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Abstract

Simulation results can be highly sensitive to the way agents are upscaled to a larger organizational and spatial level. This paper
tests an ex-post validation method for forecasting models by using old base years and forecasting into recent years for which
observed data is already available. Our case in point is a comparison between different upscaling methods in the agent-based
agricultural sector model SWISSland. It is shown that individual-farm extrapolation factors strongly enhance alignment with the
total population in the base year. However, they may cause inconsistencies in those agent-based models in which relations
between the farms are an important part. Therefore, an adjustment of the sample by making almost no use of some farms
whilst making highly disproportionate use of others turned out to be the most suitable method for the SWISSland model.
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Introduction

1.1 The use of agent-based models (ABMs) to illustrate structural and land-use changes in agriculture is now part of the standard
repertoire of agricultural economics. Starting with the pioneering models of the 1990s and at the beginning of the turn of the
millennium for regions under investigation in Europe (Balmann 1996, 1997, 2000; Happe 2004), these models are now being
used worldwide to find answers to agricultural- and environmental-policy issues (Bert et al. 2011; Stolniuk 2008; Lobianco &
Esposti 2010; Le et al. 2012; Berger et al. 2006).

1.2 ABMs are characterised by their flexible paths in the linking of various data sources (cf.Schreinemachers & Berger 2011; An
2012; Boero & Squazzoni 2005) in order to provide a varied illustration of rational and non-rational behaviours, as well as
decision-making behaviours of previously defined agents. ABMs enable a wide range of applications to be covered by taking
account of numerous interactions of the agents with one another and with their environment. They are therefore used e.g. for
assessing the impact of policy on various socio-economic indicators such as income distribution and structural change
(Sahrbacher 2012; Freeman 2005), landscape development (Berkel & Verburg 2012), environmental impact (Schouten et al.
2013; Van der Straeten et al. 2011), climate change (Cormont et al. 2012) or potential effects on biodiversity (Polhill et al. 2012).

1.3 As in the majority of the agricultural-sector ABMs mentioned at the outset, the individual, real-world agricultural enterprise is also
used in SWISSIand as a template for an agent whose strategic behaviour in terms of farm growth, engaging in a sideline or
production task is meant to match the behaviours observed on Swiss farms. Unlike the approaches presented, SWISSland does
not focus on a single region, but rather, together with the selected sample of farms, depicts the country's entire agricultural
sector. Here, advantages for policy evaluation arise primarily from the opportunity to cover the individual-farm, regional and
national levels when analysing the results.

1.4 The model results for the starting year and the result trends of a projection period should square as precisely as possible with the
real-life situation and the actual trends, respectively. This increases the certainty that the essential correlations in the model will
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be depicted. It also makes it easier for decision-makers to interpret the forecasted trends. Because the reality can never be
completely depicted in a model, additional measures are required for a complete adjustment to real-life situations. At the
individual-farm level, this is achieved by calibrating the farm models; at the sectoral level, via a sector-consistent extrapolation.
Both calibration and extrapolation processes may, however, influence the forecasted model results. With the help of the
SWISSIland model, this paper investigates the effects of different extrapolation methods on the accurate depiction of the actual
situation, and on the influencing of the model forecasts. Here, the main question is the extent to which SWISSland is able to
depict the trends actually observed in the Swiss agricultural sector. To this end, the corresponding model results are compared
with the statistical values of the agricultural sector, using various key structure and income figures. The effect of the various
extrapolation methods can be measured by means of the deviation of the model results from the statistical observation values.

1.5  Section 2 of the present paper sets out a brief overview of the model itself. Section 3 aims to fill a gap in terms of the theoretical
background of various extrapolation methods. Section 4 shows the influence of the different methods on the sectorally
extrapolated model results.

The SWISSIland Model — A short ODD Protocol

21 SWISSIand is an empirically supported agent-based agricultural sector model developed by the Socioeconomics Research
Group of Agroscope Research Station, Institute for Sustainability Sciences ISS in Tanikon, Switzerland. A number of papers
describing parts of SWISSland have been published to date (Calabrese & Mack 2011; Mack et al. 2014; Mack & Hoop 2013; Mack
et al. 2013; Mack et al. 2011; Mdhring et al. 2012; Méhring et al. 2011; Méhring et al. 2010a and Méhring et al. 2010b). In this
paper, SWISSIand is described according to the ODD (Overview Design Concepts and Details) Protocol of Grimm et al. (2010).

Overview
Purpose

2.2  The SWISSIland agent-based model aims to depict as realistically as possible around 55 000 family farms throughout
Switzerland in all their heterogeneity in terms of operating and cost structures as well as modes of social behaviour. SWISSland
is used to estimate the repercussions of agricultural policy measures, the impact of internal and external market influences, and
the effects of the heterogeneous site conditions specific to the alpine region on income trends, structural change and land
management in the Swiss agricultural sector. At the same time it is designed to differentiate between regional areas and groups
of farms. SWISSIand's primary use is as a policy advisory tool.

Entities, State variables and scales

2.3  Agents are represented by actual farms in the model. These are exclusively family farms operating all year round whose total
income is generated mainly on the farm. The model also includes agents farming exclusively in the mountain region at an altitude
of over 1000 m above sea level (alpine farms).

2.4  The parameterisation of the agents in terms of location, farm structure and resource endowment is based on information
obtained from the approx. 3200 reference farms of the Swiss Farm Accountancy Data Network (FADN) data pool. This agent
population is a non-representative sample of the approx. 55 000 family farms in Switzerland.

25 Located throughout Switzerland, the FADN-based agents usually have no neighbourly relationships with one other. To model
land trade between these FADN-based agents, a spatially realistic municipality structure was implemented in the sector model
which includes neighbourhood patterns among farm locations (Mack et al. 2013).

2.6 Agents exhibiting similar characteristics in terms of individual behavioural strategies within their adjustment process were
grouped into population clusters. Population clusters exist in the spheres of work organisation and investment activity (Mack &
Hoop 2013), in the depiction of generational change (Méhring et al. 2011), in the decision for or against the expansion of labour-
and capital-intensive production branches of plant production, in the change of the land use system, or in the depiction of the
home farms that are amenable to summering livestock (Calabrese 2012).

2.7 The market price is recalculated annually on the basis of price elasticities of demand with the help of a partial equilibrium model
within two iteration steps. Integrated into the iteration process is the SWISSland demand module, which is used for ex-ante
simulations. For ex-post simulations, the individual-farm prices and average sectoral price trends deduced from the FADN data
are assumed. Exogenous variables predefined for the model are inter alia general macro-economic and population trends,
relevant policy instruments such as threshold prices, quota controls, direct payments, benefits and import quotas as well as the
world market price and all individual-farm input data. The latter may vary depending upon specifications and framework
conditions motivated by agricultural policy. A general model overview is given in Figure 1.
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Figure 1. The model system SWISSland

Process overview and scheduling

2.8 The adaptive reactions of the individual agents are depicted in annual steps. Before the annual iteration process can be started,
an initialisation step is necessary.

29 The initialisation process essentially consists of the following substeps:

I. Improving the representativeness of the sample
II. Importing the FADN data and other data sources
Ill. Parameterising the individual-farm optimisation models
IV. Assigning attributes to the agents
V. Calibrating the base year
VI. Assigning typical behavioural rules for individual agents or agent groups

2.10 The iteration process is then started, with the model flow depicted in Figure 2 applying for each time interval. The model
simulates a forecast period of up to 30 calendar years, corresponding more or less to a generational cycle of the farming family.
The adaptive reactions of the individual agents (4,,) and their behaviour when interacting with other agents are depicted in annual
steps.
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Software environment

T

SWISSIand comprises three different software components which communicate with each other via interfaces:
MySQL database

Accountancy data

Simulation control data for process and data-transfer control

Group-formation data for creating population clusters and SWISSland communities

Input and output data for mapping each individual agent's behavioural algorithms in decision-making

Java platform

Modelling database interfaces and program control

Modelling the non-rational decision-making behaviour of agents
Modelling agent interactions

Modelling extrapolation across the sector as a whole

GAMS optimisation model

Modelling farm agents with GAMS (General Algebraic Modeling System: Rosenthal 2015)
Data preparation tool: allocation of accountancy data to production activities

Optimisation of agents' production and investment decisions

Calibration of the model

Many of the processes within a simulation must be handled sequentially. Except for base year data preparation in the
initialisation phase, however, most individual-farm GAMS optimisations can be initialised in parallel for the total of 59 SWISSland
lease regions.

Design Concepts
Basic Principles

The SWISSIand model is a hybrid model. The microsimulation approach (individual-farm optimisation) investigates the rational
decision-making process of the agents at microlevel.

The agent-based model approach also enables non-rational agent decision-making behaviour to be taken into account, and
allows interactions between the agents themselves on the one hand, and between the agents and their environment on the other.
This permits scenario- and policy-based analysis, as well as the description of structural impact on a micro- and sector level.
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Emergence

2.15 The SWISSIand model calculates sectoral parameters. First and foremost, these include trends in product quantity, price, land
use, livestock population and workforce, as well as income trends according to agricultural accounting, sectoral input and output
factors for calculating environmental impacts, and important structural indicators such as the number of farms, farm sizes and
farm types, or the number of farms that have changed their form of land use.

Adaptation

2.16 The great heterogeneity of Swiss family farms and the differentiated regional and local circumstances taken into account
indirectly via production resources and individual cost- and price ratios of the agents elicit different adaptive reactions. Agents can
adapt their production programme, and correspondingly their use of resources (land, labour, cash and livestock) whilst bearing in
mind technical progress, price changes on the product and factor markets, and agricultural-policy transfer payments. This is
accomplished through a changed mix of production activities, or through the expansion or restriction of production volumes. Farm
exits are possible within the framework of generational change, whilst growth occurs through the leasing of the plots of exiting
agents, or through investment in larger barns.

Objectives

2.17 One of the most important assumptions of the model is that the agents maximise their expected household income, which is the
sum of agricultural and non-agricultural income. For this, they optimise their (short-term) production and investment decisions.

Learning

2.18 No agent learning process is implemented in SWISSland; however, the model adapts the behavioural rules in year t; based on

the decisions in year t.
Prediction

2.19 In keeping with the theory of adaptive expectations, the agents make their production decisions based on yield and price
expectations of the previous year for the various products. In addition, annual yield increases resulting from technical progress
are taken into account as well as changes in costs based on cost trends in the upstream area or in the service sector.

2.20 The agents base their investment decisions on the expected average annual costs for the entire capacity of an investment unit,
regardless of whether or not it is fully utilised in the short term after the investment.

Sensing

2.21 Itis assumed that the farmers are familiar with the site of their farm and that of their plots or potential neighbouring plots, and
therefore bear in mind the relevant transport costs in the event of a possible leasing decision. They also know the transport costs
for the transfer of the animals from the home farms to the summering farms. These costs influence the home farms' decision to
summer livestock on alpine pastures.

Agent-Agent Interaction

2.22 SWISSIland uses a leasing algorithm to model the allocation of plots of land from exiting farms to the remaining farms in the
immediate vicinity (Mack et al. 2013). Exiting farms are those which cannot be transferred to a successor or those where
potential successors decide against taking over the farm for economic reasons. A plot-by-plot bidding process is used to model
which neighbouring agent obtains the freed-up land and at what rental. The plot is allocated to the neighbouring agent achieving
the highest expected income growth from leasing the plot. As soon as a plot of land cannot be leased in the normal bidding
process, the lease price is reduced incrementally by 20% each time the circle of prospective buyers is expanded.

2.23  Another inter-farm interaction in SWISSland takes place when summer-pastured livestock is transferred between home farm and
alpine farm at the beginning and end of the summer season. If an alpine farm is privately run, the summered animals from the
home farm are allocated directly to the alpine farm. If it is an alp cooperative, the livestock is assigned to alpine pastures via a so-
called middleman, who allocates the available animals subject to the capacity of the summer farms and the distance, or more
specifically the cost of transporting the livestock. This method of indirect interaction is also described by Bandini et al. (2009).

Agent-Environment Interaction
2.24 The agent-environment relationships are taken into account indirectly via the individual-farm parameter coefficients of the model

agents. Site and climate conditions are reflected both in land use and in yield potentials and cost structures of the farms of the
base year. SWISSIand is linked to environmental life cycle assessment (LCA) software via an output tool so that a final
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environmental-impact analysis can be carried out for each simulation. Feedback to the model based on the results of the
environmental LCA is not possible at the moment. Decision-making options which would allow an adaptive response from agents,
e.g. a switch to particularly resource-efficient or climate-friendly cultivation methods, have not as yet been modelled.

Stochasticity

2.25 SWISSland implements stochastic variables and processes in several places:

® For all agent activities occurring in the production programme of the forecast years rather than in the base year, the yield
and price coefficients are estimated with the aid of a random distribution based on means and standard deviations of the
values of all agents from the same region and with the same land use system.

® The model uses a random distribution of farmer's age, which was predefined in the initialisation process. Here, the age
distribution of the agent population corresponds to that of the basic population.

® The useful life of existing barns is estimated on the basis of the depreciation amount per LU, since no information on the
actual age of the barns can be derived from the accounting data. Here, the assumption applies that the higher the
depreciation amounts per LU, the shorter the useful life of the barn. Within a quantile allocation of the agents, the age of
the barns is determined stochastically via random distribution.

® Agents without a (male or female) successor and those with a potential takeover candidate are determined stochastically
on the basis of farm-succession probabilities. Probabilities are reallocated after each simulation year, so that the dynamic
changes in the agents resulting from a growth in area or change in farm type are taken into account in the simulation
period.

Cooperatives
2.26 SWISSland does not depict cooperative associations that have an effect on the individual agent decisions.
Observation

2.27 After each iteration, the state after the optimisation process is recorded and stored in the database. This information serves as
input parameters, and hence as a decision-making basis for the next time interval. In addition to the age of the farm manager and
that of the agricultural buildings, information on spatial attributes and changing behavioural traits and rules is updated. After the
simulation, all relevant parameters are extrapolated at sectoral level. The adaptive reaction of the agents can be shown
individually, or individually for each time interval for groups of agents, or for several or all time intervals of the entire forecast
period.

Details
Initialisation and modelling of agent behaviour

2.28 The FADN-based agents are located throughout Switzerland, and do not usually have a neighbourly relationship with each other.
To model land trade between agents, a spatially realistic municipality structure including neighbourhood patterns among farm
locations was implemented in the model. The municipality structure was based on seven existing Swiss municipalities. The seven
reference municipalities were chosen from among Switzerland's 2,765 municipalities in a two-step procedure. Firstly, a municipal
typology was created on the basis of size (utilised agricultural area or UAA), difference in altitude (between the lowest and
highest point above sea level of the UAA), and distribution of the farmland over different altitude levels within a municipality.
These attributes were selected as indicative of accessibility and travel time between the farm locations and the plots of a
municipality. Mack et al. (2013) provided details on the assignment of reference municipalities and their spatial and topographic
characteristics, as well as on the information transfer process from municipality level to FADN-based agent level. Consequently,
all agents were determined by spatial characteristics (farmyard coordinates, number of plots with meadows and arable land,
coordinates of the plots and their field-farmyard distance), and ultimately possessed 'virtual' neighbouring agents whose plots
border on other agents.

2.29 The modelling of agent behaviour fundamentally influences the manner in which the actors make their decisions. The behaviour
of the individual agents can be divided into smaller independent units (microbehaviours) that are individually parameterised and
modelled as autonomous processes (Kahn 2007). Initially, this occurs independently of the sequence of the execution of the
processes, but must subsequently be coordinated with them:

2.30 Rational agent behaviour is taken as an important basic assumption of the model. In the objective function (equation 1), each
farm agent (index f) maximises its household income per annum (index 7). Household income (INCOMEf, 1) is yielded from the
sale of products (SALEy), from additional income (4DDINC;), and from income from direct payments (PAYMENT,), less the costs
of the means of production (PURCHASE,). Almost all product and purchase prices were estimated on an individual-farm basis
from the FADN data, with the price trends being stipulated exogenously. The cost function of the plant-production activities is
formulated according to the approach of Positive Mathematical Programming (PMP) described in Mack et al. (2015), where
different PMP methods are also tested. By taking into account additional, calculated costs (a,, y,) for the enlargement of the
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individual crop areas (LAND,) in relation to the observed areas in the base year, PMP helps to obtain reactions by the agents in
the model similar to those observed among farmers. For the mathematical details of this method, see Heckelei et al. (2012),
Sanders et al. (2008) or Gocht et al. (2005).

2.31 The optimised activity values have to comply with various restrictions (equation 2). The resource endowment (w) of a farm
consists of the available area (index c), the animal places (index /) on the home farm and the alpine farm (indexv), the labour
force (index #), and other capacities limiting animal and plant production (e.g. sugar-beet quota, milk quota up to 2009, provisions
on the receipt of direct payments). All restrictions are in linear form in order to get an optimal solution with commonly used
solvers.

MaxINCOMEy. ;= ¥ p, % SALE; , + i p;% ADDING;., ;+ d py* PAYMENT;, 4~ * p,* PURCHASEf, .~ ¢ a; .% LAND;, .~0.5 ¢

subject to

¢t LAND; , A Lvar! NV« ANIMAL ;1 0 50YR s« LABOUR, ,, <, @

c,w v,w h,w

forallwec, I, v, h.

2.32 The use of individual-farm FADN data ensures that various factors influencing the objective function and production-coefficient
matrix are also automatically taken into account, allowing the depiction of numerous management options that are typical for
Switzerland. These management options are characterised by different arable-, forage- and animal-production systems within the
land-use system, and thus by corresponding input/output intensity levels. The cost and output parameters of the production
activities are therefore heterogeneous, and influence the decision-making scope of the agents.The coefficients derived using the
base year apply only for the current situation of the agents, however.

2.33 There are so called real-world strategies implemented in the decision models of SWISSland, e.g.:

® At the earliest, farm-takeover decisions are considered once the farm manager turns 65 and starts receiving his state
pension, coinciding with a lapse of entitlement to direct payments (Meier 2007).

® Empirical studies indicate that the number of farms involved in the lease market is limited (Strohnm 1998), ranging
between one and five farms. Based on these findings, it was assumed that the five nearest neighbours were involved in
the bidding process.

2.34 Farm takeover or farm exit are determined by a minimum withdrawal of agents that reaching retirement age (exit rule). However,
the subsequent generation opts only for a takeover, if a continuation of operation provides a sufficient basis of economic
performance and thus financial stability. Is a takeover of the farm excluded due to the fact that the basic business requirements
cannot be achieved, the land is released for lease. The implemented income and stability criteria guarantee that agricultural
policy changes (including price reductions, reduction of direct payments) incorporated in the takeover decision (Figure 3).
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® A cluster of FADN farms were analysed to determine the common labour strategies for Switzerland with respect to use of
family labour, external labour, wage labour by a third party, wage labour for a third party and sideline with area expansion
through the lease of additional land. A distinct strategy ¢, is defined by the mean absolute deviation (d,) of all five cluster-
forming variables over the period ¢;. In addition, we describe a labour strategy c, by a set of m underlying farm-structure
variables S, from period ¢, where j = (1...m), representing the farm's status before the change. Farm structure
differences between at least two clusters were verified by applying a Kruskal-Wallis test. A Bayesian network calculates
the posterior probability distribution P(E) to a distinct cluster for each agent.

2.36 According to Kellermann et al. (2008), model-specific assumptions are necessary in order to render the model operational and to
keep it tractable and clear. In particular, assumptions concern the following: data gaps, conversion, farm behaviour, expectation
formation, planning-period definition, market representation, and interaction with other sectors. Central modelling assumptions
are listed in Balmann (1996), Kellermann et al. (2008) and Sahrbacher (2012). Hence, the following basic economic assumptions
apply for SWISSIand: profit or income maximisation, lower costs and path dependency, economies of size, myopic behaviour,
shadow price, transport costs, and opportunity costs.

Input and Output data

2.37 The database combines three groups of data:

e Simulation-control data (for scheduling and data transfer between modules)
® Group-formation data (for forming population clusters and SWISSland municipalities)
® Decision-making behavioural datasets for each agent.

2.38 The agents make their production decisions on the basis of yield and cost expectations of the three-year average of the
production programme conducted in the base year and of the product prices of the previous year. Expected costs, direct
payments and expected yields were estimated for all non-existent agent production activities of the base year by estimating
averages and standard deviations of the observed values of similar farms. These groups include farms in the same regions with
similar farm types. This method is especially suitable for deriving the expected values for homogeneous farm activities such as
commercial milk production or cereal production, since these are recorded in detail in the individual-farm accountancy data. The
correct depiction of heterogeneous farm activities (such as vegetable production) which are underrepresented in the accountancy
data and whose cost- and labour-requirement coefficients are not clearly assignable, is a trickier matter. In addition, various
production processes of these farm activities often vary dramatically with respect to area output in monetary terms and working-
time requirement, with the result that an aggregation of various processes to an activity in the model leads to distortions. A
grouping of the farms is possible if, assuming a reference gross output per hectare of area, the actually achieved gross output of
each individual farm is placed in relationship to this. The reference gross output is defined so as to illustrate the maximum
possible gross output per hectar of the crops produced. Based on the resultant factor, the farm is now allocated to a group. Each
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group represents different levels of management intensity. A low factor means low area output in monetary terms, a high factor
means a correspondingly high area output. Inasmuch as cost- and work-requirement coefficients correlate with the monetary
area output, we can in a further step use reference values to calculate the average working time spent or the average variable
costs per unit of gross output produced for the activity in question (cf. Méhring et al. 2012).

2.39 This data source is also linked to additional but incomplete information. The spatial dimension of the model is completed with
GIS data. Parameters changing over the course of time such as yield increases, cost changes, the elimination of trade barriers,
or the level of transfer payments motivated by agricultural policy are predetermined exogenously.

2.40 SWISSIland calculates sectoral parameters via an upscaling method as described in the following section. Product quantities and
prices, land-use and labour trend, income trend according to the Economic Accounts for Agriculture, the sectoral input and output
factors for calculating environmental impacts, and important key structural figures such as number of farms, sizes and types of
farm, or number of farms changing their farming system, are all sectoral output indicators.

Submodels

2.41 Following the ODD protocol, this section aims at providing a full model description, especially in the form of mathematical
equations. Therefore submodels are explained in greater detail in Méhring et al. (2014).

Upscaling methods tested with SWISSIand

3.1 Until now, sector models have usually depicted the agricultural sector as a virtual large farm, or as subdivided into regional
farms. The individual-farm, heterogeneous decisions and the inter-farm relationships cannot be taken into account in such
models sufficiently, if at all. Therefore, such a subsuming of individual farms into larger units can be expected to produce sizeable
aggregation errors (Brandes 1985; Table 1). When modelling similar farms as farm types or average farms, this aggregation
error can be reduced (e.g. FARMIS: Bertelsmeier et al. 2003). Often, however, such a farm model is not based on the basic
population of farms (because data are not available from all farms, for instance). In such cases, a sampling error arises which
characterises the difference between the true values of the basic population and those of the extrapolated sample. If a random
sample is not possible, the representativeness can be improved by a strategic selection of typical farms (Happe 2004). Only when
all farms of the basic population are included in the model can aggregation and sampling errors be avoided.

Table 1: Possible representation errors for the entire region in various sector models

Model type Aggregation Error Sampling Error
Regional farms  Entire regions as virtual farms +++ -)
Farm types Groups of average farms ++ +
Farm sample Representative selection (-) ++
Non-representative selection (-) +++
Complete coverage of the region -) -)

Source: Own research

3.2  An essential aim of the SWISSland model is to forecast structural change in Swiss agriculture. Structural change is a result of the
decisions at single farm level. A multi-agent model depicting all of the approx. 50,000 farms in Switzerland would be hard to
implement, however, since the necessary data are not available from all of the farms. The high volume of data and long computer
run times would make application extremely difficult. For this reason, SWISSIand only depicts a sample of all farms, which makes
an extrapolation necessary for sectoral statements.

3.3 It is our objective to progress from the individual-farm results of a model to a regional, sectoral or structural level. Hence, a
method must be developed which reflects as faithfully as possible both the reactions of the farm model and the official numbers
from the statistics. This method has to be based on attributes that are available both from the individual farms and from the basic
population. In Switzerland, only structural attributes such as surfaces of cultivated crops and numbers of animals are
systematically collected from all farms. Economic figures are only available from the FADN farms. Table 2 shows some important
structural attributes for the basic population and for the farm sample in the base year 2005. The average numbers per farm
indicates that some attributes are strongly under or overrepresented. The share of small sized farms and the surfaces of
permanent crops are much lower in the sample, whereas the dairy cow population is higher. The average area per farm is higher
in the sample too.

Table 2: Summarised and average values of some important attributes in the population and in the sample
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Population (CH)] Sample (FADN) Population (CH)| Sample (FADN)
Total |Average| Total |Average| +/- Total |Average| Total |Average| +/-
per farm perfarm| (%) per farm perfarm| (%)
Total farms Qty.| 56330 3135 Agricultural area ha|1040580 18.47 | 65493 20.89 13%
Region |valley Qty| 23884 0.42 1426 045 7% | Openarablearea ha| 280757 4.98 | 15836 505 1%
hill Qty| 15296 0.27 901 029 6% | Pemanent crops ha 18994 0.34 696 0.22 -34%
mountain  Qty| 17150 0.30 808 0.26 -15%| Grassland ha| 729840 12.96 | 48519 1548 19%
Product.|organic Qty| 49980 0.89 2701 0.86 -3% | Bread grain ha| 86423 1.53 4612 147 -4%
system |non-organic Qty| 6350 0.11 434 0.14 23%| Feed grain ha| 58064 1.03 3545 113 10%
Fam 0-10 ha Qty] 14985 0.27 237 0.08 -72%| Grain maize ha 19548 0.35 829 0.26 -24%
size 10-20ha Qty| 21581 0.38 1462 0.47 22%| Silage maize ha 42380 0.75 2942 094 25%
20-30ha  Qty| 11742 0.21 986 0.31 51%| Potatoes ha 12321 0.22 998 0.32 46%
30-50 ha Qty| 6464 0.11 394 0.13 10%| Sugar beet ha 18059 0.32 1015 0.32 1%
50- ha Qty] 1558 0.03 56 0.02 -35%| Rapeseed ha 17521 0.31 768 024 -21%
Cattle total LU | 950070 16.87 | 67746 21.61 28% | Vegetables ha 8544 0.15 337 011 -29%
Dairy cows LU 1615175 10.92 | 46169 14.73 35% | Pem. grassland ha| 611841 10.86 | 39519 1261 16%
3.4 I% lgjec%ve of the extrap%%gilign |%t?z? af ply;?ﬁé re%&lf's of%ﬁg crintﬁ tﬁﬁSSI aseci1 0 ﬂ‘l]e?g%?np%% the a%];gpoprga?g ba?%
pop%ﬁatlon using speclf'Llec me%_oﬁ(lis %or th 31% swtatglle welgﬁ‘f‘:'t/lc enerally sought for <=ve%§/]4r?ﬁr)crogulr15|‘t ( nd|V|guaI Parm of7:‘3’ micro-
Pol S LU | 42357 0.75 |, : 115  53% % e . 014 14% |
atauaoc {sampte)-As-arestitthe-sum-of attributestormedineach-case-with-these-weightsshotld-correspond-as-—closely-as
possible across all micro-units to the given data of the basic population. In the literature, different objective/distance functions
such as generalised least squares and minimum information loss are called upon for this. In this optimisation process, the
extrapolation factors can be determined either by minimising the deviations from initial extrapolation factors or by minimising the
deviations from the statistical characteristics.
3.5 In multi-agent models where relationships such as land trade exist between the agents, the allocation of individual-farm

extrapolation factors, however, can lead to inconsistencies in the extrapolation: Land trade between farms to which different
extrapolation factors are assigned leads to a change in the stipulated total area (Fig. 4, middle). This change in area can be
corrected by a corresponding adjustment of the farm extrapolation factors, i.e. the factors are adjusted such that the extrapolated
total area remains unchanged (Fig. 4, right). At the same time, however, such a correction has repercussions for the extrapolation
of all remaining farm attributes. The extrapolated values of attributes would change not as a result of the model calculations, but
simply because of the correction of the extrapolation factors. To prevent such inconsistencies, the proxy of the farms in the agent
population could be adjusted beforehand to the proxy in the basic population, based on the initialisation method of Happe (2004).
Unlike in Happe (2004), however, the number of certain farms would not be multiplied until the entire region was covered. Rather,
farms from under-represented farm groups would be multiplied and, if applicable, some from over-represented groups would be
removed from the agent population. The goal of this adjustment is that all essential attributes are represented with a similar
percentage. In this way, the results of model calculations can be extrapolated to the basic population with a general, fixed factor.
The last of the extrapolation methods tested in the following section is a method using such an adjusted farm sample.

Initial situation Land trading Land trading
without adjustment with adjustment
of projection factors of projection factors
Fam 1 Farm 1 ," ‘:,' Farm 2 Farm 1 "’
(Farms of vege-
model agent fabies
population) 20 ha 8 ha 10 ha 10 ha
xml xﬁol xml x151 xzsl
L DoDDoDDDDD | OO (el w N 8
Extrapolated | —— CODOoODDOD | O O o9g %nggg 88
Sample [ [ DoDDoDDDDD | OO aag aYsfsyagal
L ] oDDDOoDDDoDD o g G’ G‘ g
] —) ooDDoODDDoOD e (e R}
200 ha 400 ha vegetables 100 ha 500 ha grassland 150 ha 250 ha grassland
grassland grassland 400 ha vegetables grassland 200 ha vegetables
r + 200 ha grassland
Total 600 ha Total 1000 ha < + 400 ha grassland Total 600 ha <— " " \egetanies

http://jasss.soc.surrey.ac.uk/18/4/11.html

10

25/01/2016



3.6

3.7

3.8

3.9

Figure 4. Aggregation errors of land trade with farm-specific extrapolation factors

The SWISSIand model is used to test the suitability of different extrapolation methods for multi-agent models meant to illustrate
an entire sector. For this, the methods for an earlier base year are applied, so that in addition to the accuracy of the adjustment to
the population of the base year, the differences between the model results and the actual trend can be investigated. The methods
contained in Table 3 are tested.

Table 3: Upscaling versions (details in the e-appendix)

Method Benchmarks 1 2 3
Linear | FADN FADNOpt AttrOpt SamAdj

Proportionf FADN Objective function Objective function Adjustment of population

Determinati of area: | proxies: | (Minimisation of deviation | (Minimisation of deviation | (Minimisation of deviation
ermination from FADN proxies): of projected attributes): | of projected attributes):
of projection I
factors x; x= xX,=w, Xy Xplyr 1y Xplyy 0y
;11‘ ;(wf ) ;(; A, D *e Zm:(; AW D" * e
Sample FADN FADN FADN FADN FADN adjusted
Correction of |no correc- ]
: i at each at each at each no correction
X1 In case tion ne- trade trade trade necessary
of land trade | cessary
FO_2 AQ_2
Variation Overall correction of xs | Predefined proportion of
(all farms with land trade) | x: in each quantile 10-50

In all but the last method, the agent population of the unaltered sample corresponds to all FADN farms which were included at
least twice in three consecutive years (2003-2005). For each farm, the mean values of these two or three years are transferred
into the base year of the model.

Benchmarks

The 'Linear' and 'FADN' methods serve as benchmarks. In the 'Linear' method, the results of all farms with the same factor are
extrapolated to the useful agricultural area of the basic population. This factor is yielded by dividing the total area of the basic
population by the sum of the area of all farms in the sample. It is calculated for the base year, and remains unchanged in the
forecast years. The 'FADN' method uses the proxies of the farm types for the extrapolation. In a farm sample, each farm can be
assigned to a farm type, which is defined by characteristics such as proportions of specific cultures and animals, farm size and
region. The weight of a farm type in the sample is determined as the inverse of the number of the farm type in the sample with
reference to the number of this farm type in the basic population. During the model calculations, the factors are adjusted when
land changes between different farm types, i.e. between farms with different extrapolation factors. The factor of the farm taking
over land is altered in such a way that the extrapolated useful agricultural area remains unchanged.

1. FADNOpt

Farm-specific extrapolation factors could improve the adjustment of the extrapolated values. For this purpose, the deviation of
the extrapolation factors from an original weighting can be minimized using an optimisation model. The squared deviations are
used, in order to convert negative values into positive ones (equation 3). Alternatively, logarithmic values can be minimized (e.g.
Osterburg et al. 2001). At the same time, a specific range of variation of important extrapolation attributes must be observed
(equation 4). The extrapolated number of farms must remain the same (equation 5). Thus, the optimisation leads to compliance
with a fixed maximum deviation «,,, with as little change in the original weighting factors as possible.

Sy
MinZ= 1 (Wﬁ —1) ®3)
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)3 (4)

(I-ay) x4y < S xpeaye < (1+a,) =4,

S oxp=Ttwy

Wy Basic weight of farm type f in the sample

Xy Optimised extrapolation factor for farm f'(every farm fis assigned to a farm type f?)

a,, Maximum permitted percentage deviation of the extrapolated attributes a,, from the range of attributes in the basic population
Am

A,, Value of attribute m in the basic population

a,,r Value of attribute m on farm £

3.10 The weight wft is the original weighting of the farm types ('FADN' proxies). It is the same for all farmsf belonging to the same
farm type, whereas the optimised factors xpare farm-specific. Narrower permitted ranges «,, are stipulated for especially
important attributes such as farm numbers and areas per region than for less important ones such as single crop and livestock
values. Some attributes such as the number of sheep farms are so strongly under-represented in the sample that a higher range
of variation is also allowed; otherwise, very high extrapolation factors would be allocated to these few farms, with the result that a
small number of individual farms would have a major impact on the model calculations. As in the 'FADN' method, the factors are
adjusted during the model calculations when land is exchanged between the farms. In order to lessen distortions from these
factor adjustments, the 'FO_2' method variation does not make adjustments each time that land changes hands, but rather after
every model period as a whole. Here, the extrapolation factor of all farms that have taken over land during the period in question
is altered by the same percentage, so that the area as a whole remains unchanged. Usually farms with low as well as with high
extrapolation factors take over land,which means that some individual-farm factors are adjusted upwards and others downwards.
Therefore an overall adjustment leads to smaller factor alterations, and hence to smaller distortions.

2. AttrOpt

3.11 Instead of the deviations of the extrapolation factors from an original weighting, the deviations of important characteristics can be
minimised directly. Extrapolated with the farm attributes a,, the to-be-determined extrapolation factors xpare meant to deviate as
little as possible from the actual attributes 4,, of the basic population (equation 6). It is possible to weight the attributes in the
optimisation differently (c,,). Optionally, maximum deviations for important attributes can be demanded (equation 4). Again, the
extrapolated number of farms must remain the same (equation 5).

f Am

> (Zﬁ"_l )z o

xr Optimised extrapolation factor for farm f

4,, Value of attributes in the basic population
a,r Value of attribute m on farm f

¢,, Weight of attribute m in the objective function

3.12 In most cases the optimisation will lead either to very high or very low individual-farm extrapolation factors. Therefore, the
permissible value range of the factors is limited (10 to 50). To prevent the allocation of many low or high factors within this range,
the 'AO_2' method variation also defines quantiles within which certain percentages of the factors must lie.

3. SamAdj

3.13 In order to prevent distortions in factor adjustments during land trade, no different individual-farm extrapolation factors are
determined in the final 'SamAd]' process. Rather, through the multiplication of farms with under-represented attributes, the agent
population is adjusted such that extrapolation can be performed with an extrapolation factor that is identical for all farms. In order
to detect the farms to be multiplied (xf> 1), the deviation of the extrapolated attributes from the attributes of the basic population
is minimized (equation 7). The number of farms in the agent population is given through the predefined extrapolation factor (W;
equation 8).
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f xf=X/W

xr Optimised weight of farm f (integer variable: standard value = 1)

a,,r Range of attribute m on farm

4, Range of attribute m in the basic population

X No. of farms in the basic population

W Fixed extrapolation factor: defines the percentage of the basic population depicted in the model
¢,, Weight of attribute m in the objective function

3.14  Within a further equation, the maximum number of times that a farm can be multiplied (maximum ofx) is defined. This number is
set to three in this calculation. Additionally, a predefined maximum number of strongly over-represented farms may are rejected
from the sample (xf: 0). This maximum number should be small in order to limit the associated loss of information. For important
attributes it is possible again to determine maximum deviations that must be observed within this optimisation process (equation
4).

3.15 Further upscaling options such as Maximum Entropy methods or the use of relative changes of attributes (Hofreither et al. 2005)
have not been tested in this analysis. The latter has several drawbacks, such as all attributes must be known both of the sample
and the basic population, or aggregation errors of relative changes. The effects of the extrapolation methods tested in this
analysis on the extrapolation results are illustrated in the next section.

Results

4.1 The effects of the various extrapolation methods on the adjustment to the basic population in the base year and on the trend of
the model results in comparison with the actual trend are illustrated below. The sample encompasses 3200 farms, thus covering
5.5% of Switzerland's farms, or 6.3% of the country's agricultural area.

4.2 Table 4 shows the deviations of the extrapolated values from those of the basic population in the base year for a range of
attributes. The figures of the farm sample are model results which means that a shift from economically less to more attractive
activities may have occured. These results have been extrapolated with the different methods tested. A linear extrapolation of all
farms to the size of Switzerland's useful agricultural area ('Linear') leads in some cases to high deviations for various attributes.
The total number of farms in the extrapolated sample is 12% lower than in the basic population. This means that, on average, the
farms of the sample have a larger area than those of the basic population. Consequently, only around one-quarter of the area
class of farms up to 10 ha is represented in the sample. At the same time, the farms of very large area are also under-
represented. Of the various farming activities, grapes, cereals and pigs are under-represented, whilst potatoes, dairy cows and
poultry are over-represented. With the linear extrapolation, the mean absolute deviation of these selected attributes is 20.7%. If
the farms are not all extrapolated with the same factor, but instead according to the proxy of their farm type ('FADN'), this alone
results in a distinct improvement in the adjustment. Neverthess, the small-scale farms are still underestimated in the
extrapolation. For some attributes, there is even a worsening of adjustment, as is the case, for example, of the pig population,
which is to be found in the sample primarily on over-represented ‘combined' farm types, while specialised farms with very high
pig populations are a rarity in the sample. All in all, the mean absolute deviation of the selected attributes still stands at 14%. The
'FADNOpt' method refined the farm-type-specific extrapolation factors by assigning each farm in the sample a separate factor
deviating as little as possible from the farm-type-specific factor, while specifying maximum deviations from important
extrapolated attributes. Thus, for instance, the very-small-scale farms can be allocated factors that are higher than the farm-type-
specific factor in each case, once again enabling the extrapolation in the base year to be significantly improved, with the mean
absolute deviation still standing at a total of 6.4%. The 'FO_2' method differs from the 'FADNOpt' method only in its correction
process for land shifts; the extrapolation factors in the base year are identical. If the deviations of the extrapolated attributes are
directly minimised (‘AttrOpt') in order to determine the individual-farm extrapolation factors, the deviation rises again for several
attributes, with the mean deviation reaching 8.3%. With this variant, the permitted minimum and maximum individual-farm factors
were set to the narrower range of 10 to 50, since these boundary values were determined by the optimisation for a majority of the
farms. In the case of land shifts between model farms, this prevents the occurrence of very high differences in the extrapolation
factors, with corresponding distortions. Setting the minimum and maximum factors in this variant to 5 and 100 respectively would
yield a better adjustment of attributes than in the 'FADNOpt' variant; here, however, the majority of factors would actually come to
rest at either 5 or 100. In order to prevent this, the 'AO_2' method specified that a certain percentage of the extrapolation factors
in each case must lie within the quartiles of the the 10 to 50' range. This additional limitation leads to a slightly worse attribute
adjustment than the 'AttrOpt' method. Finally, unlike in the remaining methods, the 'SamAdj' method adjusted the agent
population with respect to the sample by allowing under-represented farms to be doubled or tripled, so that a linear extrapolation
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by a single factor is then possible. This multiplication of individual farms offers less scope for adjustment than the individual-farm
adjustment of the extrapolation factors, which is why the adjustment to the base year can be only slightly improved with respect to
the linear extrapolation.

Table 4: Deviation of selected attributes extrapolated by different methods in the base year

Popu- | Benchmarks | 1 | 2 [ 3
lation | Linear | FADN | FADNOpt| FO_2 | AttrOpt | AO_2 | SamAdj
base year| Deviation from population (+/-%)
Total farms Qy. 56330 -12% | -10% 0% 0% 0% 0% 0%
Valley region Qty. 23884| -5% -3% 0% 0% 0% 0% 2%
Hill region Qty.  1529| -7% | -10% 0% 0% 0% 0% 4%
Mountain region ~ Qty.  17150| -25% | -19% 0% 0% 0% 0% 7%
Farm size <10ha Qty.  14985| -74% | -37% | -10%  -10% | -22%  -25% | -41%
Farm size 10-30 ha Qty.  33323| 17% 1% 7% 7% 11% 12% 25%
Farm size > 50 ha _ Qty. 8022| -11% | -3% S11%  -11% -5% -6% -25%
Total area ha 1040580 0% | -3% 0% 0% 2% 2% 1%
Bread grain ha  144487| -20% | -17% | -11% @ -11% | -11%  -11% | -24%
Silage maize ha 42380 0% | -9% S1u%  -11% -9% -8% -3%
ha 8544 -30% | -8% 10% 10% 1% 9% -7%
Total livestock LU 1143042 7% -8% -9% -9% -5% -4% 5%
Dairy cows LU 615175 16% | -1% -4% -4% -1% -1% 18%
Suckler cows L 62210 5% 8% 13% 13% 17% 18% 5%
Pigs LU 150614| -18% | -44% | -44%  -44% | -38%  -36% | -33%

All attributes (32 items)'

Average of absolute deviation from population (%)

20.7% [ 14.0% | 6.4% 6.4% | 83% 9.1% | 18.7%

" Details in the e-appendix

4.3 Table 5 shows how precisely the various extrapolation methods determine the actual trend of the selected attributes from 2005 to
2010. The first column gives the actual trends of the attributes as a percentage, whilst the following columns show the differences
between the trend with the extrapolation method in question, and the actual trend. Thus, for example, the actual 8% decrease in
farm numbers is predicted almost exactly for all methods except the last one, in which the decrease is around 5% and is therefore
3 percentage points higher. The differences arising between the methods show that the chosen extrapolation method can
influence the sectoral results of the model results identical to those of the individual farm. On average for the selected attributes,
the differences between the methods, i.e. the differences between the highest and lowest attribute trend, come to about 75% of
the actual trends. The lowest on average are the deviations from the actual trends in the case of the last extrapolation method,
although the latter did a poorer job of illustrating the basic population in the base year than did the method with extrapolation
factors for the individual farm. The risk of distortion effects from the extrapolation factors for the individual farm can be highlighted
using the example of farms from the area class of up to 10 ha: At around 25%, this farm group is strongly under-represented in
the sample vis-a-vis the basic population. The small-scale farms are particularly at risk of exit. When they are only present in the
agent population in small numbers, exit pressure on these farms increases, causing the percentage of exiting farms in this group
to be overestimated. In the extrapolation, this percentage increases still further owing to the higher extrapolation factors of these
farms. The actual trend for the number of farms in this group shows a 17% decrease for the period under observation. In the
methods with extrapolation factors for the individual farms, this decrease is overestimated by up to 12 percentage points. By
contrast, the 'SamAdj' method gave rise to a prior adaptation of the sample, thanks to which the under-representation of this
group was significantly reduced. In the model calculations, this led to a lower exit rate for this farm group.

Table 5: Actual deviation of selected attributes in the forecast extrapolated by different methods

Popu- | Benchmarks | 1 | 2 [ 3

lation | Linear | FADN | FADNOpt| FO_2 | Attropt | AO_2 | SamAdj

change Deviation (difference) from population change (+/-%)
Total farms Qty. -8% 1% 0% 0% 0% 0% 0% 3%
Valley region Qty. -7% 1% 1% 1% 2% 1% 1% 4%
Hill region Qty. -8% 1% 1% 1% 1% 1% 1% 4%
Mountain region Qty.  -9% 0% -2% -4% -3% -2% -3% 1%
Farm size <10ha Qty. -17% -8% -9% -10% -8% -12% -11% -2%
Farm size 10-30 ha Qty. -9% -2% 1% 2% 3% 2% 2% 4%
Farm size >50ha  Qty.  12% 13% 5% 6% 5% 7% 6% 0%
Total area ha -1% 0% 0% 0% 0% 0% 0% 0%
Bread grain ha -8% -14% -11% -9% -8% -10% -10% -2%
Silage maize ha 9% 19% 19% 19% 18% 20% 19% 7%
Vegetables ha 6% -3% 0% 0% 1% -1% 0% 3%
Total livestock Lu 1% 7% 9% 8% 7% 8% 7% 2%
Dairy cows LU -5% 15% 15% 14% 12% 14% 14% 6%
Suckler cows L 2% -16% | -15% -11% -10% -10% -13% -11%
Pigs LU 0% -10% -6% -6% -8% -9% -8% -3%

All attributes (32 items)'

Average of absolute deviation from population change (%)

92% | 98% | 95%  89% | 94%  9.6% | 7.1%

" Details in the e-appendix

4.4 A second distortion effect in the case of individual-farm extrapolation factors results from the adjustment of the factors where
land is traded between two farms with different factors. A comparison to an extrapolation without such a factor adjustment (not
presented in table 5) shows that this alters the forecasted trend of the attributes by an average of about 10%; for less frequent
attributes this change can be substantially higher. With the method where the factors are adjusted as a whole ('FO_2"), rather
than after each land trade, this effect is reduced to around one-third.

4.5  Allin all, the comparison of the various extrapolation factors shows that the choice of method can strongly influence the model
results. Although extrapolation factors for the individual farm can help to achieve better alignment with the attributes in the base
year than can an adjustment of the agent population via the multiplication of under-represented farms, a sample which strongly
deviates from reality can influence model behaviour here. The adjustment of the individual-farm extrapolation factors also has a
distortion effect during land trade, but these factors can be significantly reduced by an adjustment for the entire agent population
instead of one for each individual land trade. When choosing the extrapolation method, these circumstances should also be borne
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in mind.

Conclusions

5.1 The lessons drawn from the analysis described above can be grouped into two categories: those drawn for improving the
SWISSland model, and those drawn from a purely methodological perspective. Starting with the second category, it has been
shown that it can be helpful to apply optimisation models in such a way as to allow comparison with observed developments.
This is probably the only manner of comparing different methodological options which are all theoretically plausible in a normative
fashion. Furthermore, a validation process in which different options are analysed has a positive influence on the reliability of the
model results. On the other hand, it has to be conceded that methods that have been working well in the past (as shown by ex-
post calibration) do not necessarily work well in the future.

5.2 As is probably the case for most FADN networks, the Swiss FADN does not constitute a representative sample of Swiss
agriculture. When it is used as the main data source for a forecasting model, this fact should always be borne in mind. It has
been shown that the best results are obtained from the SWISSland model if it is allowed to use a certain group of farms more
than other groups. An adjustment of the sample, by a multiplication of under-represented farms and a removal of over-
represented farms, showed a better alignment with the observed trends, and it prevents inconsistencies caused by relations
between farm agents to which different extrapolation factors have been assigned. On the other hand, an optimisation of
individual-farm extrapolation factors could help to enhance alignment with the total population. Furthermore, research is needed
to verify which method is most appropriate in cases of bigger changes in economic or political conditions within the time period
under consideration. As every model is different concerning structure, data base and objectives, the most suitable method for the
extrapolation on the sector probably has to be determined for every model separately. The sensitivity of the model to the
aggregation approach, and the lack of any clear 'winner' in terms of which approach should be taken suggests that agent-based
models with 'aggregated agents' is, if not something that is fundamentally flawed (e.g. because individual-agent interactions such
as land exchange are problematic to represent), at least an area that needs a huge amount of work.
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