Concerning “other cattle” and pigs, the official figures
only include the value of produced meat whereas the SJFI-figures also include the gross value
of gains {in weight or value) in live animals."” The latter component is however more or less
offset by depreciations on live animals at the aggregate level, especially for dairy cows and
sows (not included in the table).

" Including changes in stocks.
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Table 4.2.2 Relations between aggregated SJFI figures and official gross factor income
figures, 1995

Excluded

Aggregated lines of On-farm Official
million DKK SIFI-figures  production deliveries Rest figures
Cereals total 9196 0 2903 -18 6311
Pulses 254 0 0 -32 286
Industrial sceds 442 0 0 -48 490
Potatoes 959 0 0 96 863
Sugar beets 1132 0 0 103 1029
Raw milk 11092 0 0 -69 11161
Other cattle 6172 0 2695 277 3200
Pigs 22360 0 7040 -945 16265
Eggs/poultry meat 726 0 0 -982 {708
Secds for sowing 1070 - 131 64 875
Fertilisers 2745 59 1034 -76 1845
Chemicals 1040 63 0 -9 1112
Feeds 12735 14 2857 -1350 11241
Energy 871 303 0 -386 1560

Source: Statistics Denmark, Agricultural Statistics 1993

On the input side, a major explanation for differences between the aggregated SJFI-figures
and the official figures is differences in the definition of the agricultural scctor. As an
example, Statistics Denmark includes horticulture in the agricultura! figures, whercas the SJFI
figures do not. Furthermore, since a significant amount of cereals is used on-farm for feeding,
this also explains a large share of the difference in feed cost figures. Aggregated SIFI figures
for fertiliser represent the sum of commercial fertilisers and the utilised share of animal
manure (represented by on-farm deliveries), whereas the official figures only represent
purchased fertilisers.

To a large extent there seems to be a reasonable correspondence between the SJFE line-of-
production data and the official gross factor income figures, taking the differences in
definitions of the agricultural sector and specific variables into account. In a few cases,
however. there exist significant differences. This is the case for marketed differences in the
value of poultry production, seeds for sowing and feeds.

4.3 Links between economic data and physical quantities

The above line-of-production data focus on economic issues in different production lines.
Direct quantitative data concerning individual lines of production (i.e. quantities of inputs per
hectare or animal) are accordingly only available to a limited extent in the SJFI data material.
However, in many environmental analyses there is a neced for this kind of information.
Therefore, supplementary data on physical quantities are taken from various data sources.
These data are not strictly consistent with those related to the economy in the different lines of
production, but they are considered to provide a reasonable basis for assessments of the order
of size for the relevant physical effects in connection with the above SJFI-data. Key quantity
variables for 1995 are given in Table 4.3.1.
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Table 4.3.1 Quantities per hectare or animal, 1995

Crop yield Nutrients per heclare
Phosphoru

Fertilisers Nitrogen s

Dkr/rha _hkg/ha  Dkr/ha kg/ha kg/ha

Spring barley elc. 5277 519 970 125 20
Winter barley 6077 60.8 1115 160 25
Wheat 7601 75.9 1044 180 25
Pulses 3427 38.0 520 0 20
Rape 2866 20.5 1209 170 25
Seeds for sowing 5854 389.0 578 110 20
Potatoes 22612 375.0 1741 160 30
Sugar beets 16702 461.0 1162 130 35
Fodder beets - 602.0 1881 200 35
Grass in rotation - 397.0 1531 350 35
Permanent grass - 222.0 1000 100 20
Commercial fertilisers total, million kg 201 22
Animal manure total, million kg 302 49

Source: Statistics Denmark, Agricultural Statistics 1995; Handbog for Driftsplantzgning 1995-96, 1998

Data concerning average crop yields per hectare, as well as total amounts of fertilisers and
animal manure are provided by Statistics Denmark, whereas the quantitaties of nitrogen and
phosphorus per hectare as well as the nutrient contents in animal manure are obtained from
the “Handbook of Farm Management” (Handbog for Driftsplanlegning). In each line of
production, crop yield data reflect actually obtained crop yields, whereas the fertiliser data
represent norms which are not necessarily consistent with actual applications of fertilisers.
Hence, the estimated nutrient quantities per hectare or animal in Table 4.3.1 are not
necessarily consistent with the total figures in the bottom of the table. Some of the deviation
is however also due to the fact that total official use of fertilisers includes the use of fertilisers
in horticulture.

The figures in Table 4.3.1 are applied to assess changes in the physical quantities of e.g.
nitrogen or phosphorus due to changes in land use or animal density. However, in the case of
price changes, there must be expected changes in crop yield levels as well as the composition
of inputs in the respective lines of production. In such cases, the changes in physical
quantities per hectare are determined on the basis of changes in the corresponding value terms
(measured in fixed price level). Hence, a given percentage change in the value of e.g. wheat
per hectare in fixed prices is assumed to represent the percentage change in the physical crop
yield per hectare of wheat.

Substitution between nutrients in commercial fertilisers and animal manure is assumed. For
nitrogen, the rate of utilisation is assumed to be 40%, whereas the corresponding utilisation
rates for phosphorus and potassium are assumed to be 70% and 85% respectively.

The economic-focused SJFI data (and presently also the ESMERALDA model) only contain
one fertiliser element for each line of production — the total value of fertilisers. Hence, this
observation includes the total costs of nitrogen, phosphorus and potassium per hectare,
including valued nutrients in animal manure. In order to enable quantitative assessments of
nutrient quantity changes due to price changes, we assume that the quantities of phosphorus
and potassium per hectare are fixed, whereas the quantity of nitrogen is the variable fertiliser
component. Given an initial distribution of the fertiliser cost per hectare according to nutrients
{based on data from Table 4.3.1), and information on the change in the total costs of fertilisers
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in fixed prices, we calculate the change in the quantity of nitrogen per hectare in each line of
production.

4.4 Disaggregating aggregate data to LADA subsectors and individual
lines of production

The above SJFI line-of-production data are aggregated to the 4 subsectors of LADA: crop,
cattle pig and poultry farming. As there are differences between the aggregated SJFI-data and
the official figures, the information from the SJFl-data is incorporated in terms of
disaggregation parameters which can be attached to the official aggregated variables. In this
way the official figures from Statistics Denmark provide the basis for the current data work as
mentioned above.

The distribution of the otficial aggregate figures on four of the five LADA sectors is shown in
Table 4.4.1. The official figures have been adjusted for on-farm deliveries across subsectors
(c.g. feeds from the cash crop sector to the livestock sectors and manurc from the livestock
sectors to crop production).

Table 4.4.1 Official aggregate figures distributed on LADA subsectors, 1995/96

Cattle

(including Pigs and
million DKK Cash crops roughage) poultry Poultry
Cash crops, totat 11882 0 0 0
Raw milk 0 11161 0 0
Other cattle 0 3200 0 0
Pigs 0 0 16265 0
Eggs and poultry 0 0 0 1708
Seeds for sowing 733 142 0 0
Fertilisers 2281 286 -781 0
Chemicals 913 136 0 0
Feeds’ 0 3169 10458 448
Energy 440 362 455 0
Net contribution to
total fertiliser usc N _
Nitrogen, million kg 249 96 63" 0
Phosphorus.million kg 50 6" 357 0

Source: Statistics Denmark, Agricultural Statistics 1993
# The figures are gross-figures, i.c. including on-farm deliveries between subsectors
*% Net ab storage

The amount of feed used in the pig sector is about three times that used in the cattlc sector, as
a large share of feed use in the cattle sector is covered by roughage which is produced
internally in the cattle/roughage subsector. By contrast, feed use in the pig sector is covered
by cash crops or external sources including imports.
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Distribution of subsector figures on individual lines of production

The constructed data at the subsector level may imply a neced for subsequent disaggregation of
these data into individual lines of production, ¢.g. in relation to environmental assessments. In
Tables 4.4.2-4.4.4, sets of disaggregation coefficicnts for this purpose are shown. The
coefficients represent the situation in 1995/96 and are based on the data in Table 4.2.1. In
general, the coefficients are constructed according the formula

Y P @.4.1)

Zm Ln Xy

where z; is the activity level (e.g. number of hectares), and xjj is the application of input j per
activity unit in production line i. For value data, these xij-figures are provided in Table 4.2.1,
whereas for physical quantity data, they are provided in Table 4.3.1,

Table 4.4.2 Disaggregation coefficients for cash crops
spring  winter seeds for sugar
barley barley wheat pulses rape sowing potatoes beets
Production value  0.280 0.091 0.374 0.021 0.036 0.029 0.078 0.092
Seeds for sowing  0.326  0.090 0.280 0.051 0.051 0.016 0.115  0.071

Fertilisers 0.337 0.109 0335 0.020 0.099 0.019 0.039  0.042
Chemicals 0.231 0.086 0358 0.035 0.087 0.029 0.054 0.121
Energy 0275 0.095 0319 0.031 0.068 0.030 0.119  0.063
Nitrogen

quantity 0.304  0.110 0405 0.000 0.097 0.025 0.025 0.033

Phosph. quantity 0304  0.107 0352 0.034 0.089 0.029 0.029  0.055

Source: Esmeralda database

Assuming that the composition of activities in the cash crop subsector is constant, 28% of a
change in the total subscctor output value (including production of on-farm deliveries) will be
spring barley, 9.1% will be winter barley cte. Measured in cost terms, 33.7% of a change in
the use of fertilisers in the cash crop subsector will be in spring barley, whereas 10.9% will be
in winter barley. However, considering the quantities of the respective nutrients yields slightly
different figures. For example, 30.4% of a change in the quantity of nitrogen in the cash crop
sector will be in spring barley.

Table 4.4.3 Disaggregation coefficients for the cattle/roughage subsector

fodder grass in permanent  dairy nurse  bulls/

beets  rotation grass cows heifers coes  calves
Output value 0.000 0.000 0.000 0.757 0.114 0006 0.123
- of which milk 0.000 0.000 0.000 0.683 0.000 0.000 0.000
Sceds for sowing 0.221 0.753 0.026 0.000 0.000 0.000 0.000
Fertilisers 0.420 2.433 0766  -1.488 -0.704 -0.187 -0.240
Chemicals 0.618 0.375 0.007 0.000  0.000 0.000 0.000
Feeds 0.000 0.000 0.000 0.548 0.206 0.032 0.213
Encrgy 0.057 0.264 0.056 0.447 0.119 0.000 0.057

Nitrogen quantity 0.102 1.265 0.174  -0316 -0.129 -0.027 -0.068
Phosphorus quantity  .345 2.453 0.675 -1467 -0.563 -0.i28 -0.316

Source: Esmeralda database

Of the total net use of fertilisers in the catle sector, the major part goes o grass and green
fodder, but a large share of this is delivered mternally in the subsector in terms of animal
manure, mainly from dairy and nurse cows. When it comes to chemicals the production of
fodder beets requires the largest share within the cattle/roughage subsector.
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Tabie 4.4.4 Disaggregation coefficients for the pigs/poultry subsector

SOWS baconers
Qutput value 0.206 0.794
Fertilisers (0.243 0.757
Feeds 0.252 0.748
Energy 0.484 0.516
Nitrogen quantity 0.160 0.840
Phosphorus quantity 0.234 0.766

Source: Esmeralda database

In the pigs/poultry subsector 79% of the outpul value stems from baconers, which also
contributes with a corresponding share of the subsector’s production of fertilisers/manure.
Poultry accounts for 2% of output value, but requires 4% of total feed costs. As atl the
contributions of nutrients have the same sign, we ignore the signs. in contrast to the cattle
sector above.

4.5 Need for recalculation of disaggregation matrices

In general, the disaggregation coefficients in Tables 4.4.2-4.4.4 are less robust to changes in
relative output prices than relative input prices. A change in output prices affects competition
between individual lines of production and accordingly the composition of the activities
within the subsector. A change in input prices also affects the competition between lines of
production, but the composition of the activities within the subsectors is affected to a smaller
extent, as an input price change in general affects all lines of production within a subsector.

The need for updating the disaggregation matrices has been evalnated by investigating the
responses to a 10% change on each of the output and input prices in turn. The results of such
an evaluation are presented in Table 4.5.1 for the cash crop subsector. For example, spring
batley’s share of total yield in the cash crop sector is 0.34 if the barley price increases by 10%
and 0.24 if the wheat price increascs by 10%. For 10% price increases on any of the other
crops as well as on any of the individual inputs, the resulting share lies closely around 0.28 as
in Table 4.4.2.

The table shows some variation in the disaggregation coefficients due to price changes in the
crop subsector. The major contribution to this variation stems from variations in the barley
and wheat prices respeetively. A price increase on barley leads to a larger barley area, mainly
at the cost of wheat area, and vice versa. These effects on land allocation naturally have
consequences for the distribution of various inputs on these crops. For pulses and rape. the
largest coefficients occur as an own-price effect. whereas the lowest coefficients occur when
cereal prices are changed. Disaggregation coefficients for the remaining cash crops are fairly
robust to price changes. As the coefficients in the cattle and pig/poultry subsectors are also
fairly robust to price changes, the sensitivity results from these subscctors are not prescnted.

A general impression from the sensitivity analysis is that the disaggregation coefficients in
Tables 4.4.2-4.4.4 are fairly robust to price changes at 10% or less. As was clear in Table
4.5.1. there is some sensitivity within the crop subsector, however, if the price relation
between barley and wheat changes significantly. Nevertheless. for most realistic scenarios, the
prices of barley and wheat may be expected to be highly correlated. In such cases, the
disaggregation matrix for the crop subsector will also be fairly robust to price changes at 10%
or similar magnitudes. An implication of this result is that as long as price changes are
moderate. the need for updating coefficients in the LADA-model is not dramatic.
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Table 4.5.1 Sensitivity of disaggregation coefficients to price changes,

crop subsector

Spring Winter Pota- Sugar

Crop sector barley barley Wheat Pulses Rape Seeds toes beets
Yield

minimum 024 0.09 036 001 001 003 006 008

maximum 034 010 046 005 006 0.03 009 0.11
Fertiliser cost

minimum 030 0.10 031 001 004 002 003 0.04

maximum 041 0.12 043 005 015 002 004 005
Pesticide cost

minimum 021 008 033 001 0.04 003 004 012

maximum 029 010 045 008 0.13 003 006 0.14
Energy cost

minimum 025 0.09 030 001 003 0.03 009 0.06

maximum 035 0.11 041 007 010 003 013 0.08
Nitrogen quantity

minimum 026 0.10 038 000 004 002 002 003

maximum 037 0.12 050 000 0.15 0.03 003 004
Phosphorus quantity

minimum 027 010 033 001 004 0.03 002 005

maximum 038 0.2 045 007 0.13 003 003 007

Source: Esmeralda database

Note: Minimum and maximum disaggregation coefficients due 1o 10%

individual outputs and inputs.

price increases on



5. Climate change

As mentioned in the introduction, CO,, CHy and N;O are greenhouse gases that affect the
climate. However, as different gases absorb radiation at different wavelengths and with
different efficiencies and have different mean lifetimes in the atmosphere, one kilo of the
different gases has quite different climatic effects. In order to weight the different gases in
international negotiations a measure in Global Warming Potential (GWP) equivalents has
been detined. GWP equivalents are defined as “the time-integrated warming effect due to an
stantaneous release of kg of the gas in today’s atmosphere relative to the warming effect of
lkg CO; measured in W/m® with a lifetime of 150 years”. The effect of the various
greenhouse gases can thereby be converted to an equivalent amount of CO,, i.e. to the amount
of CO; that will yield the same climatic effect (Holten-Andersen, J. et al 1998, p. 36).
Dependent on the horizon of the analyses, the relative weights of the different gases change
(the mean lifetimes of the various gases are different) and Table 5.0.1 shows the weights
assuming time-horizons of 20, 100 and 500 years respectively. In international climate
negotiations, gases are normally weighted according to a 100 years time horizon. In the Kyoto
protocol a long list of fluoridised greenhouse gases (HFCs, PFCs and SFq) are included, in
addition to the pollutants listed in Table 5.0.1. However, for Denmark the total emissions of
these pollutants never reach the equivalent of 1 Mt of CO, and are not treated in the present
model. Further, according to the Kyoto Protocol, only emissions from anthropogenic sources
are included in the national commitments to reduce emissions. Therefore, in the model GWP
equivalents are calculated as:

GWP = CO,dk +21- CH dk +310- N, Odk

CO,dk the total anthropogenic emission of CO; from Danish sources
CH,dk  the total anthropogenic emission of CH,4 from Danish sources
N.Odk the total anthropogenic emission of N,O from Danish sources

Table 5.0.1 GWP equivalents (mass basis).

Compound Chemica Lifetime Global Warming Potential
| formula (Time Horizon)
20 years 100 years 500
years

Carbon dioxide CO, Variable 1 1 1

Methane' CH; 2+-3 56 21 6.5

Nitrous oxide N.O 120 280 310 170
‘The GWP for methane includes indirect effects of tropospheric ozone production and stratospheric water vapour
production,

Source: Intergovernmental Panel on Climate Change (IPCC) (1996). p. 121.

For Denmark the contribution to the GWP of the three greenhouse gases for 1998 is shown in
Figure 5.0.1 It should, however, be kept in mind that only emissions from anthropogenic
sources are included.
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Figure 5.0.1 Contribution to GWP in 1997
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Source: Fenhan, J. (1999)

In this chapter the modelling of emissions of CHg and N>O is treated. The modelling of CO;
emissions is included in ADAM/EMMA and described in Andersen, F.M. et al (1997).

5.1 Emissions of methane (CH,)

As is seen from Table 5.0.1, methane has a greenhouse effect that is substantially larger than
CO,. Taking a 100 years time horizon, 1kg of methane has a greenhouse effect equivalent to
21kg of CO,. Of the total Danish greenhouse gas emissions, using a 100 years lime horizon,
about 8% of the effect is ascribed to anthropogenic emissions of methane. (Fenhann, 1999). In
addition to the anthropogenic emissions, about an equal amount of methane is estimated to
come from natural sources such as marsh gas from wetlands and ooze of natural gas from
underground; this figure is however fairly uncertain.

Looking at the sources of methane emission, in 1997 total emissions from anthropogenic
sources were 284 kt CHy. As can be seen from Figure 5.1.1 and Table 5.1.1, agriculture
accounts for the major part of the anthropogenic emissions {65%). These emissions are related
to the size of the livestock and come from enteric fermentation and management of animal
manure. Emissions from landfills account for about 22% and come from fermentation of
deposited biological waste. As future depositing of biological waste is prohibited, emission ol
methane from Jandfills is expected to decrease. Other sources, mainly energy-related
emissions, account for 13%. The energy-related emissions comprise both fugitive emissions
from fuels and emissions from combustion.

Figure 5.1.1 Emissions of CH4 in 1997

Energy
13%

Landfills
22%

Source. Fenhann, J. (1999)
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Table 5.1.1 Emission of CH, in 1997,

Ton CH.

Agriculture 182731
Enteric fermentation 137678

Manure management 45033

Landfills 63261
Energy 37713
Combustion 23713

Fugitive emissions 14000

Total 283705

5.1.1 Emission from agriculture

Methane is produced as a by-product during the digestive processes in animals. All domestic
animals emit methane, but the largest contribution is from ruminants (cows and cattle) due to
their ability to break down cellulose. Emissions come from both enteric fermentation and the
management of manure. About % of the total emission is from enteric fermentation.

Emission from enteric fermentation mainly depends on the size and composition of the
livestock and on the forage consumed by the individual animal groups. As is seen from Table
5.1.2 the major part of methane emission is from ruminants. Sows and fattening pigs
contribute to some extent and horses and ovines are minor contributors. Emission coefficients
differ among the different animal groups and are, except for dairy cows, assumed to be
constant over time. For dairy cows the emission coefficient is evaluated to increase by 0.71%
p.a. to 109 kg CHy per head in year 2003. This is due to a larger teed intake and an annual
increase in the milk production per cow by 1.43% p.a., which is a continuation of the annual
increase over the period 1985 to 1995. The calculation of emission coefficients for the four
categories of cows is shown in Annex 5.1.1. Emission coefficients for the other animal
categories are values from the IPCC-guidelines.

Table 5.1.2 CH4 emissions from enteric fermentation by livestock in 1997

Animal Heads in 1997 Year 1997 Year 2003

Enussion coetficient Emission  Emission coefficient Emission

kg CHy/animal/year ton CH; kg CH /animal/year ton CH,
Dairy cows 670354 104,18 69837 108,70 72867
Slaught. catves 369028 4283 15805 42,83 15805
Heifers 339744 33,39 28039 3339 28039
Nurse cows 125085 48 47 6063 48.47 6063
Sows 1068473 1.50 1603 1,50 1603
Fattening pigs 10074609 1,50 15112 1,50 15112
Poultry 18993561 0.00 0 0,00 0
Fur animals 2212811 0,00 0 0.00 0
Horses 38862 18,00 700 18,00 700
Ovines 64820 3,00 519 8,00 519
Total 137678 140708

Source: CORINAIR 1997,

As for enteric fermentation, emission from manure management depends on the size and
composition of the livestock. Emission coefficients mainly depend on the production of
animal manure and the CHy production capacity of the manure. In addition, emission
coefficients depend on the type of storage facility and the use of the manure. In the model.
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emission coefficients for manure management are assumed to be constant. Therefore, it is
implicitly assumed that average uses and storage facilities are unchanged. The major part of
the emission is from dairy cows, other caitle, sows and fattening pigs. Horses, ovine, chickens
and fowls are minor contributors.

Table 5.1.3. CH, emissions from manure management in 1997

Animal Heads in 1997 Year 1997

Emission coefficient Emission

kg CH4/animal/year ton CH4
Dairy cows 670354 21,86 14652
Slaught. calves 369028 1,63 602
Heifers 839744 1,57 1321
Nurse cows 125085 1,32 165
Sows 1068473 6,04 6450
FFattening pigs 10074609 2,07 20859
Poultry 189935601 0,05 893
Fur animals 2212811 0,00 0
Horses 38862 [,10 43
Ovines 64820 0,46 30
Total 45053

Source: CORINAIR 1997. The calculation of emission coefficients is shown in Annex 5.1.1.

Tbe distinction between enteric fermentation and manure management is maintained in the
model. Changes in manure management systems or the composition of races within the
animal categories may change the average emission coefficient per head. However, emission
coefficients are not determined within the modei, but are assumed to be exogenous.

Therefore, emission of methane from agriculture is described by the equations 5.1.1 and 5.1.2
and the emission coefficients used in the mode] are given in Table 5.1.2 and 5.1.3.

CH:,” - Z!_NH, . kcﬂi,(’m + k({}‘l” (5.1'1)

CH:‘!EHJ' . ZINH! . kCH;‘”H“! + k{i;l(l” (5.1.2)

CH;" and CHJ" total CH, emissions from enteric fermentation and manure
management respectively

NH' heads of animal type i (dairy cows, heifers etc.)

kCH " and kCH ;""" the CH, emission coefficients for animal type i

k" kg emissions from other livestock.

5.1.2 Emission from landfills

When organic material is deposited at landfills over time part of the carbon content 18
converted to methane. For categories of waste, Table 5.1.4 gives the amount of waste
generated, waste deposited, emission coefficients and actual emission in 1997, Accounting for
CH, collected by landfill gas plants, total emission from landfills for 1997 is estimated at
63261 ton CH,.

Emission coefficients per ton waste deposited are calculated from evaluations of the carbon
content in different types of waste, on the assumption that 50% of carbon content is converted
to a gas containing 45% methane. Before emission to the air, 10% of the CH, is oxidised (in
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the topsoil layer) to CO,. Concerning the rate of conversion, it is assumed that half of the
organic material is converted within the first 10 years after the deposition.

The amount of solid waste generated and deposited is forecasted using a very simple scenario
model distinguishing a few sources of waste.

Table 5.1.4 CH, emission from landfills in year 1997,

Waste Waste  CH, emission
generated deposited  ¢oefficient ke CH, emission
1000 ton 1000 ton  CH,/ton waste 1000 ton CH,

Domestic waste 1621 83 67.8 10814
Bulky waste 588 248 93.6 19541
Garden waste 443 6 51,3 4028
Comimercial 861 170 78.3 6360
Industrial 2736 707 22,1 15406
Building and construction 3427 264 7.6 66351
Sludge 1248 130 44.6 9361
CH, coliection 9400
Total 10924 1608 63261

Note: CH, emission coefficients are total CH, emissions from waste over time. while CH.,, cmissions are actual
emissions in year 1997,

By source, the amount of waste generated is forecasted according to:

, ; R
wg! =wg, |+ e (5.1.3)
X
wg, and wg, the amount of waste from source s generated in year t and the

baseyear ty, and x; and X, are an activity variable in ADAM in year t

and tg.

The amount of waste deposited is calculated as;
wd, = wg, -depsh’ (5.1.4)

where depsh/ is the share of waste from source s deposited in year t. depsh, is exogenous to

the model.
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The amount of waste generated and deposited by source, the deposition rate in 1997 and 2010
and the activity variables used for forecasts are given in Table 5.1.5.

Table 5.1.5 Waste generated and deposited in 1997,

Waste Waste Share deposited Activity variable

Waste source generated  deposited

wg, wd, depsh’ x,

1997 1997 1997 2010

Domestic refuse 1621 83 5% 1,25% 1C
Bulky refuse 588 248 42%  10,00% {Cv
Garden reluse 443 6 1% 0,25% Exogenous
Comm. & office Bo1 170 20%  10,009% fXq
Industrial refuse 2736 707 26% 19,50% {1Xn
Building & constr. 3427 264 8% 6,00% fXb
Sludge 1248 130 10%  10,00% Exogenous

Source: Data from Affaldsstatistik 1997, Annex | Table 1.

Emission coefficients are exogenous and basically calculated for types of waste and weighted
to coefficients for waste from sources. For source s the emission coefficient is calculated as:

kCH;™ " = Z_I sh;. (C% , -dsr-(1- or)-CH r: 1%2) (5.1.5)
kCH ;™" the methane emission coefficient in kg CH, per ton wasie

sh, the share of type f in the amount of waste from source s

C% the carbon content in waste of type f

dsr the rate of carbon dissimilated (set to 0.5)

or the oxidation factor (set to 0.1)

CH,r the share of methane in the gas emitted [rom the deposit (set to 0.45)

16/12 the weight of methane (CH,) divided by the weight of carbon (C)

The types of waste, the carbon content, weights in sources and the CH, emission coeflicients
are shown in Table 5.1.6.

Table 5.1.6 Calculation of XxCH ;""" for landfills.

Waste Card Other Oth. KCH, " e

Type of waste food Board&paper Plastics comb.  Waste kg CHy/ton waste
Dry Wel

Carbon content C%; 20 40 20 85 20-57
KCH, ™! s4 108 54 2295 54-155 0
Waste source Compositon of landfilled waste sh’; Total
Domestic refuse 0,37 0,15 0,26 0,07 0,03 6,12 1,00 67.8
Bulky refuse 0,31 0,05 045 0,19 1,00 93.6
Garden refuse 076 0,24 1,00 51,3
Comm.&office 024 035 011 0,05 0,10 0,15 100 78.8
Industrial refusc 006 009 001 0,01 006 077 101 22,1
Building & constr. 0,07 .93 1,00 7.6
Sludge 0,29 0.7 1,00 44.6

Source: Data {rom Fenhann, J. (1999)
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The total emission from landfills in year t is calculated as:

CH® 0 =5 S RCHY ™ - wd - di + (KCHY™™ - wd . drr) = CH coll (5.1.6)
dr. = exp(~dgr-{i ~ 1) —exp(~dgr-i) =1, 25 and

drr=1- Zfﬂfizi dr,

i=t

dr, the share of the total methane emissions from one ton waste deposited in year i

emitted in vear t

dgr the degradation rate set to 0.069 so that 50% of the total emissions are emitted
within the first 10 years after the deposition. The bracket in eq. 5.1.6 is the
remaining emissions for waste deposited 235 years ago

CH,coll the amount of methane collected by landfill gas plants. This collection 1s
exogenous to the model.

Emission coefficients by sources and historical values for deposited amounts of waste are
given in Annex 5.1.2.

5.1.3 Emission from energy

Emissions of methane from energy consist of emissions related to combustion of fuels and
fugitive emissions related to the production, processing, handling and transport of fossil fuels.
For 1997 energy related CH; emissions are given in Table 5.1.7.

Table 5.1.7 Energy related emissions of CH, in 1997,

Emission coef.

Source ton CH, Explanatory variable kg CH,/GJ
Combustion, total 23713

Power plants 15930 Natural gas cons in dec power stations (qlgdece) 0,36
Residential 6283 Wood and straw consumption in househ. (glscl) 0.40
Road transport 1300 Gasotine cons. by houscholds (qlicl) 0,02
Fugitive emissions, total 14000

Natural gas network 7900 Exogenous, constant

Town gas network 600 Exogenous, constant

Coal storage 3500 Coal impert (qJscene+qIscenh+glsdece+qlsdech)

Source: Data from Fenhann, J. (1999), Emissions from road transport revised due to additional information.

As is seen from the table. the major sources for emission from combustion are the gas
consumption in decentral power plants, wood and straw for residential uses and gasoline used
for road transport.

Emission from power plants is related to gas engines used for power production in decentral
plants. Of the total amount of natural gas used by decentral power plants in 1997 about 60% is
used in gas engines and in these engines it is cvaluated that 3% of the gas consumption is lost
as methane emissions. For natural gas used by decentral power plants (forecasted as the
variable gJgdece in EMMA) this gives an average emission coefficient of 0.36 kg CH./GJ.

Methane from residential sources is related to the burning of wood and straw. The emission
coefficient is 0.40 kg CIL/GJ. In the model this emission is linked to the consumption of solid
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fuels by households (EMMA variable gJscl). However, as qJsc] is only part of the residential
use of wood and straw, emissions are scaled to give the emissions in 1997.

Concerning road transport, methane is emitted from vehicles using gasoline. In 1997 the
emission coefficient is 0,018 kg CH4/GJ. However, due 1o the introduction and improvements
of catalytic converters the emission coefficient is reduced to 0,0025 kg CH4/GJ in year 2010
and to 0,0003 kg CH4/GJ in year 2030. In the model emissions are linked to consumption of
transport fuels by households (EMMA variable glicl), and (as this is not the gasoline
consumption) scaled to give the emissions in 1997.

Fugitive emissions are related to leakage from gas networks and evaporation from storage of
coal.

Leakage from the gas network is mainly related to the size and physical conditions of the
network and is assumed (o be constant in the model.

Evaporation from coal storage depends on whether the coal is from surface or underground
mines, where emission from underground mined coal is more than 20 times the emission from
surface mined coal. As we do not know the future composition of coal consumplion, in the
model the composition in 1997 is kept constant. In addition, emission is linked to the
consumption of coal in power plants (EMMA variables qJ scene+glscenh+qlsdece+qlsdech),
and the emission coefficient is scaled to give the emission in 1997.
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Annex 5.1.1 Calculation of CH4 emission coefficients for agriculture.

Enteric fermentation.

Emission coefficients for enteric fermentation depend on the amount of forage consumed, which again
depends on the weight, growth, milk production, breeding and the type of forage consumed by the
individual animals. According to IPCC guidelines, emission coefficients are calculated from the net
energy consumption necessary to obtain the production of the animal, and this is then converted to
gross energy consumption dependent on how digestible the forage is. Finally part of the gross energy
consumptior is converted to CH,. The general equation for the emission coefficient is:

kCH!" = GE'-sCH , -wi‘g— (AS.1.1)
55.65
kCH ;" the emission coefticient in kg CHy/animal/year
GE' the gross energy consumption in MJ per animal per day
sCH, the share of the energy consumption emitted as CH, (set to 6%)
55.65 the calorific value of 1 kg CH, in MJ and the 365 is the number of days per
year.

That is, the first two terms give the daily energy consumption per animal used for production of
emitted CH,, and the two constants are simply conversion factors from daily to annual encrgy use and
from energy in MJ to emissions in kg CH,.

The gross energy consumption GE' is calculated from the net energy used by the animal, and empirical
functions for the conversion from net energy usable by the animal to gross energy input via forage.
Due to differences in the conversion factors from net to gross energy, IPCC distinguishes between
energy consumption for maintenance, lactation, pregnancy etc and for growth, that is, suppressing
index i

NE, NE,

GE = —*+ + — {A5.1.2)
(’f / Cf.ﬁ

NE, the net energy consumption in MJ per day for maintenance, lactation, pregnancy etc.

NE, the net energy consumption in MJ per day for growth

cf;, ¢f, the corresponding conversion factors from net to gross energy consumption

The net energy consumption for maintenance etc. is calculated according to:

NE, = e W (58 +5G LIT)|+ [L- (147 +0,40- F)]+ 0335 W' 0,075 58] (a5.1.3)

W the weight of the animal in kg

h) the share of feed given as stall-feed

sG the share of feed obtained by grazing (to obtain their food, grazing animals require more

energy than do stall-fed animals)

L the amount of milk produced measured in kg per day

F the fat content in the milk measured in percent e.g. 4 for 4%

sB the share of animal giving birth per year

k a constant of 0,335 for dairy cows and 0,322 for other cattle
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The net energy consumption for growth is calculated as:
NE, =418-(0.035-W"™ . oW ) ow | (AS.1.4)
oW the weight gain in kg per day.

The conversion factors ¢f, and cf, are estimated from empirical observations and depend on the

digestibility of the feed. For the digestible energy rate sde respectively less than or greater than 65%
of the gross cnergy in the feed the conversion factors arc calculated as:

for sde <0,65 (A5.1.5)

of, = 5de[0.298 + 0,335 sde]
of, = sdel~ 0,036 + 0,535 - sde]

for sde > 0,65 cf, = sde- [1,1 23+0,4092 - sde + 0,126 - sde” + -254 mJ
of, = sde- [1,1 64+ 0.5160- sde + 01308 - sde” + 374/ de]
sde the share of digestible energy relative to the gross enecrgy content in the feed.

From these equations the emission coefficients for enteric fermentation from categories of cows are
calculated in Table A5.1.1.

Table AS5.1.1 Calculation of emission coefficients for enteric fermentation from cows
and cattle,

Animals Dairy cows 1997 Dairy cows 2003 Slaught.calves Heifers/calves  Nurse cows

Weight W 550 550 260 279 550
Weight gain dw 0 0 1 0,5 0
Feed stall EN 0.9 0.9 0.1 0.6 .39
Feed grass s0 0,1 0.1 0.9 0.4 0.61
Milk prod. L 19,1 20.51 0 0 0
Milk fat % F 4 4 0 0 0
Birth rate sB 0.9 0,9 0 0 0.9
Constant k 0,335 0,335 0.322 0.322 0,322
Net energy maint. NE, 99,90 104,23 24,04 2348 4293
Net energy growth NE, 0,00 0,00 13,65 6,69 0,00
Digestibility sde 0,71 0,71 0,76 0,74 0,67
Conversion factor cf) 0,38 0,38 041 0,40 (.35
Conversion factor cf, 0,24 0,24 0.27 0.26 0,21
Gross energy GE 264,74 276,21 108.83 84,84 123,16
Emission coefficient 104,18 108,70 42,83 33,39 48,47

Data Source: Andersen, J.M. (1999,
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Manure management.

The emission coefficients for manure management depend on the amount of manure per animal, the
CH, production capacity of the manure and the type of management/storage facilities. According to
IPCC guidelines emission coefficients per animal are calculated as:

kCH!™" = DW' . CH}max- ) ST" -sECH} (A5.1.6)
j
DWW’ the drv-matter content of the manure from animal categor i {measured in kg
y gory g
manure per animal per year)
CH' max the max. CH, production capacity for manure from animal category I measured in

kg CH, per kg dry-matter manure}
ST the share of manure from category i stored in system j

sECH ! the share of CH | max that is emitted when stored in system j

Employing equation AS.1.6 and parameter values recornmended by TPCC, the calculated emission
coefficients are given in Table A5.1.3.

Table A5.1.3 Emission coefficients for manure management.

Manure management Emission coeff.
Solid Liquid Grazing  kCH,™
Share of CH, max emitted (sECH,) 0,01 0.1 0.01
Manure  Methane prod
DW' CH, max
Dairy cows 2115 0,1608 0,3 0,6 0,1 21.8
Slaught. calves 479 0.1139 0,77 0.23 (O 1,7
Heifer calves 591 0.1139 0.4 15 045 1.6
Nurse cows 1156 0.1139 (.43 0 0.57 1.3
Sows 257 0.3015 0,23 0.75 0.02 6,0
Piglets a9 03015 0.13 0.87 0 1.0
Slaught. pigs 124 0.3015 0,32 (.68 0 27
2.1

Fattening pigs 2,
Poultry/ 100 heads 1077 0,3015 0.95 0,05 0 4.7

Data Source: Jensen. T.S. (1999). The emission cocfticient for Fattening pigs is a weighted average of piglets
(35%) and Slaught. pigs (65%). The weights are the number of animals in each category relative to the total
number of fattening pigs.
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Annex 5.1.2 Landfilled waste.

Table A5.1.4 Time-series for the amount of landfilled waste and the collection of CH,

Domestic Bulky Garden Commer Industria Building Sludge Ash & | Total ikt CH,
waste waste  waste -cial | waste & slag collected
Constr.
Emissioncoefficient kg CH /ton waste kCH ™"
67.8 936 513 78.8 22.1 7.6 44.6 0.0|

Year 1000 Tons waste

1970 846 834 668 237 3440 7137 1548 169.2] 16453 0.0
1971 923 965 729 258 3752  778.6 1689 184.6{ 1794.9 0.0
1972 100.0 1045 79.0 280 4065 8435 183.0 200.0| 19445 0.0
1973 107.7 1125 85.1 302 4378 9084 197.1 2154| 2094.1 0.0
1974 1154 1206 912 323 4690 9733 211.2 230.8] 22437 0.0
1975 123.1 1286 972 345 5003 1038.2 2252 2462 23932 0.0
1976 130.8 1367 103.3 36.6 5316 1103.0 2393 261.5 25428 .0
1977 138.5 1447 109.4 388 5628 11679 2534 2769 2692.4 0.0
1978 146.2  152.7 1155 409 5941 12328 267.5 2923 2842.0 0.0
1979 153.8 1608 1215 43.1 6254 12977 2815 307.7| 29915 0.0
1980 1615 168.8 127.6 452 656.7 1362.6 2956 323.1{ 3141.} 0.0
1981 169.2 176.8 1337 474 6879 14275 3097 3385 32907 0.0
1982 176.9 1849 1398 495  719.2 14923 3238 353.8; 3440.3 0.0
1983 184.6 1929 145.8 51.7 7505 1557.2 337.8 369.2| 35898 0.0
1984 1923 201.0 1519 53.8  781.7 16221 3519 384.6] 3739.4 0.0
1985 200.0 209.0 158.0 560  813.0 1687.0 366.0 400.0| 3889.0 0.0
1986 1998 2173 1434 06.7 8149 15399 337.2 427.0{ 37462 04
1987 199.6 2257 1289 773 816.8 13928 3084 454.0| 3603.4 04
1988 199.3 2340 1143 88.0 8187 12457 279.7 4810 3460.7 0.4
1949 199.1 2423 998 98.7 8206 1098.6 2509 508.0| 3317.9 0.9
1990 198.9 2507 852 1093 8224 9514 2221 5350{ 3175.1 1.7
1991 198.7 259.0  70.7 1200 8243 804.3 1933 562.0| 3032.3 1.7
1992 1984 2673  56.1 1307 8262 657.2 164.6 589.0[ 2889.6 1.7
1993 1982 2757 416 1413 8281  510.1 1358 6160 2746.8 2.8
1994 198.0 284.0 27.0 152.0 8300 363.0 107.0 643.0f 2604.0 2.8
1995 190.0 286.0 17.0 128.0 779.0 3210 101.0 1350 1957.0 6.0
1996 132.0 275.0 6.0 1350 822.0 317.0 117.0 703.0{ 2507.0 6.6
1997 83.0 248.0 6.0 1700 707.0  264.0 130.0 475.0| 2083.0 94
1998 741 2214 54 1579 6818 2546 130.0 475.0{ 2000.1 12.7
1999 652 1949 4.7 1457 6565 2451 130.0 475.0] 1917.1 15.0
2000 56.3 108.3 4.1 1336 631.3 2357 1300 475.0] 18342 16.0
2001 474 1417 34 1214 606.0 2263 1300 4750/ 17513 17.0
2002 385 115.1 28 1093 5808 2169 1300 475.0/ 16684 18.0
2003 29.6  8B8.6 2.1 97.1 5555 2074 1300 475.0| 1585.4 18.0
2004 20,8  62.0 1.5 85.0 530.3 198.0 130.0 473.0] 15025 18.0
2005 208 620 1.5 850 5303  198.0 130.0 475.0| 15025 18.0
2006 208 620 1.5 850 5303  198.0 130.0 475.0/ 1502.5 18.0
2007 208 62.0 1.5 35.0 5303 1980 130.0 475.0| 15025 18.0
2008 20,8 620 1.5 85.0 5303 . 198.0 130.0 475.0 1502.5 18.0
2009 208 620 1.5 850 5303  198.0 130.0 475.0| 15025 18.0
2010 208 620 1.5 850 5303  198.0 1300 4750/ 1502.5 18.0
2011 20.8  62.0 1.5 85.0 5303 198.0 1300 475.0] 1502.5 18.0
2012 208 620 1.5 85.0 5303 198.0 1300 475.0/ 1502.5 18.0

Source: Fenhann, J. (1999), p.54. Figures in bold arc statistic figures or goals in the official waste plan.
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5.2 Emissions of nitrous oxide (N,O).

Assuming a 100 years time horizon, the global warming potential index for nitrous oxide
(N,O) is 310, i.e. one kg nitrous oxide has a greenhouse effect equivalent to 310 kg CO; (see
Table 5.0.1). The total emission of N>O from Danish sources was 32,3 kt in 1997, and this
accounts for ahout 149 of the greenhouse effect of anthropogenic emissions from Danish
sources.

Distribution by major sources is illustrated in Figure 5.2.1 Agriculture is by far the most
important source, accounting for 92% (29,7 ko) of the total N.O emission. Road transport
contributes with 3% (1,0 kt) and energy. incl. other mobile sources, contributes with 5% (1,6
kt}.

Figure 5.2.1 Emissions of N20O in 1997

Energy
Recad 59%
transport
3%

Zgriculture
92%

=

Source: CORINAIR-database, 1997

5.2.1 Emission of N,O from agriculture.

The sources of N.O from agriculture are emissions from agricultural crops and emissions
from manure management, accounting for 75% and 25% respectively.

Production of N>O results primarily from the nitrification and denitrification processes
involved in the degradation of organic material, by either aerobic microbial oxidation of
ammonium to nitrate or by anaerobic microbial reduction of nitrate to dinitrogen gas. N2O 1s a
gaseous intermediate in the reaction sequences of both processes. These processes Occur
during decomposition of animal manure in manure storage systemns, during decomposition of
organic material in soil and during leaching of nitrogen.

According to IPCC (IPCC Guidelines, 1997), emission from animal manure includes the
contribution from handling of manure, the use of animal manure as fertilisers and animal
grazing. Emission from agricultural crops includes contributions from the application of
synthetic fertilisers, crop residues, nitrogen fixation, deposition of ammonia, nitrogen
leaching and run-off and the cultivation of histosols. Total emission from agriculture is the
sumn of thesc contributions.

At an aggregated level for 1997, total N>O emissions from sources within agriculture are
listed in Table 5.2.1. The N:O emission from the different sources is calculated from the
statemcnts of the nitrogen input and a related emission coefficient. The nitrogen input data
from animal fertiliser, animal grazing and synthetic fertiliser is reduced by the amount of
nitrogen that evaporates as ammonia (NH3z),
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That 1s, N>O emissions are calculated as:

N,O" =44/28-3 ' N' (1~ sNH) - sN' (5.2.1)
N, 0" the emission of N>O from agriculture

N the amount of N-input from category 7 in table 5.2.1

sNH, the share of the N-input that evaporates as NH;

sN' the share of the N-input emitted as N,O

44/28 the conversion factor from N to N,O.

Table 5.2.1 shows that concerning emission from manure management, the handling and use
of manure as fertilisers are the main sources and contribute by 43% and 45% respectively.
Animal grazing contributes 12%.

From agricultural crops, the emission from crop residues as well as leaching and run-off are
the main sources, each accounting for 32% of emission. Emission from the use of synthetic
fertiliser contributes 25%.

Table 5.2.1 N;O emission coefficients, N-input data, and total emission in 1997
(CORINAIR-database, 1997).

N-input  Share of N-input Share of N Emission in 1997

(kt N} evaporated as NH, cmitted as N.O (ke N>

Manure management 7,54
Animal manurce handling:

Liquid 1430 0, 1% 0,22

Solid 97.8 2.0% 3,07

Animal fertilisers 240,8 28.5% 1.25%, 3,38

Animal grazing 29.5 7.0% 2.0% 0,86

Agricultural crops 22,18

Synthetic fertilisers 287.6 2.3% 1,25% 5,52

Wastewater studge used us fertilisers 8.1 1.9% 1,25% 0,16

Crop residues 361,3 1.25% 7,10

N-fixation 37.0 1,25% 0,73

Atmospheric N depostion 93,7 1,0%: 1.47

Nitrogen leaching & runoff 181,2 2,5% 7,12

Histosols 18,4 3 (0,09

Total 29,72

Source: Data from CORINAIR 1997 revised

In the model, the emission related 10 manure management is linked to categories of Jivestock,
and the emission related to agricultural crops is linked to the use of fertilisers (both animal
manure and synthetic fertilisers) and categories of vegetable production.

Emissions related to manure management,

Emissions of nitrogen oxides from manure management are calculated as a fraction of the
nitrogen content of animal manure, and depend on the size and composition of the livestock
and the handling and use of the manure.



Climate change 67

Total emission related to manure management is calculated as:

NZO”MH - k” + ZNH( .kN:Oi.mm: (5.2.2)

N,O™" s the total N,O emission from manure management

NH' is the number of heads of animal type i

kN O™ is the aggregated N,O emission coetticient for animal type i (kg N2O/animal/year)
k, is a constant for emission from minor contributors not istinguished in the model

For each animal type, the aggregated emission coefficient is the sum of emissions related to
the manure management types: manure handling of solid and fluid manure, the use of manure
as fertilisers and emissions from grazing animals. That is:

kNEO(.fH(HI — Zszoi.munj (5.2.3)
i
where kN O™ is the emission coefficient for animal type i and manure
management
type j
man j is the manure management types: manure handling of solid and

fiquid manure (#), use of manure as fertilisers (f} and animal
grazing {g)

For manure handling of solid and fluid manure the emission coefficients &N ,0"™"" are
calcuiated as:

kjvzoi,mcm h - {NF (E - Ff'ﬂ'(f i.mun_-;') A (S‘i . SNJmunh +S!.! . Smecmh )J44/28 (5.2.43)

for the use of manure as fertilisers the coefficients are calculated as:

N0 = N7 (1= Frac™™*y- (1= sNEH[ "™ ) sn ! | 44728 (5.2.4b)

and for grazing animals the coetticients are calculated as:

szof.ﬂi:f;!i,g: lN( F!’a(,‘ Lang (l = SNH},.J”U”R ) SN i g J' 44/28 (5'2‘4(:)
N' the nitrogen ab animal
Frac'™* the share of N from grazing animals

sNH ™' the share of N from animal i and manure type j evaporated as NH;
i i

50,8, the share of solid (s) and liquid manure (/) form animal
SN the share of N emitted as N>O

and the coefficient 44/28 converts from a measure in kg N to a measure in kg N>O (the ratio
represents the weight of N>O relative to N).
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For individual categories of animals, emission coefficients for the years 1997 and 2003 for
manure handling, the use of manure as fertilisers and grazing animals are calculated in Annex
5.2.1 and summarised in Table 5.2.2. Total emissions of N>O from animals in 1997 are given
in Table 5.2.3.

Table 5.2.2 N,O emission coefficients for categories of animal in 1997 and 2003

Animal Manure handling Use as fertilisers Grazing Total
kg N,O per animal per year

Year 1997/2003 1997 2003 1997/2003 1997 2003
Dairy cows 1,287 1,758 1,848 0,360 3411 3,501
Slanght. calves 0.837 0,459 0.5 0 1.296 1,337
Heifers 0,451 0.266 0,289 0.462 1,179 1,202
Nurse cows 0,771 0319 0,351 0,951 2,041 2,073
Sows 0,213 0,343 0371 0015 0,571 0,599
Fattening pigs 0,086 0,110 0,119 0 196 0,205
Pouliry 0,018 0.007 0,007 0 (1,025 0,025
Fur animals 0.076 0,050 0,051 0 0,126 0,127
Horses 0,721 0.289 032 0.671 1,681 1,712
Ovines 0.213 0,085 0,095 0,442 0,740 0,750

See calculations in Annex A5.2.1

Table 5.2.3 N,O emissions from animals in 1997

Ammal Heads in 1997 manure handling use as fertilisers grazing total
ton N,O in 1997

Dairy cows 670354 863 1178 245 2287
Slaught. calves 360028 09 109 0 478
Heifers 839744 379 223 388 990)
Nurse cows 125085 96 40 119 255
Sows 1068473 228 366 i 610
Fatening pigs 10074609 B66 1108 0 1975
Poultry 18993561 342 133 1] 475
Fur animals 2212814 168 111 0 279
Horses 38862 28 il 26 65
Ovines 64820 4 6 29 48
Other animals 13 25 33 7t
Total 3306 3371 856 7533

The projected N»O emission coefficients are based on actions taken in the Danish Action Plan
on the Aquatic Enivironment (I) in 1987, the Danish Action Plan on Sustainable Agriculture
in 1991 and the Danish Action Plan on the Aquatic Environment (1I) in 1998.

The effect ou N>O emissions is due to regulations of the handling of animal manure. The
regulation aims at increasing the utilisation of animal manure and implies covering of slurry
tanks, defining a limit of twelve hours between the addition of manure to un-vegetated soil
and ploughing, and changing the manure addition practice. The effect of the regulation is a
reduction of the evaporation of NHi, and implies (as may be seen from eq. 5.2.4a-c) an
increase in the N>O emission coefficients. For the use of manure as fertilisers, the average
evaporation of NHs 1s reduced from 28,5% (o 23,6%, and for animal grazing NH; evaporation
is assumed to be constant at 7%. As is seen from Table 5.2.2, this implies that the N,O
emission coefficients for the use of manure as fertilisers increase. The increase varies for the
individual categortes of animals between 0 and 12%. The coefficients for grazing animals are
constant.

From Table 5.2.3 it 1s seen that the main contributors to N>O emission from animal manure
are the cattle sector, accounting for 54% of emissions, and the pig sector, accounting for 34%.
The pouliry sector accounts for 6%.
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Emissions related to agricultural crops.
Emissions related to agricultural crops are calculated for the categories given in Table 5.2.1
and are linked to the production of crops and the use of fertilisers.

Emissions from synthetic fertilisers.

The use of synthetic fertilisers is determined within ESMERALDA and depends on the
agricultural area cultivated within conventional farming and the composition of Crops.
Synthetic fertilisers are not used within organic farming. Emissions of N>O are calculated at
an aggregated level according to:

N.O*" = 44/28 (N*".(1 - sNH{™) - sN,0"") (5.2.5)

N,O"" the emission of N>O from the use of synthetic fertilisers

N the amount of N-input from synthetic fertilisers

sNH [ the share of the N-input that evaporate as NH;(2,3% in 1997, expected to be
reduced to 1,7% in year 2005, see Table 3.1.4)

sN,O"" the share of the N-input emitted as N-O (1,25%, see Table 5.2.1)

In 1997 the total use of fertilisers was 287,6 kt. N. Of this 5,8 kt N was used at golf courses,
institutions etc. and 281.8 kt. N was used on 2,3 mill. ha. conventionally farmed agricultural
land with permanent, arable Iand crops and market gardening. (Grant, R. 1999) This
corresponds to 120,3 kg N/ha. or an emission of 2,36 kg N,O/ha on average. According to the
Action Plan on the Aquatic Environment 1 and 11 and the Danish Action Plan for Sustainable
Agriculture the use of synthetic fertilisers shall be reduced by about 40% by the year 2003.
However, in the model the amount of N in synthetic fertilisers used for agricultural crops is
determined in ESMERALDA. Due to the required reduction of the nitrogen manure standard,
it is evaluated that fertilisers with relatively large evaporation rates are substituted by
fertilisers with lower rates, and on average the evaporation rate for NHs is evaluated to
decrease from the 2,3% in 1997 to 1,7% in year 2003 (see chapter 6). The amount used at golf
courses is exogenous and, in the base forecast, assumed to be constant (5.8 kt N).

Emissions from wastewater sludge used as fertilisers.

Sludge from wastewater treatment plants and some waste from industry contain nitrogen, and
part of this is used as fertiliser. The amount of N in sewage and industrial waste used as
fertiliser is calculated in relation to the annual monitoring programme for the aquatic
environment. Wastewater sludge is evaluated as containing 43,8 kg N per ton dry weight and
the industrial waste is evaluated as containing 20,3 kg N per ton. in 1997 91,8 kt wastewater
sludge in dry weight and 1998 kt industrial waste was used as fertiliser. The N content of this
is given in Table 5.2.4. In addition the table shows that 1,9% of the N content is evaporated as
NH; and 1,25% of the remaining N is evaporated as N-O. The total amount of N-O
evaporated from the use of wastewater sludge and industrial waste is calculated to 156 ton
NO.
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Table 5.2.4 Wastewater sludge and industrial waste used as fertilisers in 1997

kton N content kg N-O evap.
Source sludge/waste  NAon dw ton N NH, evap % Y ton N,O
Wastewalter sfudge 91,8 43,8 4.021 1.9 1,25 77
Industrial waste 199.8 20,3 4.056 1.9 125 78
Total 156

Data for N in wastewater sludge and industrial waste used as fertilisers is from Grant, R. et at (1999) and
unpublished data from Blicher-Mathiesen, G. NERL

For forecasts, the amount of N from wastewater sludge and industrial waste used as fertilisers
is exogenous, and the percentage evaporated as NHs is assumed to decrease to 1,5% in year
2003 (sce chapter 6).

Emissions from crop residuals.

Emission of N>O from crop residuals is based on the nitrogen content in vegetable production.
Assuming that the N content in vegetable production is equally divided between crop
residuals and the crop, the N content of crop residuals equals the N content of the barvested
crop. The N content in crops is estimated to about 34 kg N per ton crop in dry weight for
nitrogen fixing crops and about 19 kg N per ton dry weight for grain crops. (Andersen J.M,
1999). For the crop categories of ESMERALDA the N content and the N:O emission
coefficient are given in Table 5.2.5.

Total emission from crop residuals are calculated as:

N,O™ = 44/28. 5 NH, - (kN - sN, ™) (5.2.6)
NH, the harvest of crop i in tons
KN the amount of N in crop residuals from crop i
sN™ the share of the N-input emitted as N>O (1,25%, see Table 5.2.1)
Table 5.2.5 Emission of N;O from crop residuals in 1997
Crop Harvest  N-factor (kN")  N.O-emission factor N in resid.  N,O emission
100G ton kg N/ton kg N,Ofton ton N ton N,O
Wheat 4965 19.68 0,3866 97711 1919
Other grain crop 4563 16,82 0,3304 76750 §308
Pulse 384 33,69 06618 12937 254
Rape st 37,56 06,7378 10930 215
Potatoes 1545 153 0,0693 5454 107
Sugar beets 3365 2,08 0.0409 6999 137
Fodder beets 2503 2,13 0,0418 5331 105
Rot grass 0256 5,50 0,1080 50908 1000
Perm. grass 4425 5,50 0,1080 24338 478
Fallow in ha' 158 70,00 1,3750 11060 217
Other crop 58892 1157
Total 361310 7097

" For fallow, the column harvest gives the arca in ha and the emission coefficient 1s kg N-O/ha.
Source: Data from Andersen, .M. (1999) and Grant, R, ct al {1999)

Emissions from N-fixation.

Some crops, mainly pulses and clover, are able to fix nitrogen from the air. In addition,
nitrogen is fixed by free-living micro-organisms. This adds to the N input of agriculture and
the resulting emissions of N>O. For the crop categories of ESMERALDA N-fixation and
emission coefficients are given in Table 5.2.6.



Climate change 71

For grass only, the share of clover in the yield is N-fixing. For grass in rotation it is assumed
that 80% of the area contains clover and that 20% of the vield in these fields is clover. For
permanent grass it is assumed that only 3% of the yield is clover. The N-factors in Table 5.2.6
account [or this and are in kg N per ton harvested.

Other crops include pulse seeds in grass fields. It is estimated that the N-fixing is [80-200 kg
N per ha and in 1997 the area with this crop was about 3100 ha.

The last row of Table 5.2.6 reflects the asymbiotic N-fixing of micro-organisms. It is
estimated that this N-fixation is 2 kg N per ha and is applicable for all agricultural land.
Emissions are calculated as:

N,O™ =44/28- 3 NH, kN -sN ™ (5.2.7)
NH, the harvest of nitrogen fixing crop i/area of crop

kN the N-factor for crop i

sN ™ the share of N emitted as N,O (1,25%)

Table 5.2.6 Emission of N>O from N-fixation in 1997

Crop Harvest  N-factor (kN,™) N.O-emis. factor ~ N-fixation  N,O emisston
1000 ton kg N/ton kg N.O/ton ton N ton N,O
Pulse 384 34,22 0,6722 13140 258
Silage cereals 3275 [.58 00,0310 5161 101
- Lucemne 461 6,75 0.1326 3112 61
- Wholecrop B4 0.73 0.0143 2050 40
Grass in rotation 9256 1,20 .0235 11092 218
Permanent grass 4425 0,37 0,0074 1657 33
Other crops in ha' 3.1 200 3.9286 620 12
Asymbiotic N-fixing' 268 2,00 0.0393 5376 106
Total 37048 728

" For other crop aad asymbiotic N-fixing the figures in the first column are areas in ha and the emission
coefficients are kg N>O/ha.
Source: Data trom Andersen, J.M. (1999)

Emissions from deposition

Normally, deposition of N from the atmosphere comprises deposition of ammonia NH; and
nitrogen oxides NOx. However, the IPCC focuses on depositions from agriculture only, and
the deposition of N from NOx generated within agricultare is minor. That is. in relation to the
calculation of N>O emission, deposition of N is set equal to the emission of NHy from
agricultural activities. The equation for emission from deposition is

dep — 44 . 14 i L dep
N0 =44/ 140 ; NH' kN ,O (5.2.8)
N0 the emission of N>O trom deposition of NH;
NH_f the amount of NH3 evaporated/emitted of category k (see Table 6.1.1)
kN_,O‘”“” the share emitted as N>O (1% see Table 5.2.1)

4%(‘} and 14 17 conversion factors from N to N>O and from NHj to N, respectively.
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For 1997, total NH; deposition is estimated to about 113 kt NH; or 93 kt NH3-N. Assuming
that 1% of the deposited N is evaporated as N,O and converting from weight in N to weight in
N-O, for 1997 emissions related to N deposition is estimated to about 1,5 kt N2O.

Assuming unchanged animal production, but reduced NHj; evaporation rates and use of
synthetic fertilisers, projected emissions for the year 2003 are calculated at the bottom of
Table 5.2.7.

Table 5.2.7 Emission of N,O from atmospheric N deposition

Emissions for year 1997

NH; emission from manure (ton NH,} 86189
NH; emission {rom synthetic fertilisers (ton NH;) 8032
NH, emission directly from crops {ton NH;) 13948
NH; emission from straw leaching (ton NH;) 5070
NH; from wastewater sludge (ton NH,) 186
Total deposition of NH, (ton NH,) 113425
Total emission (N,0™7) (1% of total NH deposition) ton N-O 1468
Emissions for year 2003 assuming unchanged number of animals
NH; emission from manure (ton NH;) 71943
NH; emission from synthetic {ertilisers (ton NH;) 3705
NH; emission directly from crops (ton NH,) 13831
NH; emission from straw leaching (ton NHa) 5070
NH; from wastewater sludge (ton NH;) 186
Total deposition of NH; (ton NH;) 94735
Total emission (N-O™") (1% of totat NH; deposition) ton N.O 1226

Source: Data from Andersen, J.M. (1999}

Emissions from nitrogen leaching and run-off.

According to IPCC the N,O emission from leaching and run-off of nitrogen from agriculture
is calculated as a fraction of the N leached. Of the total N-input from fertilisers, a share
( sN'“"Y is Jeached. This share depends on the combination of synthetic fertilisers and animal
manure used and the handling of animal manure. According to TPCC, the default share of N
leached is estimated to 309%. For the use and handling of fertilisers in Denmark, leaching is
estimated to 32% in 1997. It is estimated that 2,5% of the leached N from soil, lakes and
rivers is emitted as NoO. That is

N0 " =440 - s - (Z N* ) kN, O™ (5.2.9)
P

N,O"™ " the emission of N,O from leaching

SNt the share of the N-input that is leached

N* the amount of N-input of category k

kN O the share emitted as N-O (2,5% see Table 5.2.1)

k index for animal fertilisers, animal grazing and synthetic fertilisers

The amount of N-input and the total N;O emissions from leaching and run-off are given in
Table 5.2.8. For the projection shown in Table 5.2.8, only the use of synthetic fertilisers is
reduced. The N-input from animal manure, wastewater sjudge and industrial waste is assumed
to be constant. However, in the model the amount of animal manure is determined
endogenously and will change according to the number of animals. In addition the share of
the N leached is assumed to be constant; however, due to a larger share of animal manure, the
share leached may be expected (o increase.
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Table 5.2.8 Emissions from leaching & run-off

N-input 1997 N-input 2003

N source ton N ton N

Synthetic fertilisers 287600 179500
Animal manure 270601 270601
Wastewater sludge and industrial waste B08G 3086
Total N-input 566287 458187
N - leaching (32%) 181212 146620

ten N-O
N:O-cmission (2.5%) 719 5760

Emissions from histosols.

Histosols are cultivated organic soils originating from old N-rich organic matter. The total
area in Denmark covered with histosols is 237.700 ha. However, only 184.400 ha are used for
agricultural purposes of which 90% is used for permanent grassland with no net N»O
emission. Only 10% or 18.400 ha of histosols are cultivated and as such contribute to N,O
emission. The emission coefficient is estimated to 3 kg N:O-N/ha. In total the emission is
0,087 kt N,O.

5.2.2 Emission of N,O from road transport.

Emission of N>O from road transport accounts for 3% of total emissions in 1997. However,
this share is expected to increase considerably, mainly due to the introduction of catalytic
converters on gasoline driven vehicles. By regulating oxidation, catalytic converters reduce
emissions of VOC, CO and NOx. but at the optimal oxidation for reduction of CO and NOx
emissions, emission of N2O is increased. As the N>O emission coefficients for vehicles with
and without catalytic converters differ considerably, the model distinguishes between vehicles
with and without catalytic converters. As all new gasoline driven vehicles are required to have
catalytic converters, the share of vehicles with catalytic converters is (as an approximation)
calculated as:

1 ) k . fcbh
sh! = gk . +0,44 (5.2.10)
Kcb
sh the share of vehicles with catalytic converters
fCb" the consumption of private vehicles in constant prices (variable in ADAM)
P P p
Kcb' the number of vehicles ultimo year t (in 1000 units) (variable in ADAM)
k, a conslant representing the average price of private vehicles in the baseyear

1990 (constant in ADAM from the equation for Kcb)
0,44 the share of vehicles with catalytic converters in year 1997

Equation 5.2.10 is valid until the share reaches 1,0 which is the limit.
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An average N>O emission coefficient is used for diesel vehicles and lorries; that is, the model
does not distinguish between different sizes and types of lorries. Emission coeflicients are
defined in kg N,O/TJ fuel used and total emissions from transport are calculated as:

NEOMHLW = (Shru.‘ ' kNEOt'(H + (l - Sh('m) ’ kN.’.Ommm:‘(H) ’ qJTCl + kNZOu’i('.\'t'f : Z(]JT, + ki') (5'2'1 1)
gJicl, ¢Jt, the relevant energy consumption variables in EMMA

kN ,O, is the N>O emission coefficient for category j (assumed o be constan()

k, is emission from other transport sources

The emission coeflicients, energy consumption and total emissions related o road transport
for 1997 are given in Table 5.2.9.

Table 5.2.9 N,O emissions related to road transport in 1997.

Share of Emis. Cocff. (kN,O'}  Energy cons. (glt(i)) N,O emissions {ton

vehicles kgN,O/Gl T) N,O)
Vehicles with catalytic converters (0.440 04,0139
Vehicles with no catalytic converters 0.560 (3,0021 83830 611
Diesel vehicles 0.0037 62200 232
Other sources 71
Total 914

Source: Data from CORINAIR and unpublished data from Winther, M. NER]

5.2.3 Emission of N;O from energy

Emission from energy (excluding energy used for road transport) accounts for 6% of the total
N,O emissions in 1997, Due (o the reduction of coal consumption at power plants, this share
is expected to decrease. As N,O emission from energy is minor, the emission is modelled at
an ageregated level distinguishing only three types of fuels. That is, emissions are calculated
as:

N, 0™ =k, + 3 (¢J DK + qJ jne) kN0, (5.2.12)
i ‘ '

q] DK the consumption of fuel j by households and branches excl.energy
conversion in TJ (variable in EMMA)

qJ ne the consumption of fuel j by energy conversion in TJ (variable in EMMA)

kN, O, the N>O emission coefficient for fuel j (assumed (o be constant)

k., a constant representing other energy related emissions of N;O
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Emission coefficients, energy consumption and total emissions related to the energy
consumption excl. road transport for 1997 are given in Table 5.2.10.

Table 5.2.10 N;O emissions related to energy consumption in 1997,

Emission coefficient kg =~ N:(O emissions

Energy consumption PJ N20/GT Ton
Solid (gJsDK+qglsne) 279 0.003 337
Fluid (qJtDK+qlfne) 183 0.002 366
Gas (qlgDK+qlgne) 189 0,001 189
Other sources 240
Total 1632

Source: Data from CORINAIR 1997,
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Annex 5.2.1 N,O emission coefficients for animal categories

The calculation of emission coefficients for the handling and use of manure and grazing animals for
the years 1997 and 2003 is shown in Tahles A5.2.1 and AS.2.2 respectively. The coefficients are
calculated from the equations 5.2.4a-5.2.4¢ in section 5.2.1.

The data for the pitrogen ab animal { ¥ "} and fractions of the manure from grazing animals and the
share of solid and liquid manure ( Frac™™ ¢ and si, ), are from Andersen et. al. (1999). The N,O

emission factors ( sN k’,”””‘") are the IPCC default values, and the NH; evaporation ratios ( sSNH _i""""j )

are calculated for Danish conditions. (Andersen et al. (1999))
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Table A5.2.1 N;O emission coefficients for animal categories in 1997.

Animal man.type N ab animatl Share NH3 evap  Share N,O% Emission
stable/graz solid/liquid  emitted coefficient
kg N/animal/year share share share share kg N,;O/animal/year
N FI’EIC Jean g SNI{j!.lnan,i Sk SNLman_i kN201.|||a|| i
Dairy cows handling solid 125,22 0.9 0,000 0.33 0.02
handling liguid 125.22 0.9 0,000 0,67 0.00] 1.287
fertilisers 125,22 0.9 206 1.00 0.0125 1.758
grazing 125,22 0.1 0.070 1.00 0.02 0.366
Taotal 3411
Slaught calves handling solid 33,66 1 0,000 0,78 0,02
handling liquid 33.66 1 0.000 0,22 0,001 0.837
fertilisers 33.66 I 0.306 1 0,0125 0,459
Totat 1,296
Heifers handling solid 35.12 0.55 0.000 0.73 0.02
handiing liquid 3512 0.55 0.000 0.27 0.001 0,451
fertilisers 35,12 (.55 0,298 1 0.0125 0.266
grazing 35.12 (.45 0,070 I 0,02 0,462
Total £,180
Nurse cows handling solid 57.07 0.43 0.000 1 0.02
handling liquid 57.07 0.43 0.000 0 0.001 0,771
fertilisers 57.07 0.43 0.339 | 0,0125 0.319
grazing 57.07 0.57 0,070 1 0.02 0,951
Total 2,041
Sows handling solid 257 0,98 0,000 0.23 0.02
handling liquid 25,7 0.98 (.000 0,77 0.001 0,213
fertilisers 237 0,98 0.307 1 0.0125 0.343
grazing 25.7 0.02 0,070 1 0.02 0,015
Total 0,570
Fattening pigs handling solid 8,14 H 0,000 0.3 0,02
handling liquid 8.14 i (000 0,7 0001 0.086
fertilisers 2 14 1 0,309 1 0.0125 0110
Total 0,196
Poultry handling solid $.609 1 0,000 0.95 0.02
handling liquid 0,609 1 0.000 0.05 0.001 4.018
fertilisers 0.609 i 0.442 ) 00125 0.007
Totat 0,025
Fur animals handiing solid 4.59 1 0.000 0.5 0,02
handling liguid 4,59 1 0.000 0.5 0.601 0.076
fertitisers 4,54 ! 0.445 1 0,0325 0,050
Total 0,126
Horses handling selid 439 .5 0,000 i 0.02
handling liguid 43,9 0.5 0,000 0 (.001 0.721
fertilisers 459 0.3 0,360 | 0.0125 0.289
grazing 45.9 0.5 0,070 1 0,02 0,671
Total 1.681
Ovines handiing solid 219 0.31 0,000 I 0.02
handling liguid 21.9 0.31 0,000 0 0.001 0,213
fertilisers 19 0.31 0.360 | 0.0%25 0.085
grazing 2.9 0.69 (.070 1 0.02 (1.442
Total 0,740

Source: Data from Andersen, J.M. (1999). For the calcutation of NH; evaporation rates see Annex 6.1.1.
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Table A5.2.2 N;O emission coefficients for animal categories in year 2003.

Animal man.type N ab animal Share NH3 evap  Share N, 0% Emission
stable/graz solid/liguid emitted coefficient
kg N/animal/year share share share share kg N,O/animal/year
N Frac A g SNH3 iaman j 5, SNL"“m J kNZOimmnj
Dairy cows handling solid 125,22 .9 0,000 0,33 0,02
handling liquid 125.22 4.9 0,000 0.67 0,001 1,287
fertilisers 125,22 .9 0,165 1,00 00125 1,848
grazing 125.22 ¢.1 0,070 1,00 0,02 0,366
Totat 3,502
Staught calves  handling solid 33.66 | 0,000 0.78 0.02
handling liguid 33,606 1 0.000 0.22 ¢.001 }.837
fertilisers 33.66 i 0,244 i L0125 0,300
Total 1,337
Heifers handling sokid 35,12 0,55 0,000 0,73 0,02
handling liquid 35,12 0,55 0.000 0.27 0,001 0.451
fertilisers 35,12 0,55 0,237 i 00,0125 0,289
grazing 35,12 0.45 0.07¢ 1 0.02 0,402
Total 1,203
Nurse cows handling selid 57.07 0,43 0,000 I 0,02
handling }guid 57,07 0.43 0,000 0 0.001 6,771
fertilisers 57.07 .43 0,272 1 0.0125 0.351
grazing 57,07 0.57 0,070 ) 0.02 0,951
Total 2,073
Sows handling selid 25.7 0.9% 0,000 0,23 0,02
handling Tiguid 25,7 .98 0,000 0,77 0.001 0.213
fertilisers 25,7 0.98 0,250 i 00,0125 0371
grazing 25.7 0,02 0,070 1 0,02 0,015
Total 0,599
Fattening pigs handling solid 8.14 ! (,000 .3 0,02
handling liguid 8,14 1 (4,000 0.7 0,001 0,086
fertilisers 8.14 1 (255 1 0.0125 0,119
Total 3,205
Poultry handling solid 0,609 1 0,000 0,95 0,02
handling liquid 0.609 1 0,000 0,05 0,001 0,018
fertilisers 0,609 1 0.401 1 0.0125 0,007
Total 0,025
Fur animals handhng solid 4.59 1 0,000 0,5 0,02
handling liguid 4.59 1 0,000 0.5 0,001 0,076
fertilisers 4,59 1 0,435 1 ¢.0125 0,051
Total 0,127
Horses handling solid 45.9 0.5 0.000 i .02
handling liguid 45,9 0.5 0,600 0 (0,001 0.721
fertilisers 459 0.5 0,290 i 00125 0,320
grazing 45,9 0.5 0.670 1 .02 0.671
Total 1,712
Ovines handling solid 219 0,31 0.600 1 0,02
handling liguid 21,9 0.31 0,000 g 0.00% 0,213
fertilisers 21.9 0,31 0,290 ] 00125 (.095
grazing 219 0,69 00670 ! .02 (1,442
Total 0,750

Source: Data from Andersen, J.M. (1999). For the calculation of NH; evaporation rates see Annex 6.1.1.



6. Acidification

Acid deposition of sulphur and nitrogen compounds mainly derives from emissions of SO,
NQO, and NHj;. The effects of acidification show up in a number of ways, including defoliation
and reduced vitality of trees, as well as declining fish stocks in acid-sensitive lakes and rivers
(European Environmental Agency, 1998).

S0, and NOy can be oxidised into sulphate (SO47) and nitrate (NO5') either in the atmosphere
or after deposition, resulting in the formation of two and one H' respectively. NHs may react
with H* to form ammonium (NH,") and by nitrification in soil NH4" is oxidised to NOs™ and
H' is formed (Wark and Warner, 1981).

Weighting the individual substances according to their acidification effect, total emissions in
terms of acid equivalents can be calculated as:

., ni,, My, Mg,  H, Mgy
Acidification index = g e M 0 ) DT il
M.S'(}: M.‘\‘;()‘ M:VH_= 64 46 17
. the emission of pollutant 7 in tons
M, the mole weight {ton/Mmole] ot pollutant i

In terms of acid equivalents Figure 6.0.1 shows the relative contribution of emissions of SO,
NOy and NHs in 1998,

Figure 6.0.1 Contribution to acid index in 1997

NH3
+43%

Source: Ilerup et al. (2000)

The actual effect of the acidifying substances depends on a combination of two factors: the
amount of acid deposition, and the natural capacity of the terrestrial or aquatic ecosystem to
counteract the acidification. In areas where the soil minerals easily weather or have a high
chalk content, acid deposition will be relatively easily ncutralised (Holte-Andersen, 1998).

The modelling of NH; emission is treated in this chapter. The modelling of SO; and NOy
emissions is included in ADAM/EMMA.
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6.1 Emission of ammonia (NH;)

The effect of NH3 deposition is primarily as a contributor to acidification and eutrophication.
Contrary to emissions of SO; and NO,, emission of NH; is not transported over long
distances, and about 80% of the total deposition in Denmark originates from Danish activities.
However, Denmark 1s a nct-exporter of NH; and about 60% of total emissions of NH; are
transported across the border,

In 1997 the total emission of NH; from Danish sources was about 117 kt. Almost all the NH;
emitted to the atmosphere originates from agricultural activities and only about 1% comes
from road transport (see Figure 6.1.1).

Figure 6.1.1 Emissions of NH3 in 1997

Road transport
F

Agriculiure
994

Source: CORINAIR and Andersen, .M, ct al (1999)

6.1.1 Emission of NH; from agriculture,

Emission of NHj from agriculture originates from animal manure, synthetic fertilisers,
wastewater sludge, agricultural crops and straw leaching. The contribution of the individual
sources for 1997 is given in Table 6.1.1. The sources animal manure, agricultural crops and
straw leaching account for 86 kt (76%), 22 kt (20%) and 5 kt (4%) respectively. The sources
are independent of each other and arc in the following treated separately.

Table 6.1.1 Emission of NH; by sources in 1997,

N-input Share of N-input Emission in 1997

(ki N) evaporated as NH, (kU NH;)
Animal manure 86,13
Animals at stable 240.8 28,6%: 83,63
Animals grazing 29.5 7.04% 2,51
Agricultaral crops 22,17
Direct emission from crops 13,95
Synthetic fertilisers 1876 23% 3.03
Wastewater sludge and industrial waste 8.1 1.9% 0,19
Straw leaching 7.8 65% 5,07
Total 113,37

Data from CORINAIR 1997 and Andersen, J.M. et al. (1999),

Emissions related to animal manure.
Emission of NHz from animal manure depends on the nitrogen content of the manure and the
share of the N evaporated as NHi. As is seen from Table 6.1.1 for animals at stable in 1997,
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total N-input was about 241 kt N and the average share evaporated as NH; was 28,6%.
However, both the N-input and the share evaporated depend on the size and composition of
the animal livestock. In addition the share evaporated depends on the management of the
manure, that is the type of stable, storage facilities and the time and technology used for
spreading the manure.

In the model, emission from animal manure including emission from animal grazing is
calculated as:

NH =k + ZNH" kNH "™ {6.1.1)

NH " total emission of NHj from animal manure in kg NH;

NH' number of heads in animal category i

kNH " aggregated NH; emission coefficient for animal category i in kg NH; per
head

ko a constant for emissions from minor contributors not distinguished in the
model

The aggregated emission coefficient for the individual animal categories is calculated from N
ab animal, the fraction of the manure deposited under various conditions, and for each
condition the share evaporated as NH3, that is:

kNH;.n«m = {Nr . Z P-«raci.mun . SNH;'.HMHJE . 17/14 (6.1.2)
j

N’ the nitrogen ab animal in category i in kg N per head

Frac™"/ the fraction of the manure from animal category / deposited under condition j

sNH " the share of the nitrogen from animal category i deposited under condition j

that is evaporated as NH,
17/14 a conversion factor from N to NH; (the molecular weight of NH; divided by

the molecular weight of N)

For the individual animal categories, the emission coefficients are calculated in Annex 6.1.1
and for 1997 and 2003 emission coefficients and total emissions, assuming a constant number
of animals, are shown in Table 6.1.2. Concerning emission coefficients for 2003 the
calculation assumes full implementation of the Danish Action Plan on the Aquatic
Environment (II). In relation to the situation in 1997, the coefficients for 2003 assume
covering of slurry tanks, the definition of a maximum period of twelve hours between the
addition of manure to un-vegetated soil and ploughing and changes in manure addition
practice. In the model these changes are introduced via exogenous reductions of the share of
N evaporated as NH;. As is seen from Annex 6.1.1 evaporation rates are reduced for all
animal and deposition categories except for animal grazing. The evaporation rate for animal
grazing is a rough estimate; emission from this category is of minor importance and the effect
of the action plan is uncertain,
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Table 6.1.2 NH; emissions from animals in 1997 and 2003 assuming a constan{ number
of animals.

Animal Heads in 1997 Year 1997 Year 2003

Emission coefficient Fimission Emission coeflicient Emission

kg NH /animal/year ton NH, kg NH /animal/ycar ton NH;
Dairy cows 670354 2931 19648 23.60 15820
Slaught. calves 369028 12,51 4615 9,99 3687
Heifers 839744 8.32 6988 6,90 5794
Nurce cows 125085 12,87 1669 10,87 1360
Sows 1068473 942 10062 7.69 827
Fatlening pigs 106746049 3,05 30770 252 25388
Poultry 18993560 0,33 6211 0,30 3622
Fur animais 2212811 248 5488 243 3377
Horses 38862 11,98 466 {0.03 360
Ovines 64820 4,25 275 3.68 239
Tolal 86132 71893

See calculations in Annex 6.1.1

From Table 6.1.2 it can be seen that the major sources are the cattle and the pig sectors,
accounting for 38% and 47% respectively of the NH; emission from animal manure in 1997.
Poultry and fur animals each contribute with about 7%, while horses and ovines account for
less than 1%. That is, the animal sectors in ESMERALDA account for about 92% of the NH;
emissions rtelated to animal manure. Concerning changes from 1997 to 2003, on average
emission coefficients decrcase by 18%. Emission coefficients for pouliry decrease
considerably less and for fur animals the coefficient is almost constant. The largest decrcase
is seen for sows, which is due to a large share of the manure being liquid, the required
coverage of slurry tanks and changes in manure addition practice. Assuming a constant
number of animals, total emission is reduced equal