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ABSTRACT

The simulation model presented here aims to give us a better understanding of the variables and parameters that condition the dynamic process of household wellbeing against poverty. It considers two elements: the households and the environment they develop in. Households are characterized by the variables capital, education, health, and income potential. The environment is modeled by the parameters of access to capital, infrastructure production, and access to health services. The product of both household and environment generates an income. If the income is larger than the household’s capital, then its capital increases by a random number and a probability function of employment. If the income is smaller than the household’s capital, then the household has an expense that decreases its capital. Here, the loop ends and a new iteration begin. The simulation results show that important changes in the households’ capital occur when the number of environment parameters and their values increase. If only one parameter is improved the impact is small and it occurs after a large number of iterations.
Key-Words: Dynamic model; Poverty; Human ecosystem; Mayas: Yucatan, Mexico.

INTRODUCTION

Currently there are 6 billion people in the world, the World Bank (2002) estimates that almost half of them (2.8 billion) live on less than $2 USD a day and a fifth of them (1.2 billion), live on less than $1 USD a day The world suffers intense poverty amidst the presence of plenty. Mexico is no exception as more than 35% of the rural population lives in extreme poverty (World Bank 2004). Székely (2005) estimated that 47% of Mexican households are poor. Other authors argue that more than 80% of the Mexican population live in poverty Bolvinik, 2002). Poverty estimates from the same region differ among authors because different poverty definitions are used or data are obtained from different sources, or both. However, they all agree that poverty is a problem that affects a large proportion of Mexican society. . Until now policies suggested by the United Nations (2005) and the World bank (2004) have attempted to solve poverty through direct subsidies. These policies result from models that define poverty only in terms of income, in which a slight increase in income helps to overcome poverty. The Mexican Government (SEDESOL, 2002) has implemented these policies which unfortunately often achieve the opposite, since poor people become dependent on such subsidies and do not overcome poverty. These policies are defined mainly at the macro-economic level and rarely include concrete actions against the manifestations of poverty at the micro-economic and household level. Recently, Tomlinson and Walker (2009) argued that poverty is a product of multiple causes and can have multifarious, interconnected short- and long-term negative consequences. Such complexity is easily overlooked and frustrates the best intentions of anyone trying to tackle single causes and specific outcomes. The U.N. (2009) also recognized that poverty is multifaceted, multidimensional and subject to volatility, encompassing time and relative dimensions. As such, it cannot be defined by a single income criterion.

Poverty is a social syndrome having multiple symptoms resulting from the interaction of several causes. Poverty is complex and multi-dimensional, as it is the stress caused by the inability to make ends meet, social isolation, fatalism, and a lack of political engagement. This paper presents a model of social development to fight poverty, constructed from the results obtained by participatory action research, in a Maya community in Yucatan, Mexico (Cuanalo and Siniarska, 2006). It attempts to gain a better understanding of development to alleviate  poverty from its structure and behavior at a community level, laid down as a dynamic complex system (Capra, 1998 and Lucas 2005). The approach is predicated on the notion that, in order to enable social development against poverty, a complex systems approach is required including participatory action in research and decision-making. Models of complex social systems, considering the structural properties of their elements, have been used in human ecology (for a recent discussion see Galvin, 2006).
THEORETICAL FRAMEWORK
Poverty. 

Viewing poverty simply as the persistence of low income (World Bank, 2002, Székely 2005; and Bolvinik, 2002), leads to the suggestion that by increasing income through direct subsidies, poverty will be overcome. This strategy quite often achieves the opposite; it increases poverty since people become dependant on such programs. However, scholars have suggested recently that poverty should be viewed in terms of low wellbeing (e.g. Diener and Oishi, 2000; Fuentes and Rojas, 2001 and; Rojas, 2004). Since we are interested in fighting poverty, we understand poverty as a condition in which basic human needs are only partially fulfilled. The basic needs of human are many, but can be grouped into four categories, namely: education, health, employment, and capital. Understanding the individual effect of each of these variables and especially their interactions are essential to fight poverty.
The Social Development Process. 

Development is understood as the process that takes people from poverty to wellbeing, or from wellbeing to poverty, and can thus be positive or negative. Development is envisioned as an uncertain, open-ended and long-term process driven by a large number of global, national and local interactions (Rihani and Geyerb, 2001). Poverty is the state of development in which people lack the means to support themselves or in extreme cases to survive and thus, requires a basic needs approach. Development against poverty may be seen as setting up a system aimed to give all household members the opportunity to fulfill their basic needs (Rihani, 2002).

Since the household is the basic social and reproductive unit of the human species, both biological and cultural, we defined it as the basic unit of study or agent to understand development against poverty in human society (Tomlinson and Walker, 2009). We also assumed that the type of employment and associated income determine household lifestyle and social status (Voydanoff, 1987). Poor households are also a source of social and political unrest (Cuanalo, 2007). The more we understand poverty, the closer we will be to find remedies and strategies to prevent it. 
Development against Poverty. 

Most of our understanding of development against poverty was gather in a village called Yaxcaba and its surroundings from the year 1995 to 2003. Yaxcaba is located at about 100 Km to the west of Merida, the capital of the Yucatan state in one of the poorest area of the Yucatan Peninsula. It is one of the villas were Maya is still the predominant language and its inhabitants are of Maya ancestry. About 500 families live in this village and it has a population of the order of 3,000 inhabitants. The climate is tropical with a rainfall average of about 1,200 mm per year and a dry season of about 6 months a year. The annual average temperature is of 26 Celsius. The landscape is a limestone plateau with outcrops 3 to 10 m high. The soils are shallow and stony on the outcrops and cover about 60% of the area. The plains have deep red clays soils. The predominant crop is slash and burn milpa (Brady, 1994). Agricultural participatory experiments were carried out on milpa on citrus orchards, on poultry and pigs. Farmers applied innovations making use of loans and subsides. Participatory training was done to expand the households´ knowledge on nutrition and disease prevention. Level of investment of households gave an estimate of both, the infrastructure available for the well being of the family and its production unit, Cuanalo and Siniarska (2006) and Cuanalo (2007).
After years of work, a conceptual model of the determinants of poverty began to emerge. It became clear to us that development against poverty could be better understood as a complex system. It also became clear that the present dynamic household variables that define poverty can be grouped into: 1) education (low); 2) health (under-nutrition and illness); 3) employment (limited employment and low productivity); and 4) capital (low). Yaxcaba’s social, economic, biological, and physical environment can be described as: 1) schooling is geared mainly towards information that is not direct relevant to the immediate needs of the household; 2) health services are oriented mainly towards the treatment of illnesses rather than prevention; 3) production is oriented towards exports rather than to local needs and consumption; and 4) financing is geared towards providing loans at high interest (annual rates from 36 to 60%) rather than toward encouraging saving (annual rates from 3 to 6%).

A Model to Fight Poverty as a Dynamic System. 
The dynamic complex system of poverty consists of many interacting units (households or agents) whose variables change with time and exhibit behaviours that are not obvious consequences of the interactions known among the controlling variables (Parwani, 2002 and Rihani, 2002). Household poverty also has the key characteristics of dynamic complex systems described by Lucas (2005): 1) Causality operates in loops (effects feed back into causes); 2) Interactions are nonlinear (effects are not necessarily proportional to their causes); 3) Systems are in non-equilibrium (i.e., undergoing constant change); 4) Systems are non-uniform (containing structures in space and time); 5) Systems properties are emergent (not explicable in partial terms); and finally, 6) self-organization occurs (order is not limited to that imposed from outside). Complex systems are defined as those that change over time through the combined effect of several interacting, dynamic variables (agent properties), and dynamic parameters (those imposed by the environment). The interaction between variables and parameters give rise to attractors. Attractors are defined informally as a state of activity toward which a system settles or collapses.
Household as Basic Unit.
Direct observation and a review of the literature (Tomlinson and Walker, 2009), the household was defined as the basic dynamic unit to study and apply development models against poverty. The household provides the environment needed for children to grow and learn and is also the environment for humans to rest at night and to heal or to recover from illness. The household, or domestic group (Fortes, 1971), often the nuclear family, is the biological, economic and cultural reproductive unit in many Maya rural communities of Yucatan (Cuanalo et al., 1998). The household is often the basic unit of economic survival and transmission of culture. The household can be seen as a system aimed to fulfill its members’ needs. Household membership is always changing, mainly by births, deaths and aging. The household in Yucatan may be defined as a unit that communally shares their resources and has the same “head” or leader. 
Households experience daily, weekly, monthly, seasonal, and annual cycles. Households, therefore, follow time loops. At the end of each loop, household members may change their behavior (i.e., learn), creating feedback loops. There are strong interactions among household members, and therefore among variables that condition the development process. For instance, the health status of household members affects the total amount of work done or the amount of cash needed to purchase medicine or both. 

In this paper, poverty is understood not only as the persistence of low income (making people highly vulnerable to changes)), but also as households that lack proper education, are undernourished and have low production and productivity. The household is the agent whose variables (education, health, employment and capital) change and interact constantly in time through self reinforcing loops. 

Household environment. Households are components of human communities that requiring energy and information from their environment to thrive. When a household is initially formed, the energy and information it contains are contributed by its members (in Yucatan, usually the bride and groom). The initial conditions are immediately influenced by the external environment. The household environment refers to the physical and biological surroundings as well as the economic and social conditions in which it is situated. Physical surroundings are described by the climate, whether hot humid or cold dry, as well as location (whether mountainous or near the sea). Biotic surroundings include animal and plant communities as well as local pests and disease. The economic environment is defined by employment, income, job availability, salaries, food, education and health costs, and the social surroundings include community and political organization. This approach will allows a better understanding of the interactions among variables that control poverty, and thus, defines a more effective strategy to fight poverty.
METHODOLOGY
Participatory approach

The Yaxcaba, project mentioned before began in 1995 and was financed by the Center for Research and Advanced Studies (Cinvestav), Merida and the W. K. Kellogg Foundation (Grant # 3-P-88-0287). The project combined participatory activities among members of the local community, including producers, household members, leaders, government officials and also researchers. This is known as participatory (action) research (Werner, 1993 and Reason and Bradbury, 2001). A positivistic approach (Hanfling, 1981) was disregarded because of its insistence on a clear distinction between object of study and researchers and the assumption that science is a value-free human endeavor. Fals (2001) defined three basic assumptions in participatory (action) research in contrast with the positivistic approach. First, science is a social construct, thus subject to reinterpretation, revision and enrichment, and its main objective is to obtain knowledge useful to the problem under consideration. Second, the aim of knowledge is to improve practice in the dialectic interaction between praxis and theory. This means the scientist can obtain knowledge by direct involvement and insertion in the social process, and patterns are revealed and established by testimony as well as by logic and observation. And third, researchers and the researched are thinking-feeling persons whose diverse views should be taken jointly into account, with an attitude of mutual respect and appreciation, so information gathering in collective meetings and group discussions is more interesting, reliable, and produces cross-referenced results. Also, Friedman (2001) points out that participatory (action) research integrates both the production and use of knowledge for the purpose of promoting learning with and among individuals and systems whose work is characterized by uniqueness, uncertainty and instability.

The method used was a sequence of semi-structured interviews with individuals and with groups. The main questions were (after Friedman, 2001): What is the problem? What do we know about it? What can be done about it? What are we going to do about it? What results have we got so far? What changes do we have to make? How are we going to implement those changes? And again in feedback loops: What is the problem? And so on…...  The approach adopted in this paper was that of Freire (1970) in that the dialectical process of reality creation should consider both the concrete and the perception of the concrete. 
Variables and parameters.  
Household conditions may be characterized by a large number of variables, however to make them operational, as mentioned before, we grouped them in education, health, employment and capital. Education includes household values, attitudes, leadership, knowledge, schooling, etc. Health refers to both physical and emotional conditions which include aspects of nutrition, illness, self esteem, emotional stability, etc. Employment refers to the proportion of household members with an income; it includes their production skills, training, productivity and capabilities. The final variable, Capital, refers to household levels of investment, loans, subsides, etc. All the variables are highly interrelated, thus household education level is often related to household capital. Health is related to education, and employment is related to education and health, and so on. 

The household environment may also be characterized by a large number of parameters. Operationally, all the parameters are grouped into: Educational facilities (schools, universities and training centers); Health facilities (drinking water, waste disposal, clinics, hospitals); access to public Production infrastructure (communications, markets) and access to Capital in terms of subsidies, and loans. These facilities are offered by the social, biotic, and physical environment.
The initial variables and parameter values, as well as the type of probability functions for the simulations, were obtained from the results of a group of poor households in Yaxcaba, Yucatan, Mexico (Cuanalo and Siniarska, 2006).
Simulation results are interpreted in terms of the change in household community mean capital as well as the change in the Gini index. The Gini index was estimated using the covariance formula from Ferreira and Garin (1997). The Gini index is commonly used as an indicator of capital variability (e.g., CIA, 2008). We plotted the average values of 50 simulations for different scenarios.. The mathematical model is written in PYTHON language (Python Software Foundation, 2010).

THE MODEL
Fig. 1 describes the conceptual model. The household shown as ovoid, contains levels of education, health, capital, and employment. The environment is represented by the area surrounding the ovoid, where the household gets the energy and information needed to grow and multiply. That is, the facilities for education, health, production and market infrastructure and financing.
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Fig. 1. Model of development against poverty. Households’ and environment’s variables and parameters.
The mathematical model.
Households or agents are characterized operationally, in terms of: 1) capital (household level of investment), following a log-normal distribution, standardized to zero and one during calculations; 2) education in terms of adults’ number of school years, following a normal distribution, standardized to zero and one during calculations; 3) health (nutrition, illness), which follows a uniform distribution, between zero and one; and 4) production potential, derived by a function of education and health.
A household’s environment is described operationally by parameters in terms of: 1) access to capital, given by the ratio of savings interests, to loans interests; 2) production infrastructure, which includes communications and access to markets, with values between zero and one, and 3) access to health services, with values between zero and one, and 4) employment availability (self employment and job opportunities) with values ranging between zero (no household adults are self employed or have a job) and one (a high proportion of household adults have highly productive employment).
A function of both household variables and the environmental parameters generate an income potential. If the income potential is larger than the agent’s capital, then the agent is assigned an income based on a random number and a probability function of employment and schooling. If the income potential is smaller than household capital, the household has an expense that decreases its capital. In the model household health may change at each iteration by drawing a number from a uniform distribution (between zero and one). If this number is larger than the actual health value, then health changes by a randomly selecting a number from a function of the available health services. If the random number is smaller than the actual health value, then health remains unchanged. Here the loop ends and a new iteration begins. This model however does not consider interactions among households. This means that they are a group of poor households, having no value transfer or competition among them, and they all share the same information.
Variables, parameters and functions.

The simulation begins by randomly assigning capital (C) to each agent, a number of school years (E) and a health level (S). An agent’s capital is obtained from log-normal distribution given by Equation (1); education (years) is drawn from a normal distribution, given by Equation (2); and health status is derived from a uniform distribution that ranges between zero and one. In both functions µC and µE stand for the mean values and σC and σE stand for their standard deviations. 
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During simulations capital and health of the agents change in each iteration.

We defined for each agent an Agent Production Potential (M) as a function of its capital, education and health, based on Equation (3):
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where (C tot) is the  total capital of the agent in each iteration, S is its health level and 
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 is the same parameter used in the distribution function given in Equation (2). 
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 is selected so that when PM = approx 1 then, M =approx 1.

The environment is defined by the quality of public health care (Cs), public production infrastructure (DM), and access to capital (iap) is defined in terms of the ratio between interests on savings and loans. Environment variables remain constant on each simulation and are called parameters. 

We defined the Environmental Access Potential (A) in terms of environmental parameters in Equation (4):


[image: image7.wmf](

)

a

P

iap

DM

e

e

A

b

b

-

-

-

=

-

=

1

1

*

… (4)

The agent searches to increase its income given by a Net Income Probability (PI), defined by Equation (5):
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where employment (O) is the proportion of household members with an income and Emax is the maximum value generated in Equation (2). The probability value ranges from 0.5 to 1.0, thus it gives the agent at least a 50% chance to draw an income.
We also defined the Agent Income Potential (N) in terms of Agent Production Potential (M) and Environmental Access Potential (A) by Equation (6):
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Rules that affect household capital (C).

Rule 1. If the Agent Income Potential (N) is larger than the agent’s capital (C), standardized between zero and one (C/Ctot), then the agent searches to increase its income. Then, a random number (g) is generated from a uniform distribution with values between zero and one. This value is compared with the value obtained form the Net Income Probability (PI).

Rule 2. If the random number generated (g) is smaller than the value obtained from Net Income Probability (PI) then the agent gets an income that increases its capital by (uC). Where (uC) is the product of the capital (C) of the agent and a random number (u), where (u) is obtained from a uniform distribution U (0, umax ). Umax is given by the product of public production infrastructure (DM) and the access to capital (iap), with values ranging from zero to Umax (DM times iap).

Rule 3. If the random number (g) is larger than the value obtained from Net Income Probability (PI), then the agent has an expense given by (uC). Where again, (uC) is the product of the capital of the agent  (C) and a random number (u).
Rule 4. If the Agent Income Potential (N) is smaller than the agent’s capital (C), standardized between zero and one (C/ Ctot), then the agent has an expense given by the product of the capital of the agent (C) and a random number (u).

Rules that affect health of the household (S).

A number (r) is drawn from a uniform distribution with values between zero and one. 

Rule 1. If the number (r) is smaller than the household’s health, that is (r < S), then the household remains healthy. Therefore, a healthy household remains healthy for several loops.

Rule 2. If the number (r) is larger than the health of the household (r > S) then the household changes its health by a Beta function, whose parameters are Cs and Bs. Here the Beta function average EX is given by: 
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where Cs is the quality of public health and Bs is a number so that when Cs is near one, Bs approaches zero and when Cs is nearly zero, Bs approaches infinitum. For Bs to have this behaviour, its values are obtained by the Pareto’s function (Cs is Pareto’s function parameter).
The simulation.

All simulations began with the same household group distribution, describe by Cuanalo and Siniarska (2006). Each household group distribution has initially an average capital between 20 and 25 and a capital variability between 30 and 35. Then the simulation construct 1000 agents by drawing values from the distributions of the capital (C) and a health level (S) variables.  The values of capital (C) and health (S) change after each iteration, according to the rules stated above. On the contrary, the number of school years and the proportion of household members with employment (O), remain constant during each simulation. This is acceptable since the number of school years change only over generations and employment usually changes by steps (when a new income source or new technology is available). Also the environmental parameters remain constant in each simulation, namely access of public health care (Cs), public production infrastructure (DM); and access to capital (iap), in terms of savings and loans interest ratios. The values of these se parameters however may be changed in different simulations.

RESULTS
The simulation results shown in Figs 2, 3 and 4 illustrate the changes in time of a group of poor households on their average capital and its variability (Gini index) when there are changes in their environmental conditions. 
Fig. 2 shows the simulation results obtained from a household group under adverse environmental conditions varying only one environmental parameter, health services, over 2000 iterations. 
Mean capital slowly decreases while the Gini index decreases, so the household community loses capital, but at the same time, becomes more uniform. When health service values increase, the community loses capital more slowly and becomes uniform at an increased rate. 
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Fig. 2. Simulation results obtained from a household’s community under adverse environment conditions. 
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Fig. 3. Simulation results when one environment constant increase, access to capital (iap = 0.4) at different health services values.

Fig. 3 shows simulation results obtained from the same group of poor households, when interest rates (iap), are increased from 0.2 to 0.4, while health service values are varied. Increasing rates makes capital more accessible to households. If only the interest rates (iap) increase, then households lose capital and the overall income variability decreases at a slower rate than in Fig 2. Improvements in health services (Cs) slow the loss in household mean capital and decrease household capital variability. At the highest health services value (Cs = 0.9), the mean capital increases and the variability decreases quickly. The mean capital and Gini index curve shapes suggest that all these changes happen until they reach a new dynamic stable state.

Fig. 4 shows results obtained when three of the environmental parameters are improved, namely employment (O) from 0.2 to 0.9, production infrastructure (DM) from 0.2 to 0.9 and interest rates (iap) from 0.4 to 0.9, at different levels of health services. In general, both average capital and its variability (Gini coefficient) change rather quickly. When access to health services is low (Cs = 0.25), households become poorer and more variable, since a lot of opportunities are lost due to illness. But with access to health services (Cs = 0.9), mean capital increases and variability rapidly decreases to a new equilibrium state. Therefore, the capital of households increase.
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Fig. 4. Simulation results were three environment variables values increase, employment (O= 0.9), production infrastructure (DM = 0.9) and access to capital (iap = 0.9) at different health services values.

All results have the same initial household distribution values, but change to a new state due to changes in the environmental parameters.

DISCUSSION
The results show that changes in a simulated average household average capital and its variability occur only if parameters in the model change. Results also show that improvements only in health services not only decrease average household capital but also decrease capital variability in the household community over time (See Fig. 2). Improvement in access to capital, but not in access to health services, increase average capital, but also increase household capital variability. Improvements in both health and access to capital increase average capital and decrease its variability (See Fig 3). However, when one environmental parameter is very low (health services in Fig 4), it becomes the limiting factor, and the average household capital decreases, while household capital variability increases.
Overall, results show that to increase household capital and to decrease household capital variability, it is necessary to make improvements in health service, employment, capital access and education. If only one environmental parameter is improved, the impact is a slow change or nil. Therefore improving only access to income will increase the average capital of households, but the better off households will benefit more, while poorest households will remain poor. Households need “energy” to thrive. Energy comes only from the environment. Therefore to increase the wellbeing of households, changes to such environmental parameters must be made. Such changes are difficult for poor households to achieve on their own.
Simulation results are similar to the empirical observations recorded by Cuanalo and Siniarska (2006) once they are expressed in terms of household average capital and variability (Gini index; See Fig. 5). Cuanalo and Siniarska (2006) collected data on the capital of 64 of the poorest households in 1997, 64 in 1998, and 69 in 1999. Improvements were then made on the following environmental parameters: 1) public infrastructure (production technology); 2) education (nutrition training); and 3) access to capital (savings and loans). Fig 5 shows that mean household capital increases, while the Gini index decreases. 
Fig 5 shows consistent improvements in average capital, while decreases in the contrast between the poorest and wealthiest households in the community were observed. These are both desirable impacts of a development program to improve the wellbeing of households, and also match the simulation results derived from the model.
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Fig. 5. Empirical results obtained in Yaxcaba in households’ mean capital and Gini index (U.S.A. Dlls.) in 1997, 1998 and 1999. After Cuanalo and Siniarska (2006).
This type of simulation model is acceptable (Janssen and Ostrom, 2006) since: 1) the simulation model is a plausible version of our understanding of the process; 2) the model shows reasonably good results having reduced the process to only four household variables and three environmental parameters (all standardized between zero and one). Since access to education (school years and training) was not considered in the mathematical model, however, we can say that education remains a constant; and 3) the model enhanced our understanding of interactions among key household variables, key environmental parameters and their role in the abatement of poverty. 
The overall results suggest that households need energy and information from a variety of environmental sources to thrive. Higher incomes, increased levels of education, and improved health status increase the efficiency and capacity of households to draw adequate means for survival from the environment. Conversely, it is difficult for poor households to increase wellbeing with poor education, malnourishment, illness and very low capital. The abatement of poverty may be achieved if human rights including access to food, health, education and financial services are improved and made available by governments, since poor households do not have the resources to make such changes for themselves.
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