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AGRICULTURAL POLICY SWITCHINGS - AN AGENT-BASED APPROACH 

von 

A. BALMANN*, K. HAPPE", K. KELLERMANN und A. KLEINGARN 

1 Introduction 

A limitation of livestock density, i. e. tying animal production to farmed land, has become an 
issue in recent political discussions. Whereas it has been part of some voluntary management 
agreement programs for quite some time, the limit oftwo livestock units (LU) per ha has now 
been brought forward also on anational and European level (cf. ZMP 2001).\ Generally this 
measure is associated with positive effects on the environment and some policy makers argue 
that a limitation would create incentives for farmers to reorganize production. In order to re­
ceive direct payments farms with a high livestock density are expected to develop diversifica­
tion strategies. One such strategy is to rent additional land. This is the intention of policy 
makers. However, farms that are already very specialized in e. g. pig or poultry production 
mayaiso respond inversely: If land is available only at enormous prices and if reducing the 
number of livestock is not attractive, an intensive livestock farm may no longer be interested 
in farming land at all because it would then have to farm the land without subsidies. Conse­
quently, instead of diversifying a farm may choose to specialize even more, and eventually 
reduce its acreage. Hence, the land market is particularly affected by a choice in favor or 
against diversification or specialization. And, reciprocally, depending on the conditions on the 
land market, the relative attractiveness ofthese strategies will depend on other farms' behavior 
and thus on the existing farm structure. For regions with a low animal density it could mean 
that intensive live stock farms will increase their acreage. Since in these regions only a few 
farms are affected by the policy change, the adjustment has little impact on the land market. 
In regions with a high animal density the policy impact on the land market is expected to be 
strong and some farms are expected to diversify while others will have to specialize. 

The intention of this paper is to analyze the effects of such a policy switching for a region 
which is, on the one hand, more diversified than an intensive production region, but, on the 
other hand, does not have a particularly low animal density as weiL The region of "Hohen­
lohe" located in Baden-Württemberg displays such characteristics (cf. MLR 2000, various 
years). Apart from intensive pig and turkey production, there are also a number of dairy, far­
rowing, and crop farms located in the region. Farm sizes are reiatively small and below the 
average in West Germany. Whereas average incomes and land rents are relatively high, 
structural change has been comparatively slow. Tbe dominating organizational form is that of 
a family farm. To tackle the problem ofhow farms interact, the study is based on agent-based 
simulations. This means, we simulate the adjustment process with a spatial and dynamic 
model that considers approximately 2600 heterogeneous, individually behaving farms. These 
farms are spatially distributed in a region with a size of about 75000 ha of agriculturalland. 
Since data for 2600 individual farms is not available, the model was fitted to the agricultural 
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sector in Hohenlohe on the basis of data from a small number of real farms operating in the 
region. These selected farms can be considered typical for the region. 

2 Agent-based systems 

An agent-based system (ABS) consists of a number of interacting autonomous entities which 
are understood as agents. RUSSELL and NORVIG (1995, p. 33) have defined agents as 
" ... anything that can be viewed as perceiving its environment through sensors and acting 
upon that environment through effectors." According to this definition an agent could equally 
be a computer program which produces output from input (cf. JENNINGS et al. 1998), or a gum 
machine that distributes a certain number of gums. FRANKLIN and GRAESSER (1996) attempt 
to give a more precise definition of an agent: "An autonomous agent is a system situated 
within and apart of an environment that senses that environment and acts on it, over time, in 
pursuit of its own agenda and so as to effect what it senses in the future." According to this 
definition people as weil as thermostats could be understood as agents. Therefore, FRANKLIN 
and GRAESSER propose a c1assification of agents according to certain properties (table 1). 
They consider the first four items to be the minimum requirements for an agent, i.e. an agent 
should be able to react autonomously and goal-directed to signals in their environment. In as 
far as other criteria are fulfilled, these are specialized agents.' 

Table 1: Classification of agents (FRANKLIN and GRAESSER 1996) 

Property Meaning 
reactive responds in a timely fashion to changes in the environment 
autonomous exercises control over its own actions 
goal-oriented does not simply act in response to the environment 

_t~~~~_~!lL~_~l1_!!!!~!!~_~ ____________ J~~_E.<?_l1.!!!!~~~).'_~~!!lJlJ?.':~c_~~~ __________________________________________________________ -_._--
communicative communicates with other agents, perhaps including people 
leaming (adaptive) changes its behaviour based on its previous experience 
mobile able to transport itself from one machine to another 
flexible actions are not scripted 
character believable "personality" and emotional state 

Agent-based systems are constructed ''from the bottom up" since the system's behavior is not 
controlled by a single central planner on the aggregated level, but it is primarily the result of 
many individually acting and interacting agents with differing behaviors. Because of this, 
agents can be endowed with a larger number of properties and behaviors than conventional 
top-down approaches would allow (BALMANN and HAPPE 200 I b). For reasons of consistency 
between the micro and the macro level conventional models need' rather restrictive axiomatic 
assumptions about individual behavior. ABS are more flexible because behavioral assump­
tions are not given by the approach as such but can be defined according to the specific prob­
lem. This, e. g., allows for the implementation of bounded rationality or heterogeneous 
agents. Flexibility also applies to the framework conditions within which agents act. Neither 
convex production functions nor the existence of perfect markets are necessary conditions for 
the computability of a model. Non-convexity can be taken into account because the behav­
ioral models of individual agents are less complex than they would be on an aggregated level. 
Hence, the problem ofNP-completeness is less severe. Instead ofperfect markets bi- or mul­
tilateral interactions between agents can be modeled. As much as ABS are more flexible with 
respect to assumptions, these need to be weil founded and documented. Moreover they have 
to be justified and a reasonable connection between the underlying assumptions and the model 
results has to be established and communicated to addressees. Because ofthe high dimension­
ality of ABS, it is possible to generate complex structures like chaos, path dependence, multi-
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phase dynamics, which are endogenous to the model, (cf. BALMANN 1995), i. e. the state of 
the system changes from within the system. Hence, the speed of change does not have to be 
defined exogenously, but it is determined by the model itself. One could say that the model is 
evolving (cf. BERGER and BRANDES 1998) and it is even possible that the system remains in a 
state far from equilibrium for a comparatively long time. Furthermore, these systems can 
show emergent structures which are states of order arising from the interaction of many enti­
ties of a system (self-organization). These structures are only visible in systems consisting of 
a large number of entities, such as the effects of the 'invisible hand' on markets. Another as­
pect which could become relevant with respect to ABS in agricultural economics is the rela­
tively easy and straightforward integration of spatial relationships. This has been an impor­
tant aspect in agricultural research ever since. 

3 The model 

The region of 'Hohenlohe' which is mode lied is located in the northeast of Baden­
Württemberg. It comprises about 75000 ha ofagricultural area which is divided up into 30000 
plots just Iike on a chessboard. Each plot has a size of 2.5 ha. About 75% of the plots are ar­
able land, and 25% of the plots are grassland. The model is initialized with 2600 farms that 
are located in the region. These farms can be understood as agents. Each farm agent acts 
autonomously and follows the individual goal of household income maximization. For this, 
farms can engage in off-farm activities (off-farm labour, financial investments) and 13 differ­
ent production activities (e. g. dairy, cattle feeding, piglet production, fattening pigs, turkeys, 
arable farming, meadows, forage production). Farms have the option to invest in 28 different 
objects (buildings, machinery of different sizes), they can buy and seil milk quota as weil as 
animal manure. The investment alternatives allow for some economies of size, i. e. with in­
creasing size, labor can be used more effectively and average acquisition costs per unit de­
crease. For instance, in crop production, economies of scale exist up to a size of 250 ha. 
Moreover, farms can increase and decrease their acreage by renting and letting land. Figure 1 
shows the graphical user interface ofthe simulation. For a better representation, it shows only 
\0% ofthe original size ofthe model. The plots marked with an X represent farmsteads. Plots 
ofthe same colour belong to the same farm, plots with a marked border are owned land, other 
plots are rented land. Black plots denote idle land which cannot be utilised, i. e. it can neither 
be rented nor owned. 

Although all farms in this model act autonomously, develop individually and have different 
management abilities, in each period they all follow the same decision pattern. On the basis of 
adaptive expectations farms maximize household income on the basis of a mixed-integer lin­
ear programming. Farms quit either if they are illiquid or if the expected household income 
does not cover the opportunity costs of the own production factors. Sunk costs are taken into 
account for asset capital as weil as for human capital. For the latter it is assumed that every 25 
periods (years) there is a generation change, where farms can drop out at special conditions. 

Despite the optimization procedure, the cognitive abilities of farmers are limited. For exam­
pIe, there is no direct communication between farms. Moreover, there is no co-operation be­
tween farms to share machinery or merge farms. Strategic behavior, meaning that farmers 
anticipate their neighbors' decisions and include this into their own decision making, is not 
considered. This could be regarded a restrietive assumption. The region initially displays a 
comparatively small-scaled farm strueture hence, it can be expected that strategie behavior is 
hardly present (BALMANN and HAPPE 200Ia). Therefore in theory, eompetitive behavior 
seems plausible. In addition to the interactions of farms on the land market, the farms' devel­
opment also depends on the changing economic conditions. These can be aecounted for by 
defining the appropriate policy and price scenarios exogenously. 
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Figure 1: Graphical user interface of the simulation software' 

• an earlier version o fthe model is presented in B ALMANN ( 1997) 
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The following simulations try to capture the effects of a limited livestock density on farms in 
Hohenlohe. For this, the model is first calibrated in order to represent the central characteris­
tics of agricultural production in Hohenlohe. Calibration occurs on the farm level and the 
aggregate level. On the farm level , 12 different basic farm types are defined on the basis of 
data from 12 real farms in Hohenlohe·(cf. table 2), each ofwhich contributes data to the Ger­
man Farm Accountancy Data Network (FADN). The main selection criterion was that the 
farms should be typical, i. e. they should be able to cover Hohenlohe's range of farm types 
with respect to size, main production area, full-time or part-time farming. 

Table 2: Characteristics and frequencies ofthe specified basic farms 

Variable A ß C D E F G H I J K L 
Organization 

specialization pigs pigs dairy dairy crop crap mixed pi gs dai ry mixed crap pi gs 
full -time yes yes yes yes yes yes yes yes no no no no 

Land 
tota l (ha) 22.5 72.5 67.5 30 37.5 60 50 11 2.5 12.5 17.5 10 20 
arable (ha) 22.5 72.5 40 12.5 37.5 60 22.5 102.5 5 12.5 10 20 
pasture (ha) 0 0 27.5 17.5 27.5 10 7.5 5 0 0 

Livestock 
cattle 90 52 - 63 25 28 5 
CQWS 39 26 - 28 12 
sows 40 128 40 64 170 128 
fattening pigss 300 600 - 0 100 
turkeys - 20000 

Frequency 480 25 120 244 106 22 23 1 95 389 154 442 298 

Accordingly, 8 full-time and 4 part-time farms were chosen. Among them are dairy farms, pig 
farms, poultry farms, crop farm s and mixed farms of different farm sizes (cf. table 3) . The 
farms operate with selected production techniques that are considered to be typical for the 
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region. The required coefficients regarding investment alternatives, LPIMIP (linear program­
rninglmixed integer programming) matrices, and the calculations of gross margins and profits 
are derived from standard farm management data sampIes published for German agriculture 
(KTBL 1997, LFL 2001, REGIERUNGSBEZIRK MITIELFRANKEN 2001). 

As the last row of table 2 shows, each of the specified typical farms is assigned a certain fre­
quency. These frequencies are determined according to a method developed in BALMANN, 
LOTZE and NOLEPPA (1998). This is done in order to receive a farm structure that reflects the 
main characteristics of the region on the aggregate level. Aggregate characteristics are the 
number offarms (total and with respect to specialization and size), the total hectares ofarable 
land and of grass land, the land used by farms with a certain organization and specialization, 
and the number of animals (dairy cows, sows, fattening pigs, turkeys). Since there is a certain 
trade-off in fitting the different characteristics, the frequencies were chosen by minimizing the 
weighted quadratic deviations between the model and the region (BALMANN, LoTZE and No­
LEPPA 1998). The calibrated model fits the selected characteristics ofthe real region quite weil 
(for land the average deviation is 4.5% and for livestock it is 5.8%). Strong differences only 
exist with respect to the number of farms (15% average). This is mainly due to the fact that 
there is a sampIe error in the German FADN. Particularly small farms often do not meet the 
respective criteria for participation. For instance, the smallest farm in the Hohenlohe sampie 
which fulfilled the selection criteria had a size of 10 ha. Thus, it was particularly difficult to 
represent the many part-time farms wh ich are smaller. 

At the start of a simulation, each ofthe 2600 farms is further individualized with respect to its 
location on the spatial grid, and the age of the farms' machinery and buildings. 3 To reflect 
different management abilities each farm receives an individual management coefficient 
which affects the farm's variable costs and thus its profitability and competitiveness. The 
model also assurnes a simple nitrogen balance in which each ha of land has a maximum car­
rying capacity for organic nitrogen which corresponds to. the nitrogen application limit de­
fined in the "Düngeverordnung" (170 kg Nlha on arable land, and 220 kg Nlha on grassland). 

5 Policy scenarios 

This study aims to analyze the possible impacts of an agricultural policy switching towards a 
policy which limits livestock density. We have taken the Agenda 2000 as the reference sce­
nario for the policy switching. Starting in 2000, the program is being implemented succes­
sively and - apart from non-agricultural issues, such as to give the European Union a new 
financial framework for the period 2000-2006 - it also determines a general framework for the 
CAP. Since at the beginning of2001 not all measures were fulIy introduced, we only consider 
the implementation of the Agenda 2000 at the beginning of 200 I. 

Reference scenario: Agenda 2000 ("Agenda 2000") 

Central changes as compared to apre-Agenda situation are a reduction of intervention prices 
for products Iike cereals, beef, and milk. In return farmers receive higher direct payments. 
With respect to crop farming the payments depend on the land used in cereal, oil seeds, and 
legume production. In dairy farming the payments from 2005/06 on will depend on the milk 
quota and in beef production on the number of animals. Intervention prices for cereals are cut 
byaltogether 15%. At the same time, direct payments are increased to 324 €lha for cerea1s 
and oilseeds and 383 €lha for protein seeds (reference yield: 51.4 dtlha). As part of Agenda 
2000 the compulsory set-aside is reduced to 10%, but voluntary set-aside is possible up to a 
level of 33%, and it is compensated for with 324 €lha. Arrangements for silage maize are 
maintained, but increased. For beef intervention prices are cut by 20%. The bulI premium is 
increased to 283 €lhead. The annual premium for suckler cows is increased to 215 €/cow. All 

No statistical data is available on this, the values have to be chosen randomly. 
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animals beyond an overall cattle livestock density of 2 LU/ha of forage area are not eligible 
for premiums. For dairy products intervention pricesare cut by 15% from 2005106 on. Milk 
quotas are maintained at current levels. A new direct payment of 215 € per dairy "premium 
unit" (cow with 5800 kg annual milk yield) per year is introduced, incIuding the beef pre­
mium. 

Alternative scenario I: Limited livestock density ("LU-Agenda") 

The first alternative scenario is directly based on the reference scenario of the Agenda 2000. 
The only modification is the assumption that a farm is only eligible for receiving the fuH 
amount of direct payments if the farm's livestock density is below two livestock units (LU) 
per ha of farmland. If not, we assume that the payments are cut by 162 € for each LU ex­
ceeding the farm's limit of2 Uj/ha times the land which is farmed. 

Alternative scenario II: Unitary premium, limited livestock density ("LU-Premium '') 

The second alternative scenario also considers the limited livestock density. Moreover, in­
stead of the rather differentiated payments for different crops, it is considered that the farms 
receive a unitary payment of 250 €/ha of land, regardless of how the land is farmed. The pay­
ments for animals are those ofthe reference scenario. 

6 Results 

We will now focus on the 
two alternative policy sce- Figure 2: 
narios defined above, both 
of which require farms to 

Evolution of average farm sizes 

meet certain livestock den­
sities in order to be eligible 
for direct payments. Results 
of these alternative scenar­
ios will not only be ana­
lyzed on a sector level 
(which considers only aver­
ages), but a more detailed 
analysis on the farm level is 
carried out to iIlustrate the 
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the evolution of the average 
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policy scenarios show to have a strong effect on the structural adjustrnent process. For in­
stance, the scenario Agenda 2000 with limited livestock density ("LU-Agenda 2000") fosters 
structural change with respect to average farm size. Farms initiaHy exceeding the limit of 2 
LU/ha with their existing production capacities aim at increasing their acreage in order to 
further fully utilize their production capacities. The effect is probably already weakened by 
the fact that farms have the option to export manure. But, the higher the density of intensive 
livestock farms is, the more difficult it is to export manure for this to be a profitable option. 
This is different for the scenario with a fixed premium for land use ("LU-Premium") which 
shows to inhibit the increase in farm sizes. This can be explained by the fact that many small 
dairy farms benefit from fixed premiums now granted for grassland. This was different under 
Agenda 2000 conditions. Thus the competitiveness of these dairy farms on the land market 
increases as compared to less grassland-dependent farm types. Consequently, more farms 
survive and the average acreage remains smaller. The scenario "LU-Premium" aHows many 
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Figure 3: Livestock densities per farm and period 
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Figure 4: Evolution of average profits per farm 
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small farms, the majority of 
which are dairy farms, to sur­
vive at least during the first 15 
periods ofthe simu lation. 

Nevertheless, the limit on 
livestock density is very ef­
fective in both alternative 
scenarios. According to figure 
3 the majority of farms 
chooses to actually limit their 
livestock density to a level 
below 2 LU/ha in all periods . 
There are only a few excep­
tions, where it is more profit­
able for the farm to accept the 
levy of 162 €/LU. Thus, the 
initial thesis that the limit may 
cause inverse responses by 
some farms is not confirmed, 
i. e. fanns do not lay off all 
land and specialize in live­
stock production. The average 
regionallivestock density 
declines from about 1.8 LU/ha 
to 1.3 LU/ha for both scenar­
ios. Livestock density is based 
on the actual land farmed in 
the region and manure exports 
out of the region are not con­
sidered. Hence a limit is likely 
to reduce other environmental 
problems related to a high 
local concentration of live­
stock production. 

Having shown that the alter­
native policy scenarios are 
indeed effective in leading to 
a lower livestock density, it 
has to be asked at wh at costs 
this happens. A starting point 
for analysis is the impact on 
farm incomes. Figure 4 shows 
that for both scenarios farm 

profits develop below the reference scenario "Agenda 2000". The average profit reduction of 
"LU-Agenda 2000" amounts to 1200 € per year and farm, i. e. a reduction of 4.4%. The aver­
age profit in the "LU-Premium" scenario is on average about 2200 € lower per year which 
corresponds to a reduction of 8%. On first glance this may not appear to be a strong effect. 
Nevertheless, three aspects are worth mentioning: Firstly, it should be considered that in the 
case of "LU-Agenda 2000" much more farms are driven out of the sector. Secondly, the aver­
age profit is already rather low in the reference scenario, i. e. the economic land rent is lower 
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than the rental prices and thus there is a kind of functional income disparity (cf. BALMANN 
1999). And thirdly, one should consider that the farmsare affected very heterogeneously by 
policy switching. While some farms may even benefit, the profits of other farms may become 
even negative. This point is clearly supported by table 4. 

For both scenarios the income effects depend on several factors. One is the initial reduction of 
subsidies, as figure 5 shows. But, according to the figure transfer payments in the alternative 
scenarios show an increasing trend and are only temporarily below the reference scenario 
which shows a downwards trend. There are different reasons for this development: 

Table4: Average results after 20 periods forthe 12 initial farm types!) 

Dai!l:farms Crop farms Pig and PouI!2: farms Mixedfarms 
Initial farm types 1 D C K F E B 
Refereoee "Aaenda 2000" 
surviving iarms2) ["AI 31% 44% 65% 57"'" 69% 91% 85% 
size [ba] 28.80 33.05 59.99 23.81 87.15 45.21 71.71 
on-fann income [€] 32010 34287 38494 30737 24151 59016 33054 
househo1d income') [€I , 19895 27687 31699 13872 14632 38987 25293 
1ivestock density [LUlhal 2.56 2.30 1.29 1.20 1.86 1.60 1.55 

Scenario 1 "LU kenda 2000" 
surviving farms2) ["AI 23% 47"'" 62% 47"/0 54% 86% 71% 
size [ba] 26.49 38.60 61.81 21.78 71.32 51.04 73.08 
on-farm inCOO\e [€] 31723 34428 37401 30536 15844 58968 28217 

househo1d inCOO\e') [€] 14082 25945 31188 9206 3975 35051 21067 
rel, change 4) ["AI -29% -6% -2% -34% -73% -111',.. -17",.. 

livestoc1< density [LUlhal 1.91 1.75 1.30 0.48 3.36 1.00 1.25 

Scenario 2 "LU Premium" 
surviving farms2) ["AI 511'''' 74"'" 91% 50% 49% 85% 67"'" 
size [hal 20.88 39.17 64.55 13,91 51.48 46.02 64.07 
on-farm income [€I 35135 38124 42221 30293 11358 57281 27273 

houaeho1d lncome') [€] 13683 27681 35463 6464 -320 31453 19649 
rel, change 4) W~ -31% 11'''' 12% -53% -102% -19% -22% 

livestock density [LUIha] 1,71 1.68 1.36 0.33 4.64 0,91 2.70 
I~) tarm types cnangesore not COOSlaereo nere 
2) as canpared to initial munber offitrms ofthis type 
~l profits plus off-fitnn labour inccme and interest eaminBl' 

) oompared 10 refereoee 

Figure 5: Evolution of average transfer payments per ha 
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As for the reference scenario 
the transfer payments are 
declining because of struc­
tural adjustments mainly.by 
dairy farms that elose down 
(cf. table 4), seIl their milk 
quotas, and leave the sector. 
Even though the assumed 
quota price with an annual 
opportunity cost of 0.05 € 
per kg is rather low, quota 

250 +-____ ,-____ ,--___ ---, ____ --, leaves the region and there-

o 10 15 period 20 fore direct payments for 
dairy cows decline. In the 

case of the alternative scenarios transfer payments initiallyare lower, but only after a few 
periods, farms have adjusted their farm organization such as to meet the payment criteria. 
After period 8 transfer payments in the "LU-Agenda 2000" scenario equal the payments ofthe 
reference and even increase towards the end ofthe simulation. In the scenario "LU-Premium" 
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Figure 6: 
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the average level of transfer 
payments even exceeds the 
reference level after 3 peri­
ods only. Apart from the 
transfer payments, profits 
generally depend on the 
relation of productivity and 
land rents. 

According to figure 6 all 
policies affect both land 
rents and rental prices. Un­
der Agenda 2000 conditions 
the limitation of the live­
stock density ("LU-Agenda 
2000") leads to lower land 
rents during the first 8 peri­
ods as compared to the ref­
erence as weIl as to higher 

rental prices. Because animal production capacities are fixed in the short run, the affected 
farms attempt to increase their acreage with the effect that rentaI prices increase irrespective 
of the fact that a number of farms receive lower transfer payments (mainly intensive livestock 
farms) and thus have lower land rents. Since already in the starting situation about 50% ofthe 
agriculturalland in the region is rented, profits are declining. The fact that after about 8 peri­
ods the economic land rents for the "LU-Agenda 2000" scenario overtake that for the refer­
ence scenario without livestock restrictions is remarkable. This is because of the productivity 
impact of a faster structural change induced by the limitation of livestock density. Since more 
farms with a low productivity leave the sector, the remaining farms perform better and have 
better opportunities to exploit economies of scale. 

7 Summary and eonclusions 

Summarizing the results, we can conclude that the impacts of a main policy switching occurs 
on very different levels. If farms are heterogeneous, they are affected individually and re­
spond very differently. This can even mean that more restrictive policies may have positive 
impacts on some farms while other farms may suffer badly. The alternative policy scenarios 
presented above fall into this category. A policy that requires farms to meet certain animal 
density criteria in order to receive transfer payments can be quite effective because it creates 
the 'right' incentives in the sense of a stimulation of structural change - provided that the re­
quested animal densities follow the 'right' goal. However, this is not free of charge. Particu­
larly in livestock production adjustment costs can be very high. This is due to sunk costs, but 
also due to the fact that adjustments in livestock production often require farmers to leam 
about and implement new and different production technologies. The transition process in 
East Germany gives a good example. Even 10 years after the fall of the Berlin wall, the suc­
cessors of former collective farms are still increasing their physical productivity in livestock 
production at rates which cannot reflect normal technological progress but rather a catch-up 
process towards what is technologically possible (BALMANN, CZASCH and ODENING 2001). 

Thus, from a policy perspective one has to conclude that policy switchings that affect animal 
production should either be introduced slowly or should be announced in due time such that 
farmers can respond without incurring enormous adjustment costs. But, since policies often 
reflect spontaneous reactions to public concerns, this is often not the case. From a scientific 
and from a modeling perspective, one has to conclude that the simulations presented above 
give a starting point for further investigations. Even though the model is already very differ-

409 



entiated with respect to individualization as weil as dynamic and spatial issues, many prom­
ising extensions are not yet implementtid: One may additionally consider technological prog­
ress, more differentiated landscapes, heterogeneous preferences of farmers, etc. Moreover, the 
model may be applied to different regions and alternative market scenarios. 

The presented simulations are based on a modeling approach that has been developed origi­
nally to analyze the dynamics of structural change. On the basis of this intention it allows to 
study long term policy effects. The obtained results shed some light on policy effects that 
often are ignored by conventional policy analysis, such as dynamical and distributional im­
pacts on efficiency and incomes. From this point of view, agent-based policy models seem to 
be very promising. But the question is how valid and how convincing the model and its re­
sults are from politicians' and economists' perspectives. This is discussed in more detail in 
BALMANN and HAPPE (2001b). The arising problems should be understood as a matter ofthe 
research questions to which ABS are applied rather than a problem which is due to the 
method itself. It is reality which is so complex, and ABS models aim to reflect this. Moreover, 
ABS are a rather young field ofresearch which owes its power mainly to increasing comput­
ing power. The application of ABS allows to explore their opportunities and to learn about 
them. 
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