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Over the past four decades, Saskatchewan agriculture has undergone many changes, including
farm consolidation and other structural adjustments. Declining farm population is a major
contributor to current economic difficulties in many rural areas. Structural change® is an important
issue for the farm and for rural regions in general, but the process and underlying drivers of
change are not well understood. Improving the understanding of the structural dynamics of the
farm sector could lead to the development of policies to help mitigate some of the negative
impacts of such changes on the rural Saskatchewan economy.

Changes in agricultural structure mean that farming activities and farm policy should have
considerable flexibility. Policy may be implemented both to meet short-term objectives and to
have a net positive effect on the long-term sustainability of the industry.

Agent based modeling (ABS) is a dynamic simulation framework used in this research to analyze
structural change at the regional level. In our ABS model, individual farmer agents with differing
demographic financial characteristics and entrepreneurial attitudes compete for farmland through
both leasing and ownership markets. Ultimately, our research has the following objectives: 1) to
replicate historical structural shifts that have occurred in Saskatchewan agriculture during the
period from 1960-2000, assuming that technology and farming practices remain constant and 2)
to estimate the structural evolution of the region under the assumption of zero government
stabilization transfers.

Recently there has been much debate concerning the forces driving structural adjustment in
agriculture. The primary drivers of this adjustment considered in this study are; 1) entrepreneurial
behaviour and farm household expectations, 2) cost of production and production efficiency, 3)
path dependency and the farm life-cycle and 4) government transfers.

! Structural change includes changes in characteristics which describe the number and size of farm units,
demographic and economic characteristics of farm operators, methods of production and the mix of
products produced by industry participants.



Earlier research describing the dynamics of farm structural change has been largely inconclusive.
The interactions between these factors are complex and difficult to incorporate into general
modelling approaches. This has almost certainly led to significant inconsistency in policy
recommendations.

Agent-based economic modeling is a micro-level or ‘ground up’ simulation modeling approach
that uses precise specifications of individual actions and interactions to generate aggregate
outcomes. In contrast, current farm level policy tools are ‘top down’ approaches that focus on
aggregate outcomes without detailed consideration of the individual actions that generated the
aggregate outcome.

The base scenario constructed in this analysis simulated farm financial progress and growth of a
synthetic farm population representing a typical rural municipality (RM) in Saskatchewan,
Canada. The farm population was constructed based on the 1960 Census profile of farm size,
wealth and operator ages. In addition, farms were randomly assigned a location within the RM
and one of three distinct managerial types. Our model incorporated a series of individual
equations that replicate the business environment of price and yield expectations, which along
with risk attitude and financial constraints, form the basis for individual valuation of farmland.
Agents expand their operations by buying farmland or obtaining leases if they “win” a farmland
auction. In addition, agents are assumed to disregard government program payments in forming
their expectations. In the simulation, agents stop farming either through forced exits or through
retirement, while new agents enter as children of existing or exiting farmers. Our simulated
farmers farm under risk and uncertainty but to better capture reality, prices and yields are based
on actual yields, prices and government programs applicable to the study region. In this manner,
the simulated farm population and associated individual characteristics are tracked over the
period 1960 to 2000.

We examine two scenarios. The first (or base) scenario simulates this farm economy with actual
government transfer payments applicable to the region, including payments from stabilization and
ad-hoc farm programs. However, in order to assess the impact of government transfer payments
on regional farm structure, a second scenario is delineated. In this scenario, all government
program transfer programs are removed and agents receive zero transfer payments.

The base simulation results closely mirrored historical trends in overall Saskatchewan farm
structure, including variables such as farm size, numbers and debt as well as farmland values
over the 40-year period between 1960 and 2000. The simulated decrease in farm numbers was
1.72% per year while the historical rate was 1.53%. Simulated mean farm size increased annually
at a rate of 1.61-1.76% as compared to the historical rate of 1.58%. However, these changes
were not quite as smooth as the historical record, where the latter is based on a much larger area
(Figure 1). This effect is likely due to the relatively small population associated with an individual
RM.
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Figure 1. Simulation Results (base scenario) — Mean Farm Size (total acres).

The distribution of farms also provides insight as to the nature of structural changes. Our
simulated distribution in farm size after 40 years is displayed in Figure 2. These results match the
historical distribution of most farm sizes, with the notable exception of the less than 400 acre
class. Our inability to correctly estimate this farm size class is likely caused by the omission of off-
farm labour markets because in the model, off-farm income is fixed.

While the base simulations revealed certain limitations of the modeling environment, we generally
found a good statistical match between the model and the distribution of the observed data over
the 40-year study period. The simulated output matches the historical data closely enough to give
us confidence that our agent based simulation is capturing many aspects of individual farm level
behaviour in the study region.
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Figure 4. Simulated Distribution of Farm Size, base scenario, 2000 (year 40)
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In the zero transfer government payment scenario, the characteristics of the same 1960 farm
population are tracked over time using the same prices and yields as the base scenario but farm
agents receive no government transfers - ie. no stabilization programs or ad-hoc stabilization
program payments. Every 5 years, farm numbers, as well as size and farmland values were
compiled and compared to the base scenario.

There were few government payments prior to 1987 and hence, there was no difference between
the two scenarios up to that point. In the post-1987 time period, the base and zero transfer
scenarios began to diverge considerably due to transfer payments. Under the zero payment
scenario, simulated farm numbers decreased significantly while mean farm size increased
significantly. Interestingly, small farms were affected more - small farms continued to exist in this
scenario, but the overall size distribution shifted towards an increasing proportion of larger farms.

We observed several interesting phenomena within the simulations. The first is that the
elimination of government transfers resulted in slightly decreased farmland prices even though
government payments were not explicitly included in gross margin expectations. We speculate
that this is likely due to the deterioration of free cash and/or increased debt over the economically
depressed years of the 1980’s. The result would suggest that even if programs are decoupled so
they do not directly influence farmers’ expectations, programs can indirectly affect farmland
prices. A second and related phenomenon is that the elimination of government payments
encouraged farmer agents to lease rather than purchase additional farmland.

In reality by 1991, government transfers diminished considerably. Thus, by the end of 2000, farm
structure across the two scenarios started to converge. This suggests that the impact of
government program payments on farm structure might not persist for long unless the programs
are maintained.

The base simulation model closely matched farm sector structural adjustments that occurred in
Saskatchewan over the study period. This suggests at least a ‘proof of concept’ for this type of
modeling. We believe that agent based modeling could yield a framework for future research
focusing on structural dynamics and policy analysis.

Even with government transfer payments included, farm structure was still characterized by an
evolution towards more large farms with fewer farms overall. While we found that government
payments reduced the rate of change in farm structure, when government transfers were
removed, farm structure tended to rapidly catch up with the no transfer payment scenario. In
addition, we found that government stabilization programs and ad-hoc payments may have had
unanticipated consequences on farming in the region by encouraging expansion through
farmland purchases rather than leasing and driving an increase in farmland prices.

Finally, we note that farming is an inherently complex system generating large-scale effects that
are difficult to predict using traditional aggregate models. It has been difficult to predict structural
outcomes in agriculture based on the analysis of individual system components. However, agent
based farm level models may be superior in this respect to traditional models in assessing long
run structural change because they incorporate individual agent interaction through markets,
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while also allowing individual heterogeneity in location, demographics and behavior. Because of
this heterogeneity and complex individual interaction, they can help identify emergent (or
inherently unpredictable) farm level behaviour.

This policy brief is based on a M.Sc. thesis written by T.R. Freeman at the University of
Saskatchewan, supervised by Dr. James Nolan and Dr. Richard Schoney. Professional insight
was provided by committee member William Brown and external examiner Dr. Derek Brewin.



Policy Research Networks

The Agricultural Policy Research Networks (APRN) aim to strengthen policy
research capacity and contribute to a more informed policy dialogue by engaging
external policy research community on key priority issues.

The APRN are sponsored by AAFC through a Grants and Contribution Program. The APRN are
managed through the following Universities and Network Leaders:

Canadian Agricultural Innovation Research Network (CAIRN)
Network Leader: Richard Gray, University of Saskatchewan;
http://www.ag-innovation.usask.ca/

Canadian Agricultural Trade Policy Research Network (CATPRN)
Network Leader: Karl Meilke, University of Guelph;
http://www.uoguelph.ca/~catprn/

Consumer and Market Demand Agricultural Policy Research Network
Network Leader: Ellen Goddard, University of Alberta;
http://www.consumerdemand.re.ualberta.ca/

Farm Level Policy Agricultural Policy Research Network (FLP)
Network Leader: Jim Unterschultz, University of Alberta
http://www.farmlevel.re.ualberta.ca/

North American Agrifood Market Integration Consortium (NAAMIC) Network
Network Leader: Karl Meilke, University of Guelph
http://naamic.tamu.edu/index.htm




