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Abstract 

Income segregation has been on the rise in developing countries, where many communicable 

diseases are still prevalent. This study investigates how income segregation affects 

communicable disease transmission through the development of a novel model that includes 

income segregation and individuals’ health-seeking behavior. The general model proposed here 

assumes that health of an individual is affected by 1) the health-seeking behavior of individuals 

(e.g., going to the hospital, taking medicine); 2) the communal health stock; and 3) exposure to 

the communal health stock. The communal health stock is comprised of the amenities that make 

people healthier in a given community (e.g., the number of health-care facilities). Income 

segregation is defined here as a combination of income inequality and residential segregation, 

which exists when some people have higher exposure to the communal health stock than other 

people. In this model, income segregation exists when poor people disproportionately live in 

neighborhoods with lower exposure to the communal health stock than rich people. A decrease 

in income segregation means the income of the poor increases along with their exposure to the 

communal health stock. The general model applied here predicts that an increase in the poor’s 

income will increase their health by enabling them to afford more health-seeking behavior and 

finds that higher exposure to the communal health stock directly increases the health of the poor.  

Higher exposure to the communal health stock, however, is found to decrease the poor’s health-

seeking behavior, which reduces their health. The general model finds, therefore, that a decrease 

in income segregation will have an ambiguous effect on the health of individuals and the overall 

community.  Probing further, the analysis replaces the general model with a more specific model, 

which predicts that overall, a decrease in income segregation increases individual health. 

Furthermore, in the more specific model, it is possible that the poor get stuck in a low-health 

equilibrium while the rich stay in a high-health equilibrium.  

 

Introduction 

 

Income segregation, in which gated communities separate the rich and the poor, has been rising 

in developing countries, where communicable diseases are still prevalent.12 Avoiding disease 

outbreak is one of the most important goals of public health. This paper develops a novel 

                                                           
1 For instance, a high rise tower called Hamilton Court in Gurgagon, India protects its residents 

from surrounding slums with fences, security guards, a water system, a private school, and a 

private hospital (Sengupta, 2008). In China, rural residents migrate to cities to seek employment, 

while urban citizens move to suburban gated communities and shield themselves from the 

"uncivilized" population (Pow, 2007; Wu, 2005). In Brazil, the population living in close 

condominiums (CCs) doubled between 1998 and 2002 (Silva, 2007). These enclaves locate 

mainly around city suburbs and offer millions of middle- to upper-class Brazilians high-quality 

homes, secured neighborhoods, a clean environment, and a sophisticated leisure infrastructure. It 

is evident that income segregation is a global trend.  
2 Income segregation may also affect noncommunicable diseases (e.g., diabetes, lung cancer, etc) 

and other broader health outcomes. In this paper, I examine communicable diseases.   
 



theoretical model that examines how income segregation affects communicable disease 

transmission.  Understanding the link between the two can inform the thinking of public health 

officials in the development of policy and allocation of resources needed to mitigate the 

transmission of communicable diseases and thereby protect public health. 

 

The model proposed here mostly applies to dense urban areas in developing countries, where 

public health systems are weak and spatial health externalities are prevalent because of 

communicable diseases. In the proposed model, an individual maximizes his or her utility 

(happiness) by choosing between health and other consumptions. A person’s health is affected by 

three inputs: 1) health-seeking behavior, 2) communal health stock,3 and 3) exposure to the 

communal health stock. Health-seeking behaviors are any behaviors that individuals take to 

improve their health. Some examples of health-seeking behaviors are going to the hospital, 

taking medicine, and getting vaccinated. Communal health stock is comprised of things in the 

community that are good for an individual’s health, for examples, the number of hospitals or 

health-care facilities, the availability of clean water, and the number of healthy residents in the 

community. The communal health stock is modeled as a weighted average of individuals’ health. 

It is assumed that higher exposure to the communal health stock means better access to things in 

the community that are good for an individual’s health (such as good health-care services and 

clean water) and less exposure to things in the community that are bad for an individual’s health 

(such as pollutants). Thus, it is assumed that higher exposure to communal health makes 

individuals healthier. It is also assumed that a person’s health-seeking behavior is more effective 

in increasing their health when the communal health stock is low (e.g., fewer healthy residents in 

the community or fewer health-care facilities). Furthermore, it is assumed that if a person is more 

exposed to the communal health stock, the effect of health-seeking behavior on this person’s 

health is weaker.  Though these assumptions may not always be true, they are presumed for the 

purposes of this analysis. Examples of situations when these assumptions hold are offered in the 

“Assumptions” section, while the examples of situations when these assumptions may not hold 

are in the “Model Limitations” section, with some discussion of how this affects the model’s 

results.  

 

In a perfectly equal and unsegregated world, everyone would have the same exposure to the 

communal health stock and the same income. Income inequality exists, quite simply, when the 

rich have a higher income than the poor. Residential segregation exists when some people in a 

community have higher exposure to the communal health stock and other people have lower 

exposure.4 Income segregation exists when both income inequality and residential segregation 
                                                           
3 Note that even though the paper discusses infectious disease transmission, the communal health 

stock is modeled as good and healthy.  
4 Note that it is possible that the rich and the poor live in different neighborhoods that have the 

same exposure to the communal health stocks (e.g, the same access to health-care services). The 

separation between the rich and the poor alone (even without the situation where they have 

different access to healthcare) can affect an individual’s health. However, this paper does not 

consider how other dimensions of residential segregation could affect health. Rather, it focuses 

on how exposure to the communal health stock (e.g., accessing health-care services) affects 

health. Thus, exposure to communal health stock is embedded in the existence of residential 

segregation.  
 



exist in a way that results in poor people living in a community with less exposure to the 

communal health stock (e.g., worse access to healthcare) and rich people living in a community 

with high exposure to the communal health stock (e.g., better access to healthcare). Thus, by this 

definition, a decrease in income segregation raises the income and exposure of the poor while 

reducing them for the rich.  

 

The general model proposed here finds that income segregation has an ambiguous effect on an 

individual’s health and thus the communal health stock, depending on whether the effect of the 

income and exposure to the communal health stock are stronger or an individual’s health-seeking 

behavior effect is stronger. A decrease in income segregation means that the poor have more 

money and higher exposure to the communal health stock (e.g., better access to healthcare), 

while the opposite is true for the rich. Specifically, when the poor’s income increases, they have 

more money for health-seeking behaviors, such as taking more medicine, resulting in an increase 

in their health. When the rich’s income decreases, they have less money for health-seeking 

behavior, resulting in a decrease in their health. Exposure to the communal health stock affects 

an individual’s health directly and indirectly via health-seeking behavior. 

 

Specifically, the direct effect implies that when the exposure to the communal health stock of the 

poor increases, their health also increases because they now have better access to healthcare. 

Similarly, when the exposure to the communal health stock of the rich decreases, the health of 

the rich decreases. The indirect effect of an increase in exposure to the communal health stock 

via health-seeking behavior suggests that a more exposed individual decreases his health-seeking 

behavior because it is not rewarded as much or as beneficial as it is for a less exposed person. 

The reduction in health-seeking behavior as exposure increases decreases an individual’s health. 

Combined, the overall effect of a decrease in income segregation is ambiguous. If an increase in 

the health of the poor due to an increase in income (decrease in inequality) and an increase in 

exposure to the communal health (decrease in residential segregation) were to outweigh the 

decrease in the poor’s health due to a reduction in health-seeking behavior, the overall health of 

the poor would increase. If an increase in the health of the poor due to an increase in income 

(decrease in inequality) and an increase in exposure to the communal health (decrease in 

residential segregation) were less than the decrease in the poor’s health due to a reduction in 

health-seeking behavior, then the overall health of the poor would decrease as a result of a 

reduction in income segregation.  

 

Due to the limitations of the general model to predict the final outcomes, a more specific model 

that satisfies the general model’s assumptions is introduced here. This more specific model 

predicts that an increase in the health of the poor due to an increase in income (decrease in 

inequality) and an increase in exposure to the communal health (decrease in residential 

segregation) is large enough to outweigh a decrease in the poor’s health due to a reduction in 

health-seeking behavior. Thus, the overall health of the poor increases when income segregation 

decreases. Finally, the model shows that there is a possibility that if the poor do not have enough 

resources to improve their health in a significant way, they would get stuck in the low-health 

equilibrium . This result is similar to the poverty trap idea, where some communities or 

individuals get stuck in poverty if their income is not high enough.  

 

Literature Review 



 

This paper builds on economic models by Wildman (2003) and Momota, Tabata, and Futagami 

(2005). Momota, Tabata, and Futagami (2005) incorporate health-seeking behavior into an 

overlapping generation model to explain why some infectious diseases like HIV and syphilis are 

cyclical. Intuitively, when a disease’s prevalence is low, people are more likely to engage in 

risky behavior, which increases disease prevalence. Wildman (2003) models how the distribution 

of income affects individuals’ health and health inequality, with individual health a function of 

income and income distribution. With the addition of income distribution, the health production 

possibility frontier can be nonconcave. Thus, a policy that does not account for income 

inequality would create unequal health distributions. This paper introduces income segregation in 

a model with individuals’ health and health-seeking behavior (similar to Momota, Tabata, and 

Futagami, 2005) and income inequality (similarly to Wildman, 2003). It explains how these three 

components together predict the ambiguous effect of income segregation on health and may 

generate multiple health equilibria.  

 

This paper relates to the empirical literature on health-seeking behavior in developing countries. 

Dupas (2011) reviews factors that affect health-seeking behavior in developing countries and 

finds that information, educational level, financial constraint, and time preferences all play roles 

in an individual’s health-seeking behavior. For example, Madajewicz et al. (2007) and Jalan and 

Somanathan (2008) find that households in Bangladesh and India, respectively, switch to safer 

water sources and purification when they learn that their current water sources are contaminated. 

Additionally, Dupas (2011) shows that adolescent girls change their sexual behaviors when they 

learn about the risk of getting HIV by type of partner. Tarozzi et al. (2011) and Devoto et al. 

(2011), in experiments in Orissa, India, and Morocco, find that giving households credits is more 

likely to increase the likelihood that households adopt health-preventive products such as ITN 

bed nets and home connections to the drinking-water networks.  

 

This paper also relates to the broad public health and epidemiology empirical literature on the 

relationship between a community's characteristics—neighborhood income inequality, 

socioeconomic status, and residential segregation (predominantly racial segregation)—and 

quality of life.  Lynch et al. (2004) provide a review of ninety empirical studies on the 

association between neighborhood income inequality and health. The units of study are cross-

country level, where a country is the unit of observation; within-country cross-sectional level, 

where a community within a country (city, state, or census tract) is the unit of observation; and 

multilevel studies, where an individual is the unit of regression and characteristics of the 

individual’s community are taken into consideration. These studies show mixed results: some 

find negative associations between income inequality and health, some find no associations, and 

others find that negative associations exist only among subgroups in the population.  

 

Yen and Syme (1999) review the empirical literature on the association between socioeconomic 

status and health. A majority of studies that do not account for individuals’ socioeconomic status 

report a relationship between a community’s socioeconomic status and mortality. Studies 

controlling for individuals’ socioeconomic status find mixed results. In some studies, the 

association exists, while individuals’ variables are stronger predictors of health than 

environmental variables in others. The rest find that a community’s characteristics no longer 

predict health after accounting for individuals’ socioeconomic status.   



 

Regarding empirical results on residential segregation and health, most studies in the United 

States examine racial segregation. Guest et al. (1998), Polednak (1996, 1991), and LaVeist 

(1993) find that places in the United States with higher black-white racial segregation have 

higher mortality rates. Using zip codes in New York City, Fang et al. (1998) find that white 

people, regardless of age and gender, had higher mortality rates if they lived in black areas rather 

than white areas. Controlling for socioeconomic status, old blacks living in black neighborhoods 

actually had lower mortality rates than their counterparts living in white neighborhoods. The 

mortality rates of young and middle-aged blacks were the same in white and black areas. 

Regression analyses in Nuru-Jeter and LaVeist (2011) include both racial segregation and 

income inequality and find that places with higher income inequality experienced lower 

mortality among whites and higher mortality among blacks. Additionally, income inequality has 

a stronger negative relationship with mortality in places with higher black-white racial 

segregation. In terms of income segregation in the United States (not racial segregation), 

Waitzman and Smith (1998) find that income segregation is associated with higher mortality 

risks among the poor and lower mortality risks among the elderly rich. Ross et al. (2001) do not 

find such associations within metropolitan areas (MSAs) in Canada, while the associations do 

exist within MSAs in the United States.  

 

The theoretical literature explains different pathways through which income inequality may 

affect health. Wagstaff and van Doorslaer (2000) predict five possible mechanisms: the absolute 

income hypothesis (AIH), relative income hypothesis (RIH), deprivation hypothesis (DH), 

relative position hypothesis (RPH), and income inequality hypothesis (IIH). The AIH predicts no 

association between income inequality and health after accounting for individuals’ absolute 

income. The RIH predicts that income relative to social group average is important. According to 

the DH, income relative to poverty is important. The RPH argues that an individual's position in 

the income distribution matters. The IIH suggests that income inequality affects health, even 

after controlling for absolute income. Mellor and Milyo (2002) introduce strong and weak 

versions of the IIH. The strong version predicts that an income transfer from the rich to the poor 

will improve the health of both groups. The weak version suggests that a transfer from the rich to 

the poor makes the gain of the poor more than the loss to the rich. Thus, society’s overall health 

increases.   

 

In addition, Lynch et al. (2000) offer three interpretations of evidence linking income inequality 

and health: the individual income, the psychosocial, and the neo-material interpretations. The 

individual income hypothesis is the same as the AIH described above. The psychosocial 

hypothesis is similar to the corrosion of social cohesion and promotion of distrust between 

groups in Ross et al. (2001), which could in turn deteriorate health (Kawachi et al., 1997; 

Veenstra, 2002). In addition, lack of social cohesion and community attachment may result in 

underinvestment in health education, medical care (Kaplan et al., 1996), or human resources 

(Smith, 1996). The neo-material hypothesis in Lynch et al. (2000) states that the direct health 

effects of income inequality result from the difference of accumulation of exposures that do not 

result directly from perceptions of disadvantage.  

 

Acevedo-Garcia (2000) explains how residential segregation can affect communicable disease 

transmission directly and indirectly. Infectious diseases can spread directly in three different 



ways: spatial distribution, contact patterns between a segregated group and the rest of the 

population, and density of the susceptible. Since most infectious disease infections require close 

contact between infectious and susceptible individuals, the spatial distribution of individuals and 

their movements across spatial locations determine disease spread and persistence. The density 

of susceptible individuals also affects transmission. Higher densities accelerate transmission 

because they increase the rates of contact between infectious and susceptible individuals. 

 

Indirect pathways refer to the effect of segregation on the quality of the living environment 

inhabited by the segregated group (i.e., segregation may result in poverty concentration, 

overcrowding, housing dilapidation, social disorganization, and limited access to healthcare) 

(Acevedo-Garcia, 2000; Yen and Syme, 1998). For instance, many studies have confirmed a 

positive association between low socioeconomic status and tuberculosis (TB) in contemporary 

populations (Cantwell et al., 1994; Spence et al., 1993). Housing conditions are also important. 

TB is spread through coughing or spitting by individuals who suffer from active TB. Therefore, 

physical contact between infected and noninfected individuals and the extent of overcrowding 

and lack of ventilation are key factors in TB transmission. Another indirect pathway is social 

disorganization (Acevedo-Garcia, 2000). This leads to risky behaviors such as smoking and drug 

usage. For instance, crowded housing and coughing associated with smoking increase the chance 

of contracting TB. In addition, there may be economic consequences of income segregation. 

Specifically, if poor people are concentrated in one place, that place may collect fewer taxes and, 

as a result, have poor public transport. Businesses would be less likely to locate in those places, 

leading to fewer job opportunities. Thus, poor people in poor areas are poorer and cannot afford 

healthcare (Cooper et al., 2001; Ross et al., 2001).  

 

On the contrary, residential and racial segregation may indirectly benefit health because of strong 

community and social cohesion or transmission of relevant healthy knowledge. This is because 

people sharing a similar socioeconomic status, including education and cultural norms, cluster. 

As a result, social cohesion can provide a supportive effect for the segregated group (Fang et al., 

1998; Nuru-Jeter and LaVeist, 2011; Rabkin and Struening, 1976; Yen and Syme, 1999). For 

example, predominantly black areas have higher levels of black political empowerment and 

better community and social services (LaVeist, 1992, 1993).  

 

Even though this paper does not study racial segregation, the literature on residential segregation 

in the United States is often associated with racial segregation. On the one hand, racial 

segregation and income segregation share many similarities, such as the concentration of poverty 

and poor socioeconomic status. On the other hand, they do not necessarily coincide. Accounting 

for income segregation, racial segregation implies that places with predominantly black 

populations have the same average income as places with predominantly white populations. The 

protective effects of social cohesion theory in racial segregation suggest that there are both 

empowerment and psychological benefits from living around people with the same mindset and 

culture, regardless of economic condition. In other words, blacks living in black neighborhoods 

would be healthier than blacks living in white neighborhoods when accounting for 

socioeconomic status. Strictly speaking, black empowerment does not exist in an environment 

with only income segregation and no racial segregation. Broadly speaking, something like poor 

empowerment could exist, which may or may not manifest itself in a way similar to black 

empowerment.  



 

 

Current Model and Expected Contribution 

 

This model fits in with the public health and epidemiology literature discussed above by 

examining how income segregation directly affects health, as discussed in Acevedo-Garcia 

(2000). The paper abstracts the model from the indirect pathways through neighborhood 

characteristics or socioeconomic status for simplicity. Additionally, the model predicts how 

income inequality affects health through the absolute income hypothesis explained by Wagstaff 

and van Doorslaer (2000).  

 

The model is novel because it incorporates the interaction between individuals’ health-seeking 

behaviors and external factors (the communal health stock, exposure to diseases, and income 

segregation) in a mathematical model to explain how income segregation may affect 

communicable disease transmission.  In addition to external factors such as housing conditions, 

disease prevalence, and access to healthcare, a person’s own health-seeking behavior is also very 

important to his or her health. For example, health-seeking behavior matters a lot when 

considering sexually transmitted diseases. All else being equal, the decision of whether or not to 

get vaccinated also affects whether a person gets the flu. To be clear, the idea that individual 

health-seeking behavior may affect health exists in the economics discipline (Momota, Tabata, 

and Futagami, 2005) and in early public health and epidemiology literature (Yen and Syme, 

1999). In these frameworks, individual health-seeking behavior is often isolated or is not used to 

explain how income segregation may affect health. In this model, I allow a feedback loop 

between external factors, individual health-seeking behavior, and the communal health stock. 

External factors such as the communal health stock or income segregation affect individual 

health-seeking behavior, which in turn affects individuals’ health and then the communal health 

stock. This feedback loop creates two predictions. First, the effect of income segregation on 

health is ambiguous.  This ambiguity could partly explain the mixed empirical evidence on the 

association between income segregation and health provided by Ross et al. (2001) and Waitzman 

and Smith (1998). Second, it is possible that one segregated community may get stuck in one 

equilibrium while another is in a different equilibrium. This idea is similar to the poverty trap 

idea.  

 

Method and Assumption: A General Model 

 

Model Setup 

 

This paper uses a stylized, mathematical model to examine the relationship between income 

segregation and health. The model makes a number of simplifying assumptions (discussed in 

detail later), but it allows me to derive clear predictions that can be tested against data in future 

work. 

 

The model assumes that individuals maximize utility. Utility can be thought of as happiness or 

satisfaction; the higher a person’s utility, the happier he or she is. An individual’s utility (U) 

depends on his or her health level (h) and other consumption goods (c). This relationship is 

expressed by the mathematical function U(c,h). Utility maximization is a simplifying assumption 



that makes the model tractable. There is no real-world analog of utility that can be measured or 

expressed in concrete units, and individuals do not explicitly solve maximization problems when 

making decisions. However, it is a common assumption in economic models because in many 

settings, it delivers reasonable predictions about how people behave when they have to make 

tradeoffs between one activity and another. 

 

It is assumed that a person’s health is affected by three factors: his or her health-seeking behavior 

(x), a communal health stock (H), and exposure to the communal health stock (k). Examples of 

health-seeking behavior are going to the hospital, taking medicine, and getting vaccinated. The 

model makes the simplifying assumption that health-seeking behavior can be measured by a 

single index, x, where a higher value of x indicates more health-seeking behavior. Examples of 

the communal health stock are fewer sick people and clean water in the community. Again, the 

model makes the simplifying assumption that the community health stock can be summarized by 

a single index, H, and the model further assumes that H can be represented as a weighted average 

of the health of individuals in the community.  

 

Living in a community with a better health stock improves an individual’s health. For example, 

an individual living in a community with good public health facilities (high communal health 

stock) is more likely to have better health than an identical individual living in a community with 

poor public health facilities (low communal health stock). In addition, different people in a 

segregated community might have different access or exposure to the communal health stock. 

For example, rich people might live closer to good public health facilities, and poor people live 

further away from good public health facilities. The model conceptualizes this relationship with 

the variable k, which measures the degree of exposure an individual has to the community health 

stock. I assume that k takes can range from 0 to 1. A value of k = 0 indicates that individuals 

derive no benefit from the communal health stock. A value of k = 1 indicates a perfect 

relationship between the community health stock and individual health. An intermediate value, 

say k = 0.4, means that 1 unit of the communal health stock H translates into 0.4 units of access 

to health resources for individuals in the community. Exposure k can vary by income level. 

These assumptions allow an individual’s health to be expressed by the mathematical function 

h(x,H,k). This function translates levels of individual health-seeking behavior, the community 

health stock, and individual exposure to the community health stock into a numerical index for 

an individual’s health. 

 

When maximizing utility, a person faces a budget constraint. Specifically, a person only earns a 

certain amount of income and needs to allocate his money between health-seeking behavior (x) 

purchasing other consumption goods (c). The model assumes that health-seeking behavior—

visiting the doctor, getting vaccines, etc.—has a price of p per unit; thus, total expenditures on 

health-seeking behavior is px. Consumption of other goods is measured in monetary terms. The 

model makes the simplifying assumption that there are only two levels of income,  𝐼𝑔 and 𝐼𝑟, 

corresponding to poor and rich, respectively. In the model, income segregation exists when poor 

people have low exposure to the communal health stock (low k) and rich people have high 

exposure to it (high k).  

 

Intuitively, to get theoretical predictions, the model assumes that individuals maximize utility by 

choosing their level of health-seeking behavior (x) and consumption of other goods (c). These 



choices, combined with the community health stock (H) and degree of exposure to the 

community health stock (k), determine individual health (h). In turn, the community health stock 

(H) is determined by averaging the individual health levels (h). Thus, there is a two-way 

relationship between h and H. Individual health affects the communal health stock, and the 

communal health stock affects individual health. Mathematically, this gives rise to a system of 

two equations (individual health as a function of community health, and community health as a 

function of individual health) that can be solved simultaneously to yield the equilibrium level of 

both individual and community health.  

 

The remainder of this section sketches the formal setup and solution to the model. Details are 

provided in an appendix. Formally, the utility maximization problem can be expressed as 

follows: 

Utility function: 𝑈𝑖 = 𝑈(𝑐𝑖, ℎ𝑖) where 

𝑈𝑖: the utility function of person i 

𝑐𝑖: consumption goods of person i, 𝑐𝑖, is between [0;1) 

ℎ𝑖: health production function of person i, ℎ𝑖 , is between [0;1) 

𝑘𝑖: the degree to which person i is exposed to the environment, 𝑘𝑖 , is in [0; 1] 

𝑥𝑖: health-seeking behavior, 𝑥𝑖, is in [0;1) 

H: the communal health stock, defined by 𝐻 =
∑ ℎ𝑖

𝑛
𝑖=1

𝑛
  

Budget constraint: 𝑐𝑖 + 𝑝𝑥𝑖 = 𝐼𝑖 where 

p: the normalized price of health-seeking behavior with respect to consumption goods 𝑐𝑖 

𝐼𝑖: income of person i. 

 

An individual maximizes 𝑈𝑖[𝑐, ℎ(𝑘𝑖, 𝑥𝑖 , 𝐻)] with respect to 𝑐𝑖 and 𝑥𝑖 subject to the constraint 

𝑐𝑖 +  𝑝𝑥𝑖  =  𝐼𝑖. While the community health stock affects individual health, and the community 

health stock is equal to the average of all individuals’ health, it is assumed that communities are 

large enough that each individual has only a negligible effect on the community health stock. 

Thus, individuals disregard their impact on H when they maximize utility. 

 

Solving this problem yields the individual’s utility maximizing values for health-seeking 

behavior and consumption of other goods. The paper refers to these optimal values as 𝑥𝑖
∗  and  

𝑐𝑖
∗. These utility-maximizing values depend on the individual’s income, the price of health-

seeking behavior, the communal health stock, and exposure to the communal health stock. From 

these individual choices of x and c, combined with the community health stock, H, the 

individual’s level of health can be derived. Because 𝑥𝑖
∗  and  𝑐𝑖

∗ depend on 𝐼𝑖 , 𝑝, 𝑎𝑛𝑑 𝐻, 

individual health ℎ𝑖
∗ can be written as a function of these variables as well. That is, the utility-

maximizing level of individual health is ℎ𝑖
∗(𝐼𝑖, 𝑝, 𝐻). The average value of individual health 

determines the community health stock, H; thus, 𝐻 = ∑ℎ𝑖
∗(𝐼𝑖, 𝑘𝑖 , 𝑝, 𝐻)/𝑁, where N is the number 

of individuals in the community. This equation can be solved for the equilibrium value of H, 

which I denote by H*.  

 

As mentioned above, there are two levels of income, 𝐼𝑔 and 𝐼𝑟, corresponding to poor and rich, 

respectively. The level of exposure to the community health stock for the poor and rich are 

denoted by 𝑘𝑔 and 𝑘𝑟, respectively. It is assumed that poor people have lower exposure (low k) 



to the communal health stock and rich people have higher exposure (high k).5 Note that the 

communal health stock H is common to both the rich and the poor. The two groups differ not by 

different levels of H but by different levels of income (I) and exposure (k) to H.  

 

In a perfectly equal world, 𝐼𝑔 = 𝐼𝑟 = 𝐼 and 𝑘𝑔 = 𝑘𝑟 = 𝑘.  When there is income inequality but 

no residential segregation, 𝐼𝑔 < 𝐼𝑟 and 𝑘𝑔 = 𝑘𝑟. When there is residential segregation but no 

income inequality, 𝑘𝑔 < 𝑘𝑟 and 𝐼𝑔 = 𝐼𝑟. When income segregation exists, 𝐼𝑔 < 𝐼𝑟 and 𝑘𝑔 < 𝑘𝑟. 

Thus, income segregation exists when both income inequality and residential segregation exist in 

a way that results in poor people living in a community with less exposure to the communal 

health stock (e.g., worse access to healthcare) and rich people living in a community with high 

exposure to the communal health stock (e.g., better access to healthcare). By this definition, a 

decrease in income segregation raises the income and exposure of the poor while reducing those 

of the rich.  

   

 

Assumptions 

 

This section describes intuitively all the assumptions of the model. The mathematical and 

technical assumptions can be found in the Appendix.  

 

Assumption 1: The more consumption c one person has and the healthier she/he is, the happier 

she/he is. In addition, if two people are given one more unit of consumption, c, the person with 

an initial low level of consumption will gain more happiness than the person with an initial high 

level of consumption. In other words, a person’s utility increases at the decreasing rate with 

respect to consumption c. The model also assumes that consumption and health levels are 

complementary. If a person is healthy, then a gain in consumption brings him or her more 

happiness than it does to people who are less healthy. 

 

Assumption 2: An individual’s health production function is similar to that of the utility function. 

Health consists of health-seeking behavior, x, exposure coefficient to the environment, k, and the 

communal health stock, H. An individual's health level, h, increases, but at decreasing rates with 

respect to its health-seeking behavior, the exposure coefficient, and the communal health stock. 

 

Assumption 3: When people have almost no health-seeking behavior, a small increase in health-

seeking behavior brings a large increase in an individual’s health, making them very happy. 

 

Assumption 4: Health-seeking behavior is a smooth function of exposure, income, price, or the 

communal health stock. In addition, changes in health-seeking behavior when exposure, income, 

price, or the communal health stock changes are also smooth with respect to these variables.  

 

Assumption 5: The marginal gain in health created by health-seeking behavior x in a healthy 

environment is lower than that in a less healthy environment. This implies that a person living in 

                                                           
5 The limitations of having only poor and rich people are discussed in “Model’s Implication in a More General 
Situation” section.  
 
 



a high-health-level community does not need to have much health-seeking behavior and can still 

be healthy. This means that an individual’s health-seeking behavior and the communal health 

stock are substitutes. Bed nets and malaria are an example. In areas with no malaria-parasite-

carrying mosquitos, an individual’s marginal gain from sleeping under a bed net brings almost 

no marginal benefit of preventing that individual from getting malaria. However, in areas with 

lots of malaria-parasite-carrying mosquitos, sleeping under a bed net reduces the marginal risk of 

contracting the disease. 

 

In addition, health-seeking behavior x and exposure k are substitutes. For example, 

deworming pills could be very beneficial for a person that has low exposure to clean water and a 

clean environment (e.g., living close to dirty sewage). By contrast, they are not as beneficial for a 

person with access to clean water and a clean environment (high exposure k).  

 

Assumption 6: Rich people have higher exposure and poor people have lower exposure to the 

communal health stock.  

 

Results: The General Model 

 

This section presents predictions from the model. Results are presented intuitively, with 

mathematical details appearing in the Appendix. This section examines how income inequality, 

residential segregation, and income segregation affects individual and communal health.  

 

The Impact of Income Inequality Alone on an Individual’s Health and the Communal Health 

Stock 

 

In a community with no residential segregation, a decrease in income inequality, holding the 

average income in the community’s constant, means that the poor’s income, 𝐼𝑔, increases, while 

the rich’s income 𝐼𝑟 decreases. The model makes the following predictions: 

 When income of the poor 𝐼𝑔 increases (income inequality decreases), health-seeking 

behavior 𝑥∗ of the poor increases because the poor have more money to afford health-

seeking behavior. Thus, the poor are healthier. 

 When the income of the rich 𝐼𝑟 decreases (income inequality decreases), health-

seeking behavior 𝑥∗ of the rich decreases because the rich have less money to support 

their health-seeking behavior. Thus, the rich are less healthy.  

 Communal health stock is the weighted average of individuals’ health. When income 

inequality decreases (𝐼𝑔  rises and 𝐼𝑟  falls) and residential segregation stays the same, 

the poor become healthier and the rich become less healthy. Therefore, what happens 

to the communal health stock when income inequality changes is ambiguous. In 

equilibrium, if the gain of the poor dominates the loss of the rich, the community 

health stock will increase when income inequality decreases. The reverse is true if the 

gain of the poor is not enough to compensate for the loss of the rich. 

 

The Impact of Residential Segregation Alone on an Individual’s Health and the Communal 

Health Stock 

 



This subsection examines what happens to an individual’s and a community’s health when 

residential segregation changes. The model predicts that when a community goes from a 

perfectly integrated community to somewhat segregated, exposure (k) decreases in one group 

and increases for another group. When exposure k increases, its direct effect on an individual’s 

health increases, increasing an individual’s health because they now have better access to 

healthcare. In addition, higher exposure k makes people consume less health-seeking behavior 

x*, decreasing an individual’s health. Collectively, it is unclear what happens to individuals’ 

health as segregation increases. The communal health stock is the weighted average of 

individuals’ health. Therefore, it is also unclear what happens to the communal health stock 

when residential segregation changes.  

 

The Impact of Income Segregation on an Individual’s Health and the Communal Health 

Stock 

 

This section examines what happens to an individual’s health and the communal health stock 

when income segregation changes. As defined earlier, income segregation is defined as a change 

in both income inequality and residential segregation.  This scenario is a combination of the 

above two scenarios. In this case, income inequality is positively associated with residential 

segregation. When income inequality increases, residential segregation increases, and vice versa.  

 

When income segregation decreases, income inequality and residential segregation decrease. A 

decrease in income inequality increases the poor’s income, which in turns increases health-

seeking behavior 𝑥∗ of the poor because, intuitively, poor people can now afford more health 

goods. In addition, more health-seeking behavior 𝑥∗ makes the poor healthier. So the health of 

the poor increases. A decrease in residential segregation increases exposure k of the poor to the 

communal health stock (better health facilities), which makes the poor healthier. However, 

higher exposure to communal health stock also makes the poor decrease their health-seeking 

behavior x* because they are less careful, decreasing their health. Collectively, it is unclear what 

happens to individuals’ health as income segregation decreases.  

 

Similarly, a decrease in income segregation means the exposure of the rich 𝑘𝑟 and the income of 

the rich 𝐼𝑟 decrease. Similar to the case of the poor, it is unclear what happens to the health of the 

rich. A decrease in income leads to lower health because the rich have less money to spend on 

health-seeking behavior. A decrease in exposure decreases the health of the rich because they 

have less access to good health-care facilities than before. However, a decrease in exposure 

increases the health of the rich because the rich are now less exposed to the communal health 

stock and, thus, more engaged in health-seeking behavior.  As a result, the effect of a decrease in 

income segregation on the health of the rich is ambiguous.  

 

The communal health stock is the weighted average of the health of rich and poor individuals. 

Therefore, what happens to the community’s health when income segregation decreases is 

ambiguous.  

 

Possible Equilibrium of the Health of the Poor and Health of the Rich  

 



The model predicts that it is possible that the poor might get stuck in a low-health equilibrium 

and the rich stay in a high-health equilibrium. If so, the poor would need a lot of resources to get 

out of the low-health equilibrium to reach the high-health equilibrium. If the poor receive few 

resources to improve their health, and those resources are not sufficient to improve the health of 

the poor in a significant way, the poor would get stuck in the low-health equilibrium and will not 

reach the high-health equilibrium. This result is similar to the poverty trap idea, in which some 

communities or individuals get stuck in poverty if their income is not high enough. 

 

Results: A Specific Model 

 

A general model is helpful to guide us through different scenarios. However, the general model 

is ambiguous about what happens to an individual’s health, and thus communal health stock, as 

income segregation changes.  As a result, a more specific model that satisfies the general 

model’s assumptions is often used in microeconomics to pin down the effect of income 

segregation on an individual’s health. As before, this section presents the model’s setup and 

states the predictions. The detailed mathematical derivations are shown in the Appendix.   

 

Utility function: 𝑈𝑖(𝑐𝑖, ℎ𝑖) = 𝑐𝑖
𝛼ℎ𝑖

𝛽
 where 𝛼, 𝛽 ∈ (0,1). α and β are the preference parameters of 

𝑐𝑖 and ℎ𝑖, respectively. The higher α is, the more this person prefers consumption goods ci. The 

higher β is, the more this person likes to be healthy. α and β take values in (0,1), which 

represents a diminishing marginal utility with respect to each activity holding the other constant. 

This utility function satisfies Assumption 1. 

 

Health production function: ℎ𝑖  =  (𝑥𝑖 + 𝑘𝑖𝐻)𝛾 with 0 < γ < 1. The health production function 

satisfies Assumption 2 and Assumption 5.  

 

The communal health stock:  𝐻 =  ∑ ℎ𝑖 /𝑛𝑖  with n as the number of people in the community. 

Thus, the community’s health level is defined as an average of all individuals in the community. 

 

Budget constraint: 𝑐𝑖  +  𝑝𝑥𝑖  =  𝐼𝑖 . Our goal is to maximize utility with respect to health-seeking 

behavior xi and other consumption goods 𝑐𝑖. For now, we assume that individuals take the 

disease exposure 𝑘𝑖 and the communal health stock H as exogenous factors. Based on his budget, 

health production function, and utility function, an individual maximizes his or her utility by 

allocating his or her income to health-seeking behavior or to other consumption goods. 

 

This model predicts when exposure rate k and income increases, individual health increases. 

Thus, when income segregation decreases (income and exposure of the poor increase, and 

income and exposure of the rich decrease), the health of the poor increases, while that of the rich 

decreases. The model also predicts that the communal health stock increases when income 

segregation decreases.  

Model Limitations 

I recognize that this paper operates only within the rational choice model. A review by Dupas 

(2011) reviews some earlier works in the behavioral literature. In addition, this section points out 

other limitations of the model. When possible, I offer some intuitive predictions when the model 

changes to account for the limitations.  



 

An Individual May Understand That His or Her Action Affects the Communal Health Stock 

In this paper, I modeled how external factors (income segregation, the communal health stock, 

and exposure to the communal health stock) affect health and health-seeking behavior, which in 

turn affect an individual’s health and the communal health stock. There may also be a scenario in 

which an individual internalizes the fact that his or her behavior will eventually affect the 

communal health stock, and the communal health stock will in turn affect his or her health. Note 

that in the model, an individual takes the communal health stock as a given and changes his or 

her behavior accordingly. In the second scenario, an individual understands that his or her 

behavior affects the communal health stock, which affects his or her health. In this case, their 

health-seeking behavior would be different from what the model in this paper predicts. To 

clearly know what the prediction would be, we would have to extend the current model.   

 

Violation of Assumption 5 

Additionally, under Assumption 5, this model only applies to cases where health-seeking 

behavior and the communal health stock are substitutes and where health-seeking behavior and 

the exposure are substitutes. In other words, a person’s health-seeking behavior is more effective 

in increasing his or her health when the communal health stock or exposure to the communal 

health stock is low.  

 

These assumptions don’t always hold. It is certainly possible that they complement one another, 

instead of substitute. A person’s health-seeking behavior may be less effective when the 

communal health stock or the exposure to the communal health stock is low. An example of 

when health-seeking behavior and the communal health stock are complementary is how taking 

vitamins to boost the immune system works better in an environment with clean water. However, 

in an environment where the water is polluted with chemicals and germs, the marginal effect of 

taking vitamins is small. In this scenario, a decrease in income segregation means that the poor 

have more money and higher exposure to the communal health stock. When the income of the 

poor increases, they have more money for such health-seeking behaviors as taking more 

medicine, resulting in an increase in their health. Exposure to the communal health stock 

increases an individual’s health directly and indirectly via health-seeking behavior. Specifically, 

the direct effect implies that when the exposure to the communal health stock of the poor 

increases, the health of the poor increases because they now have better access to healthcare. The 

indirect effect of an increase in exposure suggests that a more exposed individual increases his or  

her health-seeking behavior because the health-seeking behavior is rewarded more than for a less 

exposed person. The increase in health-seeking behavior increases because exposure increases an 

individual’s health. Thus, the health of the poor increases as the income segregation decreases.  

 

When There Are More Than Two Types of Income 

 

It is important to recognize that in reality, most societies have more than two groups of income, 

like the rich and the poor modeled in this paper. In fact, many countries have a large middle class. 

In addition, income distribution can be continuous. Ideally, I would model a situation that 



resembles the real world. In this paper, I modeled only two income groups so that I could focus on 

the novel interaction between an individual’s health-seeking behavior and external factors in an 

environment with income segregation.  

 

Intuitively speaking, let us say that a society has three income groups: poor, middle class, and rich. 

If the average income of a group is different from the average income of an egalitarian society, the 

model would suggest that this group faces a competing effect between exposure and health-seeking 

behavior as compared to the egalitarian society. Thus, whether the group’s health increases or 

decreases depends on whether the exposure or health-seeking behavior effect is greater. Therefore, 

the effect of income segregation on the communal health stock is ambiguous, consistent with a 

world with only two income groups. The same intuition would apply if we had a continuous 

income distribution and segregation.  

 

When Affluence Concentration Is Not Equivalent to Poverty Concentration 

 

This paper analyzes the situation of income segregation in which the poor being highly 

segregated is equivalent to the rich being highly segregated. In other words, poverty 

concentration is equivalent to affluence concentration in this model. Thus, if income segregation 

exists, the exposure of the poor to the community’s health decreases and that of the rich 

increases.  

 

In practice, a community can have poverty-concentrated areas without affluence-concentrated 

areas. Additionally, in an environment with income segregation, either poverty concentration or 

affluence concentration may affect communicable disease transmission. Intuitively, the model 

suggests that when poverty concentration is not equivalent to affluence concentration, what 

happens to communicable disease transmission depends on where segregation happens (when the 

poor are clustered or when the rich are clustered).  For example, income segregation happens 

because only the poor, not the rich, are segregated. The exposure of the poor to the communal 

health stock decreases, and that of the rich stays the same. The direct exposure effect makes the 

poor less heathy. However, low exposure means that the poor adopt more health-seeking 

behaviors, which increases their health. Overall, the model predicts ambiguous effects on the 

health of the poor. The health of the rich in the community with poverty concentration but no 

affluence concentration is the same as in the community where there is no such segregation. This 

is because the exposure of the rich does not change. Therefore, whether the communal health 

stock increases or decreases as a whole depends on the health of the poor. Similar results occur 

when there is an affluence concentration but no poverty concentration. The intuition would also 

be true if the income distribution is continuous. 

 

Conclusion 

This paper derives a novel theoretical model that examines the effect of income segregation on 

communicable disease transmission. The general model is ambiguous about how income 

segregation affects individual’s and communal health. On the one hand, a decrease in income 

segregation increases the poor’s income, which increases their health because the poor can now 

afford more health-seeking behavior. A decrease in income segregation also increases the poor’s 

exposure to the communal health stock, which increases their health. Yet, higher exposure to the 

communal health stock is found to decrease the poor’s health-seeking behavior, which reduces 



their health. Thus, a decrease in income segregation might increase or decrease the poor’s health. 

Similarly, the general model is ambiguous about how income segregation affects the rich’s 

health and thus, the communal health stock. The analysis replaces the general model with a more 

specific model predicts that overall, an increase in the poor’s health due to higher income and 

exposure outweighs a decrease in the poor’s health due to decreasing health-seeking behavior. 

Thus, a decrease in income segregation increases the health of the poor. Similarly, the health of 

the rich decreases as a result of decreasing income segregation. The specific model also predicts 

that the increase in health of the poor outweighs a decrease in the health of the rich, making the 

communal health increase. Furthermore, it is possible that the poor get stuck in a low-health 

equilibrium while the rich stay in a high-health equilibrium.  For example, it could explain the 

HIV epidemic in Africa where it is mostly concentrated among the poor. Therefore, 

understanding how income segregation affects disease transmission will be helpful when policy 

makers want to know what policy to pursue and how to allocate appropriate resources to 

decrease the spread of communicable diseases. 

 

Anh Pham, PhD., is an assistant professor at the Schar School of Policy and Government, 

George Mason University. 
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Appendices: 

 

Appendix on the Assumptions 

 

Even though the utility function in the model’s setup section is denoted as U(𝑐𝑖 , ℎ𝑖) for an 

individual i, the subscript i is abbreviated in the Appendix. Additionally, 
𝜕𝑓

𝜕𝑥
 and 

𝜕2𝑓

𝜕𝑥𝜕𝑦
 are denoted 

as 𝑓𝑥 and 𝑓𝑥𝑦, respectively. 

 



Assumption 1: Let 𝑈(𝑐, ℎ): (𝑅+𝑈{0})2 → (𝑅+𝑈{0}) be a twice differentiable function that 

satisfies the following conditions: 𝑈𝑐 > 0, 𝑈𝑐𝑐 < 0, 𝑈ℎ > 0, 𝑈ℎℎ < 0, 𝑈𝑐ℎ > 0. In other words, 

utility increases at a decreasing rate with respect to a person's consumption c and health level h. 

 

Assumption 2: Let ℎ = 𝑓(𝑥, 𝑘, 𝐻): 𝑅+3 → 𝑅 be a twice differentiable function with respect to 

each variable and the second derivative with respect to each variable, which is continuous. 

Conditions: 𝑓𝑥 > 0, 𝑓𝑘 > 0, 𝑓𝐻 > 0, 𝑓𝑥𝑥 < 0, 𝑓𝐻𝐻 < 0, 𝑓𝑘𝑘 < 0 

 

Assumption 3: When x is sufficiently close to 0, denoted 𝑥 → 0, then 
𝑈ℎℎ𝑥

𝑈𝑐
> 𝑝. When x is 

sufficiently close to I/p, denoted 𝑥 →
𝐼

𝑝
, then 

𝑈ℎℎ𝑥

𝑈𝑐
< 𝑝   technical assumption. 

Assumption 4: 𝑥∗(𝑘, 𝐼, 𝑝, 𝐻) is a twice differentiable function with respect to each variable. In 

addition, the mixed partial derivatives of 𝑥∗ are continuous  technical assumption   

 

Assumption 5: ℎ𝑥𝐻 < 0 or 𝑓𝑥𝐻 < 0. Additionally, ℎ𝑥𝑘 < 0 or 𝑓𝑥𝑘 < 0. 

 

Assumption 6: 𝜕𝑘/𝜕𝐼 >0 

 

Appendix: Effects of Income Inequality 

 

This section reports what happens to an individual’s health and the communal health stock when 

income inequality decreases but residential segregation stays constant.  Thus, income of the poor 

and the rich, 𝐼𝑔 and 𝐼𝑟, change, and 𝑘𝑔 and 𝑘𝑟 stay constant. Mathematically,  
𝜕ℎ∗

𝜕𝐼𝑔
 , 

𝜕𝐻∗

𝜕𝐼𝑔
, 

𝜕ℎ∗

𝜕𝐼𝑟
, and 

𝜕𝐻∗

𝜕𝐼𝑟
 are examined. By the proof of Theorem 0 below, an individual’s health equilibrium exists. 

Thus, an individual’s income can be written as:   
ℎ𝑖

∗ = 𝑓(𝑥∗(𝐼𝑖, 𝑝, 𝑘𝑖, 𝐻), 𝑘𝑖, 𝐻) 
The partial derivative of ℎ∗ with respect to 𝐼𝑔 and 𝐼𝑟 are as followed:  
𝜕ℎ∗

𝜕𝐼𝑔
 =

𝜕𝑓

𝜕𝑥∗

𝜕𝑥∗

𝜕𝐼𝑔
 and 

𝜕ℎ∗

𝜕𝐼𝑟
 =

𝜕𝑓

𝜕𝑥∗

𝜕𝑥∗

𝜕𝐼𝑟
 

 

Now let us examine each term in the above expression.  

 When income of the poor 𝐼𝑔 increases (income inequality decreases), health-seeking 

behavior 𝑥∗ increases because 
𝜕𝑥∗

𝜕𝐼𝑔
> 0 (proof of Theorem 1). In addition, 𝑓𝑥 > 0 by 

Assumption 2. Thus, 
𝜕𝑓

𝜕𝑥∗

𝜕𝑥∗

𝜕𝐼𝑔
> 0. Therefore, the health of the poor increases as income 

inequality decreases.  

 When the income of the rich 𝐼𝑟 decreases (income inequality decreases), health-seeking 

behavior 𝑥∗ decreases because  
𝜕𝑥∗

𝜕𝐼𝑔
> 0 (proof of Theorem 1 below). In addition, 𝑓𝑥 > 0 

by Assumption 2. Thus, 
𝜕𝑓

𝜕𝑥∗

𝜕𝑥∗

𝜕𝐼𝑟
> 0. Therefore, the health of the rich decreases as income 

inequality decreases.  

 The communal health stock is the weighted average of individuals’ health. When income 

inequality decreases and residential segregation stays the same, the poor become healthier 



and the rich become less healthy. Therefore, what happens to the communal health stock 

when income inequality changes is ambiguous. In equilibrium, if the gain of the poor 

dominates the loss of the rich, the community health stock will increase when income 

inequality decreases. The reverse is true if the gain of the poor is not enough to 

compensate for the loss of the rich. Mathematically, the signs of 𝜕𝐻∗/𝜕𝐼𝑔 and 𝜕𝐻∗/𝜕𝐼𝑟  

are ambiguous.  

 

Appendix: Effects of Residential Segregation 

 

First, the case when residential segregation changes and everyone has the same income is 

examined. By the proof of Theorem 0, an individual’s health equilibrium exists. Thus, I can 

write:   
hi

∗ = f(x∗(Ii, p, ki, H), ki, H) 
The partial derivative of h∗ with respect to kg is as follows 

∂h∗

∂k
=

∂f

∂x∗

∂x∗

∂k
+

∂f

∂k
 

 

 

Now let us examine each term in the above expression.  

 When a community goes from a perfectly integrated community to somewhat segregated, 

exposure k decreases for one group and increases for another group. When exposure k 

increases, its direct effect on individual’s health increases: 
∂f

∂k
> 0. 

 Higher exposure (k) makes people consume less health-seeking behavior (in other words 
∂x∗

∂k
< 0, proof of Theorem 4 in Appendix part b). Combined with Assumption 2 that 

assumes more health-seeking behavior would make people healthier directly, we have  
∂f

∂x∗

∂x∗

∂k
< 0. 

 Collectively from the two terms, it is unclear what happens to individuals’ health as 

segregation increases.  

 The communal health stock is the weighted average of individuals’ health. Therefore, it is 

also unclear what happens to the communal health stock when income segregation 

changes. Mathematically, the sign of 𝜕𝐻∗/𝜕𝑘 is ambiguous.  

 

Second, the residential segregation changes in an environment when income inequality exists. In 

other words, kg and kr change when Ig ≠ 𝐼𝑟. This case differs from the income segregation 

defined in this paper in a sense that in this scenario, it is not necessary that the poor have low 

exposure to the communal health stock and the rich have high exposure to the communal health 

stock.  

 

The change in the health of the poor as residential segregation changes is: 
𝜕ℎ𝑔

∗

𝜕𝑘𝑔
=

𝜕𝑓

𝜕𝑥∗

𝜕𝑥∗

𝜕𝑘𝑔
+

𝜕𝑓

𝜕𝑘𝑔
 

 The change in the health of the rich as residential segregation changes is: 

 



𝜕ℎ𝑟
∗

𝜕𝑘𝑟
=

𝜕𝑓

𝜕𝑥∗

𝜕𝑥∗

𝜕𝑘𝑟
+

𝜕𝑓

𝜕𝑘𝑟
 

 

Now let us examine each term in the above expression for the poor. 

 When residential segregation decreases, exposure kg increases for poor people and 

kr decreases for rich people.  The direct effect of a decrease in residential segregation on 

the health of the poor is  
∂f

∂kg
> 0. Thus, the health of the poor increases. 

 Higher exposure kg makes poor people consume less health-seeking behavior. In other 

words, 
∂x∗

∂kg
< 0 (proof of Theorem 4 in Appendix part b). Combined with Assumption 2, 

which assumes more health-seeking behavior would make people healthier directly, we 

have  
∂f

∂x∗

∂x∗

∂kg
< 0. Because the poor decrease their health-seeking behavior, they become 

less healthy.  

 Collectively from the two terms, it is unclear what happens to the health of the poor as 

residential segregation decreases, holding income inequality fixed.  

 

Now let us examine each term in the above expression for the rich: 

 When residential segregation decreases, exposure kr decreases for the rich. Because 
∂f

∂kr
> 0, the direct effect suggests that a decrease in residential segregation decreases 

the health of the rich. Thus, the health of the rich decreases.  

 Lower exposure kr makes the rich consume more health-seeking behavior. In other 

words, 
∂x∗

∂kr
< 0 (proof of Theorem 4 in Appendix part b). Combined with Assumption 

2, which assumes more (less) health-seeking behavior would make people healthier 

(sicker) directly, we have  
∂f

∂x∗

∂x∗

∂kr
< 0. Because the rich increase their health-seeking 

behavior, they become healthier.  

 Collectively from the two terms, it is unclear what happens to the health of the rich as 

residential segregation decreases, holding income inequality fixed.  

 

From the above exercises, the communal health stock is the weighted average of rich and poor 

individuals’ health. Therefore, it is also unclear what happens to the community’s health when 

residential segregation decreases, holding income inequality fixed. Mathematically, the signs of 
∂H∗

∂kg
 and 

∂H∗

∂kr
 are ambiguous.  

 

Appendix: The Impact of Income Segregation on an Individual’s Health and the 

Communal Health Stock 

 

This section examines what happens to an individual’s health and the communal health stock 

when income segregation changes. Income segregation exists when income inequality is 

positively associated with residential segregation, that is, the poor have low exposure to the 

communal health stock and the rich have high exposure to the communal health stock. When 



income inequality increases, residential segregation increases, and vice versa. Thus, 
𝜕ℎ∗

𝜕𝐼𝑔
 , 

𝜕𝐻∗

𝜕𝐼𝑔
, 

𝜕ℎ∗

𝜕𝐼𝑟
 

and 
𝜕𝐻∗

𝜕𝐼𝑟
 are examined  when 

𝜕𝑘

𝜕𝐼𝑔
> 0 and 

𝜕𝑘

𝜕𝐼𝑟
> 0.  

By the proof of Theorem 0 in Appendix part b, an individual’s health equilibrium exists 

and can be written as ℎ𝑖
∗ = 𝑓(𝑥∗(𝐼𝑖, 𝑝, 𝑘𝑖, 𝐻), 𝑘𝑖, 𝐻). When income segregation changes, the 

health of the poor changes in the following way: 

 
𝜕𝑓

𝜕𝑥∗

𝜕𝑥∗

𝜕𝐼𝑔
+

𝜕𝑓

𝜕𝑥∗

𝜕𝑥∗

𝜕𝑘

𝜕𝑘

𝜕𝐼𝑔
+

𝜕𝑓

𝜕𝑘

𝜕𝑘

𝜕𝐼𝑔
     

Now let us examine each term in the above expression.  

 When income segregation decreases, the income of the poor increases and health-

seeking behavior 𝑥∗ increases because, intuitively, poor people can now afford more 

health goods (proof of Theorem 1 below). In addition, 𝑓𝑥 > 0 by Assumption 2. Thus, 
𝜕𝑓

𝜕𝑥∗

𝜕𝑥∗

𝜕𝐼𝑔
> 0. In other words, more health-seeking behavior, 𝑥∗, makes a person 

healthier. The health of the poor increases because of the first term.  

 Income segregation decreases mean that the poor have higher exposure (k) to the 

communal health stock. This makes the poor consume fewer health goods or decrease 

their health-seeking behavior (in other words 
𝜕𝑥∗

𝜕𝑘
< 0, proof of Theorem 4 in 

Appendix part b). Combined with Assumptions 2 and 6, 
𝜕𝑓

𝜕𝑥∗

𝜕𝑥∗

𝜕𝑘

𝜕𝑘

𝜕𝐼𝑔
< 0. This result 

implies the health of the poor decreases because of the second term.   

 The third term 
𝜕𝑓

𝜕𝑘

𝜕𝑘

𝜕𝐼𝑔
> 0 by Assumptions 2 and 6.  

 Collectively from the three terms, it is unclear what happens to the health of the poor 

as income segregation decreases.  

 

As in the case of the poor, it is unclear what happens to the health of the rich when income 

segregation decreases. A decrease in income leads to lower health because the rich have less 

money to spend on health-seeking behavior. A decrease in exposure also decreases the health of 

the rich because the communal health stock is less effective on the health of the rich. However, a 

decrease in exposure makes the rich more engaged in health-seeking behavior, increasing their 

health.   

 

Appendix: Possible Equilibrium of the Health of the Poor and the Rich 

 

To examine the equilibria of the health of the poor and the rich, I examine the concavity of the 

communal health stock production function with respect to the communal health stock. The 

communal health stock function is said to be concave if it increases at the decreasing rate when 

the communal health stock increases, that is, when the communal stock increases, its function 

increases more when the communal health stock is low than when it is high.  The communal 

health stock function is said to be convex if it increases at the decreasing rate when the 

communal health stock increases, that is, when the communal stock increases, its function 

increases more when the communal health stock is high than when it is low. Because the 

communal health stock is the weighted average of individuals’ health, I first examine the 

concavity of individuals’ health with respect to the communal health stock.  



 
𝜕ℎ∗

𝜕𝐻
=

𝜕𝑓

𝜕𝑥∗

𝜕𝑥∗

𝜕𝐻
+

𝜕𝑓

𝜕𝐻
   

𝜕2ℎ∗

𝜕𝐻2
=

𝜕2𝑓

𝜕𝑥∗2 (
𝜕𝑥∗

𝜕𝐻
)

2

+
𝜕2𝑓

𝜕𝑥∗𝜕𝐻 
 
𝜕𝑥∗

𝜕𝐻
+

𝜕𝑓

𝜕𝑥∗

 𝜕2𝑥∗

𝜕𝐻2
+

𝜕2𝑓

𝜕𝐻𝜕𝑥∗
 
𝜕𝑥∗

𝜕𝐻
+

𝜕2𝑓

𝜕𝐻2
 

    
Examining each term in the above expression:  

𝜕2𝑓

𝜕𝑥∗2 (
𝜕𝑥∗

𝜕𝐻
)

2

< 0 because 
𝜕2𝑓

𝜕𝑥∗2 < 0 by Assumption 2. 

 
𝜕2𝑓

𝜕𝑥∗𝜕𝐻 
 
𝜕𝑥∗

𝜕𝐻
> 0 because 

𝜕2𝑓

𝜕𝑥∗𝜕𝐻 
< 0 by Assumption 5 and 

𝜕𝑥∗

𝜕𝐻
< 0 (proof of Theorem 3 in 

Appendix part b).  

 
𝜕𝑓

𝜕𝑥∗

 𝜕2𝑥∗

𝜕𝐻2   cannot be determined because it depends on the sign of 
 𝜕2𝑥∗

𝜕𝐻2  

𝜕2𝑓

𝜕𝐻2 < 0 by Assumption 2. 

 

 

The model is ambiguous about whether the individual’s health will increase or decrease at the 

increasing or decreasing rate in equilibrium.  According to Assumption 2, the individual’s health 

increases at the decreasing rate when the communal heath stock increases. However, when the 

communal health stock increases, individuals will decrease their health-seeking behavior x*, 

which decreases their health. Depending on how much the decrease of x* depreciates an 

individual's health and how much the increase of the communal health stock H improves his 

health, an individual’s health production function may increase or decrease at the increasing or 

decreasing rate. Since the communal health stock is the weighted averaged of individuals’ health, 

it is also ambiguous whether the communal health stock production function m(H) also increases 

or decrease at the increasing or decreasing rate.  

 

 
Figure 1: An example of the possible behavior of health production function h with respect to the 

community's health H. 

 

An example of how an individual's health can decrease as the communal health stock increases 

can be seen in the TB outbreak in New York City in the early 1990s. Along with the decline of 

TB cases in the United States since the 1980s, the budget for TB prevention and treatment got 



smaller. However, immigrants from abroad once again introduced TB into New York City in the 

1990s. Without adequate preparation, New York City experienced a TB outbreak. In addition, 

there are some diseases with a cyclical spread. For instance, syphilis has cycles of ten years in 

the United States and twenty years in Japan.6 Since syphilis infections occur as a result of 

unprotected sexual intercourse, the incidence of syphilis is strongly associated with an 

individual's sexual behavior. As the spread of syphilis becomes more serious, people recognize 

the risk of infection, and they choose safe sexual behavior. This behavior then reduces the 

number of syphilis infections. In a low-risk environment, people are more engaged in risky 

sexual behaviors, and this results in higher syphilis prevalence. 

 

 
Figure 2: A possibility of multiple equilibria H. 

 

The communal health stock production function m(H) can also exhibit many shapes. It is 

possible that the communal health stock reaches two stable multiple equilibria because it is an 

average of every individual's health in the community. If there are several stable equilibria, it is 

possible for a community to stay in one equilibrium while another community is in another 

equilibrium. For instance, when 𝐻 → 𝐻1 in Figure 2, then the communal health stock will 

converge to 𝐻1. If the communal health stock is high enough, it will reach a higher equilibrium 

health level 𝐻 = 𝐻3. If the communal health stock is not high enough, it will revert to the low 

equilibrium 𝐻1. This brings up an issue of the reciprocal relationship between the communal 

health stock and an individual's health. A community that has many healthy individuals 

possesses a healthy environment. In exchange, this healthy environment will have a positive 

feedback to its people, which makes the entire community healthier. At the other end of the 

                                                           
6 Momota, Tabata, and Futagami (2005). 
 



spectrum, a community with many sick people will experience a less healthy environment. In 

exchange, this environment has a negative impact on the community's people, which results in a 

lower level of health for individuals. Unless there is a large change in the low health level in the 

community (from 𝐻1 to 𝐻3), every small change in the communal health stock will revert to its 

stable equilibrium 𝐻1. 

 

If a response health function of a disease in a country (m(H)) has multiple equilibria, it would be 

in the interest of policy makers and international organizations to know where the equilibria are 

so they can decide how much effort to put into a short-run disease prevention and treatment 

campaign. For instance, country A has high HIV/AIDS prevalence (low H1). Policy makers and 

international organizations want to implement a policy to improve the situation, but how many 

resources are enough to reach a new sustainable outcome? If policy makers stop somewhere in 

between H1 and H2, eventually the disease will revert back to its current situation, H1. On the 

other hand, if policy makers reduce the investment when the communal health stock is beyond 

H2 and switch back to a normal prevention and treatment scheme, then the disease's prevalence 

will reach its higher equilibrium, H3. As a result, knowing how many equilibria it has, where 

they are, and how long it takes to reach those equilibria are important questions for public health 

practitioners to consider. If the disease has already reached its highest equilibria, then a short-

term campaign will not be sustainable in the long run unless policy makers decide to change the 

normal budget allocated to that disease permanently. The cyclic nature of syphilis in Japan and 

the United States demonstrates that money for syphilis intervention was apparently not enough 

for the disease to reach its new equilibrium. Every time there is a syphilis outbreak, the 

government increases its budget to fight the disease, but apparently it did not terminate the 

campaign on the right interval of H that allows syphilis to reach its new equilibrium. On the 

other hand, if "high" syphilis prevalence is already at a maximum level or the only equilibrium 

that syphilis can reach given a normal budget, then a temporary intervention is not going to result 

in a sustainable outcome unless the government can raise the budget permanently. Note that this 

permanent increase does not need to be the same amount as the temporary increase. The 

existence of multiple equilibria in this case comes solely from the change in concavity of the 

communal health stock production function. This change in concavity is a result of the decision 

to take more medication or not when the communal health stock increases. It can be because 

health goods are not as effective in a healthier environment as they are in a low health 

environment, so a small increase in the communal health stock leads to a large decrease in health 

goods. In general, a person's health is not only affected by that person's behavior but also by the 

environmental externality. Sometimes the external factor is so large that it outweighs an 

individual's behavior. 

 

Appendix: A Specific Model 

 

Differentiate 𝑈𝑖 with respect to ci and xi using the Lagrange multiplier λ, we get the 

first order condition: 
𝜕𝑈𝑖

𝜕𝑐𝑖
= 𝛼𝑐𝑖

𝛼−1 ℎ𝑖
𝛽

= 𝛼𝑐𝑖
𝛼−1 (𝑥𝑖 + 𝑘𝑖𝐻)𝛽𝛾 =  𝜆 (1) 

𝜕𝑈𝑖

𝜕𝑥𝑖
= 𝛽𝛾𝑐𝑖

𝛼(𝑥𝑖+𝑘𝑖𝐻)𝛽𝛾−1  = 𝜆𝑝 (2) 

 



Dividing (1) with (2), we have: 
𝛽𝛾

𝛼
 

𝑐𝑖

ℎ𝑖+𝑘𝑖𝐻
= 𝑝  

 

Then we can write 𝑐𝑖 in terms of 𝑥𝑖:  

𝑐𝑖 =
𝛼

𝛽𝛾
𝑝(𝑥𝑖 + 𝑘𝑖𝐻) 

Substitution 𝑐𝑖 into the budget constraint equation 𝑐𝑖 + 𝑝𝑥𝑖 = 𝐼𝑖 , we get:  

 
𝛼

𝛽𝛾
𝑝(𝑥𝑖) + 𝑝𝑥𝑖 = 𝐼𝑖 

𝑝𝑥𝑖 (
𝛼

𝛽𝛾
+ 1) = 𝐼𝑖 −

𝛼

𝛽𝛾
𝑝𝑘𝑖𝐻 

Solve 𝑥𝑖
∗ that maximizes the level of utility:  

𝑥𝑖
∗ =

𝐼𝑖

𝑝 (
𝛼

𝛽𝛾
+ 1)

−

𝛼
𝛽𝛾

𝑘𝑖𝐻

𝛼
𝛽𝛾

+ 1
=

1

𝛼 + 𝛽𝛾
[
𝛽𝛾𝐼𝑖

𝑝
− 𝛼𝑘𝑖𝐻] 

Thus,  

 

ℎ𝑖
∗ = [

1

𝛼 + 𝛽𝛾
[
𝛽𝛾𝐼𝑖

𝑝
− 𝛼𝑘𝑖𝐻] + 𝑘𝑖𝐻]

𝛾

= [
βγIi

𝛼𝑝 + 𝛽𝛾𝑝
+

βγkiH

𝛼 + 𝛽𝛾
]

𝛾

    

a) Examine what happens to individual’s health ℎ𝑖
∗ when exposure rate 𝑘𝑖 changes: 

 

 

  
𝜕ℎ𝑖

∗

𝜕𝑘𝑖
= 𝛾 [

βγIi

𝛼𝑝+𝛽𝛾𝑝
+

βγkiH

𝛼+𝛽𝛾
]

𝛾−1

 
βγH

α+βγ
>0 

    
When exposure k increases, individual health increases.  

  

b) Examine what happens to an individual’s health ℎ𝑖
∗ when income segregation decreases. The 

health of the poor changes based on the following: 

 

𝛾 [
βγIi

𝛼𝑝 + 𝛽𝛾𝑝
+

βγkiH

𝛼 + 𝛽𝛾
]

𝛾−1

 
βγ

αp + βγp
+ 𝛾 [

βγIi

𝛼𝑝 + 𝛽𝛾𝑝
+

βγkiH

𝛼 + 𝛽𝛾
]

𝛾−1

 
βγH

α + βγ

𝜕𝑘

𝜕𝐼𝑔
> 0   

 

When income increases, individual health increases. Since the income of the poor is smaller than 

the income of the rich and 𝛾 < 1, the increase in health of the poor is more than the decrease in 

health of the rich when income segregation decreases. Thus, the communal health stock 

increases in a community where there are as many poor people as rich people.  

 

Appendix: Mathematical Background 

Theorem 2.2.1 (Intermediate Value Theorem): Let [a,b] ⊂  𝑅 be a closed bounded interval; and 

let 𝑓: [𝑎, 𝑏] → 𝑅 be a function. Suppose that f is continuous. If 𝑟 ∈ 𝑅 is strictly between 𝑓(𝑎) 

and 𝑓(𝑏), then there is some 𝑐 ∈ (𝑎, 𝑏) such that 𝑓(𝑐) = 𝑟. 

 

This theorem is the same as Theorem 3.5.2 in Real Analysis by Bloch (2005).  



 

Theorem 2.2.2 (Mean Value Theorem): Let [𝑎, 𝑏] ⊂ 𝑅 be a non-degenerate closed bounded 

interval, and let 𝑓: [𝑎, 𝑏] → 𝑅 be a function. Suppose that 𝑓 is continuous on [𝑎, 𝑏] and 

differentiable on (𝑎, 𝑏). There is some 𝑐 ∈ (𝑎, 𝑏) such that 𝑓′(𝑐) =
𝑓(𝑏)−𝑓(𝑎)

𝑏−𝑎
 

 

This theorem is the same as Theorem 4.4.4 in Real Analysis by Bloch (2005).  

 

Theorem 2.2.3: Let 𝐼 → 𝑅 be an open interval, let 𝑐 ∈ 𝐼, and let 𝑓: 𝐼 → 𝑅 be a function. Then 𝑓 is 

a continuous function at c if and only if 𝑙𝑖𝑚
𝑥→𝑐 

𝑓(𝑥) exists and 𝑙𝑖𝑚
𝑥→𝑐 

𝑓(𝑥) = 𝑓(𝑐). 

Same as theorem 3.3.2 by Bloch (2005).  

 

Theorem 2.2.4(Clairaut’s Theorem): Suppose f is defined on disk D that contains the point (a,b). 

If the function 𝑓𝑥𝑦and 𝑓𝑦𝑥 are both continuous on D, then 𝑓𝑥𝑦(𝑎, 𝑏) = 𝑓𝑦𝑥(𝑎, 𝑏) 

 

Theorem 2.2.5: Let 𝐼 ⊂ 𝑅 be an open interval, and let 𝑓: 𝐼 → 𝑅 be a function. Then the following 

are equivalent: 

a) If 𝑎, 𝑏 ∈ 𝐼 and a<b, then 𝑓(𝑡𝑎 + (1 − 𝑡)𝑏) ≤ 𝑡𝑓(𝑎) + (1 − 𝑡)𝑓( 𝑏) for all 𝑡 ∈ [0,1] 
(Function is Convex). 

b) Suppose that f is differentiable. Then the function is convex if and only if 𝑓′′(𝑥) ≥ 0 for 

all 𝑥 ∈ 𝐼. 

This theorem in equivalent to theorems 4.6.2 and 4.6.4 in Bloch (2005).  

 

Theorem 2.2.6:Let 𝐼 ⊂ 𝑅 be an open interval, and let 𝑓: 𝐼 → 𝑅 be a function. Then the following 

are equivalent: 

a) If 𝑎, 𝑏 ∈ 𝐼 and 𝑎 < 𝑏, then 𝑓(𝑡𝑎 + (1 − 𝑡)𝑏) > 𝑡𝑓(𝑎) + (1 − 𝑡)𝑓( 𝑏) for all 𝑡 ∈ [0,1] 
(Function is Concave). 

b) Suppose that f is differentiable. Then the function is concave if and only if 𝑓′′(𝑥) < 0 for 

all 𝑥 ∈ 𝐼. 

 

Appendix: Theorem of This paper. 

 

Let V(x)= U(c, h(x)) 

We have 𝐼 = 𝑐 + 𝑝𝑥. Thus 𝑥 =
𝐼−𝑐

𝑝
 

 

Theorem 0: Let V(x)=U(c,h(x)) be a continuous function on [0,
𝐼

𝑝
] and twice differentiate function 

on (0,
𝐼

𝑝
). Suppose that V(x) satisfies Assumptions 1, 2, and 3. Then there exists a unique 𝑥∗ ∈

(0,
𝐼

𝑝
) such that 𝑉(𝑥∗) is a global maximum on [0,

𝐼

𝑝
] 

 

Proof:  

 

By the rule, we have: 
𝜕𝑉

𝜕𝑥
=

𝜕𝑈

𝜕𝑐

𝜕𝑐

𝜕𝑥
+

𝜕𝑈

𝜕ℎ

𝜕ℎ

𝜕𝑥
=  −

𝑝𝜕𝑈

𝜕𝑐
+

𝜕𝑈

𝜕ℎ

𝜕ℎ

𝜕𝑥
 



Second derivative:   
𝜕2𝑉

𝜕𝑥2 =
𝑝2𝜕2𝑈

𝜕𝑐2 − 𝑝
𝜕2𝑈

𝜕𝑐𝜕ℎ

𝜕ℎ

𝜕𝑥
− 𝑝

𝜕2𝑈

𝜕ℎ𝜕𝑐
+

𝜕2𝑈

𝜕ℎ2  (
𝜕ℎ

𝜕𝑥
)

2

+
𝜕𝑈

𝜕ℎ

𝜕2ℎ

𝜕𝑥2 < 0  (because each term is less than 0)  

As 𝑥 → 0, 𝑉𝑥 → 0 by Assumption 3. As 𝑥 →
𝐼

𝑝
, 𝑉𝑥 < 0 by Assumption 3. Therefore, there 

exists 𝑥∗ ∈ (0,
𝐼

𝑝
)such that 𝑉𝑥(𝑥∗) = 0 by the Intermediate Value Theorem. 

Since 𝑉𝑥𝑥 < 0 for all  𝑥 ∈ (0,
𝐼

𝑝
), 𝑥∗is unique. 

For 𝑥1 < 𝑥∗for all 𝑥1 ∈ (0, 𝑥∗), 𝑉𝑥(𝑥1) > 𝑉𝑥(𝑥∗) = 0. Thus, 𝑉(𝑥1) < 𝑉(𝑥∗). 

 For 𝑥2 > 𝑥∗for all 𝑥2 ∈ (𝑥∗,
𝐼

𝑝
) , 𝑉𝑥(𝑥2) < 𝑉𝑥(𝑥∗) = 0. Thus, 𝑉(𝑥1) < 𝑉(𝑥∗). 

Therefore, 𝑉(𝑥∗)is the unique global maximum on (0,
𝐼

𝑝
)and 𝑥∗is also unique.  

Therefore, there exists an 𝑎 > 0 such that as 𝑥 → 0, 𝑉(𝑥) ≤ 𝑉(𝑥∗) − 𝑎. In addition, there 

exists 𝑏 > 0 such that when 𝑥 →
𝐼

𝑝
, then 𝑉(𝑥) ≤ 𝑉(𝑥∗) − 𝑏. 

 Because 𝑉(𝑥)is a continuous function on [0,
𝐼

𝑝
] , 𝑉(𝑥)is continuous at 0 and at 

𝐼

𝑝
. Hence 

𝑉(0) = lim
𝑥→

𝐼

𝑝

𝑉(𝑥)  by Theorem 2.2.3. Therefore, 𝑉(0) ≤ 𝑉(𝑥∗) − 𝑎 < 𝑉(𝑥∗), and 𝑉 (
𝐼

𝑝
) ≤

𝑉(𝑥∗) − 𝑏 < 𝑉(𝑥∗). We conclude that 𝑉(𝑥∗)is the unique global maximum of 𝑉(𝑥)on [0,
𝐼

𝑝
] 

 

Theorem 1: As I increases, so does x*. 

Proof: Let 𝐼1and 𝐼2be two different incomes and suppose that 𝐼1 < 𝐼2. Then 𝑉(𝑥) has a 

maximum at 𝑥1
∗ on [0,

𝐼1

𝑝
] and a maximum at 𝑥3

∗ on [0,
𝐼2

𝑝
] by the proof of theorem 2.2.7. 

Recall the first derivative: 
𝜕𝑉

𝜕𝑥
=  −

𝑝𝜕𝑈

𝜕𝑐
+

𝜕𝑈

𝜕𝑥
 

Consider the interval [0,
𝐼1

𝑝
] and let 𝑥2

∗be the point where 𝑉(𝑥) achieves its maximum on 

[0,
𝐼1

𝑝
]. For a given 𝑥, we always have −

𝑝𝜕𝑈

𝜕𝑐
|𝐼 = 𝐼1 < −

𝑝𝜕𝑈

𝜕𝑐
|𝐼 = 𝐼2 because 𝑐1 = 𝐼1 − 𝑥 <

𝐼2 − 𝑥 = 𝑐2. In addition, for a given x, 
𝜕𝑈

𝜕ℎ

𝜕ℎ

𝜕𝑥
|𝐼 = 𝐼1 =

𝜕𝑈

𝜕ℎ

𝜕ℎ

𝜕𝑥
|𝐼 = 𝐼2 . Therefore, on interval 

[0,
𝜕𝐼1

𝜕𝑝
] ,

𝜕𝑉

𝜕𝑥
|𝐼 = 𝐼1 <

𝜕𝑉

𝜕𝑥
|𝐼 = 𝐼2. Follow the similar proof as that of Theorem 2.2.8, we have 

𝑥2
∗ > 𝑥1

∗. 

 Since [0,
𝐼1

𝑝
] ⊂ [0,

𝐼2

𝑝
], so 𝑥3

∗ ≥ 𝑥2
∗. As a result, 𝑥3

∗ > 𝑥1
∗. WE prove that as income 

increases, so is 𝑥∗. 
 

 

Theorem 2: Holding k fixed, as I increases, h* increases. In other words, 
𝜕ℎ∗

𝜕𝐼
> 0 

Proof:  
𝜕ℎ∗

𝜕𝐼
=

𝜕𝑓

𝜕𝑥∗
×

𝜕𝑥∗

𝜕𝐼 
   

By the theorem 1: 
𝜕𝑥∗

𝜕𝐼 
  >0, by the assumption 2: 

𝜕𝑓

𝜕𝑥∗ > 0. Thus, an individual’s health increases as 

income increases.  



 

 

Theorem 3: Holding I fixed, as H increases, x* decreases. In other words, 
𝜕𝑥∗

𝜕𝐻
< 0. 

 

Proof: Recall the first derivative of V with respect to x: 
𝜕𝑉

𝜕𝑥
= −

𝑝𝜕𝑈

𝜕𝑐
+

𝜕𝑈

𝜕ℎ

𝜕ℎ

𝜕𝑥
 

Then 
𝜕2𝑉

𝜕𝑥𝜕𝐻
= −𝑝

𝜕2𝑈

𝜕𝑐𝜕ℎ

𝜕ℎ

𝜕𝐻
+

𝜕2𝑈

𝜕ℎ2

𝜕ℎ

𝜕𝐻
 
𝜕ℎ

𝜕𝑥
+

𝜕𝑈

𝜕ℎ
 

𝜕2ℎ

𝜕𝑥𝜕𝐻
   (2.2.7)   

 

Equation 2.2.7 is always less than 0 because −𝑝
𝜕2𝑈

𝜕𝑐𝜕ℎ
< 0 and 

𝜕2𝑈

𝜕2ℎ
< 0 by Assumption 1. And 

𝜕2ℎ

𝜕𝑥𝜕𝐻
< 0 by Assumption 5. Therefore, 

𝜕𝑉

𝜕𝑥
 decreases as H increases.  

 

Let 𝑥1
∗ and 𝑥2

∗ denote the value at which the utility reaches its maximum when 𝐻 = 𝐻1 and 

𝐻 = 𝐻2, respectively, with 𝐻1 < 𝐻2. Therefore, for every x, 
𝑑𝑉

𝑑𝑥
|𝐻 = 𝐻1 >

𝑑𝑉

𝑑𝑥
|𝐻 = 𝐻2for 

𝐻1 < 𝐻2. Therefore at 𝑥1
∗, 

𝑑𝑉

𝑑𝑥
|𝐻 = 𝐻2 <  

𝑑𝑉

𝑑𝑥
| 𝐻 = 𝐻1 = 0. Thus, 𝑥2

∗ < 𝑥1
∗. 

 

Theorem 4: Holding I fixed, as k increases, x* decreases. In other words, 
𝜕𝑥∗

𝜕𝑘
< 0 

Proof:  
𝜕𝑉

𝜕𝑥
=

𝜕𝑈

𝜕𝑐
×

𝜕𝑐

𝜕𝑥
+

𝜕𝑈

𝜕ℎ 
×

𝜕ℎ

𝜕𝑥
= −

𝑝𝜕𝑈

𝜕𝑐
+

𝜕𝑈

𝜕ℎ
×

𝜕ℎ

𝜕𝑥
 

 
𝜕2𝑉

𝜕𝑥𝜕𝑘
=

𝜕2𝑈

𝜕ℎ2 ×
𝜕ℎ

𝜕𝑘
×

𝜕ℎ

𝜕𝑥
<0 

 

Because of the assumption 
𝜕2𝑈

𝜕ℎ2 < 0, and 
𝜕ℎ

𝜕𝑘
> 0, and 

𝜕ℎ

𝜕𝑥
> 0. Following the same proof as 

Theorem 3, as k increases, x* decreases.  

 

 

Theorem 5: Holding I fixed, as k increases, the effect on an individual’s health h is ambiguous. 

In other words, the sign of  
𝜕ℎ∗

𝜕𝑘
 is ambiguous.  

 

Proof:  
𝜕ℎ∗

𝜕𝑘
=

𝜕𝑓

𝜕𝑥∗
×

𝜕𝑥∗

𝜕𝑘
+

𝜕𝑓

𝜕𝑘
 

Since 
𝜕𝑓

𝜕𝑘
> 0, 

𝜕𝑓

𝜕𝑥∗
> 0, and 

𝜕𝑥∗

𝜕𝑘
< 0, so 

𝜕ℎ∗

𝜕𝑘
 is unclear.  

 

 


