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This paper proposes an economic computational agent-based
framework, referred to here as FarmSIM, to model the micro-level
economic and financial behaviour of farmers.  We model macro-level
external environmental impacts of costs, prices and rainfall through
a set of flexible power functions.  The framework allows us to trace
a “digital future” of a farming community over a number of “seasons”,
effectively offering the ability to test an appropriate policy on the
community.  FarmSIM may provide a valuable test-bed for gaining
a direct insight into economic viability and sustainability issues in relation
to policy implementation.

The paper suggests an evaluation framework, FarmSIM, to assess the
efficacy of policy formulation by Governments and other institutions
concerned before the policies are implemented.  The paper
demonstrates the utility of FarmSIM by posing important questions
relevant to pricing, profitability and indebtedness in the farming
community in the form of simulation models within the FarmSIM
framework.  Realistic data are used to assess the dynamics and the
effects of interactions of core variables over time.
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I.  INTRODUCTION

The prospect of an agrarian crisis in the developing world is becoming all
too real.  Researchers associate a diversity of issues with this possibility, ranging
from economic unsustainability of agriculture arising from the cost and pricing
structures of inputs and produce, declining agricultural yields, shrinking acreages
of agricultural land, and, among several other things, an increasingly asymmetric
global food pricing regime, and, finally, an unpredictable climatic change that can
seriously damage agricultural yield in the near future (Patnaik, 2009; Patnaik, 2003;
Glipo, 2008; Philip, 2008; Aerthayil, 2008; Hiremath, 2007).  The situation in South
Asian countries in general, and particularly India, is far more serious (Ghosh, 2009;
India, Department of Economic Affairs, 2007; India, 2008).  These are a complex
set of issues with a high degree of uncertainty, and can perhaps collectively or
even singly derail the best of policies formulated at the level of national
Governments.

In many South Asian countries where there is a large degree of
fragmentation of land holdings, the primary impact of this projected crisis is
expected to befall the small and marginal farmers, typically owning plots of less
than one hectare.  Many planning agencies and researchers have identified financial
viability—the ability or inability of these small and marginal farmers to make
a profit from agriculture—as a core issue that makes the farmers highly vulnerable
to a diversity of adverse external situations.  Since these farmers’ income is small
in any season, they need to raise capital through loans to work in subsequent
seasons.  The question of economic sustainability arises from the ability or inability
of these farmers to sustain the farming business over time without falling into
a debt trap.

National planning agencies are formulating policies to address many of
the vulnerabilities of small and marginal farmers (India, 2007; 2008).  However,
there are several difficulties in reliably quantifying how the small and marginal
farmer is impacted by even small perturbations to the cost of inputs and the price
realizable for his produce.  This is because there is such wide variation in input
costs, and realization of the prices of agro produce – the supply chain is long for
most commodities, and the diversity of grades and packaging alternatives leave
tremendous scope for any average price and cost indicator to be just that – only
an average indicator.  Regional and geographic variations coupled with the diversity
in cropping patterns add to the complexity of national-level policy formulation,
implementation and grass-roots monitoring of impacts of costs, pricing and
profitability (Deshpande and Naika, 2002; Gandhi and Koshy, 2006).
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To address the problem of policy evaluation, economists typically attempt
to draw inferences from historical data at some gross geographic scale and develop
models to project the implications of a policy.  These approaches require many
assumptions on market structure and price visibility that are difficult to justify in
the context of our need here to examine economic viability at a micro-level.  For
instance, the strong localization of distribution/-collection of agro produce often
precludes the possibility of obtaining a better price.  Smaller farmers may choose
to “distress” sell to a local middleman for a price lower than a higher support price
if obtaining a higher price involves  either time or cost penalties.  Also, overall
profitability of operations is closely tied to scale, and these approaches do not
readily allow macro-level price and cost conditions to be reflected in micro-level
financial conditions of individual farmers.

Since these complexities compound the problem of policy formulation and
evaluation in practical situations it is desirable to examine the possibility of having
a test bed that gives planners the means to set up a simulated agricultural
operational environment on which they could test and refine policies.

In this paper, we propose a simulation framework to evaluate policies related
to the financial viability and economic sustainability of these small and marginal
farmers.  The purpose of the framework is to analyse the farmer’s repayment pattern
in order to allow modelling of the agricultural and financial operations of the farmer
at a micro-level, involving his decisions on how big a loan to take to cover expenses
for the next sowing season.  How that decision might be impacted by a macro-
level environment comprising costs, prices and weather is what will tell us how
vulnerable the farmer is—whether he would make a profit, and whether his business
is sustainable.  Given the ability to plug in models in the simulation that will map
macro-level impacts on micro-level conditions, it would be possible to examine the
economic viability of the agricultural activity of the individual farmer in relation to
the specific types of external environments, including weather or market prices, in
which he operates.

We have approached the question of the economic viability of agricultural
activity from the perspective of simulated economic agents representing individual
farmers in a suitably constrained operational and financial environment.  The
simulation framework and models described in this paper permit us to follow the
financial accounts of individual farmers at a micro-level, over a period of time
covering several sow-harvest seasons.  The operations are driven by simple and
customizable rules which tell a farmer when to take credit and how much of it he
needs in order to survive and grow.  The farmers receive cost, price and weather
information from a simulated “macro environment”, with rules to calibrate yield
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from the farm on the basis of weather conditions.  Price and cost rules may be set
up in our simulator to handle conditions in which, for instance, large supplies
caused by good weather can depress prices, and shortages caused by repeated
poor-weather periods can push up prices and costs.

This simulation approach allows us to generate plausible “digital futures”
for agricultural activity on the basis of a set of postulated rules for how the future
environment will shape up, and how it might impact micro-level variables.  We do
this here by simulating the time evolution of agents mimicking the economic
behaviour of different types of farmers.  The goal is to demonstrate how the
framework may be used to observe measures of viability and indebtedness under
favourable and unfavourable external conditions.

In our demonstration, we simulate not only small and marginal farmers but
also farmers who own larger parcels of land, allowing for the possibility of endowing
the community with a level of diversity which mirrors typical land distribution
patterns.  Specific properties can be applied to the financial behaviour of individual
farmers, although farmers in a class do have somewhat similar properties.

The primary goal in this paper is to present a methodology for policy
evaluation using simulation of economic activity at a micro-level as a feasible
mechanism to assess macro-level behaviour.  The methodology is implemented
using a simulation framework, which we call FarmSIM, that allows us to mimic the
behaviour of individual economic agents.  We do not attempt to present any specific
agricultural policies or evaluate their impact.  We do, however, present examples
of questions that could be asked of the framework to assist in the evaluation of
certain classes of policies related to the financial viability of small and marginal
farmers.  In similar vein, it is to be noted that the data used for the demonstration
of the simulation framework has been constructed to resemble that in a typical
Indian agricultural scenario.  It is not real historical data, but only “realistic” data
used to generate results.  The purpose is only to demonstrate how, given real
data, the computer-based simulation can help in policy formulation and evaluation.

We show in this paper that the simulation approach allows new insights to
be obtained into possible mechanisms for risk mitigation in the financial “life” of
the small and marginal farmer agents.  We believe it may also offer a new
methodology to examine impacts of macro-level policies on regional or geographical
groupings of farming communities at a micro-level, permitting an assessment of
how they may be fine-tuned through simulation in order to make them more effective.
Also, causal relationships may be investigated in a manner that may make it possible
for policy implementation to be proactive rather than reactive.
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We believe that the FarmSIM framework is equally applicable to the study
of policy evaluation issues in any geographic region and is not country-specific in
any way.  It offers the flexibility to accommodate a diversity of data entities as well
as micro- and macro-level models.

The paper is organized as follows.  Section II presents an overview of the
simulation framework and approach.  The types of data and models for agents and
the environment used to demonstrate the features of the framework are presented
in section III.  The core concepts underlying the mechanisms for simulation of
external environmental impacts, and the types of micro-level decision rules, together
with the measures of financial performance and sustainability that are calculated
through the simulation runs are outlined in section IV.  Further technical details of
specific illustrative models and scenarios selected for simulation in this
demonstration together with decision rules for the agents are described with
appropriate pseudo-code in the annexes.  Results are presented in section V, and
recommendations are summarized with concluding remarks in section VI.

II.  SIMULATION FRAMEWORK AND APPROACH

The central concept in our simulation framework is to define states:

S
t
j, t=1,..,T, j=1,.., N

for every “farmer” agent, where N denotes the total number of agents, and T
denotes the number of time steps over which the simulation is run.

Let S
t
 = {S

t
1, S

t
2,...S

t
N } denote the set of states of all agents in time step t,

and similarly let S j = {S
1

j, S
2

j,...S
T

j } denote the set of all states of agent j over the
time steps 1 through T.  The state set S

t
j comprises a number of individual variables

characterizing the attributes of the farmer agent j at time t.  These variables include
size of land owned, farmer type, loan type, family size, and other data pertaining
to individual farmers, as shall be detailed in section III.

We also define a set of variables  E
t
 = {E

1
, E

2
,..,E

T
} to characterize the

state of the external environment over time steps t=1,..,T.  Each state of the
environment, E

t
, comprises a set of variables that capture features of the “projected

future” of the environment.  Explicit future values of these variables need to be
provided to the framework, typically through the use of external models.

The simulation calculates the state of each agent in time step t as
a markovian transformation of its own state at the previous time step (t-1), modulated
by a known environmental state at time t:



Asia-Pacific Development Journal Vol. 17, No. 1, June 2010

32

S
t
 ← f (S

t-1
, E

t
), t=1,..T (1)

given the initial state of agents, S
0
.

The states Sj characterize economic or financial “state of affairs” of the
farmer agents as they engage in the activity of agricultural production, and a time
step is thus the equivalent of a season – from sowing to harvesting and sale of
produce.

This micro-level activity is governed by a set of “operational laws” or rules
which specify how they deploy available financial resources towards agricultural
inputs and family expenses, how much they need to borrow, if required, to pursue
agricultural activity, and how much they can retain as profits to continue operations
in the next time period.

A central mechanism which needs to drive these operations is clearly
a cash flow process, which allows profits and losses to be carried over from season
t to (t+1), embedding in itself the amounts payable towards loans.  Also, clearly
required here is a decision point where each farmer agent needs to assess how
much, if any, of credit is required to run the operation.  The process, variables and
assumptions made in their choices are described in detail in the next section.

Another feature of the framework and approach is the means to modulate
the computed micro-level state of each agent by the “known” state of the
environment in the manner prescribed in (1).  These “environmental laws” are a set
of rules and functions that determine how macro-level variables defining the state
of the environment E

t
, described in greater detail in the next section, will impact

micro-level variables.

The framework also provides the means to define and measure the
performance of the community of farmers in terms of their financial state of affairs.
We can define a set of indicators

P = {P
1
, P

2
,...P

T
}

for each time step, and use predetermined conditions on them to alter the decision
conditions, if required.

The overall approach adopted to implement this basic schema described
above is presented diagrammatically in figure 1.

The key elements in the simulation are the farmer agents representing
individual farmers, the red squares in the middle of the drawing.  To monitor each
agent’s financial operations, we shall endow each agent with the capability to
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determine cash flows which he needs to balance each farming season.  These
operational “Laws” which are applied by each agent individually are shown as
a box at the bottom of the drawing in figure 1.  In order for us, as external observers,
to observe this “community of farmers” over time, we shall have a local storage of
the history of transactions.

In sum, FarmSIM is essentially a simulation framework, and it is possible
to set up the system to simulate a “digital future” for a set of farmer agents, by
taking them through a desired number of time steps.  In order to use the framework
to study policy formulation and evaluation, it is necessary to set up data for the
agents, the environment, and a set of formulas that connect the external macro-
environment to the micro-environment.

In order to demonstrate how the framework may be used, we shall consider
the following scenario features to capture some of the essential micro- and macro-
level structural details of a community of farmers.  The framework itself does not
preclude the possibility of extending the scenario in many ways.  Some of these
possible extensions are also outlined in a later section.

Figure 1.  Basic schematic diagram of simulation flow
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a) Community of farmers

We consider a community of farmers owning agricultural land of different
sizes, and associated assets, such as trees, barns and pumps.  The type of farmer
is characterized by the size of his land.

b) Agricultural activity

We shall allow the farmers to engage in agricultural activity as their primary
source of income, but we shall also allow for some non-farm income.  For his main
activity, the farmer is thought to examine his finances at the start of a season,
determine whether credit is needed—and, if so, how much—based on current
balances and taking into account family expenses during the season, and then
allocate resources to purchase inputs.  The farmer then waits for the harvest at the
end of the season, and sells the produce at a price determined by the external
environment, using the returns to pay back loans, possibly earning a profit, and
pursuing the activity into the subsequent season.

Although our framework allows each farmer to choose different types of
crops to sow each season, we consider in this paper only situations where a single
crop is sown by all landowners.  This restriction allows us to focus on the
fundamental issues of relative economic viability without the distraction of having
to account for the relative benefits of differing yields and prices.  Since we only
want to demonstrate the viability of our framework, this enforced uniformity permits
a direct analysis for one crop—rice—in this paper, leaving multi-cropping
optimizations as a second-order effect for later study.

c) Loans

Farmers have access to loans covering working capital and personal family
expenses in every season.  We consider for the purpose of this study situations
where repayments of loans can be made over multiple seasons at an interest rate
that is uniform across all farmer types.  In principle, the framework does not place
restrictions on the possibility of applying differential rates for different subgroups
of farmers, should that mirror a factual situation.

d) Contiguous land parcels, uniform climatic impact

We shall assume that lands are contiguous, only rain-fed (i.e. no farmer
has the advantage of canal-based irrigation), and extend over a rather small
geographic region – small enough to render them equally and uniformly impacted
by the climatic environment.



Asia-Pacific Development Journal Vol. 17, No. 1, June 2010

35

e) Rainfall and prices characterize external environment

The external environment comprises a time series of rainfall data by season,
and base price data by season.  We shall model the impact of rainfall over yield
with the use of tuneable power functions for the purpose of this demonstration.
Similarly, we shall model price-setting through the use of power functions to mimic
possible asymmetries in the pricing situation.  Needless to say, the functions may
be tuned to capture a similarly non-linear real external environment, or even be
replaced by a real “fitted” external function derived from an analysis of historical
data.

f) Performance measures

We have computed a number of measures to capture the state of affairs of
the farmers over time.  These may be studied across multiple dimensions to draw
conclusions on how the macro-environment could change.

III.  DATA AND AGENT MODELS

For the purpose of demonstrating the FarmSIM framework, we have set
up the following data elements to capture the state of a farmer agent.

Agent attributes

All farmers are characterized by a set of basic data attributes:

Table 1.  Basic data for each agent

Data Variable Name Data Type

1 Farmer type Type Numeric

2 Land size (ha) ls Numeric

3 Family size fs Numeric

4 Number of trees nt Numeric

5 Crop grown ctype Numeric

6 Loan loan Numeric

7 Number of cattle nc Numeric

8 Farm equipment feqp Numeric
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Farmer type is determined by the size of the land.  We consider five types
of farmers as shown in table 2, characterized by the size of their land holding.

Table 2.  Farmer type vs. land holding size

Type Name Land size  (hectare)

1 Marginal < = 1 ha

2 Small > 1 ha & < = 2 ha

3 Medium > 2 ha < = 4 ha

4 Medium-medium > 4 ha < = 10 ha

5 Large > 10 ha

Table 3.  Land Distribution

Farmer type Number Percent of total Total land size Per cent of
(%) owned (ha) total land (%)

Marginal 150 37.50 87.34 7.61

Small 100 25.00 157.25 13.70

Medium 75 18.75 246.60 21.49

Medium-medium 50 12.50 353.50 30.80

Large 25 6.23 303.00 26.40

Distribution of farmers

In this simulation, we use a community of farmers numbering 400, whose
distribution by land size is designed to approximately mirror a typical Indian
distribution.  Table 3 presents the number in each type category, and the cumulative
distribution of land ownership appears in figure 2.

The resulting cumulative land distribution chart is depicted in figure 2.

Micro-level agent operational models

The fundamental task of the agent in our simulation is to perform agricultural
activity.  For this purpose, the agent requires financial resources.  We consider the
following variables and relationships as representative of the financial condition of
the agent:
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Figure 2.  Cumulative land distribution chart

a) The basic cash flow across seasons is modelled as follows for
every agent j in time step (season) t:

coh
jt
 + if

jt
 – tc

jt
 – tl

jt
 + trev

jt
 = coh

it+1
(1)

where coh denotes cash-on-hand brought forward from the previous season
(available at the start of season t), if denotes the cash inflows possible in this
season from non-farm activities, tc is the estimated total cost of production for
this season, tl is the total loan amount payable in this season, trev is the projected
income from sale of the agricultural production, and the right-hand term represents
the cash-on-hand carried forward to the next (t+1) season.

Other than cash on hand, the remaining variables are further related to
other variables as described below.

b) The total cost of production, tc
j 
 for farmer j in time step t is:

tc
jt
 = c

jt
s

j
(2)

where tc
jt
 (in $) is calculated as a product of cost, c

jt
 (in $/ha) in time step t, farm

yield y
jt
 (tons/ha) in time step t, and land size, s

j
 (in hectare).

c) The total revenue earned by farmer j in time step t is:
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j
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where trev
jt
 (in $) is calculated for farmer j as a product of sale price, p

jt
 (in $/ton)

in time step t, farm yield y
jt
 (tons/ha) in time step t, and land size, s

j
 (in hectare).

d) The net profit in the operation for farmer j in time step t is simply:

np
jt
 = trev

jt
 – tc

jt
(4)

In order to begin sowing operation in season time step t, the farmer needs
to acquire financial resource equivalent to tc

jt
 ahead of the start of the season.

We also assume that the farmer needs to provision an amount equivalent to fexp
jt

to cover family expenses in the period t.

e) His total expenses te
jt
 in time t is the sum of family expenses

denoted by fexp
jt
 for period t, the total cost tc

jt
 for operations in

period t, and any loan liabilities (see g below), tl
jt
, for period t:

te
jt
 = fexp

jt
 + tc

jt
 + tl

jt
(5)

f) A farmer needs to determine if his expected inflow is adequate to
cover total expenses of te

jt
 for this season.  If it does, then he

proceeds to sow and wait for harvest, or else he needs to borrow
the difference:

gap
jt
 = te

jt
 – if

jt
 – coh

jt
(6)

g) In our simulations, we provide working capital to farmers at a pre-
settable interest rate of r per cent per season (time steps) over
a selectable tenure of n time steps.  We assume that the loan is
paid back on the basis of equated seasonal instalments (referred
to here as esi).

The esi value for farmer j payable for a loan of gap
jt
 is calculated as n

equal instalments, payable in seasons (t+1), (t+2), ...(t+n), where n is the term
selected.

esi
jt, k

 = (gap)
jt
r

jt
                   , k=1, 2,..n (7)

The implication of (7) is that the payments on a loan taken in time step t
begin in time step t+1.  Hence, in time t, we need to accumulate esi’s for any loans
taken in time steps t-1, t-2...t-n.

tl
jt
 thus represents the total loan esi’s payable in time t.  As we can expect,

if the gap amounts are progressively smaller (larger) over time, the tl
jt
 amounts in

(1 + r )n

(1 + r )n 
– 1
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each step will fall (rise) and the farmer may borrow progressively smaller (larger)
amounts.  If the converse in brackets occurs, the farmer will progressively fall
deeper into debt.

Given the initial value of cash-on-hand and loan liability at time t=0, we
can now go through time steps over all farmers using land distribution data to
determine profitability at each time step.  We also need to take a decision for
every farmer via a rule that determines if there are sufficient funds available to start
agricultural activity in any period.

The rule allows using credit (i.e., a loan) to continue operations if the
profitability of operations fails to cover personal expenses and working capital.  It
is possible to set up several alternative decision rules on the basis of the threshold
loan burden, which, when crossed, can signal an intent to sell off the land and exit
the business.  Annex I lists possible decision rules for when to take a loan and
when to make such an exit.  FarmSIM allows the construction of any rule using the
agent variables in combination with those representing the environment.

Our model allows farmers to generate other income in two ways.  One is
to seek intra-seasonal employment at a predetermined number of days and at
a preset wage.  The other way is the sale of assets.

The simulation framework allows all the above variables and associated
states to be stored and transformed via (1) over a preset number of time intervals.

There are two variables that will directly impact the profitability of agricultural
activity.  They are yield y

t
, and price p

jt
.

In the agent-level micro-model described in this section, we have captured
the basic “operational laws” of the individual farmer’s financial and agricultural
activity.  We now need to set up a set of “environmental laws” or formulas that will
translate variables representing the external environment to set values for yield,
price and cost at the micro-level.  This is the subject of the next section.

IV.  MODELS FOR ENVIRONMENTAL IMPACTS AND
SCENARIOS FOR SIMULATION

In this section, we discuss mechanisms for capturing the micro-level impact
as determined by a macro-level phenomenon, and suggest scenarios to establish
a simulation of the “digital life” of agents over a defined number of time periods.
As mentioned in section II, the primary goal of the simulation is to step through
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time evolution of the agents, given a preset projected external environmental
condition.

Many different types of external environmental variables may be taken up
for consideration.  Examples include weather (as measured by rainfall), output
prices, input costs, competitive conditions and transportation costs.  In this paper,
we illustrate the features of FarmSIM limiting our view of the external environment
to three variables:  rainfall, output prices and input costs.

Suppose we wish to simulate T number of time steps (i.e. seasons) of
agricultural activity for a set of farm agents, we could set up three series:

Rainfall (mm) :  R
t
, t=1,..T

Base price for crop ($/ton) :  Pr
t
, t=1,..T

Input cost for crop ($/ha) :  C
t
, t=1,..T

These series of values represent a “projected” future external environmental
condition.  In a typical policy evaluation situation, these data could represent
a scenario that needs to be studied, as a “what if” condition.  Note that all three
variables have a one-way influence on the farmer agent’s operations, i.e., they can
modify the crop yield, realized prices and profitability, respectively, but individual
agents have no control over them.

Given the time series for the above variables, we now need mechanisms
to transform them to produce values for micro-level variables y

t
 and p

t
, at the level

of the individual farmer.  This transformation can be achieved using a variety of
different types of models that relate the environmental variables to y

t
 and p

t
 (see

Annex II for details).

In order to bring a level of realism to the numbers in the simulation, we
have chosen two seasons per year, and used near real values for prices, yields
and costs for rice in these seasons.  That renders a 100-step run equivalent to
stepping through 50 years.

Since our objective is to demonstrate how the framework may be set up
to examine questions related to the viability and economic sustainability of
agricultural activity in the face of dynamic changes to prices and yields caused by
external factors, we have considered three different environments to influence the
100 time step simulation runs.
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Three different rainfall patterns corresponding to respective environments
have been selected:

(a) Environ1 was constructed with the current global climatic changes
in mind, leading to an alarming increase in the frequency of drought and floods.
One third of the season’s time steps therefore included drought and floods;

(b) Environ2 assumed normal monsoons over all the 100 steps;

(c) Environ3  lies between these two extremes.

These weather scenarios and their attendant impacts on crop yields are
modelled in FarmSIM through the use of power functions, more technical details of
which may be found in Annex II.

We have also simulated asymmetry in realizable prices using a
parameterized non-linear function of land size.  This gives us three different scenarios
for prices, labelled pf1, pf2, pf3.  The variation in the prices realized by the farmers
is captured in these functions, to emphasize the fact that small and marginal farmers
generally sell in distress, especially in hostile weather conditions, such as drought
and floods.  More technical details of the functions may be found in Annex II.

V.  RESULTS

We shall now present some results from running the simulation for the
farmer agents and alternative external scenarios as defined in the previous section.
The set of rules defined allow each farmer to take decisions on how to handle the
financial condition he faces in each time step, determine what level of credit he
might want to access based on the profitability he expects.  Given the projected
external environmental factors, the simulation proceeds over the preset number of
periods, and records a predefined set of indicators over the entire run.

The utility of the framework in the evaluation of a policy is that it thus
provides a virtual community of farmers who can now be “subjected” to alternative
external environments covering rainfall, crop yield and pricing conditions, to
determine the impact of a host of pricing, costing or other financial policies.  While
we shall not propose policies in this paper, we shall explore interesting questions
that might assist in the evaluation of policies.

In order to illustrate the classes of investigation that can be performed for
policy evaluation, we shall present results in graphical form in the following sections,
identifying the entities whose relationship we have explored.  As may be seen, it is
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possible to pick one of many measures of financial viability that FarmSIM records
over the 100 simulation steps.  But we shall use net profit as defined before, since
it is easiest to relate to it as a descriptor of financial condition, and explore its
variations with different environmental factors.

Here again, there will be many possible combinations.  In the interest of
brevity, we shall study profitability profiles associated with the six possibilities arising
from two rainfall scenarios X three pricing function scenarios.  Specifically, we
shall study the three pricing function scenarios, pf1, pf2 and pf3, in conjunction
with the two rainfall scenarios environ1 and environ3.  We shall apply these profiles
to all farmers regardless of land size.

These profiles are pictured in figure 3.  The first column of graphs refers to
all combinations pf1, pf2 and pf3 with the first selected rainfall scenario environ1.
The second column refers to the three combinations pf1, pf2 and pf3 with the
second selected rainfall scenario environ3.  All six graphs are 3D plots of the net
profit achieved against the land size owned, for every time step in the simulation.

To better relate land sizes and farmer sequence numbers in the explanations
that follow, we need to note only, that farmer sequence numbers are sorted by
increasing land size, i.e. if sequence number for two farmers farmer_j and farmer_k
are such that j>k, then their land sizes ls

j
>ls

k
.

The following subsections illustrate how the evaluation framework can be
used to obtain answers to specific questions.  The flexibility of simulator allows for
making appropriate internal changes and for also enabling external subsystems to
be integrated for this purpose.

Profitability and land size

Given a projected rainfall pattern, crop yield and prospective prices, it is
useful to know what is the smallest land size that will yield a profit for a farmer.
Such a cut-off size may be used to select farmers with smaller land sizes for
a non-farm employment scheme, for instance, with the assurance that their
operations would have otherwise failed.  We examine the question relating land
sizes to profitability here.

With net profit being a function of agricultural yield, one would expect
a cut-off land size below which profits would be termed unviable for continuing
agricultural activity without seeking external financial credit.  Evidently, such
a cut-off would also be dependent on external factors, such as rainfall and prices.
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Figure 3.  Profitability profiles for selected environmental factors
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Under this scenario of environ1 and pf1, profits are negative for owners of
small land plots, but turn positive when the land size reaches 0.65 hectare.  Small
profits are visible for this farmer even under extreme conditions of drought and
floods.  This cut-off of 0.65 ha is marked in the top-left corner plot of figure 3.

We now continue an analysis of the impact of land size on profits for the
same environ1 and a different price function, namely pf2.  Land size of 0.10 ha
continues to give negative returns; a land size of 0.89 ha is at least required to
make modest profits under all weather conditions in this scenario.  These cut-offs
are marked in the plots on the left-middle row and bottom row of figure 3.

The plots show that, with pf3, a better pricing function has begun to yield
positive returns for a marginal farmer with just 0.29 ha.  The point of inflection in
the land size for this scenario is 0.29 hectare as profits turn positive for all 100
time steps.

In general, our simulator permits determination of the cut-off sizes for
viability of operations based on positive profits for any chosen combination of
parameters related to costs, pricing and rainfall.  Hence, policies that need to use
this type of criteria to establish the priority for selecting beneficiaries can benefit
from studies of this nature.

Profitability and environment

Similarly, we could ask which classes, and how many in the community of
farmers, given their current financial conditions, would likely turn delinquent on
their loans, if the prospective weather conditions worsened—for example, if there
were two sequential periods of drought.  If we had provided the simulation with
data on multiple crop options, we could have asked which combination might have
given better succour to indebted farmers, given the impending drought years.  Such
information would be vital to evaluate a policy on loan waivers, for instance.  Unlike
with omnibus loan waivers, the simulation could identify specific subpopulations
as targets for policy implementation and differentiate between different regions
based on the severity of the external environment.

For this purpose, we need to explore the relationship between profitability,
indebtedness and the weather.  We examine the impact of severe weather conditions
on profitability over different land sizes.  The three plots on the right of figure 3
display the effect of rainfall on profits, using environ3 for the three price functions
pf1, pf2, and pf3.  Noting that environ2 represents a rather “healthy” rainfall pattern
as compared with environ1 and environ3, we chose not to explore its pattern.  We
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therefore have two alternative rainfall scenarios to consider for the same price
function.

As is evident in figure 3, farmers fair better in environ3 compared to environ1
due to better prevailing weather conditions used in the former, as is evidenced by
higher values for net profit.  This methodology can be used to study the impact of
environment on other performance indicators in a similar fashion.  Clearly, though
the weather affects all the farmers, small and marginal farmers are less able to
cope with the vagaries of environment due to the small parcel of their land holdings.

There are many ways in which the simulation may be used as a test bed
to determine how effective policies related to welfare might be in real situations.
By setting different severities for the external environment, it is possible to assess
which classes of a community, in relation to their current financial condition and
their land size, may become vulnerable.  This type of information is invaluable for
fine tuning welfare policies.

Profitability and prices

As a final example, we could ask what impact the setting of support prices
has on the individual indebtedness of farmers in the community.  While the relevance
of the answer to a pricing policy is evident, what is not obvious is that the simulation
framework can offer insights on how to create a differentiated pricing scheme that
can help reduce the vulnerability of specific groups of farmers in different regions
who are impacted in different ways by the external environment.  Consider, for
instance, the possibility of offering a higher price for crops in areas that have had
poorer rainfall as opposed to those that have had a bumper crop, so as to equalize
revenues across communities.  This is discussed below.

In this subsection, we shall explore the possibility of studying how
macro-level price support policies may be evaluated in relation to profitability at
the farmer level.  As mentioned above, price asymmetries that result in different
price realizations for farmers with differing scales of production (resulting from
different land sizes) distort the farmers’ revenue and hence the profits accruing to
farmers for that season.

We shall first examine the question of how the value of a support price
impacts individual profitability, given the external rainfall and yield conditions.  Close
examination of figure 3 shows that the farmers with larger land holdings obtain
larger profits than their counterpart with smaller land holdings, though all are
exposed to the same vagaries of the environment.  It is possible to arrive at
a price function that could help even the small and marginal farmers fare better for
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a season, even under hostile weather conditions.  Different price functions can be
simulated and their impact on farming operations can be tested out in the above
manner even before they are implemented.  FarmSIM allows for tracking performance
indicators such as profit and the level of indebtedness at the micro-level of
a farmer agent over time.  As mentioned above, the framework allows for proactive
testing of proposed policies, such as those relating to price and interest rates.

Economic viability

Can the economic viability of a farmer be assessed by analysing the credit
patterns resulting from internal and external factors that influence his farming
operations? By observing his creditworthiness over time, it might be possible to
determine when he is likely to fall into the debt trap and what measures should be
put in place to prevent this.

The level of indebtedness of the farming community is a key measure, not
only for the financial sector, which advances credit to them, but also for a variety
of government agencies that are responsible for formulating policies related to
pricing, subsidies and welfare.  We use indebtedness as measured by “esi”, i.e.,
the amounts paid by farmers towards loan repayment, traced over the 100 season
time steps, as a means for uncovering patterns that indicate what types of farmers
might turn delinquent under given external conditions.

Figure 4 plots the amount of a loan being repaid in a time step against the
size of the farmer’s land.  The shape of the 3D plot shows, firstly, that the loan
payments grow with time for nearly all farmers.  This is an expected consequence
of drops in yield caused by poorer projected weather conditions as time progresses.
It is also evident that, even though smaller farmers may borrow less (in proportion
to their land sizes), they also have smaller incomes, and this results in continued
indebtedness.  Farmers with larger land sizes are seen to progressively borrow
less, as is evidenced by the shape of the falling contour on the north wall of the
3D plot.

As can be seen in figure 4, there are no loans payable by even smaller
farmers until season time step reaches about 30.  Thereafter, for agents with small
land sizes, up to about 1.8 hectares, the loan amount payable per season begins
to rise over time steps.  In this scenario, agents with land size that is over this
cut-off do not take loans over the entire simulation run with this rainfall setting.
The profits of small and marginal farmers vary from negative to modest values over
the 100 run time horizon.  At the same time, they are under pressure to take loans
to continue their farm work, leading them ultimately into a debt trap.
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Economic sustainability

How should the policy impact be continuously monitored and evaluated to
ensure that agriculture as a means of livelihood can sustain the economic
survivability of the farmers?  Can many scenarios be simulated in advance for
a better understanding of this complex phenomenon?

We study sustainability by observing the conditions that force small and
marginal farmers to stop agricultural work or sell off their assets due to a loan
burden.  Using a sell-off rule that makes farmers sell their lands when the total
loan burden exceed twice the market value of the land (Rule 3 of Annex I), we
record the number of farmers who hit the threshold and decide to sell off for
different pricing functions pf1, pf2 and pf3 with environment environ1.  The graph
of the cumulative number of land sales shown below  (figure 5) shows that a larger
number of farmers hit an unsustainable level around the forty-second season with
pf1 and pf2, reaching the total number of about 215 sell-offs.  But the third price
function, pf3, which offers a higher price multiplier over the base price for all
farmers, improves the overall sustainability profile, with a reduced number of about
130 sell-offs.  In the graph, we have labelled the curves lsolde1f1, lsolde1f2 and
lsolde1f3, to indicate that the curves record the number of lands sold for the
combination e1 (environ1), and price functions f1 (pf1), f2 (pf2) and f3 (pf3).

Figure 4.  Loan instalment payable over time vs. land size
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One of the possibilities from enabling improved sustainability scenarios
from improved price realizations is to determine the price level at which none of
the small and marginal farmers encounter a situation that forces them into a state
of indebtedness, forcing them to skip agricultural activity or sell assets.  We have
found in our simulation that, when the price multiplier is larger than 4.7 for the
smallest land size, there are no sell-offs.

Another mechanism in the simulation that can cause an improvement in
the sustainability is the possibility of injecting an improved non-farm income, since
it can reduce reliance of farmers on external loans.

We examine three alternatives, allowing the equivalent of $60, $100 and
$160 of non-farm income per season.  The resultant sell-off counts obtained using
Sell-Off Rule 3 are graphed below in figure 6.

All three cases use price function pf1, and environment environ1.  Clearly,
cumulative sell-offs are lower with higher non-farm incomes.

Figure 5.  Price function impact on cumulative sell-offs
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VI.  CONCLUDING REMARKS AND POLICY
RECOMMENDATIONS

This paper proposes a simulation framework to help formulate and evaluate
the effectiveness of policies that concern the economic viability and sustainability
of small and marginal farmers.  The framework offers mechanisms to model the
macro-level environmental impacts of prices, costs and other “uncontrollable”
factors, such as rainfall, on the micro-level economic activity of farming communities.
The framework allowed us to capture farmer-level financial decisions on working
capital investments and loans, offering us a low-level view into the farmer’s “account-
book”.  By modelling his decisions in a Markovian sense over a sequence of
seasons and modulating the local micro-level decisions through impact models
accounting for external factors, the framework permitted the examination of financial
viability and economic sustainability issues for a simulated community of farmers.

Figure 6.  Impact of non-farm income flows on sustainability (sell-offs)
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We have used realistic baseline data for micro-level farmer agents.  Although
we assumed mono-cropping pattern (rice only), the yields, prices and costs were
set close to real average values applicable to rice cultivation in India.  We used
a “fictitious” digital future scenario for rainfall, driven by the popular but as yet
unproven notion that there would be more frequent occurrences of flooding and
drought in the near future.  We also employed power functions with pre-selectable
constants to model how rainfall could modulate yields and hence production.  These
are fully programmable in FarmSIM, and other scenarios could be easily generated.

That the overall scenarios generated from simulation runs in FarmSIM fairly
follow scientific observations regarding the situation on the ground with small and
marginal farmers is really no surprise because we built our models to capture
these very notions.  What is interesting, however, is the possibilities that emerge in
engaging real-world policy formulation and implementation issues in this area, with
the capability of creating an effective test bed that can well mimic specific farmer
communities in just the right level of financial detail.

The FarmSIM framework has helped us explore and evaluate several issues
that are pertinent to the formulation and evaluation of policies affecting the farming
community.  The flexibility of the framework, the effect of the interaction of several
variables and the framework’s ability to allow us to follow the impact of the model
over time gives, we believe, sufficient credence to the use of the findings to further
refine policy measures.  It is recommended that evaluation using a simulation
framework such as the one proposed herein, be a part of policy implementation
and administrative activity so that the success of the policy can be tracked before
and after it is put into action.  Listed below are a few such possibilities, highlighting
key results:

(a) Agent-based simulation offers a highly flexible and viable framework
to model macro-level economic impacts on micro-level financial
decision issues in the farming community;

(b) Financial viability and sustainability can be studied using this
methodology by creating appropriately granular data and models,
which can be independently built and verified (for instance, the
rainfall-yield model can be built and verified externally);

(c) Since micro-level models can be data-driven, they can be
customized to match the requirements of specific farming
communities in different agro-climatic zones by capturing their
specific socio-economic and financial characteristics.  Loan and
other decision behaviours can be captured in special rule classes;
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(d) Since macro-level behaviour is common to specific communities,
the methodology can provide high-level insights as to how specific
policy changes, such as a 1.5 per cent rate cut, or a 20 per cent
increase in MSP, etc. can impact any group of farmers;

(e) Since the methodology tracks time evolution, it becomes possible
to gain insights into issues of sustenance over time.  An example
is an assessment of how many seasons of non-farm income of
a certain level injected every season into the income of a marginal
farmer, will make his household debt free.  The answer to such
a question can help implement a region-specific employment
guarantee scheme;

(f) Finally, using real climate models as they become available, it should
be possible, using this methodology, to assess the long-term impact
on micro-level farm economics and its sustainability.

In principle, FarmSIM, can be extended in many ways.  One of the key
extensions planned is to explore the significance of collaboration and active
information sharing among groups of farmers.  This will enable us to study if there
are any conditions under which small and marginal farmers can use their collective
strengths to “set” prices rather than “accept” macro-level prices.  It would also
perhaps be possible to determine what micro-level financial adjustments small
farmers can make to be seen as a consolidated “collective” farm of a medium to
large size by potential markets, so as to gain the virtual benefits of scale and price
but maintain the higher efficiencies of small size.
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ANNEX I

MICRO-LEVEL AGENT RULES

Loan rules

In the micro-level world of the farmer agent, a key decision needs to be
taken on whether to take credit to pursue agricultural activity in a season, to cover
cost of inputs and personal expenses, and if so, how much.  This payback period
will depend on the overall loan burden and the additional season payback amount
(esi) which is viable considering the current esi.

Among the many ways in which the hard financial decision that the farmer
faces can be posed, we consider one generic cut-off.  It is to determine the balance
between the projected net profit over the loan period considered (i.e., n future
periods) with the sum total of the projected loan payments to be made over the
same period – effectively indicating “paying ability”, denoted as q

jt
, for the farmer j

in time step t, defined as Rule 1:

q
jt
 = (I.1)

We use q
jt
 as one of many threshold measures in rules to determine if a loan may

be taken at this time step.

The applicable rule is described in the pseudo code below:

n = np
jt

Σ t+n     tl
jkk = t+1

Loan (Rule 1):  For farmer agent j in time step t
if gap

jt
 < 0 // Refer Eq (6)

%Calculate esi
jt
, t=t+1,..t+n // Refer Eq (7)

if q
jt
 > Q //

// Can not take full loan,Q = 4
    nl

jt
 = fexp

jt
// nl = New Loan = family exp

    update esi
jt

// new esi calc to lower loan
    skip

jt
 = 1 // Set the ‘skip’ flag

    break;
else
    nl

jt  
= -gap

jt
// loan taken to cover agri operation

end
end

threshold
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The implication of the above rule is that the agent can decide whether to
skip agricultural activity in a season based on his assessment of how much of
a loan burden he can carry forward.  A “Q” value greater than 4 will tell him to skip
farming activity this season at the risk of losing all potential profit, and take out
a loan to cover only his family expenses during the season, thereby reducing the
future burden.

The simulation framework we have developed also allows a farmer agent
to determine whether he should exit the agriculture business by selling of his land
and assets – obviously in the dire circumstance of an overwhelming debt spiral.
The rule for this decision is to first determine if agricultural activity has been skipped
for five sequential seasons, and then if the total loan burden has been increasing
over more than three periods.  Pseudo code for Sell-Off Rule 2 is as follows:

Sell-Off (Rule 2):  For farmer agent j in time step t
if  skip

jk
 = 1, k=t & t-1... t-4, // Skipped 5 seasons

if tl
jt
 > tl

jt-1
 > tl

jt-2
 > tl

jt-3
// Total loan burden increasing

set ts
jt  

= 1 // Set Sell-Off flag
break
end

end

Another alternative to the above rule is Rule 3, which states that a farmer
can decide to sell off his land assets if the total loan payable (sum of esi’s in
period t) in a period t exceeds the market value of his land by a factor of two.
This is expressed through the following pseudo code:

Sell-Off (Rule 3):  For farmer agent j in time step t
if  skip

jk
 = 1, k=t & t-1 // Skipped 2 seasons

if tl
jt
 > 2*mkt_val // Total loan burden exceeds

// 2*land value
set ts

jt  
= 1 // Set Sell-Off flag

break
end

end
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ANNEX  II

ENVIRONMENTAL IMPACT MODELS AND SCENARIOS

Rainfall

The use of a rainfall index to model the impact on land yield is a common
concept globally in weather-driven crop insurance, and many studies have been
undertaken in India to develop actuarial models to capture the impact of rainfall
levels on risk of yield variation and premium (Manuamorn, 2007).

Since in our simulation model we do not employ stochastic elements and
are not concerned with risk premiums, we consider rainfall as merely an external
means of modifying yield for all the lands under consideration, by first categorizing
the level of rainfall over a lexicographic scale of 1 to 5 as below:

Annex table II.1.  Lexicographic scale to describe
level of rainfall

Rainfall level Value (R)

Above normal 5

Normal 4

Deficient 3

Drought 2

Flooding 1

Note that “flooding” is placed lowest at 1, below drought, to account for
the fact that its deleterious effect on production is, more often than not, worse
than drought.

Now, we model the general impact of rainfall, R, on yield using the power
function:

y = k
1
e
k

2
R

(II.1)

Where y denotes yield, k1 and k2 are pre-selected constants designed to
produce a slowly increasing function of R in a range appropriate for representing
practical yield value of the chosen crop, rice in this instance.  Assuming a yield
value of 3.6 tons/ha for rice as a base level for a “normal rainfall” season, we
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expect the yield to vary, as depicted in annex figure II.2, for selected values of k1
and k2.

Annex figure II.1.  Rainfall-yield power function example

Given this class “environmental law” that modifies yield, we can construct
a time series of “known future” using the values of 1 through 5 to represent
a future climate scenario.  If we were required, for instance, to generate
a 60-season scenario, we need to create a 60-length string of “plausible” rainfall
levels.  A “normal” rainfall scenario over the next 100 seasons would be
a 100-length string of 4’s.

Climatologists have been drawing attention to the possibility of more
frequent drought and floods over the next few decades as a result of global warming.
In our simulation, we have set up scenarios to take into account such possibilities
by setting up three sequences appropriately.  The three alternative environmental
sequences are charted in figure II.3.  The environment selected in a simulation run
impacts yield on the basis of the chosen rainfall-yield transformation.

Each of these rainfall patterns will produce a different type of yield impact
depending in the type of power function selected for the transformation.  Figure II.4
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Annex figure II.2.  Three rainfall patterns for environmental simulation
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Annex figure II.3.  Rainfall to yield transformation over season time step
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illustrates, for instance, how environ1 modulates yield over the 100 seasons using
a function as shown in (II.1) with certain preset parameters.

In essence, the power functions and selected environmental scenarios help
transform the selected weather scenario into a “projected” agricultural yield scenario,
following a general maxim that “good” rains herald “good” yield, which in turn
produces a higher supply.

Price and cost model

There needs to be a more detailed discussion of possible practical situations
that we could consider regarding the setting of the sale price realized in simulation
modelling.  There are several issues related to the price that farmers realize for
their farm output.  Firstly rice, the crop we have considered here for uniformity, has
a government announced minimum support price (MSP) that is designed to fall
between the procurement (by government) price and farm-gate open prices.  This,
and the wide variation in prices by grade and season, causes the overall price
realizable to vary widely both across geography as well as season (Deshpande and
Naika, 2002).

Additionally, weather patterns are known to impact prices through the
attendant yield variations as well.  In seasons when there is good rainfall in
rain-fed agricultural regions, the yield is expected to improve (as we have modelled
in II.1 above), and overall production rises, resulting in a fall in prices.

Annex figure II.4.  Price function example
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There is another fundamental cause of variation in prices.  It has been
observed by many researchers that large and medium farmers, by virtue of their
size, usually realize a price that is considerably higher than that which small and
marginal farmers realize for the same crop.  Often, this is because the middle-level
buyers consider the scale of a purchase at farm gates, offering larger farmers
higher prices.  Smaller farmers are unable to hold out longer, while large farmers
can stock produce and also use bulk transport to seek better prices away from
their farm.

In order to model the type of biased price realization mechanism that may
be prevalent, we use power functions to distort a base price, favouring larger
farmers with higher price realizations.  The generic function we use to capture the
required behaviour is the following:

p = k
3
sk

4 (II.2)

Annex figure II.5.  Price power function transforming land size
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Where k3 and k4 are constants selected to provide appropriate scaling to
relate land size s to price p.  Prices are proportional to land size.  A graphical
characterization example of the price power function is shown in annex figure II.5.

In this illustration, we have used a function of the form (II.2), with k3 = 0.6
and k4 = 0.15 to generate a function that modifies a base price of $190 per ton in
accordance with land sizes.  The effect is that farmers with a lower scale of
production receive smaller realizable prices, while farmers with larger land sizes
gain a price advantage.  Obviously, these functions can be tuned to match the
situation observed on the ground.

In order to implement this price function concept, we use different price
multipliers which are multiplied with a base price.  By selecting the parameters k3
and k4, we have generated different functions pf1, pf2, and pf3.  Figure II.5 charts
the three sets of functions.  For each curve, the rate at which the price multiplier
curves flatten out as the land size increases is different.

In this study, we model costs directly as a function of land sizes as opposed
to the diversity of prices, although the simulation framework itself provides for any
suitable link function to be plugged in.  In principle, costs are expected to be
lower for larger farms due to economies of scale, but recent studies point to many
causes that defy conventional wisdom.  The non-linear increase in the cost of
labour with land size is one example.

In sum, the weather and price impact functions render the total production,
obtained as a product of yield and land size, non-linearly varying with rainfall and
land size, respectively.  This produces interesting possibilities for capturing variations
in profitability behaviour in relation to land size.  For instance, in a good weather
season, when production rises for the entire community, the expectation of good
returns can be dashed if prices fall for economic reasons, even though total revenue
as a product of price, yield and land size may rise in the bargain.  But this may
impact small farmers quite differently from large farmers.

Similarly, a drought may hit yield for all farmers, large and small – but
larger farmers may yet recover costs due to the combination of relatively higher
prices and larger outputs.

It should be noted again here that the purpose of the above discussion is
to draw attention to several of the possible alternative means of modelling external
impacts on micro-level variable in FarmSIM.  It is also possible to define externally
“fitted” functions that may be derived from historical data, should the situation
demand it.
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