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Can Benefits from Malaria Eradication be Increased? Evidence from Costa Rica* Claudio A. Mora-García† Pontificia Universidad Javeriana August 4, 2016



Abstract The estimated benefits of malaria eradication have been very different in terms of human capital accumulation. This paper quantifies the impact of malaria eradication in Costa Rica and explores if pre-campaign regional characteristics can improve or damage the benefits of the health campaign. There are several results. First, using difference in differences I find that years of education of men and women increased in response to the campaign but only wages of males increased. Results are robust. Second, worse conditions at the school system and more child employment displaces schooling. Hence, health benefits may not be able to translate into educational gains when the school system characteristics are bad, or when the child labor market provides a better investment opportunity than schooling. Third, combining empirical evidence with a simple model, the increase in schooling cannot explain solely the increase in the income of men. But health improvements explain most of the increase. Finally, the point estimates show that human capital gains were almost completely eliminated when shortage of funding for eradication led to a resurgence of malaria, emphasizing the fragility of the estimated benefits.
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1 Introduction Recently malaria eradication has become a policy priority (Millennium Development Goals, UN (2013); Roberts and Enserink (2007)). Malaria control campaigns in Africa have decreased malaria mortality rates by more than 25% globally since 2000 (WHO, 2010), costing US$6.8 billion (WHO, 2012) between 2013 and 2015. As a result, the economic literature has given much attention to estimating the impact of growing in a cohort with decreased exposure to malaria. But these estimates have been very different in terms of human capital accumulation. Bleakley (2010b), Cutler et al. (2010), and Lucas (2010) have found benefits to being born in an environment free of malaria, but their estimates in terms of educational gains have been very different. The same is true for other health interventions carried out in different countries and years (Maluccio et al., 2009; Bleakley, 2007; Baird et al. 2013; Miguel and Kremer, 2004). Bleakley (2010a) and Cutler et al. (2010) have justified these results based on the fact that the added health and productivity could be used in increasing participation in the child labor market. However, not much research has tested the validity of this hypothesis. This paper empirically tests this hypothesis by exploring for the first time the malaria eradication campaign of Costa Rica that began around 1945 and successfully reduced malaria transmission. The history of malaria in Costa Rica can be divided into two episodes. The first one (called “during” eradication) took place between 1946 and 1963, and successfully lowered malaria rates around the country. However, beginning in 1963, the malaria campaign suffered a funding slowdown and by 1967 there was a new peak in malaria that more than tripled the previous rate. Authorities were not able to control this peak until 1968-70 (the “peak” episode). Something similar is currently happening. According to the World Malaria Report 2012 (WHO, 2013) after a rapid expansion between 2004 and 2009, global funding for malaria prevention and control leveled off between 2010 and 2012, and progress in the delivery of some life-saving commodities has slowed. These developments are signs of a funding slowdown that could threaten to reverse the remarkable recent gains in the fight against malaria. Unfortunately no academic work quantifies the possible effect of reversion. The Costa Rican campaign suffered a large set back and is studied for the first time to understand the impact of the re-introduction of malaria in an economy, with results that are different from the eradication. Using information from archives and records of the Ministry of Health, this paper first quantifies separately the causal effects that early-life exposure to malaria at the “during” and “peak” episodes has on subsequent economic outcomes as adults–years of education, hours worked per week and monthly wage. Costa Rican censuses are used to obtain information on these outcomes for men and women separately and together, and to study the causal effect of the “during” eradication and “peak” episode. In order to identify the effect, I exploit the timing of the campaigns and the pre-campaign variation of malaria rates between cantons1 . I show that cantons (regions from now on) that benefited the most from the campaign where those with the highest malaria infection rates several years before the beginning of the campaign, in 1929; I also show that cantons that suffered the most from the malaria resurgence where those with the highest malaria infection rates in 1



A cantons is the second level of the political and administrative division of the country, after the province. From now on I will refer to a cantons as a region, unless otherwise stated.
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1956. Difference-in-differences results show that both men and women born during the first eradication campaign in regions where malaria was higher increased their years of education due to the campaign. The first eradication campaign equally increased the years of education of women and men born in the highest malaria regions by half additional year (0.5 or 2%)2 . Working men had a significant increase of 28.3% in the weekly wage earned, but the wage earned by working women did not change3 . A return to education of 10.5% can only account for 10% of the increase in the wage of working men. This paper argues that 90% of the increase in wages is unaccounted for by the reported growth in education alone, by bounding the returns to education. Finally, the results also show that the amount of hours worked per week of these cohorts did not change. Other research has obtained different results for other countries. Bleakley (2010) finds mixed evidence for the literacy and years of education of male cohorts more exposed to the eradication efforts as children, in Brazil, Colombia and Mexico. On the other hand, Lucas (2010) studies Sri Lanka and Paraguay and finds gains in education as measured by years of completed primary schooling and literacy of women, despite the potential differences between the countries. Cutler et al. (2010) studies India, and finds no gains in literacy or primary school completion of men, and some evidence that women reduced literacy and primary schooling. Percoco (2013) finds that malaria eradication in Italy increased the years of schooling with a greater effect on males than on females. Finally, Venkataramani (2012) studies Mexico and finds that malaria eradication was associated with better Raven Progressive Matrices test scores, but not more schooling, and with an earlier date of entry and conclusion of school from men, but with no effect on women. The hypothesis so far (Bleakley (2010) and Cutler et al. (2010)) to explain the mixed results in human capital accumulation is that malaria could affect children’s productivity in both education and work. Building on Bleakley (2010), this paper considers a simplified model where the individual spend time in school so as to maximize lifetime income. Better health increases the marginal benefit from one additional year of schooling, because it increases future earnings. But, at the same time, a healthier child can also earn more in he labor market so the opportunity costs of schooling increase, and this also increases the marginal cost of one additional year of schooling. As a result, malaria eradication shifts both the marginal benefits and costs curves of schooling upward, implying an uncertain effect over the optimal schooling decision4 . However, in an economy where children can easily find a job, the outside option of school gains 2



This is a very big increase when compared to other programs. For example, Duflo (2001) estimates 0.10 additional years of education for each additional INPRES School built per 1,000 children in Indonesia. This estimate requires a construction of 5 schools to equate my results, but the mean construction at the high program regions was less than half, 2.4 INPRES schools per 1,000 children. 3 These results are robust when other programs are taken into account, and whose intensity across regions could had been somehow correlated with the malaria intensity before the campaign. For example, the foundation of the health insurance institution “Caja Costarricense de Seguro Social” (C.C.S.S.) near 1943, and to the Guerra del 48 and its proceeding school construction program. A visual test shows that the parallel trends assumption holds, and results are also robust to regional convergence. Other diseases not affected by indoor residual spraying are used as placebo, as to show that it was the spraying campaign and not other things that improved that caused the reduction of malaria through an effect over mosquitoes. 4 The working paper version used to include a simple model that helps to explain the different estimates in years of education, it is available to download at http://sites.google.com/site/claudioalbertomora/.
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value and children may be more likely to use their improved health to enter into the child labor market, hence achieving fewer years of education. On the other hand, in an economy more concerned with educational attendance, the outside option lose value and health benefits may be more likely to generate higher human capital investments. This paper explores these alternatives by exploiting regional characteristics before the campaign in terms the school system characteristics and the degree of development of child labor market, and interacting the marginal effect of the malaria with these two proxies. The school system characteristics and degree of development of the child labor market are measured using a variety of proxies, as to avoid proxying for many other things these variables could be capturing about different locations. Information from these variables comes from unique and very complete historical databases. The regional number of schools, number of schools per square kilometer, funding of the school board, and funding per school are used as proxies of the former. Employment rates and wages obtained for different occupational groups (agriculture, transport, services, management, entrepreneurship, artisans, manufacturers, etc.) and different age groups, are used as proxies of the latter in order to exploit the conceptual differences between them. Results show important heterogeneous effects, where years of education of both men and women increased more in response to malaria eradication at regions more concerned with educational assistance, in regions where employment was higher in occupational groups requiring more cognitive skills, and in regions with less children employed in occupation groups requiring less cognitive skills such as agricultural activities. These interactions are taken a step further and they are applied to wages of men, with novel results to the literature. Results show that school system characteristics did not change the impact of malaria eradication over wages. Given the results for years of education, the model shows that this implies a return to education equal to zero. On the other hand, if the child labor market decrease the impact of malaria eradication over schooling (as in agriculture) the model implies a lower bound on the returns to education. The results show that the impact of malaria over wages was zero at regions with more children employed at agriculture. But if the child labor market increase the impact of malaria eradication over schooling (as in services and management), the model implies an upper bound for returns to education. The results in this case are compelling. Higher employment of children at occupational groups that require more cognitive skills do not change the impact of malaria eradication over wages. Altogether, this implies that returns to education must be very low, near zero. The peak episode provides further evidence of the importance of health. The point estimates for years of education, although insignificant, show that a one standard deviation increase in the malaria rate due to a funding slowdown reduces the human capital stock of men and women; years of education diminish by 0.20% for women and 0.68% for men. Results also show significant evidence that men had to reduce the amount of hours worked by 0.36% in response to a one standard deviation increase in malaria. Unfortunately, there is no data for wages. When comparing the results with the first campaign, men lose more than women when there is a resurgence of malaria, but gain almost the same with its eradication. This is not the first work to study the impact of improving health during the first years of life over long-term human capital accumulation. The most similar works are Bleakley (2007, 2010), Lucas 4



(2010), and Cutler et al. (2010) who focus mainly on quantifying the long-term benefits of hookworms and malaria eradication campaigns in different countries. Many other authors have focused on estimating the effect of malaria. Among them, Barreca (2010) who uses instrumental variables and finds that in utero and postnatal exposure to malaria in the United States led to considerably lower levels of educational attainment and higher rates of poverty later in life. Venkataramani (2012) finds positive gains on cognition results in Mexico, Gallup and Sachs (2000) finds that countries with intensive malaria had income levels in 1995 of only 33% of countries without malaria. Chang et al. (2011) study colonial Taiwan and finds that malaria exposure leads to lower life-time educational attainment and to worse mental and physical health outcomes in old age. Rawlings (2012) analyzes the selection versus scarring effects of an unforeseen malaria epidemic in North East Brazil in 1938-1940 on subsequent human capital attainment. Barofsky et al. (2010) study the human capital and income consequences of a malaria eradication campaign in the Ugandan district of Kigezi. However too few of them present evidence of both cognitive skills and income together. Also, none of them empirically test the hypothesis of why years of education can increase or decrease, by looking at interactions between malaria eradication and the pre-campaign cantonal characteristics in the schooling and labor market sectors. On the other hand, this work is also related to the health literature that has attempted to evaluate the health consequences of malaria. Hong (2007) shows that Union Army recruits who spent their early years in malaria-endemic counties were shorter at enlistment due to malnutrition and were more susceptible to infections during the U.S. Civil War. While the present work focuses on estimating a reduced form, it tries to argue that the benefits found happened solely through a health channel. Other authors have focused on evaluating the impact of random health interventions (Miguel and Kremer, 2004; Baird et al., 2013; Maluccio et al. 2009; among others). Our present setup is not a randomized control trial, but instead focuses on a campaign that lowered the number of malaria cases, similar to the hookworm campaign evaluated in Bleakley (2007). The next section presents a simple model that account for the different estimates in years of education. Section 2 describes the history of malaria in Costa Rica, and explains the eradication campaign and the resurgence of malaria due to the funding slowdown. Section 3 describes the sources of the data used in this work. Section 4 describes the characteristics that make up the research design. Section 5 explains the empirical strategy used to identify the effects of the first eradication campaign by canton, over outcomes of interest; present the results and robustness tests. Section 7 explains the empirical strategy used to identify the effect of the malaria resurgence, presents its results, and robustness tests. Finally, Section 8 presents the main results when interacting the marginal benefits with the schooling and child labor market proxies. Finally, Section 8 presents the conclusions.



2 A history of malaria in Costa Rica This section describes the history of malaria in Costa Rica. Information on the malaria campaign was retrieved from the archives at the Ministry of Health, interviews undertaken from personnel
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that were on charge of the campaign, and several books and reports that described the campaign (Ministerio de Salud, 1930, 1939, 1940-1956, 1963, 1967, 1970, 1973, 1974, 1981). The first efforts to eradicate malaria began in 1925 when the first nationally malariometric survey was undertaken with the support of the Rockefeller Foundation (RF). The objective was to “determine prevalence of infection, nature of mosquito breeding, indicated methods of control, etc.” (Rockefeller Foundation, 1925, pg. 24). “...children were examined for the presence of the plasmodia in their blood and for splenic enlargement…” (pg. 182). A malaria rate of 629 per 10,000 inhabitants was estimated (Ministerio de Salud, 2001). In 1929, the first available measure of malaria morbidity disaggregated at the canton unit (Ministerio de Salud, 1930), revealed a lower morbidity rate of 60.3 per 10,000 habitants. On July 9th, 1958, former minister of health, Dr. Antonio Jimenez Guard, describes the scenario of malaria during 1920 as follows: En esos negros días poblaciones enteras eran azotadas por las “calenturas”, y los enfermos amarillentos y tiritando se amontonaban en los salones de los hospitales, implorando unas cápsulas de quinina, como alivio transitorio y temporal (La Nación, 1956). By 1938, Kumm and Ruiz (1939), made the first epidemiological malaria study, and found that the highest spleen rates were concentrated in Guanacaste and in the part of the province5 of Puntarenas which occupies the southern end of the peninsula of Nicoya. According to the study, the localities with a high degree of endemic malaria were confined to areas with an elevation of less than 1,000 feet (pgs. 433-4). Of the 9,126 children examined, 1,240 per 10,000 had enlarged spleens. There are no records in The Rockefeller Foundation Annual Reports (1925-1937)6 or by the Ministry of Health, of any concrete effort to eradicate malaria between 1929 and 1938. During 1938-1939 the country made its first efforts in addressing the problem through concrete actions that included modifying the mosquito environment via elimination of mosquito breeding sites (OPS, 2001), but with weak and ineffective weapons that resulted in neither positive nor durable results (La Nación, 1956). Between 1939 and 1946 there is no written evidence of any efforts to control malaria. In the year of 1946 the United Fruit Company (UFCo) began malaria control with the application of DDT as a measure to increase the productivity of their employees, but in a much focused way in houses inside their banana farms. In 1950, the government of Costa Rica began the first sprays with DDT. The sprayings began nationally after 1953. To the extent of my knowledge, the efforts to eradicate malaria between 1938 and 1956 did not follow any rule. Spraying was disorganized. Figure 1 shows malaria morbidity rates per 10,000 habitants before and after the commencement of the eradication program, for the three least and five most malarious regions, and the national mean rates. The figure shows that the program effectively reduced the malaria rates from 1940-46 to 1947-54. Moreover, malaria rates after the eradication campaign began (1946-54) fell more in regions with the highest pre-eradication malaria rates (1940-1946). For example, the most malarious canton during 1940-46 was Siquirres with 723.8 malaria cases per 10,000 habitants and whose malaria rate 5



A province is the first level of the political and administrative division of the country and is composed of several cantones. Costa Ricas has seven provinces: San José, Alajuela, Cartago, Heredia, Guanacaste, Puntarenas and Limón. 6 These reports are available at the Rockefeller Foundation web page, https://www.rockefellerfoundation.org/ about-us/governance-reports/annual-reports/
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Figure 1: Mean malaria morbility rate per 10,000 habitants for the least and most malarious regions before and during the first eradication campaign (1940-46). 750 Before  first  eradication  campaign  (1940-1946) After  first  eradicaiton  campaign  (1947-1954)
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Source: author elaboration based on Memorias de Salud (different years) and WHO.



was reduced in 92.9% to 51.4 malaria cases per 10,000 habitants. On the other hand, malaria rates remained quite constant among regions with the lowest pre-campaign malaria rates. Malaria rates around the country were also reduced. This work refers to the period 1947-1963 as the “during” eradication campaign episode. With the official start of the “national campaign” in 1956, according to Ministry of Health directors, the authorities better organized the already undergoing efforts to eradicate malaria. According to OPS (2001), sprayings were coordinated with this campaign, and the new strategy was the application of DDT in semiannual cycles and comprehensive coverage of malarious areas. The project was launched in 1957, when the National Service for Malaria Eradication (SNEM) was created. Each year the SNEM surveyed each canton for malaria incidence, and the data was used to control the DDT sprayings and other actions. Regions were malaria rates were higher were more sprayed with DDT, and each canton was sprayed until its malaria rate was reduced to zero. By July 1962, the transmission had been interrupted in 74% of the originally considered malarious areas. 7



Figure 2: Malaria morbidity rate per 10,000 habitants by year and province, Costa Rica, 1957-1975. 200 Puntarenas 180



Guanacaste Limón



160



Heredia Alajuela



Malaria  rate  per   10,000  habitants



140 120 100 80 60 40 20



0 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 Year



Source: author elaboration based on Memorias de Salud (different years) and WHO.



Figure 2 shows malaria morbidity rates per 10,000 habitants aggregated at the province unit, it shows the main result of the national eradication program. The most malarious province, the province of Puntarenas7 , had the biggest reduction of the malaria rate, while the malaria rate in the other provinces did not increase. But things did not work out as planned and by 1963, according to OPS (2001, pg. 13), the SNEM “program deteriorated due to administrative and financial reasons”. The SNEM suffered from a funding slowdown because former president José Figueres took money out of the SNEM. Figure 3 provides more information regarding the funding slowdown. Funds authorized for the SNEM were reduced beginning in 1962, and the SNEM sustained a deficit for several years. However, it was not enough to avoid the number of houses sprayed and the kilograms of DDT (both at 75% PM and 100%) from falling abruptly. Houses sprayed and kilograms of DDT used did not increase until 1966, the same year when funds authorized for SNEM increased. Figure 3 also shows great variability in the funds authorized and spent by the Ministry of Health (Salud Pública). 7



Ministerio de Salud have enough information in their archives to calculate a time series of the cantonal malaria morbidity rate between 1957 and 1970, however this data was not retrieved by the author.
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Figure 3: Funding slowdown during the malaria eradication campaign of Costa Rica, 1956-1970. 6,000
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There is some correlation (with a lag though) between the timing of this episode and, as shown in Figures 2 and A.1, the timing when the national malaria rate raised from 28.2 cases per 10,000 habitants in 1964 to 92.6 cases per 10,000 habitants in 1967. According to Figure 2, the increase was mostly concentrated in the regions of the province of Puntarenas. This work refers to this event as the “peak” episode (1964-1970), because malaria rates returned to levels seen only before the eradication campaign. Figure 4 shows mean malaria morbility rates per 10,000 habitants for the least and most malarious regions before and during the peak episode (1963, 1967). It shows that regions with the highest malaria rates in 1963 had the biggest increase in the malaria during 1967, while things remained quite stable among regions with the lowest malaria rates. It also shows that malaria in 1929 was spread in a very different way along the regions. By 1968 malaria incidence reverted to levels before the “peak” episode and by 1970 malaria rates achieved the lowest levels never seen before (6.3 per 10,000). For the next 20 years, malaria rates were kept in low levels.
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Figure 4: Mean malaria morbility rates per 10,000 habitants for the least and most malarious regions before (1963) and during the peak episode (1967). 300
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3 Data This section describes the sources of the data used in this work. Data for the outcomes of interest comes from the Costa Rican censuses of 1963, 1973, 1984, 2000 and 2011. This data was retrieved from the web page of the Centro Centroamericano de Población (CCP), which contains public electronic copies of these censuses and other surveys undertaken in Central America and Costa Rica. The CCP uses a PDQ-Explorer service8 . With the difference from the Integrated Public Use Microdata Series (IPUMS), data is not available at the individual level, but averages of the outcomes are available and can be taken for each census at the sex, cohort, and canton of birth unit; hence this is the unit of measure used in this work. I prefer to use CCP data because it contains information on the canton of birth, while IPUMS only have it at the province level. The available universe of the censuses of 1973-2011 is the full sample; only the census of 1963 contains a 5% representative 8



For more information visit: http://ccp.ucr.ac.cr/censos/index.php/censos_c/mostrarAyuda
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sample. This is a big improvement of this work. The usage of the census is an advantage over other studies (Cutler et al., 2001; Lucas, 2011), since it provides information with more statistical power than surveys. Regarding the definition of the outcomes of interest (years of education, literacy rate, hours of work, and wage), each census has a question asking the years of education, sometimes divided by level attained (primary, secondary, technical secondary, college, university, etc.). In these cases, data was recoded by the total amount of years of education, independently of the kind. People over 5 years of age also were asked if they knew how to read and write. Hence, I can measure fraction of individuals that know how to read and write at each unit of measure and each census. In the censuses of 1973 and 1984 people with a working occupation were asked about the usual amount of hours worked per week. Hence hours of work is measured for those years and is restricted to working people with known hours of work. In the censuses of 1963 and 1973, workers with remuneration were asked about the income accrued during a particular month and the daily or monthly wage. This income or wage was later recoded as the monthly wage. Moreover, this work also has a richer data set of active and passive detection rates for Costa Rica at the cantonal unit. Data on the number of malaria cases comes from archives of the Ministry of Health (1930, 1939, 1940-1967) and from Kumm and Ruiz (1939) 9 . This data is available at the canton or city unit. When available at the city unit, data was aggregated to the canton unit using the future closest canton division from Hernández (1980). The pre-campaign cantonal-number of malaria cases in 1929 comes from Ministry of Health (1930). This is a passive detection rate because Ministry of Health (1930) is a registry of the number of patients that presented themselves at each health center and were ruled positive with malaria. The rate was calculated as the cantonal number of malaria cases reported in Ministerio de Salud (1930) divided by cantonal population in 1930 reported in Hernández (1985). The pre-peak cantonal-number of malaria cases in 1956 comes from PEM (1963). After 1940, information on the number of malaria cases comes from active surveys undertaken by Programa de Erradicación de la Malaria (PEM), which took samples and recorded their results in separate documents that later on were printed in the Memoria del Ministerio de Salud or Salubridad, depending on the year. The malaria rate was computed as the number of positive slides examined divided by cantonal population in 1963 reported in Hernández (1985). Outcomes of interest at each unit of measure (canton of birth x cohort x sex x census year) are then associated to the prevalent pre-campaign malaria measure at the canton of birth unit. Hence, early-life health shocks could be studied. Data on banana potential production capacity (tons per hectare) comes from version 3.0 of the Global Agro-Ecological Zones (GAEZ) project run by the International Institute for Applied Systems Analysis (IIASA) and the FAO (IIASA/FAO 2012). Specifically, the variable is measured using the agro-ecological suitability and productivity for current cultivated land between 1961-1990 with an intermediate input level and gravity irrigation for banana/plantain crop. The GAEZ output is available for each five–arc-minute grid cell on Earth. The land area of such a cell varies by latitude 9



Before 1940, so far as I know, there are only two ”Memorias” available, the 1930s and 1939s, and data from 1929 is far more reliable and had more surveyed regions than data on 1938.
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but is 9.2 by 8.5 km at the Tropics (Costinot and Donaldson, 2012, pg. 456). Then the 1930 canton boundaries from Hernandez (1985) were manually matched with the grid cells, taking the mean GAEZ information at each canton. However, there were some regions without information. The census of 1927 and 1963 provide information on the number of children attending school. On the other hand, the Megabase of georeferenced data for primary 10 schools of Costa Rica (20002009)11 , has information on several characteristics of current existing schools in Costa Rica, among them the year of construction, location and a description if the educational institution is private or public. The Megabase is used to construct the “other schools construction programs”. It differs from the schooling system conditions measure because now it does vary per cohort and measures the mean number of schools that are open in canton j six years after the cohort c was born. Data on the yearly rate of treated patients and the number of months that the health center remains open comes from Ministerio de Salud (1930). The number of schools during 1927 comes from The Megabase. On the other hand, INEC (1926) is a statistical compendium that contains information on the number of school facilities opened during 1925. Information on immigration and migration, and from the mean manzanas12 per finca and mean manzanas per habitants comes from Jiménez (1956) who documented internal migrations during 1950. Over time the geopolitical division of Costa Rica have changed, hence all cantonal boundaries are manually uniformed using Hernandez (1985) to the boundaries prevalent during 1927 or 1963, depending on the episode under study. Table 1 presents descriptive statistics of the main variables used in this work. The second column shows means of the respective variable calculated for all the regions and censuses. The third and fourth columns display means for subsamples separated by cantonal malaria intensity. As can be seen from this table, regions with higher pre-campaign malaria prevalence had lower years of education and literacy rates, they also had lower wage per month even though they worked almost the same amount of hours per week. Children employment was quite similar to low malaria regions, but with a higher variance. The number of children per school was also smaller; however there is more heterogeneity within low malaria regions than within high malaria ones. This data will be used in estimating the regressions whose research design is described in the next section. 10



A similar database is available for secondary schools, but it was not used in this work. This database was created jointly by the Research Program for Sustainable Urban Development (ProDUS) of the University of Costa Rica and the Program Nation State (PEN), during the years 2010 and 2011. The database groups a set of variables for the period 2000-2009 that were previously scattered in multiple bases. It currently contains information provided by the directors of the schools to the Departments of Statistical Analysis and Academic Assessment and Certification from the Ministry of Public Education (MEP). The dataset contains different characteristics at the schooling facility level for those facilities open between 2001 and 2011. It can be downloaded online at http: //www.estadonacion.or.cr/estadisticas/costa-rica/bases-de-datos/bases-en-linea/megabase-de-datos. 12 A manzana (or apple) is a measurement unit, and in most Central American countries is equivalent to approximately 1.72 acres or 6,961 m2 11
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4 Research design. The history of the malaria campaigns in Costa Rica has several features that facilitates the identification strategy. First, the timing of the introduction in Costa Rica of policies to combat mosquitoes was exogenous. Worldwide, the construction of the Panama Canal (1905-1910) and the US army occupation of Cuba (1906-1909) were the main causes that led to the discovery of modern tools that combated the transmission of malaria. The discoveries were, first, the DDT in 1939 as an effective insecticide against the Anopheles reproduction which would not be available to the UFCo until 1946 and to the government of Costa Rica until 1950; and, second, the chloroquine pill against the Plasmodium parasites in 1934. These policies would not have been possible without the contributions of Sir Ronald Ross13 . In 1902 he was awarded the Nobel Prize in Physiology or Medicine “for his work on malaria, by which he has shown how it enters the organism and thereby has laid the foundation for successful research on this disease and methods of combating it.”14 According to CDC, on August 20, 1897, while dissecting the stomach tissue of an anopheline mosquito fed four days previously on a malarious patient, he found the malaria parasite and went on to prove the role of Anopheles mosquitoes in the transmission of malaria parasites in humans. The introduction of these tools into Costa Rica by the Rockefeller Foundation, and into the southern territories by the UFCo, due to the reasons explained in Section 2, can be taken as exogenous. Second, cantonal differences in the ecology of both Anopheles and Plasmodium induced precampaign variation of malaria rates between regions. Due to the ecology of malaria, high and cold lands as Moravia (1250 m.a.s.l.) are not endemic, whereas low and hot lands as Puntarenas (100 m.a.s.l.) are endemic of the disease. This means that people born in Moravia were not as vulnerable to suffer from malaria as people born near the coastline. But, moreover, malaria ecological differences along coastline and near coastlines regions introduced differences in the stability of the Anopheles vector. Finally, the different amount of years of exposure to the campaign by different cohorts. Cohorts born closer to or during the eradication have more to gain than cohorts born several years before the eradication. A threat that could induce biased estimates is that highly educated regions made more intense efforts to eradicate malaria than less educated regions. However, according to published records, the spraying that took place during 1946 by the UFCo was only within their banana farms and, afterwards, by the government of Costa Rica, was made regardless of the possible future educational attainment of the infants or inhabitants compared to those in other regions. Since this eradication campaign was basically national, this work assumes that “during” the eradication campaign (1947-1966), regions that benefited the most from the campaign where those with the highest malaria infection rates in 1929. It does not necessarily assume that the campaign efforts were related to the cantonal malaria incidence. This is adequate for this campaign, because each of the efforts to eradicate malaria before 1956, according to official records, were made independently and spraying with DDT did not follow any rule. Figure 5 shows that this assumption 13



I would like an anonymous referee for pointing this out. “The Nobel Prize in Physiology or Medicine 1902”. Nobelprize.org. Nobel Media AB 2014. Web. 16 Jun 2016. http://www.nobelprize.org/nobel_prizes/medicine/laureates/1902/. 14
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Figure 5: Malaria incidence rates of the respective canton “during” eradication.
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Notes: Each dot in this figure associates the change between the mean 1940-1953 malaria incidence rate and the 1963 incidence rate with the malaria incidence rate in 1929 for each canton with no missing values. Since the decline is computed as the mean 1940-1953 incidence rate minus the 1963 incidence rate, hence a positive value means a decline and a negative value means an increase. β =0.17, t =3.37, R2 =0.34.



holds, by associating the change between the mean 1940-1953 malaria incidence rate and the 1963 incidence rate with the malaria incidence rate in 1929 for each canton. The linear fit has a slope of 0.17 (t = 3.37) with a goodness of fit (R2 ) of 0.34. Notice that malaria rates were significantly reduced in all regions, but regions with the biggest reductions were those with the highest precampaign malaria rate. On the other hand, this work also assumes that regions that suffered the most from the resurgence of malaria in 1967 where those with the highest malaria infection rates in 1956. Figure 6 shows that this assumption holds. It shows that regions with higher malaria infection rates in 1956 saw a bigger increase in their malaria infection rates between 1963 and 1967. The linear fit has a slope of 1.37 (t =4.77) and a goodness of fit (R2 ) of 0.52. Figure A.3 in the appendix shows results when the outliers are excluded.
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Figure 6: Malaria incidence rates of the respective canton during malaria “peak”.
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Note: Each dot in this figure associates the change between the 1963 malaria incidence rate and the 1967 incidence rate with the malaria incidence rate in 1956 for each canton with no missing values. Since the decline is computed as the 1967 incidence rate minus the 1963 incidence rate, hence a negative value means a decline and a positive value means an increase. β =1.37, t =4.77, R2 =0.52.



5 Evidence from the first eradication campaign (1947-1966). This section describes the identification strategy used to identify the effect of the first malaria eradication campaign that took place between 1947 and 1966, over the outcomes of interest. This work employs a difference-in-differences framework, which allows comparing malaria incidence rates in a point of time before the program with the long-term evolution of the outcomes of interest of cohorts born around the eradication program. The sample is restricted to both men and women born inside Costa Rica between 15 and 65 years old at the time of the census. This is a reasonable sample, because by the age of 15 most men and women in Costa Rica had finished elementary school or began to desert high school. Cohorts included for the first set of estimates are those born be-



15



tween 1936 and 196615 . The next equation is estimated using weighted OLS for males and females separately and together: Yjct = α + β ∗ (MjP re × Duringc ) + δc + δj + δt + vjct



(1)



where Yjct are the outcomes of interest, formally: years of education and log of wage in region j, cohort c, and census year t; MjP re is the cantonal (regional) pre-eradication malaria intensity rate during 1929. This captures the idea that areas with high infection rates gained more from the campaign than areas with lower malaria rates. This work uses this passive detection rate and not other active detection rates from 1938 or 1940-1947 due to availability of data: Ministry of Health (1930) is the registry that contains the most number of observations, 58 regions16 . The δc , δt and δj are respectively cohort, census and canton fixed effects; a sex-fixed effect δs is also included when the sample includes both men and women. The variable Duringc is a dummy variable that indicates membership to the eradication cohort. It is defined to take the value of one when year of birth ≥ 1947, one year after the date of commencement of sprayings by the UFCo, 0 otherwise. This is a reasonable date because, as mentioned in the last section, malaria eradication efforts made before 1946 were highly ineffective. This way of grouping cohorts in treated/non-treated is especially important for cohorts born before 1946, that were partially exposed to the campaign. Grouping cohorts this way assumes that cohorts born before 1946 did not benefit from malaria eradication and so any reduction in malaria before 1946 due to eradication efforts will be playing against finding any effect of the campaign. As a result, we can take the baseline estimates as a lower bound of the effect of the campaign. In any case, I also test the grouping of cohorts by specifying a continuous exposure similar to that in Bleakley (2010) and Lucas (2010). In other specifications we also run robustness tests by adding γXj × Duringc into equation (1), where Xj is a vector of regional characteristics, they are interacted by the during-eradication cohort dummy. Since there are only 58 regions and there could be correlation between units of measurement, following Bertrand, Duflo and Mullainathan (2004) the standard errors in equation (1) are clustered at the canton unit, but we also test by clustering at the province-cohort level. The parameter β ∗ quantifies how the change in the outcome after 1946 is related with the malaria rate intensity before the eradication. A positive parameter means that the program induced an increase in each outcome for cohorts born after 1946 and in regions where malaria was highest. Row (A) of Table 2 presents the results on the coefficient of MjP re × Duringc from estimating equation (1). There is significant and important evidence that both men and women born during the eradication campaign increased their human capital, via an increase in their years of education. The point estimates shows that a reduction of one standard deviation in the malaria rate increases the years of education for cohorts born during the eradication campaign (between 1947 and 1966) by around 1.9%, compared to those born earlier. This also shows that β2 > 0 for both men and women17 . 15



Hence, I will compare cohorts born before the eradication campaign (1936-1946) with cohorts born during the eradication campaign (1947-1966). 16 Results using the other measures can be requested from the author electronically. 17 The working paper version contains estimates for literacy rates. The results showed that benefits were greater for
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On the other hand, columns (4)-(6) show results on economic outcomes on the subsample of workers. Results show that the program did have a significant positive effect over the wage earned by men born between 1947 and 1966, but the wage of women did not increase. The point estimates of columns (4) and (5) of row (A) imply that a reduction of one standard deviation in the malaria rate increases the wage earned by men in 5.2%. Why do men had gains in wages, while women did not?



5.1 Discussion of results Even if returns to human capital are higher for women in the labor market, it is difficult to estimate the returns to schooling if much of that sample was invested at home production. Lucas (2013) shows that malaria eradication in Sri Lanka increased fertility and lowered maternal age at first birth; and the probability of survival of first-born offsprings was also increased. While this can be evidence of the negative consequences of the disease over the health of the fetus, I take it to be a direct investment of the higher productivity of the mother. Unfortunately, there is no research on the effect of malaria eradication over the number of live births a women had. Another possible channel of the effect of the productivity of the mother over the outcomes of a children, even if the number of children did not change, could be the quality of each children. Evidence on this comes from Percoco (2013). For Italy, he finds support for a longer-run impact of eradication actions that operated through an intergenerational spillover effect and accounted for almost 0.07 years of schooling. However, with the current data, it is difficult to tell if women do not increase their earnings because the campaign did not have any effect over their idiosyncratic productivity (which seems doubtful because their human capital did increase), due to some family composition effect, or something else. For this reason, Section 6 will not refer to the wage of women. Results for hours worked on the working paper version show that cohorts born during the eradication do not seem to have changed the amount of hours worked per week. The result is not driven by gender differences because the program had no significant effect over women or men, separately; nor it is due to a small sample problem. Instead, there could be two explanations for this: (i) men and women were limited either by law or by opportunities in the amount of hours they could work. And, (ii) in the absence of these restrictions, it can be due to a substitution and income effect experienced by workers. Given their higher productivity, both men and women decided to work the same amount of hours per week. In any case, since there is no statistically significant increase in the hours worked of men, the increase in their monthly wage means an increase in their wellbeing. Altogether, the results suggest that both men and women increased their human capital, but only men were able to exploit the investment at the labor market. This result is understandable if one consider that in the census of 1927, 63% of men at the Costa Rican regions were malaria was higher was employed at agricultural activities, but only 0.7% of women was, hence it was difficult men than for women. The point estimates, although insignificant for women, showed that a one standard deviation decrease in malaria increases the literacy rate in around 1.1% for men and in 0.8% for women born between 1946 and 1966. This is understandable given that almost 90% of the population in Costa Rica at that time were already literate which puts a ceiling. Hence, a marginal increase in the literacy rate has a high marginal cost and it is better to focus on years of education. This is the reason why the results were omitted from the final version.
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for women to exploit their increased productivity, consistent with Pitt, Rosenzweig and Hassan (2012). Returns to investment of education cannot fully account for the increase in the wages of men. When evaluating the results of Table 2 using the highest malaria regional rate during 1929 (which was around 685 per 10,000 persons), men increased their years of education by 0.53 and their wages by 28.3%18 , using a return to investment in education of 10.5% (Psacharopoulos and Patrinos, 2004) can only account for 19.7% of this increase in the wages of men. The implied return to education for men is 53.4%. Hence, the increase in wages was, instead, a combination of many factors. The implied return to education are biased upward by the impact of health over income, a very big challenge is to disentangle how important is education versus the health at increasing income. Section 6 bound from above and below the returns to education as to have an idea of the size of the returns to health. The next subsection analyzes how robust are these results to the inclusion of different controls and time trends, and if whether the benefits of the eradication campaign are due to changes on other variables or are solely due to an improvement in the conditions of malaria itself.



5.2 Robustness checks The first concern is that there could have been other things or programs whose intensity across regions was correlated with malaria before the eradication program began and that promoted improvements in health and education of children and adults. There are two main programs that could have induced such changes. First, the foundation of the health insurance institution “Caja Costarricense de Seguro Social” (C.C.S.S.) near 1943, which led to the creation of the invalidity, elderly, and life insurance (known as I.V.M.) during 1947. It initially included a limited set of workers, but by 1961 the universalization of Social Security by the CCSS was approved. And, second, the Guerra del 48 civil war that led the government of Costa Rica to dismantle his army. It is said, but unproven, that the additional resources were invested in the educational system. Nowadays Costa Rica has an “army of students” instead of an army of weapons. Panel B of Table 2 reports the results when δp × δc fixed effects at the (province x cohort) unit are included into equation (1). Row (B) shows that the coefficients for years of education and wages remain quite similar and gain statistical power. Row (C) examine the sensitivity of the results to the cohort grouping assumption, by defining exposurec of cohort c as the percentage of years prior to age 18 that are spent in the during-eradication period (Lucas, 2010). As expected, these estimates are higher than those obtained in the baseline results with the cohort grouping assumption due to a lower bound in the baseline results. Third, are the baseline results driven by other improvements in health conditions rather than malaria? Panel C presents evidence that suggests this was not the case for the main diseases that Costa Rica had during 1929–formally, tuberculosis and influenza which enter into equation (1) together to save space19 , as additional controls Xj in the form of the interaction between the 1929 18



Considering that the mean years of education between 1936 and 1966 was around 5, this translates into a 10.2% increase in the years of education for men and women. 19 I also tried running regressions were each disease enter separately, with similar results for the coefficient of interest.
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passive detection rate and the during-eradication cohort dummy. Typically, influenza is transmitted through the air by coughs or sneezes; it can also be transmitted by direct contact with bird droppings or nasal secretions, or through contact with contaminated surfaces. Tuberculosis is spread through the air when people who have an active TB infection cough, sneeze, or otherwise transmit respiratory fluids through the air. Both of these diseases also work as placebo. Given that DDT spraying only affected mosquitoes, if it was the spraying campaign of DDT that caused the reduction of malaria through an effect over mosquitoes and not other things, then the evolution and regional dispersion of other diseases not transmitted by mosquitoes should not be affected with the campaign. Row (C) of Table 2 shows that when influenza and tuberculosis are added as controls into equation (1), their estimated coefficients are, in most of the cases, not significant from zero, and when the effect is significant it actually goes in the opposite direction. Hookworms were an important disease at the time (see Mabaso et al. (2003, 2004) and Bleakley (2007)). The working paper version added hookworms as a regression control, but the results are not presented here for two reasons. First, because there is a big correlation (with a correlation coefficient of 0.67) between the two diseases, both are more easily transmitted at sandy soils and warm weather, such as coastlines, where malaria was the highest. And second, the hookworms eradication campaign began in 1914 and continued until 1928, so it does not coincide with the malaria eradication campaign. Moreover, from 1921 on, when the government of Costa Rica was in charge of it, there are no records in the Rockefeller Annual Reports or the Ministry of Health Annual Memories of effective efforts carried out by the government of Costa Rica to reduce hookworm infection. On the other hand, are the baseline results driven by other improvements in the banana industry, and health or educational system rather than malaria itself? Rows (D)-(J) on Table 2 include as controls a proxy of banana productivity, and several measures of the health and educational system. The results are not different from baseline when banana productivity or educational variables are included, for example school construction programs. This alleviate any concerns of additional resources due to the elimination of the army. The effect of the campaign is also not correlated to the selected sample, because baseline results change little when the sample is restricted to younger persons; baseline also varies little when migration is taken into account, or when oligarchy variables are considered (mean manzanas per finca and mean manzanas per habitant). However, when health variables are included as controls, the results are different from the baseline. The health variables include the fraction of the population that were treated as patient and the number of months that the health facility remained open. Both measures could be altered by the eradication program since its implementation was very related to the medicatura of the town. Finally, another important concern is that the parallel trends assumption does not hold because the results are due to trends in the outcomes that would have continued even in the absence of the intervention. Moreover, there can be regional convergence over time between high malaria endemic zones and low endemic zones, because in Costa Rica low malaria endemic zones are located in the heart of the economy, while high endemic zones are located in the periphery of the economy and However, they are not presented here to save space.
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are usually less developed and have higher poverty rates. To test this, the next equation is estimated by OLS: ∑ Yjct = α + βMjP re + γc (δc MjP re ) + δc + δj + δt + ujct (2) c̸=1946



In equation (2) the impact of malaria over each cohort c is now β + γc . Since the base cohort is set at 1946, the γˆc measures, for a specific cohort, deviations from the regional base relation of the ˆ I then plot the series δˆc . If the eradication had any impact outcomes and malaria reflected on β. itself I expect that the shift in the δˆc trend coincides with childhood exposure to the eradication efforts. Once again the standard errors are clustered at the canton unit. Each dot on the solid line in Figure 7 is the coefficient γˆc of the interaction between cohort dummies δc and the pre-campaign regional malaria intensity MjP re from estimating equation (2) over the entire sample for years of education, or the subsample of workers for wages. Figure 7 shows that the coefficients on years of education kept quite stable before the campaign around negative or close to zero values, but there was a clear high jump to positive values which coincides with the beginning of the eradication campaign after 1947. The coefficients on wage earned by men show a small, but not significant, increase that coincides with 1947. Altogether, these graphs show that time trends in the outcomes are not an important issue.



6 Schooling and labor market This section has two purposes. First, it tests if the regional characteristics W can explain when malaria eradication can have any effect over the schooling decision. That is, if β2 can be taken as a β2 = β2 (W ). And second, it also bound from above and below the returns to education in order to understand how big are the returns to health. In order to tackle both purposes, the next equation is estimated by weighted OLS using the same sample as in Section 5: Yjct = α + β ∗ (MjP re × Duringc ) + θ(MjP re × Duringc × Wj ) + δc + δj + δt + vjct



(3)



This equation controls for Duringc × Wj and several fixed effects as in equation (1), and MjP re is the de-meaned malaria rate during 1929. Here Wj are (i) proxies for school system conditions S, and (ii) proxies for the child labor market L. Now the marginal effect of the malaria eradication campaign over the outcome of interest also depends on the pre-campaign conditions at the school system and the child labor market (dYjct /dmal = β ∗ + θ · Wj ).20 . 20



Even if everything else were the same between regions and the only differences is given by the variables S and L, it cold be the case that these places exhibit a differential response of benefits and costs for a given amount of years of education. Such differences would have lead areas to different optimal choices of schooling (e*) even with the change in malaria. As a result, this could be or could not be explaining the results ahead. It is hard to imagine a situation in which nothing else changes and still different regions end up with different responses on e* given malaria eradication. However, if unobservable variables generate the differences and these unobservables do not change over time, then the differences are captured by the regional fixed effect. It is hard to provide evidence if they do change in response to malaria eradication. But let us assume that they change in a way correlated with the measures of S and L, then maybe it is not exactly the number of schools what is producing the result, but something correlated with that measure and that is being captured by the number of schools. As a result, keeping everything else constant, different levels of S and L should imply a different response of e* given malaria eradication, and this does not invalidate the results of the paper.
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I measure school system characteristics S in a variety of ways, as to avoid proxying for many other things these variables could be capturing about different location. As the regional number of schools in 1925 and using the regional butchering tax income during 1937. According to the law, each regional board of education in Costa Rica was entitled to 75% of the butchering tax incomes. Data from the number of schools during 1925 comes from the archives of the Ministry of Health. The data available for butchering tax incomes at the cantonal level was very limited, and was successfully retrieved only for the year of 1937, this data comes from the 1938 Statistical Yearbook of MEP, MEP (1938). On the other hand, I characterize the labor market L in several ways. As the employment rate of children at agriculture activities during 1927 and as the employment rate during 1927. Data comes from the Population Census of 1927, INEC (1927). On the other hand, information for the number of children employed and the total number of children, both between 8 and 18 years old, was retrieved at the cantonal level from the censuses of 1927. Then the fraction of children employed was calculated by dividing both numbers. There are potential confounding factors correlated with the number of schools and employment that could explain the results, and this is important to take into consideration. This is the reason why other measures for S and L were also tested.21 .For S, they include the regional number of schools in 1925 and 1937, and the regional number of schools per square kilometer in 1925 and 1937. Data from the number of schools during 1925 comes from the archives of the Ministry of Health, while data for 1937 comes from ProDUS, Delgado and Mazzei (2013). Data for the regional area in square kilometers comes from Hernández (1985). Finally, data of the number of children enrolled during 1927 comes from the Population Census of 1927, INEC (1927). They also include several indicators for enrollment at elementary and high school, indicators for literacy rates, number of students per school at several years, repetition rates, educational backwardness at primary and high school, and graduation rates at several grades. Other measures for L included the employment rate of children at agriculture activities during 1927 and 1957, I also use other activities, such as artisans, merchants and traders, administrative employees, and home tasks22 . I use the employment rate in different activities during 1927 and 1955, the employment rate of people under and over 12 years old during 1955, and the employment rate of children under 12 years old as non-paid and paid employees at agricultural activities during 1955. Data for 1927 comes from the Population Census of 1927, INEC (1927); and data for 1955 comes from the Agricultural Census of 1955, INEC (1955). On the other hand, information for the number of children employed and the total number of children, both between 8 and 18 years old, was retrieved at the cantonal level from the censuses of 1927 and 1963. I also use several indicators constructed from the 1950 and 1955 Agricultural Census, such as the cantonal average size of farms, employment rate, the percentage of farms with paid and non-paid employees, employment rates as paid and non-paid employee; other indicators constructed form the 1955 Agricultural Census, With data at hand, it is hard to identify what variable is precisely generating the heterogeneous effects, more research should be devoted to this enterprise. 21 The working paper version have results with many other variables. 22 Other activities are also available, they are professionals and technical, services, transportation, and unemployed. Results for these activities are not presented, but are available upon request to the author.
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were the percentage of production for sale, percentage of production for consumption, and average value of sales per farm. Data from the 1952 Commercial Census allowed to construct indicators for the number of establishments by population and by kind (individual, collective, etc.), employment rates as a paid and non-paid employee, employment by occupation as owner, salesman, or other, average wage according to occupation, average value of the sales and benefits. These results are not presented, but are available upon request to the author. The reason to exclude them is that their θˆ = 0 in most cases. The hypothesis to be tested is that when malaria is being eradicated, the school system conditions and the degree of development of the child labor market influence the schooling decision. So regions whose families are more interested in schooling will increase their schooling in response to malaria eradication, hence I expect θˆ to be positive. Moreover, regions with a more developed child labor market should reduce their schooling in response to malaria eradication, because the outside option of remaining at school is more expensive, hence, now I expect θˆ to be negative for years of education. Tables 4 and 5 provides evidence on this hypothesis. First, Panel A of Table 4 shows the results for the coefficient θˆ of the triple interaction between the pre-campaign malaria intensity rate, the during eradication cohort dummy, and the proxies for school system characteristics Wj = S from equation (3). The results on columns (1)-(3) of Panel A show that years of education were more likely to increase in response to malaria eradication at regions with more schools during 1925, and at regions with more tax incomes from butchering during 1937. As a result β22 > 0. On the other hand, Panel B shows results for the coefficient θˆ when Wj = L are proxies that characterize the labor market. The results on columns (1)-(3) of Panel B show that the employment rate during 1927 had a negative impact over the schooling decision of men, but it was the agricultural employment rate of children who influenced the most the schooling decision of both men and women. As a result, β22 < 0 in this case. Table 5 provides further results for employment rates at different occupational activities for children between 6 and 18 years old during 1927. Administrative employees, artisans and merchants require more cognitive abilities (more brain intensive) than agricultural activities (more brawn intensive). Results are consistent with men increasing schooling when employment rates for children were higher at more brain intensive activities, and decreasing schooling when they were higher at more brawn intensive activities. This heterogeneity can be compared to the baseline results by evaluating the heterogeneity variable at the 25th and 75th percentiles of the distribution23 . For example, when the heterogeneity variable is the number of schools in 1925, row (A) of Panel A, the impact of malaria eradication over the years of education of men can be bounded between 6.0 and 18.9, this can be compared to the mean baseline coefficient of 7.7 that do not capture this heterogeneity. On the other hand, when the outcome of interest are wages24 , the interaction coefficient θˆ depend on the heterogeneity variable. First, results at columns (4)-(6) in Panel A of Table 4 show no interaction in wages, when the heterogeneity variable is the schooling system characteristics. Sec23



Thanks to an anonymous referee for pointing this out. Remember that wages of women did not change in response to the campaign, perhaps because they invested their increased productivity at unobservable activities as explained in Section 5. 24
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ond, when the interaction variable is the child labor market, panel B of Table 4 show results for a brawn-intensive labor activity, agriculture, in this case the income of men not responded to the degree of development of the child labor market. On the other hand, results on Table 5 show results for the brain intensive activities in rows (B)-(D), in this case the income of men not increased in response to the eradication at regions with higher employment rates at these activities. Summarizing, there is evidence supporting the hypothesis that worst conditions at the school system and more agricultural child labor displaces schooling. And there is no compelling evidence of heterogeneous effects over wages.25 .The next Section studies the impact of malaria resurgence.



7 Evidence from the funding slowdown and malaria resurgence (19641970). The results described at Section 5 show that the first eradication campaign successfully increased the years of education of both men and women, and that men born during the campaign went on to earn a higher wage. Section 6 argues that most of the increase in income can be explained by health improvements. However, what happens when there is a funding slowdown in the eradication campaign and, hence, a resurgence of malaria? Next is a description of the identification strategy and the results found for the effect of the funding slowdown and malaria resurgence that took place between 1964 and 1970, over the outcomes of interest. A similar strategy is used for estimating the impact of malaria resurgence; with the difference that now the exogenous timing of the funds depletion is exploited. A diff-in-diffs is employed by estimating the next equation using OLS for males and females separately born between 1956 and 197026 , between 15 and 65 years old: Yjct = α + β ∗ (Mj1956 × P eakc ) + δc + δj + δt + vjct 25



(4)



As pointed out by an anonymous referee, these results could be explained by other things. First, if other things do not remain constant, places with more schools may also have different economic structures, mixes of sectors, urbanization rates, etc. In general, the variables that describe the schooling system quality (S) and the child labor market (L) could be capturing these other confounding factors about the different locations. This is the reason why I tried different ways of measuring the both characteristics; the results constantly tell that the schooling system and the child labor market are important. Second, even if everything else were the same, it would still be the case that these places might exhibit a differential response of benefits and costs for a given amount of years of education. Such differences could have lead areas to different optimal choices of schooling (e*) even with the change in malaria. As a result, this could be or could not be explaining the results ahead. It is hard to imagine a situation in which nothing else changes and still different regions end up with different responses on e* given malaria eradication. However, if unobservable variables generate the differences and these unobservables do not change over time, then the differences are captured by the regional fixed effect. It is hard to provide evidence if they do change in response to malaria eradication. But let us assume that they change in a way correlated with the measures of S and L, then maybe it is not exactly the number of schools what is producing the result, but something correlated with that measure and that is being captured by the number of schools. As a result, keeping everything else constant, different levels of S and L should imply a different response of e* given malaria eradication, and this does not invalidate the results of the paper. With data at hand, it is hard to identify what variable is precisely generating the heterogeneous effects, more research should be devoted to this enterprise. 26 Hence, I will compare cohorts born during the eradication campaign (1956-1963) with cohorts born during the resurgence of malaria (1964-1970).
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Each variable is measured as before, but now Mj1956 refers to the pre-peak malaria intensity in 1956. P eakc is a dummy variable that indicates membership to the “peak” cohort; it is defined to take the value of one when year of birth ≥ 1963, the year after the resurgence of malaria, 0 otherwise. I also add sex fixed effects when using the full sample. This paper uses the malaria rate in 1956 instead of the rate in 1963 because the former is a better predictor of the malaria rate in 1967 than the latter27 and, as Figure 2 shows, the provincial spread of malaria in 1967 was more similar to 1956 than to 1963. Defining the peak cohort is quite complicated because cohorts born before 1964 were also injured by malaria resurgence. In any case, the dummy P eakc is defined as to take the value of one when year of birth ≥ 1963, the year after the funds depleted, and 0 otherwise. So this regression compare cohorts born during the eradication to cohorts born during the peak episode. Cohorts born during the eradication were also affected by the resurgence of malaria, but not as much as cohorts born during the peak episode, which is the comparison of interest. As before, in other specifications we add into equation (3) a vector Xj of regional characteristics that is interacted by the P eakc cohort dummy. We also add δp × δc fixed effect to capture variation at the province x time level. A negative β ∗ means that the peak brought a reduction in each outcome for cohorts born after 1963 and in regions where malaria was highest. Table 3 presents the results on the coefficient of Mj1956 × P eakc from estimating equation (4). The point estimates show that the resurgence of malaria reduced the human capital stock of both men and women. Unfortunately, the small sample size might be influencing the significance of the results. The point estimates suggest that an increase of one standard deviation in the malaria rate of 1956 reduced the years of education of women born during the peak episode by 0.20%, and of men by more, 0.68%28 . Since the highest cantonal malaria rate during 1956 was around 125 cases per 10,000 persons, this means that men lost 0.1 years of education and women lost 0.03 years of education due to the resurgence of malaria. Column (5) shows evidence that men reduced the amount of time spent at work, in about 0.36% in response to a one standard deviation increase in the malaria rate. Column (4) provide similar evidence for women, but insignificant, who reduced by 0.21% the time spent at work. This seems to suggest that reinfected men had to cut the time they spent working, perhaps due to health problems. Evaluated at the highest cantonal malaria rate during 1956, point estimates for hours worked show that women reduced the time spent at work by 0.41% and men by 0.71%.



7.1 Comparing results with first campaign This subsection evaluates the baseline results in Tables 2 and 3 using the highest regional malaria rate during 1929 (684.7 cases per 10,000 habitants), in order to compare the magnitudes across the resurgence and eradication estimates and obtain an implied change in years of education. The results are reproduced in Table 6 and described below. The results for the eradication campaign were already commented in Section 7.1. The first result 27



A linear regression between the change in malaria rate between 1967 and 1963 and the malaria rate in 1956 has a coefficient of 1.37 (t =4.77), while a regression with the rate in 1963 has a coefficient of 2.07 (t =3.76). 28 The working paper version shows that it also reduced the literacy rate of women and men 0.23% and 0.11% respectively.
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Table 6: Implied changes in years of education due to malaria eradication or resurgence. OUTCOME: SEX: First Eradication Campaign During Peak Episode



Years of Education Women Men All (1) (2) (3) 0.49 0.53 0.51 -0.17 -0.57 -0.37



Notes: This table shows the implied changes in years of education when the baseline coefficients of malaria eradication or resurgence are evaluated using the highest regional malaria rate during 1929 (684.7 cases per 10,000 habitants).



for the peak episode is that women reduced their years of education by 0.17 and men by 0.57. Hence, men are more affected than women when there is a resurgence of malaria, but gain almost the same with its eradication. Second, the losses of men from a temporary malaria resurgence (0.57 years of education) outset the gains accrued from the first campaign (0.53 years of education). More interestingly, when the lost years of education are evaluated using the 10.5 measure of returns to education, the results imply that men lost at least 6% of their wage. But this could be further exacerbated by the disrepair in health. However, without further data, there is no way to tackle this result.



7.2 Robustness checks Panel B of Table 3 reports results when fixed effects at the (province x cohort) unit are added to equation (4). The coefficients for hours worked of men remain very stable, and years of education gain precision but become more negative. The coefficient for hours worked by women is not very stable, but this could be due to a small sample size problem. Figure 8 plots the coefficients γˆc from estimating an equation similar to equation (2) of the interaction between cohort dummies δc and, instead, the pre-peak regional malaria intensity MjP eak . Since the base cohort is now set at 1963, the γˆc measures, for a specific cohort, deviations from the ˆ regional base relation of the outcomes and malaria reflected on β. This figure shows that before 1963 the relationship between the years of education of men remained stable around zero, but after the resurgence there was a clear break in the pattern to negative values. The coefficients for women show a different story: they were stable around zero until 1961, when they jump to positive values; however there is a downward trend that began in 1962. As to hours worked, there is a small change in the trend from positive values before 1963 to negative ones after this year. Hence, Figure 8 should be taken with caution because cohorts born before 1964 were also injured by the resurgence of malaria. Altogether, these graphs show some evidence that the change in the regional relation between the outcomes and malaria coincided with the resurgence of malaria after 1963. Row (C) adds to equation (4) information on the influenza and tuberculosis diseases infection rates during 1929 interacted with the peak cohort dummy. When influenza and tuberculosis, are added as controls, the coefficients gain significance and increase in negative terms. Rows (D)-(J), on the other hand, adds as controls to equation (4) the variables listed in each row. The coefficients in 25



these rows at least do not change the sign of the baseline results. Similar to Table 2, row (E) shows some degree of correlation of the effect of the peak episode on other health variables; and there is also small correlation with banana productivity. Taking into account these two characteristics helps to increase the significance of the coefficient of interest, this means that some variation that was not captured before now is being taken into account. Education variables are not very correlated with the peak consequences, which is interesting because the school construction program (if there was any at all) was already under process after the Guerra del 48.



8 Conclusions This work quantified the causal effects that early-life exposure to malaria at the “during” and “peak” episodes had on subsequent economic outcomes as adults–years of education, hours worked per week and monthly wage. The results show that cohorts born during the first eradication campaign had significant positive gains in years of education due to the campaign. However, these cohorts do not seem to have changed the amount of hours worked per week, and there is evidence of an increase only in the weekly wage earned by men, possibly explained by low participation of women at the labor market. Returns to education, defined as the change in wages divided by the change in years of education, are over 50%, however they are biased upwards. Second, this work also quantified the importance of the school conditions and child labor market on the marginal benefits of reducing malaria. Results showed that worse conditions at the school system and more agricultural child labor, especially non-paid agricultural child labor, displaces schooling, possibly due to a substitution of schooling investment by labor returns. Schooling increased more in response to malaria eradication at regions with better school system conditions and with less child labor. The interactions also help to bound the returns to education near zero, when taking into consideration the increase in years of education due to better health. So returns to health account for almost all the increase in wages of men. The peak episode further shows the importance of health in the results. Point estimates show evidence that the resurgence of malaria forced men to reduce the number of hours worked, and it also reduced the human capital stock of men and women. Comparing the coefficients show that men loose more than women with a resurgence of malaria, but gain almost the same with its eradication. The comparison also suggests that these human capital gains were almost completely eliminated when funds shortage led to a resurgence of malaria emphasizing the fragility of the benefits estimated. Analyzing the interaction between health and schooling decision inside the households seems a promising field for future research, especially for countries with high employment rates of children at agricultural activities, as was Costa Rica. More research is also needed in order to understand the decision of women when they become more productive. This paper suggests that malaria programs will lead to a greater increase in education when they are combined with policies that aim at reducing child labor. It would be interesting to see if similar conclusions could be drown from other health programs in different contexts. Furthermore, the results emphasize the fragility of health prevention campaigns. This is relevant in a world where
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many diseases that were thought to be extinct are reappearing.
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Figure 7: Coefficients of the interactions of cohort dummies and malaria rate in the canton of birth in equation (2) using pre-eradication campaign malaria infection rate in 1929.
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Notes: Each dot on the solid line of these graphs shows coefficients γˆc of the interaction between cohort dummies δc and the pre-campaign regional malaria intensity MjP re from estimating equation (2) over the
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entire sample for years of education and literacy rate, and over the subsample of workers for hours worked and wages. All regressions include cohort, cantonal and census year fixed effects, with standard errors clustered at the canton level. The dotted lines on each graph are the 95% confidence interval, with standard errors clustered at the canton level. The horizontal axis measures the year of birth of each cohort and the vertical axis measures the coefficients.
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Figure 8: Coefficients of the interactions of cohort dummies and malaria rate in the canton of birth in a modified equation (2) using malaria rate in 1956.
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the pre-campaign regional malaria intensity Mj1956 from estimating equation (2) over the entire sample for years of education and literacy rate, and over the subsample of workers for hours worked and wages. All regressions include cohort, cantonal and census year fixed effects, with standard errors clustered at the canton level. The dotted lines on each graph are the 95% confidence interval, with standard errors clustered at the canton level. The horizontal axis measures the year of birth of each cohort and the vertical axis measures the coefficients.
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Table 1: Descriptive statistics.



Whole By Malaria Infection during 1929 Sample High Malaria Low Malaria Mean >Mean 


Source CCP CCP CCP CCP CCP CCP Health Ministry Archives Health Ministry Archives Health Ministry Archives Health Ministry Archives Health Ministry Archives Health Ministry Archives GAEZ-FAO Health Ministry Archives ProDUS Health Ministry Archives CCP CCP and ProDUS CCP and Health Ministry Archives



Notes: Standard deviations displayed in parentheses below mean. All variables means are calculated using men and women born in Costa Rica between 15 and 65 years old. See the data section for more information on sources and variable construction.
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Table 2: Effect of the first malaria campaign on human capital and economic attainment, by sex.



DEPENDENT VARIABLE: SEX: PANEL A: Baseline (A) During eradication x 1929 malaria rate



YEARS OF EDUCATION Women Men All (1) (2) (3)



LN(WAGE) Men All (5) (6)



Women (4)



7.1780 7.6955 7.4389 [3.3475] ** [3.2105] ** [3.1740] ** (1.4713) *** (1.5843) *** (1.1293) ***



2.5487 4.1393 3.3446 [3.3452] [1.1101] *** [1.7635] * (1.8559) (1.5812) *** (1.1644) ***



PANEL B: within province-cohort fixed effects, and cohort grouping (B) (province x cohort) fixed 9.1597 *** 10.0910 *** 9.6166 *** 2.3843 3.2592 ** 2.7431 effects [2.7993] [3.1298] [2.8183] [2.7662] [1.5886] [1.7037] (C) Exposure to eradication x 13.885 * 19.112 ** 16.502 1929 malaria rate [7.3267] [7.3300] [6.8258] Observations 7,585 7,596 15,181



**



-3.8714 8.7194 ** 2.9321 [5.4749] [3.7448] [3.8568] 2,126 2,416 4,542



PANEL C: During eradication dummy x other diseases and controls (D) Influenza 12.2240 *** 10.7710 ** 11.4910 *** -0.6470 5.5282 *** 2.5907 * and tuberculosis, 1929 [3.4248] [4.0864] [3.6557] [2.5310] [1.2386] [1.4299] (E) Banana productivity (GAEZ-FAO)



6.9445 ** 6.6907 ** 6.8203 [3.0206] [2.7965] [2.8014]



(F) Health



1.2143 [4.3524]



(G) Education



6.5373 * 7.4744 ** 7.0159 [3.4371] [3.3657] [3.2995]



**



1.1856 3.7985 *** 2.5573 [3.0868] [1.3787] [1.7092]



(H) Younger sample (15-45 years old)



5.5586 * 6.7596 ** 6.1708 [2.9394] [2.9761] [2.7585]



**



2.5487 4.1393 *** 3.3446 [3.3452] [1.1101] [1.7635]



(I) Fraction of movers to total population



7.1398 ** 8.3967 ** 7.7757 [3.3549] [3.4123] [3.2981]



**



1.8623 4.0818 *** 2.9654 [3.1530] [1.2084] [1.6303]



(J) Mean manzanas per finca



7.9039 ** 7.6435 ** 7.7806 [3.6162] [3.3447] [3.3675]



**



4.0486 3.1334 *** 3.4410 [3.6883] [1.0390] [1.9034]



(K) Mean manzanas per habitants



7.6982 ** 7.3807 ** 7.5465 [3.5392] [3.2765] [3.3035]



**



4.0473 3.3447 *** 3.5538 [3.6426] [1.0566] [1.8886]



1.4850 [3.8520]



**



1.3665 [3.8942]



2.2957 4.0754 *** 3.1860 [3.4794] [1.1427] [1.8537] -0.4849 4.9265 ** 2.3513 [5.0521] [1.8457] [2.4308]



Notes: Each cell in this table shows estimates on the coefficient of the interaction between the during eradication cohort dummy Duringc and the pre-eradication malaria rate at the canton of birth MjP re . The dependent variables are denoted in the column headings. Panel A shows baseline results from equation (1). Panel B additionally adds interacted province of birth - year of birth fixed effects. Panel C adds additional controls in the form Duringc × Xj , except from row (D) where banana productivity is interacted with a time trend. Row
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(C) includes the interaction between the 1929 influenza and tuberculosis passive detection rate. Health controls include the 1929 rate of treated patients and the number of months health centers remained open during 1929. Education controls include the regional number of schools during 1925 and the regional mean number of schools that were open six years before 1927. Fraction of movers to total population includes the fraction of population that is immigrant and the fraction of population that is emigrant during 1950. The last two rows are self-explanatory. For more information on data sources and construction see Section 3. Columns (1)-(3) uses information from censuses 1963-2011, and columns (4)-(6) from 1963-1973. All specifications include canton of birth dummies, year of birth dummies, and census year dummies. Clustered standard errors at the canton level in square brackets, clustered standard errors at the province-cohort level in parenthesis. *** denotes statistical significance at 1 percent level, ** significance at 5 percent level, * significance at 10 percent level
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Table 3: Effect of a malaria resurgence on human capital and labor outcomes, by sex.



DEPENDENT VARIABLE: SEX:



PANEL A: Baseline results (A) During peak cohort x 1956 malaria infection rate



YEARS OF EDUCATION Women Men All (1) (2) (3)



LN(HOURS WORKED) Women Men All (4) (5) (6)



-2.4242 [9.8144] (6.4811)



0.3251 -0.5686 -0.1594 [0.4751] [0.2777] ** [0.2666] (0.6031) (0.3889) (0.3491)



-8.3022 [7.4265] (6.8655)



-5.3632 [8.1335] (6.1333)



PANEL B: within province-cohort fixed effects (B) (province x cohort) fixed -13.3650 * -16.6380 ** -15.0020 ** 0.5542 -0.5677 *** -0.0020 effects [7.6648] [6.9407] [6.5873] [0.3561] [0.1925] [0.2126] Observations 1,627 1,627 3,254 736 740 1,476 PANEL C: Peak episode dummy x other diseases and controls (C ) Influenza and -11.4960 *** -12.8950 *** -12.1960 *** 0.3002 -0.5372 *** -0.1545 tuberculosis, 1929 [2.4119] [3.0813] [2.4802] [0.2674] [0.1595] [0.1567] (D) Banana productivity (GAEZ-FAO)



-8.6314 [7.7607]



-14.2170 * -11.4240 [7.3692] [6.8941]



0.3227 -0.5908 * -0.1311 [0.3680] [0.3096] [0.2224]



(E) Health



-9.4191 [7.3878]



-18.2090 ** -13.8140 ** 0.0332 -0.5492 [7.1727] [6.0691] [0.6241] [0.3442]



(F) Education



-0.4288 [13.016]



-5.2678 [10.176]



-2.8483 [11.431]



-0.2314 -0.6843 * -0.5051 [0.6105] [0.3742] [0.3167]



(G) Younger sample (between 15 and 45 years old)



-2.6380 [11.999]



-14.1560 [8.8258]



-8.3972 [9.7891]



-0.1514 -0.6059 * -0.4212 [0.6442] [0.3293] [0.3210]



(H) Fraction of movers to total population



-5.1818 [10.646]



-9.7512 [7.6175]



-7.4665 [8.7381]



-0.1414 -0.8238 ** -0.4995 [0.6936] [0.3999] [0.4230]



(I) Mean manzanas per finca



-3.8030 [10.838]



-12.0170 [8.4604]



-7.9102 [8.9666]



-0.1965 -0.5883 * -0.4356 [0.6158] [0.3305] [0.3118]



(J) Mean manzanas per habitants -3.7125 [10.877]



-11.9260 [8.5516]



-7.8190 [9.0278]



-0.2234 -0.5772 * -0.4443 [0.6149] [0.3344] [0.3105]



-0.3078 [0.3158]



Notes: Each cell in this table shows estimates on the coefficient of the interaction between the peak cohort dummy P eakc and the pre-peak malaria rate at the canton of birth Mj1956 . The dependent variables are the variables denoted in the column headings, and the independent variables are the variables denoted in each row. Panel A show baseline results from equation (4). The rest of the included controls are the same as those in Table 2, see the Notes. All specifications include canton of birth dummies, year of birth dummies, and census year dummies. Clustered standard errors at the canton level in square brackets; clustered standard errors at the province-cohort level in parenthesis. *** denotes statistical significance at 1 percent level, ** significance at 5 percent level, * significance at 10 percent level. Panel A shows baseline results, Panel B additionally adds interactions between province of birth dummies and year of birth dummies.



40



Columns (1)-(3) uses information from censuses 1963-2011, and columns (4)-(6) uses information from 1973-1984.
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Table 4: Results on the dependence of the marginal benefit of the first eradication campaign and the cantonal concern with educational attainment and the cantonal development of the child labor market, by sex.



DEPENDENT VARIABLE: SEX:



YEARS OF EDUCATION Women Men All (1) (2) (3)



Women (4)



LN(WAGE) Men (5)



-1.75 [4.9246] 0.55 [0.5232] 0.5 4.3 2,064



1.43 [2.2567] 0.44 [0.4898] 3.2 6.2 2,348



-0.08 [2.7178] 0.49 [0.4074] 1.9 5.3 4,412



-3.60 -1.72 -2.64 [6.6101] [5.3373] [5.8190] 0.0030 ** 0.0026 * 0.0028 ** [0.0014] [0.0015] [0.0014] 1.2 2.6 1.9 13.0 12.9 13.0 7,585 7,596 15,181



-1.03 [5.0968] 0.0010 [0.0010] 0.5 4.3 2,126



2.37 [1.9260] 0.0002 [0.0007] 2.7 3.6 2,416



0.70 [2.4011] 0.0006 [0.0006] 1.6 3.9 4,542



14.38 [10.822] -16.62 [22.947] 8.0 6.7 7,585



-24.70 ** 4.84 [9.9874] [3.6453] 61.74 ** -1.67 [23.667] [6.4706] -1.1 4.2 3.9 4.1 2,126 2,416



PANEL A: Educational system (Wj,τ = S) During eradication cohort x 1929 malaria rate -3.25 -1.36 -2.30 [5.4980] [4.9577] [4.9977] (A) 1929 malaria rate x 2.04 ** 1.84 ** 1.94 ** number of schools 1925 [0.8374] [0.7220] [0.7423] 25th percentile in heterogeneity 4.9 6.0 5.5 75th percentile in heterogeneity 19.2 18.9 19.1 Observations 7,379 7,389 14,768 During eradication cohort x 1929 malaria rate (B) 1929 malaria rate x Butchering tax income 1937 25th percentile in heterogeneity 75th percentile in heterogeneity Observations PANEL B: Child labor market (Wj,τ = L) During eradication cohort x 1929 malaria rate (C) 1929 malaria rate x Employment rate, 1927 25th percentile in heterogeneity 75th percentile in heterogeneity Observations During eradication cohort x 1929 malaria rate



61.946 * [36.087] (D) 1929 malaria rate x Agricultural -923.87 *** employment rate of children, 1927 (*) [295.16] 25th percentile in heterogeneity 12.5 75th percentile in heterogeneity 5.8 Observations 7,585



27.81 ** 21.11 * [11.885] [11.008] -46.22 * -31.45 [24.982] [23.057] 10.1 9.1 6.4 6.6 7,596 15,181



All (6)



-8.66 * [4.8015] 27.08 ** [10.699] 1.7 3.9 4,542



18.93 40.502 75.84 ** 52.98 ** 59.79 ** [46.301] [40.246] [33.889] [24.781] [24.968] -797.93 ** -860.03 *** -63.17 -397.37 ** -218.73 [317.18] [295.79] [216.98] [169.80] [164.93] -2.2 5.2 23.1 25.6 23.3 1.1 3.5 16.0 1.4 7.9 7,596 15,181 2,126 2,416 4,542



Notes: (*) Includes as controls the employment rate at household, without employment, and other employed in other activities. ˆ from equation (3). Panel A show results when Wj = S. Panel B show results This table shows estimates of the coefficients βˆ∗ and θ, when Wj = L. The dependent variables are the variables denoted in the column headings, and the independent variables are the variables
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denoted in each row plus those from equation (3). The results in the rows named “25th percentile in heterogeneity” and “75th percentile in heterogeneity” tells how the outcome in the corresponding column heading changes in response to malaria when the heterogeneity variable Wj is evaluated at the 25th or 75th percentiles, respectively. All specifications include as controls canton of birth, year of birth, and census year fixed effects, columns (3) and (6) also use sex fixed effect. Here MjP re is de-mean. Clustered standard errors at the canton level in square brackets. *** denotes statistical significance at 1% level, ** significance at 5% level, * significance at 10% level. Columns (1)-(3) uses information from censuses 1963-2011, and columns (4)-(6) from 1963-1973.
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Table 5: Results on the dependence of the marginal benefit of the first eradication campaign and the cantonal labor market, employment rates at different occupational activities of children between 6 and 18 years old during 1927, by sex.



DEPENDENT VARIABLE: YEARS OF EDUCATION LN(WAGE) SEX: Women Men All Women Men All (1) (2) (3) (4) (5) (6) Employment rate as (A) Agriculture -505.1 ** -622.6 *** -563.1 *** 310.1 * -237.0 ** 21.2 [209.15] [201.95] [198.70] [172.95] [110.57] [118.49] Observations 7,585 7,596 15,181 2,126 2,416 4,542 (B) Administrative Employees Observations



12,008.0 ** 17,545.0 *** 14,781.0 *** 2,617.0 [4,601.0] [4,775.0] [4,368.1] [3,063.6] 7,585 7,596 15,181 2,126



1,613.8 [2,291.9] 2,416



1,942.9 [2,202.4] 4,542



(C) Artisans



744.5 [643.14] 7,585



463.1 [285.49] 2,416



123.9 [526.61] 4,542



Observations (D) Merchants Observations



964.4 ** 855.4 [453.46] [519.48] 7,596 15,181



-226.4 [984.46] 2,126



4,811.3 ** 7,191.6 *** 6,006.4 *** 2,784.2 ** 780.5 [1,879.3] [1,867.6] [1,795.5] [1,220.8] [677.94] 7,585 7,596 15,181 2,126 2,416



1,784.8 ** [725.79] 4,542



Notes: Unlike rows (B) and (C) of Table 9, this table does not control for other activities. This table shows estimates of the interaction ˆ from equation (3) when Wj = L. For other notes see Table 8. Clustered standard errors at the canton level in square brackets. coefficient θ, *** denotes statistical significance at 1 percent level, ** significance at 5 percent level, * significance at 10 percent level. Panel A shows results for the concern with educational attainment, and Panel B shows results for the development of the child labor market. Columns (1)-(3) uses information from censuses 1963-2011, and columns (4)-(6) from 1963-1973.
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Appendix Figure A.1: Evolution of the malaria rate per 10,000 habitants in Costa Rica between 1956 and 2000. 1,000
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Source: author’s calculations based on WHO.
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Figure A.2: Figure 5a excluding outliers.
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Notes: see Figure 5a. β =0.02, t =0.47, R2 =0.02
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Figure A.3: Figure 5b excluding outliers
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Notes: see Figure 5b. β =0.98, t =2.22, R2 = 0.22
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