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Abstract. To design more efficient and equitable agricultural technologies and
policies, we need to understand why individuals do not act in line with the ex-
pectations of researchers and policy makers, and we need to understand how and
why interventions exacerbate existing inequalities. Both can be understood by
exploring how aspirations influence households’ future-oriented behaviour. This
paper does so by introducing the 3spire model, which integrates three aspirational
dimensions: income, food self-sufficiency, and leisure, and by examining how
aspirations adapt, shift and influence households’ behaviour over time. The
3spire model incorporates aspiration adaptation theory to simulate agents’ farm
management decisions and performance over time. Agents, representing farming
households, interact within a social network and consider alternative future plans
iteratively, choosing the first satisficing plan. Preliminary findings indicated that
initial wealth influenced aspiration dynamics. There was, however, great hetero-
geneity in these aspiration dynamics, also among households with similar levels
of initial wealth, suggesting additional factors at play. Further research should
investigate other types of non-monetary wealth and incorporate context-specific
data to inform targeted policies and interventions, fostering equitable rural devel-
opment and reducing poverty and inequality.
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1 Introduction

Rural households are often the focal actors in food insecurity alleviation efforts[1].
They are targeted with technologies and policies but in many geographic settings, such
as Ethiopia[2] and Peru[3], associated productivity gains[4, 5], and therefore food se-
curity gains, remain below their anticipated potentials, and tend to benefit richer house-
holds more than poorer ones[6]. To design more efficient and equitable technologies
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and policies, we need to understand why individuals do not act in line with the expec-
tations of researchers and policy makers, and how and why interventions exacerbate
existing inequalities. Both can be understood by exploring households’ diverse and
context-specific aspirations, and how these aspirations influence their future-oriented
behaviour[7, 8].

Aspirations are hopes or ambitions of achieving something. As defined by Bernard
& Taffesse (2014) [9]: 1) they are future oriented, but do not include the desire for im-
mediate gratification, ii) they are hopes and ambitions that individuals are intrinsically
motivated to invest time in (not idle daydreams), and iii) when combined, they form
individuals’ ambitions to realise multi-dimensional life outcomes. Aspirations have
been shown to reliably predict future oriented behaviour in fields ranging from educa-
tion[10], to social relationships[8], migration[11], business[12], and farming[13].

Aspiration adaptation theory is a psychological theory that describes how individu-
als’ aspirations change because of their life experiences and circumstances[14, 15]. It
states that individuals initially set aspirations based on their expectations and desires.
If they are unable to achieve these aspirations, however, they may adjust their aspira-
tions downwards to match their perceived opportunities and the available resources.
Conversely, if individuals achieve results beyond their aspirations, they may adjust
them upwards[16]. The decisions individuals make about the future are driven by their
aspirations. They aim to meet the aspirational thresholds they have (implicitly) set for
each aspirational dimension. They will consider different future plans until they are
satisficed, and then select that plan regardless of it not necessarily being the best possi-
ble they are simply aiming for a plan that is “good enough”[15]. This decision-making
strategy, which is often contrasted to optimising (selecting the best plan), is termed
satisficing, a portmanteau of satisfy and suffice[17]. Satisficing is rational, because the
search for solutions in itself is costly[18]. When poverty results in poor performance
(e.g., low income due to low yields due to lack of inputs), the lowered aspirational
thresholds can cause people to stick with or select suboptimal future plans even though
better options become available to them[19, 20]. This is called aspiration failure, and it
is a behavioural poverty trap that on a population level can lead to exacerbated inequal-
ities[16].

Our aim is to illustrate how the combined key insights from aspiration adaptation
research can be captured in agent-based modelling studies that explore this behaviour
and its consequences on rural households and communities. Here, we illustrate how the
proposed model can be used to explore the question whether differences in initial
wealth lead to different aspiration dynamics?

1.1  Five key insights from aspiration adaptation research

Aspirations and aspiration adaptation have been explored in both theoretical[14, 16,
21], experimental[8, 12], observational[9, 22], and modelling studies[23-25]. Though
research is in the early stages in all four approaches, developing the modelling approach
further is crucial, as models, agent-based models (ABMs) in particular, are well suited
to explore phenomena and interventions involving individual behaviour and interac-
tions and their population-level consequences. Through the creation of heterogenous



agent populations that resemble real populations, rules representing aspiration adapta-
tion and aspiration-based decision making, and spatial layers that represent a real spatial
environment, ABMs enable scientists to explore and compare different policy interven-
tions[26] and socio-ecological phenomena[27]. As the key insights from theoretical,
experimental and observational studies on aspiration adaptation have not yet been cap-
tured by existing models, however, this potential remains unexplored.

Key insights from theoretical, experimental and observational approaches that re-
main to be explored are: aspirations are multi-dimensional[28]; individuals consider
different future plans iteratively, and select the first plan that is “good enough”[15];
aspiration thresholds are dynamic[28] and aspirations are adjusted in response to past
aspirations and past performance[12]; and individuals are chronically optimistic[12].
Thus far, no agent-based modelling studies simulating the behaviour of rural house-
holds have combined these insights. Most studies have been one-dimensional, consid-
ering only one aspirational dimension, relating to either productivity[18, 23, 29] or
profit[24, 25, 30]. Most studies have also assumed that aspiration thresholds are
static[18, 23, 29-31] or respond only to externalities, such as market[25] and cli-
mate[25]. Furthermore, no studies have reflected that people are chronically optimistic.

Lastly, modelling studies have implemented the process whereby individuals con-
sider future plans in roughly three ways, two of which, we argue, do not follow aspira-
tion adaptation theory. Firstly, some modelling studies let their agents select a randomly
drawn future plan each time their aspiration thresholds are not met. This means that
agents may settle for plans that are worse than the situation they were in to begin with,
implying that agents are irrational. Both irrationality and shifting to other less-than-
satisficing solutions when status quo is preferable, go against the premises of aspiration
adaptation theory[15]. Secondly, some modelling studies let their agents select the best
potential solution each time their aspiration thresholds are not met[31]. This makes their
agents optimisers, not satisficers as aspiration adaptation theory dictates[15]. The third
suite of models loop through future plans sequentially in order of familiarity, and select
the first satisficing solution considered[32]. This is in line with aspiration adaptation
theory but has not been implemented in modelling studies in a food system or rural
livelihood context, where the models that loop through future plans sequentially do so
in a random order[23, 30].

2 Methodology

2.1 Model design

We built an agent-based model to explore how aspirations adapt over time in response
to and along with farmers’ decisions, and with changes in their personal circumstances
and environment. We named it 3spire because it has three aspirational dimensions: food
self-sufficiency, income, and leisure. Income was defined as the earnings from minus
costs of agriculture: food self-sufficiency was defined as the amount of maize equiva-
lents consumed: and leisure was defined as the amount of time not spent working or
sleeping, all per household. 3spire has a spatial environment, agents, and a social net-
work connecting the agents (Fig. 1). Agents’ future behaviours are informed by agents’



past performance, their aspirations, by other agents in their social network, and by their
spatial environment (e.g., soil, market access, climate). The current version of the
model only has an agricultural land use layer, including grains, perennial cash crops
(coffee) and annual cash crops (onions). Yields per unit of land and applied fertiliser,
and profits per unit harvested crop are consistent over time and space.

The modelled agents are farming households with one household head each. The
households own different types of assets such as land, money and cattle, and they have
specific (collections of) production options. They may, for example, grow maize with
moderate levels of inorganic fertiliser and own three cows. The households also have a
specified number of family members, of which the age and gender is known. The house-
hold head has knowledge and experience of their past and current production systems,
and aspirations.

The social network that connects the households to each other is static. It is initialised
using empirical data for network size, and uses similarity in household characteristics
as a predictor of inter-household connections[33]. Knowledge is exchanged through
this social network: if agents try something new, they will share the experience they
gain with everyone in their social network.
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Figure 1. A diagram of our envisioned agent-based model, 3spire

2.2 Implementation of aspiration adaptation

Initial aspirations

Through a series of expert workshops held at the universities of Hawassa and Bahir
Dar, Ethiopia (25.11.2022 — 8.12.2022, with a total of 41 participants over 7 work-
shops), three aspirational dimensions were selected as being most relevant to farmers’
future behaviour: income, food self-sufficiency, and leisure. Initial aspiration




thresholds were set based on survey data (Table 1). Initial income aspiration thresholds
were sampled from an exponential distribution fitted on data from a survey by Mekon-
nen and colleagues[34]. Initial food self-sufficiency and leisure thresholds were sam-
pled from normal distributions fitted on data from a survey by Tesfaye and colleagues.
Both surveys used the measurement approach proposed and validated by Bernard &
Taffesse (2014)[9]. The distributions were parameterised in R using the maximum-
likelihood fitting function fitdistr from the MASS package[35], and the parameterised
distribution with the lowest Akaike Information Criteria was selected as the best
model[35].

Table 1. Descriptive statistics of data used to determine initial food self-sufficiency, income,
and leisure aspiration thresholds.

Aspired  Present  Unit Fitted distribution N

Food self-  Mean 69.0 62.6  Kg per household ~Aspired = Present + 390
sufficiency Median 75.0 60.0 per week normal(6.91,26.99)
Income Mean 163,115 46,901 ETBperhoursper Aspired = Present + 675

Median 100,000 35,000 exp(0.86) * 100,000

year

Leisure Mean 3.78 279 Hours per house- Aspired = Present + 390

. 400 300 _hold head per day _M0rmai(0.9,1.68)

Updating aspiration thresholds

In the model, households start each year by evaluating last year’s performance. If they
are satisficed, i.e., if they have managed to perform well enough to meet their aspiration
thresholds, they continue to farm as they did last year. If they are dissatisficed, they
consider alternative plans. Alternative plans that are similar to their current manage-
ment will be considered first. Similarity is based the overlap in skills and resources
required to implement a new plan. The first alternative plan household heads are satis-
ficed with is selected, and management is adapted and implemented accordingly. Al-
ternative plans may, e.g., be growing more maize to be food self-sufficient or buying
supplementary cattle feed to earn money from dairy production. Which opportunities
agents have (i.e., their window of opportunities, Fig. 1) is limited by their knowledge,
assets, current management, and spatial environment. If a household does not have suf-
ficient labour to cultivate vegetables, for example, this strategy will not be part of their
window of opportunities. Their performance when trying something new is also influ-
enced by their assets, current management, and spatial environment. Once imple-
mented, new plans will give their implementers and their social network knowledge of
the existence of and expected outcomes from the new management. Depending on how
successful a plan is, it may cause agents to adapt their aspirations. New aspiration
thresholds are calculated based on past aspirations, past performance, and optimism.
The formula we use for calculating new aspirations is:

AT, = AT, i1 xoptimism — b * AG,+_4



where AT is the aspiration threshold of an as-
pirational dimension « at time ¢, AG is the aspi-
ration gap, i.e. the difference between the as-
pired threshold and the actual outcome along an
aspirational dimension a, optimism is a variable
that determines how optimistic (or pessimistic)
household heads are, and b is a constant that re-
flects how much of the aspiration gap should be
closed each year. optimism and b can be cali-
brated to reflect local circumstances when ap-
plying the model to specific regions. The for-
mula was selected from an experimental study
that compared the fit of models for aspiration
adaptation to time series observations[12].

2.2 Data, simulation, and analysis

3spire consists of three types of agents: farming
households, cattle, and fields. Households are
connected to each other through social net-
works, and to their cattle and fields through
ownership. Cattle are connected to their calves
through birth. The agents have characteristics,
abilities and can make decisions, all of which are
as described in the Table 2. We distinguish abil-
ities from decisions, where abilities occur auto-
matically, independent of agents’ aspirations,
while decisions are plans that agents may imple-
ment to fulfil their aspirations.

The model consists of 100 randomly selected
households, that own a total of 232 fields and
482 cattle at the start of the simulation. The
households reflect real households surveyed in
2018-2019 by the Central Statistical agency in
Ethiopia[36]. Their characteristics, either at-
tributed to the households directly (e.g. house-
hold size), or to their household heads (e.g.
knowledge of farm systems), their fields (e.g.
field size), or their cattle (e.g. sex), were used as
reported or, in case of missing values, approxi-
mated using linear interpolation [37]. The model
was run for 23 timesteps, representing one year
each, with b set to 0.45 and optimism to 1.05.

Table 2. Agent characteristics, abilities
and decisions

Households

Characteristics

Knowledge of farm systems, manage-
ment practices and technologies
Aspiration thresholds

Memory of aspiration thresholds and
outcomes in previous years

Wealth

Family members (with associated ages
and genders)

Family dietary needs

Cattle

Fields

Current farm management

Abilities

Gain knowledge of new managements
tried by agents in social network
Adapt aspirations

Consume produce

Sell produce

Buy produce

Decisions

Change land use

Apply (more) fertiliser

Feed cattle supplementary feed
Buy (more) cattle

Sell cattle

Fields

Characteristics

Size

Land use (maize, pasture, perennial
cash crop, annual cash crop or fallow)
Fertilizer level

Abilities

Grow produce

Cattle

Characteristics

Sex

State (dry / in lactation / pregnant)
Calves

Feed source

Abilities

Lactate
Give birth
Eat

Die




We analysed the aspiration outcomes
from year 3 onwards (time zero), to al-
low agents to settle after initialisation.
The households were classified into 4
different wealth groups, roughly repre-
senting the lower quartile, the middle
quartiles, the upper quartile, and the up-
per 10% of the households (Table 3).
The first group was in debt, the second
group had between 0 and 50,000 Ethio-
pian birr (ETB), the third group had be-
tween 50,000 and 250,000 ETB, and
the fourth group had more than 250,000
ETB (Fig. 2). The dynamics and
changes in aspiration thresholds, out- 250
comes and wealth over time were ana-

lysed by means of descriptive statistics. 1001 {:LI
Inflation was not accounted for in the 501

simulation or the analysis of the results. _58: “-'%‘A’ _____________________________________
-100 oo

L]

Wealth groups

10001 @ group 1 (<0)

E3 group 2 (<50K)
E3 group 3 (<250k)
B group 4 (>250k)

5001 o

Initial wealth (1000 Ethiopian birr)
l

L N: 39 N: 21 N: 27 N: 13
3 Prehmlnary results mean: -32 mean: 21 mean: 116 mean: 745

sd: 26 sd:14 sd: 56 sd: 400
At the beginning of the simulation, the Figure 2. The initial wealth of households from
average household had 103,000 ETB. 20 years different wealth groups at the beginning of the sim-
later, this has increased to 969,000 ETB. This u/ation.
increase in wealth was, however, not distributed equally across households. The in-
crease occurred in the 25 richest households, and even more strongly in the 10 richest
households (Table 3). There was, however, a large heterogeneity in outcomes. One
household that started out with debts managed to increase its wealth substantially, while
some households starting out with thousands of ETB lost all their money and ended up
indebted (Fig 3).

Table 3. Descriptive statistics of cumulated household wealth (in 1000 ETB) at the start and
at the end of the simulation.

Mean Sd 10% 25% 50% 75% 90%
Time zero 120 288 -42 -18 20 12 383
20 years later 969 2588 -437 -263 39 803 3448
Increase 849 2300 -394 -245 20 691 3065
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Figure 3. Cumulated wealth per household at
the beginning (round dot) and the end (arrow head,
20 years later) of the simulation, given in 1000
ETB. Each arrow represents a household, and they
are grouped according to wealth class.
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Figure 4. Aspiration threshold dynamics over wealth, by wealth group. Each thin line represents an individual
household, while the thick lines represent the average household by wealth group. The round dots mark the start of
the simulation and the triangles the end. The shaded areas in between the dashed lines represent the 95% confidence
intervals of the average trends. The units of food self-sufficiency, income, and leisure, respectively, are maize con-
sumption (kg per household per week), ETB per household per year, and 8-hour person days not spent working or
sleeping per household per week. For income and leisure, an upper axis limit is set to more clearly visualise average
trends, excluding some households with very high aspiration trends.



We then explored whether these initial differences in wealth (Fig. 2) affected the
way aspirations were adapted over time (Fig 6). We found that income aspirations and
actual incomes decreased over time for all groups but the wealthiest. Among the wealth-
iest, income aspirations increased in the first half of the simulation before they started
dropping as well (Fig. 4). Leisure aspirations also differed across wealth groups. For
all wealth groups but the wealthiest, there was an initial increase in aspired leisure, then
a flattening off. For the wealthiest group, thresholds increased continuously, but very
slowly (Fig. 4). For food self-sufficiency, aspirations dynamics did not differ substan-
tially across groups. As with the change in wealth over time (Fig. 2), however, the
change in aspirations over time was also subject to great heterogeneity (Fig. 4), that
cannot be explained by differences in initial monetary wealth only.

4 Discussion

In this article we asked: Can differences in initial wealth lead to different aspiration
dynamics? Theoretically, we expected that it would, because wealth enables people to
have wider windows of opportunities; they can make changes to the way they manage
their farm that require (large) investments[13, 16]. We found that over time, differences
in wealth between households increased (Fig. 3). Generally, wealthier households ben-
efitted, while the poorest quartile became poorer (Table 3). Households with increasing
debts all had small land sizes. The cause of their debts were food purchases, as they
were not able to fulfil their household needs from their own production. As has also
been observed in empirical studies, the absence of liquidities left them unable to in-
crease their yields through fertiliser purchases, and their other means of production
(their cattle) were sold early on in the simulation to buy food[38]. The only household
that managed to escape poverty in the indebted group did so because it had a small plot
of coffee that generated enough money to cover its food purchases (Fig. 3). A lack of
knowledge about coffee production constrained more households from doing the
same[39]. We do, however, expect that in reality many of the households would not
have found themselves in the huge debts we simulated because they would have re-
ceived money, food, labour and/or draught power from off-farm sources; Ethiopian so-
ciety knows many different formal and informal safety nets[40]. The dire predictions
of our model illustrate the importance of maintaining and strengthening these.

Some households wound up indebted despite of having substantial liquidities at the
start of the simulation (Fig. 3). These households typically started out having or buying
cattle and growing maize, and then — at some point during the simulation — changed
from maize to pasture in order to gain more leisure, buying their maize instead of grow-
ing it (Fig. 3). They became indebted if, and only if, they did not manage to maintain
their herd. Some of the richer households also went into debt because they invested in
growing coffee, but these investments would have paid off over time[39].

We found that groups with different initial levels of wealth differed in their aspira-
tion dynamics (Fig. 4). Thresholds for income tended to increase with high and increas-
ing wealth and decrease with low and decreasing wealth, in line with theory[14] and
empirical research[41]. We were, however, surprised to see that even the second richest
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group of households reduced their income thresholds over time. The decrease co-oc-
curred with a decreasing availability of options to improve farm management. Once
households applied high levels of fertiliser, had selected the best land use available to
them, and bought or bred as many cattle as their land could support, there were no more
ways to keep increasing their income. In reality, there more are options available to
farmers, such as crop rotation, application of herbicides, and post-harvest pro-
cessing[42]. These will be added in future versions of the model.

Households’ time for leisure was very high at the beginning of the simulation. This
was in part because much of the rural workforce is underemployed, amongst others
because of the limited amount of land available[10]. As we assumed that households
do not want to be fully unemployed, we put an upper limit to the desired amount of
leisure per household member. Many of the households in our simulation reached that
upper limit within the simulation period; this explains the stabilizing leisure aspiration
trend. Our model does, however, only consider on-farm agricultural labour. In reality,
households also travel to markets to source inputs and sell outputs[36, 43], engage in
off-farm work[36, 44], and perform housework such as cleaning, cooking, and harvest-
ing water and firewood[36, 45]. Not including the labour of these activities makes us
underestimate household labour, which may have resulted in an underestimate in the
importance of the aspiration for leisure in households’ decision-making.

Food self-sufficiency aspirations increased independently of wealth. This was pos-
sible because there was no feedback between the food demand and supply; we assumed
maize could be purchased in the market at any time and that prices would be stable.
Though this may be true for certain fertile regions in Ethiopia, it has not been the case
for most of the population, due to, amongst others, droughts[46], plagues[47], post-
harvest losses[48], and poor market access[43]. This will also be accounted for in future
versions of the model.

To get a better understanding of the underlying farm management decisions that
caused the observed patterns in aspiration dynamics, and of the robustness of these
patterns, further research is needed on the choices that different households make in
different circumstances, and on the influence of parameters such as yields, labour re-
quirements, and prices. The realism of the decision-making processes and the aspiration
dynamics of the households could be developed further, e.g. by adding cognitive biases
such as recency and primacy biases[49], and social comparison[14, 22], respectively.
Further research should also investigate other types of non-monetary wealth, such as
land and livestock, and incorporate context-specific spatial data to inform targeted pol-
icies and interventions[26], fostering equitable rural development and reducing poverty
and inequality.

5 Conclusion

The 3spire model provides a valuable tool for understanding and exploring the influ-
ence of aspirations on rural households’ behaviour and performance. By incorporating
multiple interlinked aspirational dimensions, and the dynamic, path-dependant process
of aspiration adaptation, the model enables researchers to explore how interventions
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and policies can be designed to promote more effective and equitable rural development
and thereby help break the cycle of poverty and inequality. To design and assess the
impact of policies in specific regions, there is however a need for context-specific time
series data, addition of representative spatial layers and their influence on yields and
revenues, and calibration and addition of the context specific decisions farmers can
make in order to improve their farm management in line with their aspirations.

6 Open data

3spire, and the scripts that used to parameterise and calibrate the model and analyse
the model outputs can be found on:

https://github.com/ateeuw/3spire_socialsimulationconference
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