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Different studies suggest that deforestation affects the transmission of infectious diseases.  In 

this work in particular, we are interested in the relation between deforestation and malaria, a 

vector-borne disease that, despite eradication efforts, persists in the Amazon Region. Research 

in various fields document positive correlations between the increase of deforestation and 

malaria incidence, but we are able to go one-step further and provide causal evidence of this 

link. We do this by exploring quasi-experimental variation generated by interventions in the 

Brazilian Amazon Forest (in particular, relating to mahogany market and the adoption of a non-

deforestation policy that broadened the scope of federal monitoring). Our difference-in-

difference estimation suggests a differential reduction of over 50% in malaria cases in 

mahogany-municipalities in Pará following the implementation of stronger enforcement of 

deforestation policies in 2009, representing an economy of over 28 million dollars in treatment 

expenses. The results are robust to the inclusion of a placebo intervention variable, limitation 

of the sample to the 2006-2013 period, and use of Driscoll-Kraay standard errors. We also ran 

a placebo test with a different health outcome (mortality rate by neoplasms) and did not find 

any significant results, as expected. 

  

An important element that is mostly absent in the creation of public policies is the 

knowledge of deforestation’s impact on human health. Most of the studies about this 

phenomenon have a global perspective, focusing on the impact through C02 emission and 

changes in climatic patterns. However, important local effects, such as health costs, go 

unnoticed in this process. Human-induced land use changes, including deforestation, generates 

considerable declines in biodiversity through loss of habitat (HAYLEY, 2015) and current 

unprecedented declines in biodiversity are leading to the reduction of the ability of ecological 

communities to provide many fundamental ecosystem services. Some researches bring 

evidence that, in particular, deforestation has led to an increase in transmission of infectious 

diseases of humans (KEESING et al, 2010 and NORRIS, 2004). In this paper, we are interested 
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in the relationship between deforestation and malaria, a vector-borne disease that persists in the 

Amazon Region.  

Malaria is transmitted by mosquitoes whose natural places of reproduction can be affected 

by deforestation due to changes in the population of predators as well as the creation of ideal 

breeding conditions for some species alongside the outer rims of forests. Occupation of recently 

deforested areas can therefore lead to higher incidence of malaria among the human population. 

The main theory is that deforested lands have been found to have higher temperatures, more 

sunlight, and more standing water, which favour some types of malaria-transmitting 

mosquitoes. 

Despite being a treatable disease, malaria continues to have a significant impact on human 

health around the world, and is recognized worldwide as a priority global health issue with 

important consequences to human capital formation, economic development and income 

inequality2. The costs associated with this disease are not limited to hospital expenses and 

prevention campaigns, as the symptoms seem to affect adult work productivity (CUTLER et al, 

2010) and compromise children's physical and cognitive development (LUCAS, 2010). In 

addition, malaria is found to have consequences for infant mortality probability when women 

are affected during their pregnancy3, as the disease increases the likelihood of maternal anaemia 

and of poor birth outcomes. Consequences of the disease also fall on tourist activity and foreign 

direct investment (GALLUP and SACHS, 2001). According to Gallup and Sachs, a 10% 

reduction in malaria incidence is associated with 0.3% more growth in a country. 

Some papers in the medical field, such as Vittor et al (2006) and Walsh, Molyneux and 

Birley (1993), bring evidence of a relevant relationship between malaria and deforestation. The 

findings of Vittor et al suggest that the vector mosquito has greater human-related activity in 

areas where deforestation is associated with road development. In addition, Walsh, Molyneux 

and Birley argue that deforestation and related activities produce new habitats for the vector 

mosquito, which acts as the main element responsible for malaria epidemics in South America. 

With that in mind, it is clear that deforestation is associated with important costs to human 

health, affecting the dynamics of transmission of malaria. 

Studies with an economic approach also argument about the existence a strong positive 

correlation between paludism cases and deforestation. Sccaro et al (2015) perform a panel 
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analysis of municipalities from Amazon to assess this impact, estimating Poisson regressions 

separately for different diseases and including variables of controls for fixed effects of 

municipality, socioeconomic features and provision of public health services. Among the 

diseases that showed significant results, they find that deforestation has a significant effect on 

malaria: annual increases in the municipal deforested area lead to significant increases on 

malaria incidence. Hahn et al (2015) use a binomial counting model to attest the influence of 

selective logging, forest fires, and road construction on malaria risk, highlighting the need for 

regulation and monitoring in the Brazilian Amazon. Almeida and Santos (2018) analyse the 

relationship between the incidence of Malaria diseases versus deforestation and other 

socioeconomic indicators in the municipalities of legal Amazon using the framework of 

regional and urban econometrics to control for spillover effects between municipalities. They 

find that deforestation contributes positively to the incidence of malaria, having direct and 

spillovers effects on malaria cases. Additionally, the authors find a quadratic relationship 

between deforestation and malaria, where deforestation areas increase the cases of the disease. 

On the other hand, they bring evidence that if deforestation is intensive, this relationship 

continues to be positive, but at decreasing rates. Finally, it is relevant to mention the study of 

Tavares et al (2012), in which, through malaria cases registered in four municipalities of Pará, 

secondary data is used to conduct a retrospective study. The authors apply the Quantis technique 

to establish five categories of malaria incidence for each municipality and find that from 1988 

to 1994, malaria incidence curves follow deforestation numbers. From 1995, however, they find 

consecutive years with high rates of disease occurrence following periods of high deforestation 

rates (as in 1995, 2000 and 2004). Thus, the authors note that after intense deforestation malaria 

cases ranged from high to very high in their incidence pattern, indicating that deforestation may 

be a factor leading to an increase in frequency and in the number of infected persons in the 

state. 

Few papers bring evidence to the contrary, that deforestation would have the opposite 

impact by decreasing malaria incidence. The recent working paper of Sebastian Bauhoff and 

Jonah Busch (2018) suggests that in the case of Africa the dynamics relating to malaria 

incidence is different. They speculate that this is because deforestation in Africa is largely 

driven by the slow expansion of subsistence or smallholder agriculture for domestic use by 

long-time residents in stable socio-economic settings rather than by rapid clearing for market-

driven agricultural exports by new frontier migrants as in Latin America, which would explain 

the controversy in the data. De Castro et al (2006) and Moutinho et al (2011) are also worth 
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mentioning. By studying settlements in the Brazilian Amazon, they conclude that indeed the 

early stages of frontier settlement appear to be dominated by environmental risks, which they 

consider consequential to ecosystem transformations that promote habitats for Anopheles 

darlingi. However, with the advance of forest clearance and the establishment of agriculture, 

ranching, and urban development, however, they argue that malaria transmission is 

substantially reduced within the settlement, with risks of new infection being largely driven by 

human behavioural factors. This would suggest that although deforestation might interfere with 

malaria transmission, it is inconclusive the effect on the long run (after the advance of 

urbanization).  

In summary, there appears to be a consensus about a correlation between malaria and 

deforestation in the Latin America and consequentially the Brazilian Amazon, particularly in 

the initial stages after deforestation has begun. However, to our knowledge, no econometric 

papers published so far had the opportunity to identify a causality relation between such 

variables. 

 In our study, we explore a quasi-experimental variation in the Brazilian Amazon that seems 

to have led to differential increases in deforestation to investigate the causal relationship 

between deforestation and malaria. Although suggested in the economic literature, to our 

knowledge this will be the first attempt to systematically test this identification, which is 

possible given the unique data available for this analysis. We hope our results can shed light 

into the unintended consequences of forest protection and colonization policies.  

The remainder of this paper is structured as follows. Section I provides a background 

description of the key elements in the theory behind the model used, and discusses the trajectory 

of deforestation in Brazil. Section II presents the data used in this paper, and some descriptive 

analysis. Section III explains our empirical strategy. Section  IV brings the results of our model. 

Finally, Section V concludes the paper. 

I. BACKGROUND 

It is important to keep in mind that, as explained in the previous section, malaria seems to 

be a consequence of complex relations between the environment, agriculture, demography and 

economics. 

In Brazil, malaria began to become notorious after the mass migration to the Amazon region 

during World War II, with the race for the extraction of rubber. According to Singer and Castro 

(2006), about 27,000 rubber extractors died due to the disease in this period. Afterwards, the 
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1960s and 1970s were marked by the construction of highways to integrate Amazonia with the 

rest of the country, and the 1980s brought a new phase of colonization programs, both 

coinciding with a significant increase in rates of malaria in these municipalities, according to 

the authors.  

Many intellectuals, such as Fearnside (1987), argue that international economic 

development projects were responsible for accelerating deforestation in the Brazilian Amazon. 

In particular, Fearnside stresses that in times of these projects, earlier commitments to the 

preservation of natural habitats are often reneged. Thus, it is not surprising that colonization 

programs were also accompanied by a significant increase in deforestation rates. 

Some studies suggest that among the main determinants of deforestation in tropical forests 

is the extraction of high value wood. There is a recurring theory that this activity has a leading 

role in opening the forest to the large-scale deforestation that follows (VERÍSSIMO et al, 1995; 

BARBER et al, 2014). A predominant wood in this literature for the Brazilian case is 

Mahogany, a species native to the Americas whose prices reach high values in the international 

market (CHIMELI and SOARES, 2017, CHIMELI and BOYD, 2010). The argumentation is 

that mahogany, being a highly profitable wood, leads to the opening of roads and paths in 

specific areas of its occurrence with the purpose of extraction and commercialization of this 

wood. This, on its turn, consequentially generates access to other simpler tropical species and, 

finally, culminates in the creation of pasture and agricultural areas. The key element in 

understanding this process is the incentive that mahogany brings to the development of illegal 

roads, which eventually causes an expressive increase in deforestation in the nearby regions. 

(VERISSIMO et al., 1995; BARBER et al, 2014). 

In the 1990s, due to growing concern for environmental protection as a result of claims by 

activists groups that mahogany was threatened with extinction, several international campaigns 

were launched to limit mahogany extraction. In this period, Brazil was one of the biggest 

producer of the species. As a result, Brazilian government responded to the pressures with a 

policy of regulation in the mahogany market. It led to the complete prohibition of mahogany 

extraction, transportation and sales in October 2001. In fact, government measures appear to 

have been successful in reducing and eliminating the mahogany extraction in the country. 

However, recent empirical evidence suggests that the mahogany market prohibition combined 

with poor enforcement in fact led to a large illegal market and increased exportation of 

mahogany disguised as other species through illegal smuggling (CHIMELI and SOARES, 

2017, CHIMELI and BOYD, 2010). 
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We explore, however, a post-prohibition period of differential deforestation between 

mahogany occurring areas and non-mahogany areas followed by widespread reductions in 

deforestation in both regions due to a series of national forest protection policies. The year of 

2009 in particular is relevant to our analysis, as it marks the beginning of general decrease in 

all deforestation rates in the Brazilian Amazon, as a consequence of the implementation of the 

second phase of PPCDAM, a federal policy to reduce deforestation in the Amazon region. This 

policy, that included strong enforcement mechanism not previously in place, led to documented 

widespread reductions in deforestation as documented by Chimeli and Soares (2017). This is 

visible as structural breaks in “other tropical timber species” documented by Chimeli & Boyd 

(2010), as presented in the graphic bellow: 

FIGURE 1: EXPORTS OF MAHOGANY AND THE RESIDUAL CATEGORY OTHER TROPICAL TIMBER 

SPECIES, BRAZIL, 1989–2013. 

 

Source: Chimeli & Soares, 2017. 

 The authors used official export data from Brazil to the United States and the European 

Union to show that exports under the residual trade category “other tropical timber species” 

increased abruptly in 1999 (from virtually 0 to volumes comparable to those of previous exports 

of big-leaf mahogany), supporting the theory that this variable actually accounts for mahogany 

exports in disguise. Also interesting for our analysis in particular, is the fall in “other timber 
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species” exportation after 2009, which could be attributed, as we mentioned, to the second 

phase of PPCDAM. 

The main theory of Chimeli and Soares (2017), which we use as our methodological starting 

point, is that the changes in environmental protection policies in the Legal Amazon in 

1999/2001 and again in 2009 gave rise to a quasi-experiment. The year of 2009 in particular, 

when the Brazilian government initiated intense monitoring of deforestation, would mark the 

end the intervention that generated endogenous differences between municipalities where there 

is mahogany presence. That is because before 2009, the prohibition and consequential illegality 

of the mahogany market was generating different patterns of deforestation in such 

municipalities. After the actions we mentioned that happened in 2008/2009, however, Chimeli 

and Soares (2017) argue that the reduction of deforestation in municipalities with mahogany 

was more accelerated.   

In addition, it is important to note that the period between malaria infection and the 

appearance of the first symptoms (fever, chill, headache, nausea, vomiting, muscle pain and 

fatigue or others) varies within 1 and 2 weeks after the mosquito bite.  In other words, the 

incubation period for malaria ranges from 7 to 14 days, though it may reach several months in 

special conditions4. Given that, it is reasonable to expect that the changes in deforestation rates 

in 2009 would already reflect on the number of victims with malaria starting at that same year, 

should the disease be causally correlated with deforestation. 

This creates a quasi-experiment that allow us to study malaria and deforestation with a 

causal approach. Ideally, we would have data prior to 1999 that would enable to study the first 

intervention on mahogany market and well as the intervention in 2009, to test if for different 

rates of malaria incidence in mahogany and non-mahogany related municipalities. Additionally, 

such data would enable us to analyse the equality of pre-intervention trends. However, as we 

will explain the next section, we only have data of malaria incidence starting in 2003. 

Nevertheless, due to the changes in 2009, we are still able to study our quasi-experiment, with 

our treatment being the end of the 1999/2001 intervention. Figure 2 illustrates this idea by 

presenting the expected behaviour of the malaria incidence rates given the two interventions 

(1999/2001 and 2009), given the empirical and anecdotal evidence behind the quasi-

experiment. The gray area represents the period in which there is no malaria data. 

                                                                 
4 For more information on malaria’s incubation cycle, symptoms, treatment or diagnoses please refer to the 

Brazilian Ministry of Health’s guideline for treating malaria in Brazil (MINISTÉRIO, 2010) 
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FIGURE 2: EXPECTED BEHAVIOUR OF MALARIA INCIDENCE RATES. 

 

Source: Elaboration by the authors.  

II. DATA AND DESCRIPTIVE ANALYSIS 

We use data on the rate of malaria incidence at the municipal level from the SIVEP-

MALARIA5 database provided by the Brazilian Ministry of Health. The data covers the period 

of 2003 until 2017, but the last year constitutes of preliminary data. Therefore, we use the period 

of 2003 until 2016 for our analysis. The same ministry provides mortality data that we use as 

controls for potential health trends as well as socioeconomic transformations that might have 

                                                                 
5 Patients suspected of having malaria are reported to the Ministry of Health through SIVEP-Malaria. It was 

established in 2003 after the start of the Brazilian Malaria Control Program (PNCM). Currently, it is the main tool 

to monitor the disease in the Legal Brazilian Amazon states. Different studies suggests that this database is efficient 

in term of completeness and accuracy (BRAZ et al, 2016; WIEFELS et al, 2016). The data from SIVEP Malaria 

is also available on database files kept by the Health System Informatics Department - DATASUS (BRASIL, 

2015). It contains administrative, personal and laboratorial variables. However, DATA-SUS is not as updated as 

the SIVEP Malaria main database. Therefore, we opted to use the data from SIVEP Malaria. We were granted 

access to the variables number of cases per municipality of report and per municipality of probable infection. The 

question regarding the municipality where the case was reported is completed by the health-agent. Being an 

objective criteria, there are not room for human errors. The municipality of probable infection is determined by 

the health-agent using different questions regarding where the patient lives, works, travelled to recently, and others. 

As it depends on the memory of the patient and not in objective criteria, it is often imprecise, as accused by Wielf 

et al (2016). Therefore, our analysis will focus mainly on the municipality of notification. Ideally, we would have 

data from the real municipality where the infection took place, but that is not possible. Given that, the municipality 

of report is a good proxy for our study. For the interested reader, Appendix A provides the results using the 

municipality of probable infection (which are actually stronger than the results for municipality of probable 

infection) and Appendix E brings the fact sheet that is completed by the health agent, as well as the official 

instructions on how to complete them. Both documents in Appendix E are only available in Brazilian Portuguese. 
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taken place in the region. We also control for deforestation trends using satellite image data 

from PRODES, compiled by the National Institute for Space Research (INPE). Other 

socieconomic controls come from the Brazilian Institute for Geography and Statistics (IBGE). 

To specify whether a municipality is characterized by mahogany occurrence in our 

regressions, we use the dummy variable generated by Chimeli and Soares (2017) with the use 

of the map of area of natural occurrence of mahogany in the Brazilian territory provided by 

Lentini, Veríssimo and Sobral (2003) based on Lamb (1966). The municipalities characterized 

as “mahogany area” are illustrated in Figure 3 bellow: 

FIGURE 3: MUNICIPALITIES  WITH NATURAL OCCURRENCE OF MAHOGANY, LEGAL BRAZILIAN 

AMAZON STATES 

 

Source: Chimeli and Soares, 2017 

 

Table 1 presents details about each of the control variables used:  

TABLE 1: VARIABLES TO CONTROL FOR RELEVANT MUNICIPALITY CHARACTERISTICS 

Variable Source 

Per Capita GDP (ln) Brazilian national accounts 

Fraction of GDP in agriculture Brazilian national accounts 
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Population IBGE 

Population under 5 years old IBGE 

Percent of area planted for temporary cultures IBGE 

Percent of area planted for permanent cultures IBGE 

Bovine Density IBGE 

Traffic accidents Ministry of Health 

Heart and circulatory diseases Ministry of Health 

Incidence of Neoplasms Ministry of Health 

Infectious diseases Ministry of Health 

Percent of Cloud Area PRODES 

Deforestation trend (measured as flow area, forest area or 

stock area)  
PRODES 

 

Source: Elaboration by the authors.  

 

We pay particular attention to the state of Pará, where most of mahogany related activity 

took place before the prohibition of 2001 according to Chimeli and Soares (2017). Moreover, 

the authors show empirical evidence that the strongest effect of the legislative changes of 2009, 

which we wish to study, was observed in areas with natural occurrences of mahogany, and 

where mahogany activity was more relevant (either legally or illegally after the prohibition). 

Therefore, it is logical in our identification strategy to focus the study mainly on such areas, 

hence the option to use municipalities from Pará6. According to Parente et al (2002), the 

municipalities of this state are characterized by rapidly rising rates of deforestation due to 

pasture formation and logging activities. Additionally, SIVEP-Malaria data allow us to see that 

the state is also marked by high malaria incidence rates.  This is suggestive of a relation between 

those variables.  

 We begin by analysing malaria incidence pattern. Figure 4 illustrates the trend of this 

disease in mahogany and non-mahogany municipalities. The full lines (left axis) represents 

malaria incidence rates per 100,000 habitants for mahogany (in blue) and non-mahogany 

municipalities (in red) in Pará. The vertical line marks the year 2009, the beginning year of our 

quasi-experiment. Firstly, it is interest to point out that malaria is consistently higher for 

mahogany-municipalities in all the years of our sample. This pattern goes according to the 

theory presented by Chimeli & Soares (2017) and Chimeli & Boyd (2010), that the legislations 

concerning mahogany explorations and trade in 1999 and 2001 led to bigger deforestation rates 

                                                                 
6 The interested reader may refer to sessions 4.2 and Appendix B, where we also discuss findings for a wider 

sample, including all municipalities in the Legal Brazilian Amazon. 
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in municipalities that had natural occurrence of the species, due to the growth of the illegal 

market. If our assumption about a causal relation between malaria and deforestation is correct, 

that is the expected behaviour. Moreover, after 2009, in both lines drop. Again, this is consistent 

with the theory of the authors, that the second phase of the Plan of Action for the Prevention 

and Control of Deforestation in the Legal Brazilian Amazon affected deforestation rates of all 

Legal Brazilian Amazon municipalities. As the theory suggests, this should indeed be reflected 

on malaria incidence rates. Most interestingly, there is an expressive shortage in the distance 

between malaria rates of both groups after this year, suggesting that the wider impact happened 

in mahogany municipalities. This is once again consistent with the author’s argumentation. 

Overall, this graphic is very relevant to express the theoretical framework behind our study: 

after 2009, there is a clear tendency of convergence towards parallel lines in both malaria and 

deforestation rates. In other words, the average change in the comparison group (non-mahogany 

municipalities) appears to represent the counterfactual change in the treatment group 

(mahogany municipalities) if there were no treatment (our intervention in 2001). This is the 

most important identification hypothesis of a difference-in-difference model. 

FIGURE 4: MALARIA INCIDENCE (PER 100,000 HABITANTS) IN MAHOGANY AND NON-MAHOGANY 

MUNICIPALITIES, PARÁ, 2003 - 2016 
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Source: Elaboration by the authors. 

***The malaria incidence rate (per 100,000 inhabitants) was generated via the number of malaria cases reported by 

municipality of the database SIVEP MALARIA.  
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Figure 5 represents the dynamics of malaria incidence in municipalities of Pará with 

mahogany occurrence, relative to municipalities without mahogany in the same state. This 

analysis was done using the econometrics of event study including all the controls presented in 

Table 1. The pattern follows the expected configuration, as it is possible to infer that there was 

a decrease in endogenous differences between the groups of municipalities analysed, 

particularly in the years surrounding 2009. There appears to be a convergence in malaria rates 

after the intervention. It is important to remember, however, that the event-study approach is 

limited, as our standard deviations cannot be as trusted as the difference-in-difference approach. 

Therefore, the results must be taken with caution. However, it is safe to assume that this graphic 

is suggestive. 

FIGURE 5: DYNAMICS OF MALARIA INCIDENCE IN MUNICIPALITIES OF PARÁ WITH MAHOGANY 

OCCURRENCE, RELATIVE TO MUNICIPALITIES WITHOUT MAHOGANY, PARÁ, 2004 - 2016 

 

Source: Elaboration by the authors. 

***The malaria incidence rate (per 100,000 inhabitants) was generated via the number of malaria cases reported by 

municipality of the database SIVEP MALARIA.  

The main concern of this paper is testing for a causality relation between malaria incidence 

and deforestation. In order to do that, in the next sections we will attempt to explain the changes 

in malaria incidence pattern as a consequence of the legislations regarding deforestation of 
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2009.  We assume that the later affected mahogany and non-mahogany municipalities with 

different intensities, generating a convergence of deforestation rates. In other words, we will 

empirically test if after 2009 a convergence of malaria incidence rates can also be observed.  

III. EMPIRICAL STRATEGY 

The variation we explore to identify the casual relationship between malaria incidence and 

deforestation combines the time of the legislation changes of 2009 with the presence of 

mahogany across different municipalities. In principle, if the decrease in malaria incidence after 

the prohibition is larger in mahogany-occurring municipalities, it could be attributed to the 

second phase of PPCDAM in 2009. The timing of the intervention is unique for the entire 

country, so identification comes from the heterogeneous response of different regions to the 

prohibition. Given that, we focus on this particular year as a key moment in the regulatory 

changes. First, we create a dummy variable equal to one for the interval between 2009 and 

2016, the final year of our sample. This period represents the years of increased monitoring 

from the Brazilian government and consequential reduction of deforestation rates of illegal and 

legal tropical species. Consequentially, the period of 2003 until 2008 represents the years prior 

to the intervention, when deforestation rates in mahogany municipalities where higher due to 

the prohibitions of 1999 and the illegality of the market in 2001. 

We begin with the following difference-in-difference model: 

   𝑀𝑎𝑙𝑎𝑟𝑖𝑎𝑖𝑡 =  𝛽0 +  𝛽1𝐷2009 ∗ 𝑚𝑎ℎ𝑜𝑔𝑖 +  𝛼𝑦𝑒𝑎𝑟 ∗  X𝑖     +  θ𝑖 +  γ𝑡 +  𝜀𝑖𝑡               (1) 

 

Where    𝑀𝑎𝑙𝑎𝑟𝑖𝑎𝑖𝑡 is the incidence rate of malaria for municipality i (calculated as the 

number of cases reported per municipality of reporting/ 100,000 habitants in the year t ); 𝐷2009  

is a dummy variable equal to one if the year is 2009 or all the following years; 𝑚𝑎ℎ𝑜𝑔𝑖 is a 

dummy variable equal to one if the municipality has area of mahogany natural occurrence (the 

treated group); 𝑋 is a matrix of control variables (including malaria incidence), all of each are 

in the baseline 2009 expect for cloud control, a variable that appears in some specifications; 

𝑦𝑒𝑎𝑟 represents year dummies, θ𝑖 is the municipality fixed effect, γ𝑡 is the time fixed effect 

and 𝜀𝑖𝑡is a random term. 𝛽0, 𝛽1 and 𝛼 are estimated parameters. Under the usual hypothesis that 

E [𝜀𝑖𝑡 |𝐷2009 ∗ 𝑚𝑎ℎ𝑜𝑔𝑖 , 𝑦𝑒𝑎𝑟 ∗ 𝑋  , θ𝑖  and γ𝑡 ] = 0, an OLS estimation of the above equation 

provides unbiased estimates of or parameter of interest 𝛽1. 
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In this context, there are two potential concerns with the difference-in-difference strategy: 

omitted variables and differential dynamic behaviour of malaria incidence rates. In other words, 

there may be other changes happening simultaneously to the intervention of 2009, and affecting 

malaria incidence rates through other channels than deforestation. To partially address these 

concerns, in some specifications we allow for municipality-specific time dummies, so that any 

systematic difference across state due to other changes are immediately controlled for.  

Since most of the variables observed at the municipality level in principle could be 

endogenous to the restrictions, we opt to control for interactions of their baseline (2009) values 

with time dummies, instead of directly controlling for their contemporaneous value. As 

presented in equation (1) this specification also includes an interaction between the baseline 

malaria incidence rate and time dummies, to allow for differential dynamics of malaria 

incidence according to the initial level of malaria in the year of the intervention (2009). 

Moreover, the use of the baseline value interactions allows capturing non-linear time trends 

between the variables.  

With that in mind, our model allows municipalities to have arbitrarily different dynamics 

of malaria incidence as a function of the large set of initial characteristics presented earlier. This 

accommodates for different dynamics of malaria incidence according to: socioeconomic 

conditions (per capita GDP, mortality before age five, population), potential environmental 

differences related to agriculture (fraction of area planted, share of GDP in agriculture), 

demographic trend (mortality from neoplasms, mortality from infectious diseases and mortality 

from heart and circulatory diseases) and changes associated with modernization and 

urbanization (number of traffic accidents). 

In this context, controlling for demographic trends is particularly important. As malaria is 

a disease that in often underreported, this is a way to control for health or health habits due to 

cultural differences in each municipality that might be correlated with the decision of going or 

not to the hospital when feeling malaria symptoms (which is a non-observed variable). 

To deal with the remaining concerns related to difference-in-difference specifications, we 

go one-step further and test the robustness of our model. We do that analysing the hypothesis 

of parallel trends across treatment (mahogany municipalities) and control (non-mahogany 

municipalities) conducting a placebo test involving the pre-intervention period.  

Given the description of our model, there are a few remaining methodological concerns that 

should be mentioned: the variance of malaria incidence rates is directly related to population 
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size; and difference-in-difference strategies may underestimate standard errors due to 

autocorrelation in the residuals. We accommodate the first by weighting the regression by 

population size and the later clustering stander errors at the municipality level, allowing for an 

arbitrary structure of correlation over time. Bertrand, Duflo and Mullainathan (2004) suggested 

this strategy. 

IV. RESULTS 

Table 2 presents the results of the difference-indifference model estimated, including 

different regressions that vary in terms of the controls added. The first regression does not 

include any controls apart from the malaria baseline rate interacted with time dummies. The 

second regression adds the following controls: per capita GDP (ln), fraction of GPD in 

agriculture, total population, mortality under 5 years, number of traffic accidents, mortality by 

heart and circulatory diseases, neoplasms and infectious diseases. Those are general population 

characteristics. Some of them, such as GDP and number of traffic accidents, work as proxy 

variables for urbanization and development. Other variables act as controls to accommodate if 

a municipality that has healthier lifestyle or healthier population in general. The third regression 

controls also for agricultural activities, including the percent of area planted for temporary and 

permanent cultures. As noted before, these activities strongly correlate with deforestation. The 

forth regression additionally includes cloud area (which is important when working with 

deforestation data, as it can influence geospatial data) and bovine density (as farming is also an 

activity heavily associated with deforestation). Finally, regressions 5-7 add different variables 

from the PRODES database that intend to measure deforestation, to control for different 

deforestation trends in each municipality. The models that are more sophisticated, therefore, 

are the ones in columns 5-7, as they include all possible controls. With the exception of cloud 

area, all controls appear in the regressions as interactions of baseline values 2009 with time 

dummies. This strategy, as opposed to the use of the contemporary values of the variables, 

allows for non-linear time trends in the model. As explained before, we opted to weight all 

regression by the population size and to cluster the standard errors at municipality levels. 

Additionally, every regression includes a constant and is controlled for a time fixed effect by 

adding a linear time trend.
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TABLE 2: EVIDENCE OF CAUSALITY BETWEEN DEFORESTATION AND MALARIA INCIDENCE, MUNICIPALITIES IN PARÁ, DIFFERENCE-IN-DIFFERENCE, 2003 - 2016 

            

  

  

  

  

  

Using forest area as 

deforestation trend 

control 

Using stock area as 

deforestation trend 

control 

Using flow area as 

deforestation trend 

control 

Variables (1) (2) (3) (4)   (5)   (6)   (7) 

                      

Treat2009 -1,709*** -1,358** -1,288** -1,579**   -1,380**   -1,590**   -1,595** 

  (487.0) (529.8) (538.8) (606.6)   (587.7)   (669.4)   (622.1) 

                      

Fixed Effect X X X X   X   X   X 

                      

Variables to control for population characteristics   X X X   X   X   X 

                      

Variables to control for agriculture activities     X X   X   X   X 

                      

Bovine density and cloud       X   X   X   X 

                      

Deforestation trend           X   X   X 

                      

Linear time trend X X X X   X   X   X 

                      

Municipality Cluster X X X X  X  X  X 

           

Observations 1,752 1,752 1,752 1,408   1,408   1,408   1,408 

R-squared 0.842 0.852 0.854 0.861   0.862   0.861   0.861 
Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the malaria incidence rate (per 100,000 inhabitants), generated via the number of 

malaria cases reported by municipality of the database SIVEP MALARIA. All regressions include a constant and are weighted by the average population. The treatment variable is a dummy =1 if the year is 2009-2016 

interacted with a dummy =1 if the municipality has areas with natural occurrence of mahogany 
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Firstly, it is important to note that the results suggest that the model estimated is robust, 

maintaining 5% significance levels and approximate magnitude levels in our coefficient of 

interest (Treat2009) in spite of different changes in the controls. In addition, the use of different 

variables that measure deforestation (forest area, flow and stock) did not generate significant 

change in the results.   

 The negative signal of the dependent variable Treat2009 (our dummy =1 if the year is post 

prohibition interacted with the dummy if a municipality has area of mahogany-occurrence) in 

all specifications is consistent with the theory. This empirical evidence suggests a significant 

effect on malaria rates due to the legislation changes of 2009 that led to increased monitoring 

of deforestation by the Brazilian government.  In order words, the fall in the deforestation rates 

seems to have been responsible for the fall of malaria incidence rates in Pará. However, both 

malaria and deforestation rates dropped at different paces for mahogany and non-mahogany 

municipalities, which suggests the causality relationship between these two variables. The 

strongest effect of the prohibition is therefore observed in areas with natural occurrences of 

mahogany. This pattern goes according with the logic behind our identification strategy and the 

anecdotal evidence discussed before.  

In quantitative terms, these findings implicate that the legislative changes of 2009 regarding 

deforestation were responsible for about 330,596.72 less cases of malaria between 2009 and 

2016 in municipalities of Pará with mahogany occurrence. In this period, 246,025.00 cases of 

malaria were reported in Pará municipalities with mahogany.  This means that there was a 

reduction of 57.33% in malaria incidence on these regions due to the policy’s effect. If we use 

DATA-SUS data about the average cost due to admissions in the public health system relating 

to infectious diseases as a lower bound, this would represent an economy of over R$ 

R$107,549,724.58 in treatment expenses for this period (about 28 million dollars), or R$ 

13,443,715.57 less spending per year (about  3.5 million dollars per year)7

                                                                 
7 These numbers were calculated using the coefficient of the first regression estimated, in which we only controlled 

the model for non-linear tendency in malaria trends. Even if we  used the smaller absolute value generated in the 

specifications estimated (the coefficient associated with regression 3), the numbers are still impressive with a  

reduction of about 50% in malaria incidence on those municipalities and over  21 million dollars in economy with 

treatment expenses. 
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4.1 ROBUSTNESS CHECK 

Despite the evidence from Table 2 and the consistency of the results in different models 

specifications, one might still be concerned that the treatment variable is capturing distinct pre-

existing dynamics of malaria incidence in mahogany regions. If this were the case, these distinct 

dynamics should be present already before the imposition of the restrictions on deforestation in 

2009. In order to asses this possibility, in this session we estimate again models 5-7 (the models 

that control for all relevant characteristics) testing for robustness.   

First, we introduce a variable that accounts for pre-intervention trends, or a placebo 

intervention, in malaria trends. Therefore, now the regressions additionally include a dummy 

for 2003-2007 interacted with the dummy indicating mahogany areas8. This exercise attempts 

to detect whether malaria incidence in mahogany area were already decreasing a couple of years 

before the increased monitoring of deforestation by the Brazilian government. Table 3 presents 

the results. 

                                                                 
8 We also performed this exercise including instead of our treatment 2009 term (the dummy relation to the period 

of 2009-2016) and the placebo term, only a placebo intervention relating to the years 2005, 2006 and  finally 2007 

(a dummy variable for the year of the placebo intervention and all consequent years as our treatment).. The results 

were non-significant. This assures us that there is sense in using 2009 as the year marking the beginning of the 

intervention. 
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TABLE 3: ROBUSTNESS CHECK: EVIDENCE OF CAUSALITY BETWEEN DEFORESTATION AND MALARIA INCIDENCE, MUNICIPALITIES IN PARÁ, DIFFERENCE-IN-

DIFFERENCE, TESTING FOR THE BEGINNING OF PARALLEL TRENDS IN MAHOGONY AND NON-MAHOGANY MUNICIPALITIES, 2003 -2016 

  

  

  

  

  

  

Using forest area as 

deforestation trend control 

Using stock area as 

deforestation trend control 

Using flow area as 

deforestation trend control 

Variables (5)   (6)   (7) 

            

Treat2009 -834.7*   -998.0**   -961.5** 

  (433.4)   (473.0)   (447.7) 

            

Pretreat 814.8   981.4   934.4* 

  (528.4)   (566.9)   (515.6) 

            

Fixed Effect X   X   X 

            

Variables to control for population characteristics X   X   X 

            

Variables to control for agriculture activities X   X   X 

            

Bovine density and cloud X   X   X 

            

Deforestation trend X   X   X 

            

Linear time trend X   X   X 

            

Municipality cluster X  X  X 

      

Observations 1,408   1,408   1,408 

R-squared 0.863   0.862   0.862 

Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the malaria incidence rate (per 100,000 inhabitants), generated via the number 

of malaria cases reported by municipality of the database SIVEP MALARIA. All regressions include a constant and are weighted by population. The treatment variable is a dummy =1 if the year is 2009-2016 interacted 
with the dummy of the mahogany-occurring area. Additionally, we control for a placebo term (a dummy=1 if the year is 2003 - 2007) interacted with the dummy of the mahogany occurring area).  
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The pre-intervention placebo is statistically equal to zero in specifications 5 and 6. It is, 

however, marginally significant, in the specifications that use flow area as a control (7). 

Nevertheless, flow area might not be the best measurement for a deforestation trend. The 

volatility of this rate in comparison to stock area and forest area could make it harder to capture 

for parallel trends. Figure 6 presents the mean divided by the standard deviation of all tree 

deforestation measurements for municipalities of Pará. It is clear that the indicator associated 

with flow area is consistently lower than the other two, suggesting that its series is much more 

irregular and susceptible to short-term changes. 

FIGURE 6: COMPARING DIFFERENT VARIABLES TO ACCOUNT FOR DEFORESTATION (MEAN/STANDARD 

DEVIATION), PARÁ, 2003 - 2013 
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Source: PRODES deforestation Data.  

 

All things considered, it is safer to base our conclusions on regressions 5 and 6. In those 

estimations, the placebo term was statistically equal to zero. In other words, there appears to 

exist no evidence that the treatment variable is capturing different dynamic behaviour of malaria 

rates that were present before the legislation changes in 2009.  This evidence makes the results 

in Table 2 more reassuring, as it attests to the robustness of the model. 
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Another way to test if the specification in this paper is correct is estimating the model using 

instead of malaria incidence a disease that one would not expect to be correlated with 

deforestation. This way, it is possible to validate the model checking if the estimations implicate 

as expected that there is not a causal relation. Table 4 presents the results using hospital 

admissions by neoplasia incidence, from SIH-SUS – Unique Health System, the database of the 

Ministry of Health.9 Neoplasia is a type of abnormal and excessive growth of tissue, associated 

with genetic mutation. Therefore, its incidence is unrelated to deforestation. As predicted, the 

intervention dummy (Treat2009) is statistically equal to zero in every specification, suggesting 

that our model correctly captured the impact of deforestation in malaria.

                                                                 
9 It is important to keep in mind that this database only includes the admissions covered by SUS, the Brazilian 

public health system 
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TABLE 4: ROBUSTNESS CHECK: DEFORESTATION AND NEOPLASM INCIDENCE, MUNICIPALITIES IN PARÁ, DIFFERENCE-IN-DIFFERENCE, 2003 - 2016 

 

  

  

  

  

  

Using forest area as 

deforestation trend control 

Using stock area as 

deforestation trend control 

Using flow area as 

deforestation trend control 

Variables (5)   (6)   (7) 

            

Treat2009 6.73   4.255   3.135 

  (6.094)   (5.374)   (5.381) 

            

Fixed Effect X   X   X 

            

Variables to control for population characteristics X   X   X 

            

Variables to control for agriculture activities X   X   X 

            

Bovine density and cloud X   X   X 

            

Deforestation trend X   X   X 

            

Linear time trend X   X   X 

            

Municipality Cluster X  X  X 

      

Observations 1,408   1,408   1,408 

R-squared 0.917   0.908   0.909 

Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the neoplasm incidence rate (per 100,000 inhabitants), generated via 

the number of people admitted due to neoplasm in the Brazil public health system (SUS) due to neoplasm reported by municipality of the database DATA-SUS. All regressions include a constant and are 

weighted by population. The treatment variable is a dummy =1 if the year is 2009-2016 interacted with the dummy of the mahogany-occurring area.  
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We also repeated the exercises controlling for Driscoll-Kraay standard errors, which are 

robust to very general forms of cross-sectional ("spatial") and temporal dependence, instead of 

clustering by municipality. The results are presented in Table 5.  The model maintains the same 

significance and similar magnitude levels as when we were clustering at the municipality level. 

This further corroborates to the consistency in our model.
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TABLE 5: ROBUSTNESS CHECK: DEFORESTATION AND MALARIA INCIDENCE, USING DRISCOLL-KRAAY STANDARD ERRORS, MUNICIPALITIES IN PARÁ, 

DIFFERENCE-IN-DIFFERENCE, 2003 - 2016 

 

  

  

  

  

  

Using forest area as 

deforestation trend control 

Using stock area as 

deforestation trend control 

Using flow area as 

deforestation trend control 

Variables (5)   (6)   (7) 

            

Treat2009 -1,374***   -1,786***  -1,803*** 

  (290.3)   (376.6)  (399.5) 

            

Fixed Effect X   X   X 

            

Variables to control for population characteristics X   X   X 

            

Variables to control for agriculture activities X   X   X 

            

Bovine density and cloud X   X   X 

            

Deforestation trend X   X   X 

            

Linear time trend X   X   X 

            

Observations 1,408  1,408  1,408 

Number of Groups 128  128  128 

Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the neoplasm incidence rate (per 100,000 inhabitants), generated via 

the number of people admitted due to neoplasm in the Brazil public health system (SUS) due to neoplasm reported by municipality of the database DATA-SUS. All regressions include a constant and are 

weighted by population. The treatment variable is a dummy =1 if the year is 2009-2016 interacted with the dummy of the mahogany-occurring area.  
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We also included a linear trend as an additional control in or model, and did not find 

significant change in the results. The last test performed was to limit the sample for the period 

of 2006 to 2013. Dropping the initial and final three years of our sample made possible to check 

if the coefficients  in our model react to small changes, or whether that creates a change in 

conclusions or not. In every specification tested the term Treat2009 maintains the significance 

at 5%, and similar magnitudes to those previously estimated Table 2.  

 

4.2 EXPANDED SAMPLE 

As explained previously, we opted to limit the study for Pará municipalities. However, we 

also analysed for the remaining municipalities of the Legal Brazilian Amazon states. The results 

tables are present in the Appendix B session of this work. Our findings show that indeed the 

strongest effect happened in Pará. Results for the wider sample are much weaker and, without 

the inclusion of the municipalities in Pará, statistically equal to zero in most specifications. 

Given the prominent role of Pará in mahogany extraction before the prohibition, this result is 

reassuring. It was expected that Pará would represent the strongest effect, being the state where 

mahogany activity was more relevant. In other words, the analysis of the expanded sample goes 

according to theory, and explains the choice to focus this work in Pará. 

4.3 DIFFERENT VECTOR-BORNE DISEASES 

Other outcomes can be tested from our original model, as many studies indicate that other 

infectious diseases are correlated with deforestation, in a similar manner as malaria. To our 

knowledge, this was the first attempt to identify a causal relationship regarding such diseases 

and deforestation, as other studies did not have the opportunity to systematically test for this 

assumption. To the interest reader, Appendix B session contains the same econometric exercises 

performed in this paper for Dengue Fever, Chagas and visceral Leishmaniasis. Due to an 

insufficient number of cases reported prior to 2009, we could not expand the study for Yellow 

Fever, a disease that is a recent concern in many Brazilian states. For this study, we used data 

from DATA-SUS, the database of the Brazilian Ministry of Health. In this session, we will 

briefly discuss some of the results. 

Studying dengue was tricky as not only is the disease significantly underreported but also 

its series is limited until 2012 in the public database. Additionally, the results relating to the 

placebo test suggest that such conclusions are not consistent, as the pre-intervention dummy 

was significant at 5% in most specifications, which could mean distinct pre-existing dynamics 
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of dengue incidence were in course in mahogany regions. However, it is likely that those results 

can be attributed to problems with the data used. Further studies on a causal relation between 

dengue and deforestation are therefore recommended. 

Visceral Leishmaniasis’ results also were not as consistent in the placebo tests, with two 

out of the three specifications tested accusing marginal significance of the pre-intervention 

dummy. However, it is still safe to assume that the results are suggestive, as the regressions 

without the placebo terms appeared to suggest that the same mechanism were at course as in 

the malaria case. It might be the case to better calibrate the model, including controls related 

specifically to Visceral Leishmaniasis. Either way, further testing is recommended. 

Chagas’ results were the exact opposite of the previous ones. Instead of generating higher 

rates of Chagas disease, the model suggested that deforestation actually decreases its incidence.  

It also performed well under the placebo test. Though not initially intuitive, it could be inferred 

that this is due to the fact that deforestation is usually extremely correlated with urbanization. 

In the urban environment, it is much easier to control the vectors related to Chagas transmission.  

All things considered, our findings show that, although many studies suggest correlation 

between such diseases and deforestation, a causality assumption cannot always be inferred. 

However, in the case of malaria, there is strong qualitative and quantitative evidence of so.   

4.4 INFANT MORTALITY 

Another possible expansion of our model is using instead of malaria incidence variables 

that account for infant mortality. As discussed previously, literature suggests that malaria 

disease can affect women during their pregnancy and therefore lead higher infant mortality 

probability. The objective of using infant mortality in our model is to find evidence that those 

variables also reacted to the heterogeneous changes in deforestation presented in this paper, 

further corroborating the robustness of our model.  

This strategy is from Chakrabarti (2018), and is based on the theory that adverse birth 

outcomes due to maternal malaria disproportionately affect firstborn children in comparison 

with later born mortality. 

For our empirical strategy, we repeated our malaria exercises using data from DATA-SUS 

relating to the number of fetuses’ deaths by year in the municipality of residency of the mother 

and the number of deaths in babies with less than 26 days in a given municipality. The interested 

reader may refer to Appendix D for the results. Although suggested in the literature, we did not 
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find enough evidence that deforestation in Pará might cause infant mortality trough malaria 

infection.  

V. CONCLUSION 

This paper presents evidence of a decrease in malaria incidence in Pará municipalities with 

natural occurrences of mahogany following the introduction of a more severe monitoring of 

deforestation in Brazilian Amazon. Many academic works suggested the association between 

vector borne diseases and deforestation. Still, to our knowledge, there was no direct causal 

evidence on this relationship prior to this study. We bring a unique piece of evidence on the 

subject, by using the quasi-experiment generated by legislation changes in 2009 to test this 

theory using mahogany occurrences in Pará. The decrease in malaria we document is not related 

to changes in agricultural or farming activities, pre-existing trends in the dynamics of 

transmission or intrinsic characteristics of the population in the municipalities.  

We also show that as the government enforced the prohibition on the mahogany market 

with the increase in monitoring of deforestation, there were direct consequences for the health 

of individuals. This brings evidence of how deforestation leads to local costs that are often 

hidden. Given that, it is clear that the debate regarding the preservation of the Amazon Forest 

is a matter of not only ecological but also health and economic importance. 
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APPENDIX A 

 

As mentioned earlier, we opted to focus our analyses on the malaria incidence rate 

constructed using the number of cases reported per municipality where the reporting took place. 

In this session, we repeat the same exercises for another malaria incidence rate, using the 

municipality of probable infection (also from the database SIVEP-MALÁRIA). We explained 

in the Data and Descriptive Analyses session of this work that this variable is not as precise, 

which could lead to the results not being as trustworthy. Additionally, the database we obtained 

only covers cases until 2012, a fact that could limit the study. Nevertheless, as presented in 

Table 6 and Table 7, the results are very consistent to those we had when using malaria 

incidence per municipality of reporting. The coefficient Treat2009 reaches even higher levels 

of significance, and remains approximately in the same magnitude levels, which is not altered 

with the inclusion of the placebo term. It is likely that any error in the database of municipality 

of reporting (if a municipality contains a hospital but its neighbours do not, which would make 

it more likely to have high malaria incidence, for example) is not jeopardizing the results, as 

the use of a different proxy generates similar results. This is further evidence of the robustness 

of the model estimated, and makes the previous results even more reassuring.  
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TABLE 6: EVIDENCE OF CAUSALITY BETWEEN DEFORESTATION AND MALARIA INCIDENCE, MUNICIPALITIES IN PARÁ, MUNICIPALITY OF PROBABLE INFECTION 

DIFFERENCE-IN-DIFFERENCE, 2003 - 2012 

            

  

  

  

  

  

Using forest area as 

deforestation trend 

control 

Using stock area as 

deforestation trend 

control 

Using flow area as 

deforestation trend 

control 

Variables (1) (2) (3) (4)   (5)   (6)   (7) 

                      

Treat2009 -1,986*** -1,836*** -1,736*** -2,031***  -1,767***  -2,119**  -2,055*** 

  (562.7) (637.7) (649.6) (730.6)  (664.7)  (823.3)  (751.3) 

                      

Fixed Effect X X X X   X   X   X 

                      

Variables to control for population 

characteristics 
  X X X   X   X   X 

                      

Variables to control for agriculture activities     X X   X   X   X 

                      

Bovine density and cloud       X   X   X   X 

                      

Deforestation trend           X   X   X 

                      

Linear time trend X X X X   X   X   X 

                      

Municipality Cluster X X X X  X  X  X 

           

Observations 1,280 1,280 1,280 1,280   1,280   1,280   1,280 

R-squared 0.842 0.851 0.852 0.853  0.854  0.854  0.854 
Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the malaria incidence rate (per 100,000 inhabitants), generated via the number of 
malaria cases reported by municipality of probable infection of the database SIVEP MALARIA. All regressions include a constant and are weighted by the average population. The treatment variable is a dummy =1 if the 

year is 2009-2012 interacted with a dummy =1 if the municipality has areas with natural occurrence of mahogany 
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TABLE 7: ROBUSTNESS CHECK: EVIDENCE OF CAUSALITY BETWEEN DEFORESTATION AND MALARIA INCIDENCE, MUNICIPALITIES IN PARÁ, DIFFERENCE-IN-

DIFFERENCE, TESTING FOR THE BEGINNING OF PARALLEL TRENDS IN MAHOGONY AND NON-MAHOGANY MUNICIPALITIES, 2003 -2012 

  

  

  

  

  

  

Using forest area as 

deforestation trend control 

Using stock area as 

deforestation trend control 

Using flow area as 

deforestation trend control 

Variables (5)   (6)   (7) 

            

Treat2009 -1,152** 
 

-1,419** 
 

-1,340** 

  (509.0) 
 

(605.7) 
 

(566.3) 

            

Pretreat 935.1 
 

1,056 
 

1,080* 

  (612.1) 
 

(655.3) 
 

(606.4) 

            

Fixed Effect X   X   X 

            

Variables to control for population characteristics X   X   X 

            

Variables to control for agriculture activities X   X   X 

            

Bovine density and cloud X   X   X 

            

Deforestation trend X   X   X 

            

Linear time trend X   X   X 

            

Municipality cluster X  X  X 

      

Observations 1,280   1,280   1,280 

R-squared 0.855   0.855   0.855 

Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the malaria incidence rate (per 100,000 inhabitants), generated via the number 
of malaria cases reported by municipality of proable infection of the database SIVEP MALARIA. All regressions include a constant and are weighted by population. The treatment variable is a dummy =1 if the year 

is 2009-2012 interacted with the dummy of the mahogany-occurring area. Additionally, we control for a placebo term (a dummy=1 if the year is 2003 - 2007) interacted with the dummy of the mahogany occurring 

area).  



35 

 

 

APPENDIX B 

 

In this session, we expand the exercises of causality between malaria incidence and 

deforestation in Pará for all remaining municipalities in the Legal Brazilian Amazon. Table 8 

presents the econometric estimations for all municipalities and Table 9 uses a sample of the 

same municipalities without Pará. Our findings suggest that the strongest effect happened in 

Pará, as the significance of the wider sample is not sustained when municipalities from this 

state are excluded. Also, in both specifications, results are not robust, as the inclusion of 

different controls generate changes in the magnitude and significance of the coefficients. As we 

are capturing the consequence of the fall in deforestation rates in mahogany-municipalities on 

malaria incidence, it is expected that the state that accounted for most production and 

exploitation of mahogany is associated with the most predominant effect. In other words, these 

findings go according to the theory and the anecdotal evidence behind out model, and justify 

the option to limit the rest of the study for Pará municipalities. 
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TABLE 8: EVIDENCE OF CAUSALITY BETWEEN DEFORESTATION AND MALARIA INCIDENCE, BRAZILIAM AMAZON SATES, DIFFERENCE-IN-DIFFERENCE, 2003 - 2016 

            

  

  

  

  

  

Using forest area as 

deforestation trend 

control 

Using stock area as 

deforestation trend 

control 

Using flow area as 

deforestation trend 

control 

Variables (1) (2) (3) (4)   (5)   (6)   (7) 

                      

Treat2009 -1,516*** -1,466*** -1,403*** -1,350***  -896.6*  -1,315**  -1,302*** 

  (555.9) (481.2) (487.8) (499.0)  (509.4)  (513.7)  (501.0) 

                      

Fixed Effect X X X X   X   X   X 

                      

Variables to control for population 

characteristics 
  X X X   X   X   X 

                      

Variables to control for agriculture activities     X X   X   X   X 

                      

Bovine density and cloud       X   X   X   X 

                      

Deforestation trend           X   X   X 

                      

Linear time trend X X X X   X   X   X 

                      

Municipality Cluster X X X X  X  X  X 

           

Observations 8,074 8,074 8,074 6,512  6,512  6,512  6,512 

R-squared 0.692 0.707 0.708 0.73  0.733  0.73  0.73 
Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the malaria incidence rate (per 100,000 inhabitants), generated via the number of 

malaria cases reported by municipality of the database SIVEP MALARIA. All regressions include a constant and are weighted by the average population. The treatment variable is a dummy =1 if the year is 2009-2016 

interacted with a dummy =1 if the municipality has areas with natural occurrence of mahogany 
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TABLE 9: EVIDENCE OF CAUSALITY BETWEEN DEFORESTATION AND MALARIA INCIDENCE, BRAZILIAM AMAZON STATES EXPECT FOR PARÁ, DIFFERENCE-IN-DIFFERENCE, 

2003 - 2016 

            

  

  

  

  

  

Using forest area as 

deforestation trend 

control 

Using stock area as 

deforestation trend 

control 

Using flow area as 

deforestation trend 

control 

Variables (1) (2) (3) (4)   (5)   (6)   (7) 

                      

Treat2009 -1,297* -1,475*** -1,288** -1,006*  -610.2  -860.7  -953.8* 

  (710.3) (565.2) (609.4) (527.0)  (584.9)  (549.6)  (535.7) 

                      

Fixed Effect X X X X   X   X   X 

                      

Variables to control for population 

characteristics 
  X X X   X   X   X 

                      

Variables to control for agriculture activities     X X   X   X   X 

                      

Bovine density and cloud       X   X   X   X 

                      

Deforestation trend           X   X   X 

                      

Linear time trend X X X X   X   X   X 

                      

Municipality Cluster X X X X  X  X  X 

           

Observations 6,322 6,322 6,322 5,104  5,104  5,104  5,104 

R-squared 0.72 0.744 0.747 0.763  0.766  0.764  0.763 
Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the malaria incidence rate (per 100,000 inhabitants), generated via the number of 
malaria cases reported by municipality of the database SIVEP MALARIA. All regressions include a constant and are weighted by the average population. The treatment variable is a dummy =1 if the year is 2009-2016 

interacted with a dummy =1 if the municipality has areas with natural occurrence of mahogany 
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APPENDIX C 

 

In this session, the same econometric exercises performed throughout this work are repeated 

for different infectious diseases. We analyse relevant vector-borne diseases to the Brazilian 

context: Dengue, Chagas disease and Leishmaniasis.  

As in the Malaria case, there are three possible variables that can be used to construct the 

rate of a disease incidence: number of cases per municipality of report, per municipality of 

probable infecting are or per municipality of residency of the victim. As stated previously, the 

first and the last one are more objective and precise, and therefore better suited for our 

econometric analysis. In order to maintain consistency with our previous analysis, We focused 

on the incidence rate generated with the number of cases per municipality of reporting. In 

addition, we opted to use as the temporal indicator the year of the first symptoms, as it represents 

the closest possible data of the actual moment of the infection. A case reported in 2013, for 

instance, is accounted for 2012 if that is year the victim stated feeling the first symptom of the 

disease in these year.  

 

a. DENGUE 

 

The first disease analysed in this study is Dengue fever. Dengue fever is a mosquito-borne 

tropical disease caused by the dengue virus. Dengue usually is active in urban areas, and the 

virus has a simple cycle whereby the serotypes are directly transmitted to humans by Aedes 

aegypti mosquito bites (VASCONCELOS et al, 2001). There are, as presented in the case of 

malaria, different studies suggesting that there is a relation between dengue and deforestation. 

In particular, some econometric studies bring empirical evidence of a positive correlation 

between those variables. The main theory behind those studies is that deforestation generates 

urbanization which, associated with demographic changes, sometimes leads to overcrowded 

cities with multiple deficiencies, particularly in housing and basic sanitation. These deficiencies 

would than make it easier for the proliferation of the vector in charge of Dengue transmission. 

To our knowledge, this is the first econometric attempt to find a causality relation between 

dengue and deforestation. There are some limitations with this study, as the available database 

in the DATA-SUS system TABNET only covers cases until 2012 and that were admitted in the 
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public health system.  Additionally, dengue cases are often asymptomatic, and therefore largely 

underreported. Given that, it is important to keep in mind that our estimated coefficients are 

underestimated. Table 10 and Table 11 present the results, that were discussed in Session 4.3.
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TABLE 10: EVIDENCE OF CAUSALITY BETWEEN DEFORESTATION AND DENGUE INCIDENCE, MUNICIPALITIES IN PARÁ, DIFFERENCE-IN-DIFFERENCE, 2003 - 2012 

            

  

  

  

  

  

Using forest area as 

deforestation trend 

control 

Using stock area as 

deforestation trend 

control 

Using flow area as 

deforestation trend 

control 

Variables (1) (2) (3) (4)   (5)   (6)   (7) 

                      

Treat2009 -68.88*** -88.09*** -89.05*** -62.76**  -57.76**  -66.82**  -62.28** 

  -20.85 -22.23 -22.79 -26.18  -27.05  -26.46  -26.17 

                      

Fixed Effect X X X X   X   X   X 

                      

Variables to control for population 

characteristics 
  X X X   X   X   X 

                      

Variables to control for agriculture activities     X X   X   X   X 

                      

Bovine density and cloud       X   X   X   X 

                      

Deforestation trend           X   X   X 

                      

Linear time trend X X X X   X   X   X 

                      

Municipality Cluster X X X X  X  X  X 

           

Observations 1,280 1,280 1,280 1,280  1,280  1,280  1,280 

R-squared 0.559 0.593 0.602 0.653  0.659  0.657  0.656 
Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the malaria incidence rate (per 100,000 inhabitants), generated via the number of 

dengue cases reported by municipality of the database DATA-SUS. All regressions include a constant and are weighted by the average population. The treatment variable is a dummy =1 if the year is 2009-2012 interacted 

with a dummy =1 if the municipality has areas with natural occurrence of mahogany 



41 

 

TABLE 11: ROBUSTNESS CHECK: EVIDENCE OF CAUSALITY BETWEEN DEFORESTATION AND DENGUE INCIDENCE, MUNICIPALITIES IN PARÁ, DIFFERENCE-IN-DIFFERENCE, 

TESTING FOR THE BEGINNING OF PARALLEL TRENDS IN MAHOGONY AND NON-MAHOGANY MUNICIPALITIES, 2003 -2012 

  

  

  

  

  

  

Using forest area as 

deforestation trend control 

Using stock area as 

deforestation trend control 

Using flow area as 

deforestation trend control 

Variables (5)   (6)   (7) 

            

Treat2009 -164.8**  -194.1**  -181.2** 

  (75.86)  (75.9)  (75.01) 

            

Pretreat -162.4**  -191.8**  -179.5** 

  (74.55)  (74.82)  (74.11) 

            

Fixed Effect X   X   X 

            

Variables to control for population characteristics X   X   X 

            

Variables to control for agriculture activities X   X   X 

            

Bovine density and cloud X   X   X 

            

Deforestation trend X   X   X 

            

Linear time trend X   X   X 

            

Municipality cluster X  X  X 

      

Observations 1,280  1,280  1,280 

R-squared 0.666  0.667  0.665 

Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the malaria incidence rate (per 100,000 inhabitants), generated via the number 

of dengue cases reported by municipality of the database DATA-SUS. All regressions include a constant and are weighted by population. The treatment variable is a dummy =1 if the year is 2009-2012 interacted with 
the dummy of the mahogany-occurring area. Additionally, we control for a placebo term (a dummy=1 if the year is 2003 - 2007) interacted with the dummy of the mahogany occurring area).  
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b. LEISHMANIASIS 

 

Leishmaniasis is a parasitic disease that is found in parts of the tropics, subtropics, and 

southern Europe. These parasites are transmitted to humans by the bites of the infected female 

phlebotomine sandfly - an insect vector. There are three main forms of Leishmaniasis: 

cutaneous, visceral, and mucocutaneous. Different species of Leishmania tend to cause each 

type. Cutaneous Leishmaniasis is the most common form of the infection worldwide, but 

visceral Leishmaniasis is more relevant to this study, as it affects local populations in remote 

areas of Brazil DATA-SUS presents data separately for cutaneous and visceral Leishmaniasis. 

However, cutaneous Leishmaniasis data had many missing years and municipalities in the 

public database available in the TABNET base of DATA-SUS. Therefore, we opted to limit the 

analysis do visceral Leishmaniasis. Many studies suggest a relationship between Leishmaniasis 

and deforestation. It is interesting to mention the study of Saccaro et al (2015), which was 

discussed in the introduction session of this work. Apart from the Malaria findings, they 

encountered evidence suggesting that Leishmaniasis is strongly correlated with deforestation. 

In particular, they find that lagged deforestation is statistically significant to explain 

Leishmaniasis cases in a given municipality. They do not, however, had the opportunity to study 

a causality relationship between these two variables. To our knowledge, this is the first attempt 

to do that using an econometric approach. Table 12 and Table 13 present the results, discussed 

previously in session 4.2. 
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TABLE 12: EVIDENCE OF CAUSALITY BETWEEN DEFORESTATION AND VISCERAL LEISHMANIASIS INCIDENCE, MUNICIPALITIES IN PARÁ, DIFFERENCE-IN-DIFFERENCE, 

2003 - 2016 

            

  

  

  

  

  

Using forest area as 

deforestation trend 

control 

Using stock area as 

deforestation trend 

control 

Using flow area as 

deforestation trend 

control 

Variables (1) (2) (3) (4)   (5)   (6)   (7) 

                      

Treat2009 1.470** 1.721*** 1.361** -1.709**  -2.086**  -1.608**  -1.704** 

  (0.620) (0.619) (0.524) (0.794)  (0.878)  (0.768)  (0.789) 

                      

Fixed Effect X X X X   X   X   X 

                      

Variables to control for population 

characteristics 
  X X X   X   X   X 

                      

Variables to control for agriculture activities     X X   X   X   X 

                      

Bovine density and cloud       X   X   X   X 

                      

Deforestation trend           X   X   X 

                      

Linear time trend X X X X   X   X   X 

                      

Municipality Cluster X X X X  X  X  X 

           

Observations 1,280 1,280 1,280 1,280  1,280  1,280  1,280 

R-squared 0.559 0.593 0.602 0.653  0.659  0.657  0.656 
Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the malaria incidence rate (per 100,000 inhabitants), generated via the number of 
visceral Leishmaniasis cases reported by municipality of the database DATA-SUS. All regressions include a constant and are weighted by the average population. The treatment variable is a dummy =1 if the year is 2009-

2016 interacted with a dummy =1 if the municipality has areas with natural occurrence of mahogany 
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TABLE 13: ROBUSTNESS CHECK: EVIDENCE OF CAUSALITY BETWEEN DEFORESTATION AND VISCERAL LEISHMANIASIS INCIDENCE, MUNICIPALITIES IN PARÁ, DIFFERENCE-

IN-DIFFERENCE, TESTING FOR THE BEGINNING OF PARALLEL TRENDS IN MAHOGONY AND NON-MAHOGANY MUNICIPALITIES, 2003 -2016 

  

  

  

  

  

  

Using forest area as 

deforestation trend control 

Using stock area as 

deforestation trend control 

Using flow area as 

deforestation trend control 

Variables (5)   (6)   (7) 

            

Treat2009 -0.582  0.467  0.149 

  (1.426)  (1.224)  (1.265) 

            

Pretreat 2.292  3.134**  2.804* 

  (1.766)  (1.578)  (1.508) 

            

Fixed Effect X   X   X 

            

Variables to control for population characteristics X   X   X 

            

Variables to control for agriculture activities X   X   X 

            

Bovine density and cloud X   X   X 

            

Deforestation trend X   X   X 

            

Linear time trend X   X   X 

            

Municipality cluster X  X  X 

      

Observations 1,408  1,408  1,408 

R-squared 0.767  0.766  0.77 

Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the malaria incidence rate (per 100,000 inhabitants), generated via the number 

of visceral Leishmaniasis cases reported by municipality of the database DATA-SUS. All regressions include a constant and are weighted by population. The treatment variable is a dummy =1 if the year is 2009-2016 
interacted with the dummy of the mahogany-occurring area. Additionally, we control for a placebo term (a dummy=1 if the year is 2003 - 2007) interacted with the dummy of the mahogany occurring area).  
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c. CHAGAS 

 

Chagas disease, also known as American trypanosomiasis, is a tropical parasitic disease 

caused by the protist Trypanosoma cruzi. People can become infected in various ways. In 

Chagas disease-endemic areas (such as Latin America), the main way is through vector borne 

transmission. The insect vectors are called triatomine bugs. People also can become infected 

through congenital transmission (from a pregnant woman to her baby); blood transfusion; organ 

transplantation; consumption of uncooked food contaminated with feces from infected bugs; 

and accidental laboratory exposure. Many medical and biological studies state that human 

migration from other areas and uncontrolled deforestation in tropical forests constitute the 

greatest risk for the establishment of Chagas disease. The usual theory is that Chagas is an 

accidental disease of humans that is acquired when humans penetrate a wild ecosystem or when 

wild triatomines invade human dwellings attracted by light or searching for human blood. To 

our knowledge, this is the first attempt to study Chagas and Deforestation from an economic 

point of view. Results are presented in Table 14 and the robustness exercises in Table 15. 
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TABLE 14: EVIDENCE OF CAUSALITY BETWEEN DEFORESTATION AND CHAGAS INCIDENCE, MUNICIPALITIES IN PARÁ, DIFFERENCE-IN-DIFFERENCE, 2003 - 2016 

            

  

  

  

  

  

Using forest area as 

deforestation trend 

control 

Using stock area as 

deforestation trend 

control 

Using flow area as 

deforestation trend 

control 

Variables (1) (2) (3) (4)   (5)   (6)   (7) 

                      

Treat2009 0.791** 0.592 0.722* 1.425**  1.356*  1.395**  1.330* 

  -0.357 -0.364 -0.371 -0.719  -0.737  -0.686  -0.691 

                      

Fixed Effect X X X X   X   X   X 

                      

Variables to control for population 

characteristics 
  X X X   X   X   X 

                      

Variables to control for agriculture activities     X X   X   X   X 

                      

Bovine density and cloud       X   X   X   X 

                      

Deforestation trend           X   X   X 

                      

Linear time trend X X X X   X   X   X 

                      

Municipality Cluster X X X X  X  X  X 

           

Observations 1,705 1,705 1,705 1,408  1,408  1,408  1,408 

R-squared 0.541 0.561 0.566 0.597  0.604  0.601  0.633 
Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the malaria incidence rate (per 100,000 inhabitants), generated via the number of 

Chagas cases reported by municipality of the database DATA-SUS. All regressions include a constant and are weighted by the average population. The treatment variable is a dummy =1 if the year is 2009-2016 interacted 
with a dummy =1 if the municipality has areas with natural occurrence of mahogany 



47 

 

TABLE 15: ROBUSTNESS CHECK: EVIDENCE OF CAUSALITY BETWEEN DEFORESTATION AND CHAGAS INCIDENCE, MUNICIPALITIES IN PARÁ, DIFFERENCE-IN-

DIFFERENCE, TESTING FOR THE BEGINNING OF PARALLEL TRENDS IN MAHOGONY AND NON-MAHOGANY MUNICIPALITIES, 2003 -2016 

  

  

  

  

  

  

Using forest area as 

deforestation trend control 

Using stock area as 

deforestation trend control 

Using flow area as 

deforestation trend control 

Variables (5)   (6)   (7) 

            

Treat2009 2.090**  2.094**  2.056** 

  (1.015)  (0.912)  (0.915) 

            

Pretreat 1.115  1.053  1.095 

  (0.932)  (0.722)  (0.718) 

            

Fixed Effect X   X   X 

            

Variables to control for population characteristics X   X   X 

            

Variables to control for agriculture activities X   X   X 

            

Bovine density and cloud X   X   X 

            

Deforestation trend X   X   X 

            

Linear time trend X   X   X 

            

Municipality cluster X  X  X 

      

Observations 1,408  1,408  1,408 

R-squared 0.604  0.601  0.633 

Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the malaria incidence rate (per 100,000 inhabitants), generated via the number 

of Chagas cases reported by municipality of the database DATA-SUS. All regressions include a constant and are weighted by population. The treatment variable is a dummy =1 if the year is 2009-2016 interacted with 
the dummy of the mahogany-occurring area. Additionally, we control for a placebo term (a dummy=1 if the year is 2003 - 2007) interacted with the dummy of the mahogany occurring area).  
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APPENDIX D 

In this session, the same econometric exercises performed throughout this work are repeated 

for variables associated with infant mortality. Literature suggests that this is an important 

consequence of malaria transmission. Since we find consistent evidence that the changes in 

deforestation in Pará were associated with changes in malaria incidence, it is interesting to 

check if another impact of the interventions we study can be seen in infant mortality. For this 

study, we used data from DATA-SUS relating to the number of fetus’ deaths by year in the 

municipality of residence of the mother.10 

We begin using as our dependent variable a fetus’ death incidence rate constructed using 

the number of fetuses’ death per 100,000 alive births reported in a given municipality. Table 

16 presents the results:

                                                                 
10 We also used data from the total of deaths in babies with less than 26 days in a given municipality for the same 

exercises. The results were very similar to those presented in this session. 
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TABLE 16: TESTING FOR CAUSALITY BETWEEN DEFORESTATION AND INFANT MORTALITY, MUNICIPALITIES IN PARÁ, 1996 -2016, USING FETUS DEATH 

            

  

  

  

  

  

Using forest area as 

deforestation trend 

control 

Using stock area as 

deforestation trend 

control 

Using flow area as 

deforestation trend 

control 

Variables (1) (2) (3) (4)   (5)   (6)   (7) 

                      

Treat2009 79.05 153.8* 158.4* -9.066  -39.64  -16.98  -31.79 

  (76.29) (86.77) (86.79) (101.7)  (103.4)  (105.7)  (99.87) 

                      

Fixed Effect X X X X   X   X   X 

                      

Variables to control for population 

characteristics 
  X X X   X   X   X 

                      

Variables to control for agriculture activities     X X   X   X   X 

                      

Bovine density and cloud       X   X   X   X 

                      

Deforestation trend           X   X   X 

                      

Linear time trend X X X X   X   X   X 

                      

Municipality Cluster X X X X  X  X  X 

           

Observations 2,940 2,940 2,940 1,408  1,408  1,408  1,408 

R-squared 0.186 0.235 0.253 0.375  0.38  0.379  0.393 
Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the fetus mortality incidence rate (per 100,000 inhabitants), generated via the number 

of fetus reported dead by municipality of the database DATA-SUS, that includes only cases in the public health system of Brazil. All regressions include a constant and are weighted by the average population. The treatment 
variable is a dummy =1 if the year is 2009-2016 interacted with a dummy =1 if the municipality has areas with natural occurrence of mahogany. 
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There does not appear to be evidence of a causality between deforestation and infant 

mortality, as presented in Table 16. Only in two of the models test the term Treat2009 has a 

marginal significance, and the signal does not goes according to the theory behind our model. 

In principle, this result could be due to the fact that we are using an wider sample than in our 

malaria exercises, that captures the period of the first intervention in the mahogany market. 

Then, it could mean that our malaria exercises are not reliable, and that we were actually 

capturing for pre intervention trends prior to 2003. To better attest this hypothesis, we repeat 

the regressions in Table 16 limiting the sample to the period of 2003-2006, which were the 

years we studied for malaria. Table 17 presents the results.
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TABLE 17: TESTING FOR CAUSALITY BETWEEN DEFORESTATION AND INFANT MORTALITY, MUNICIPALITIES IN PARÁ, 2003 -2016, USING FETUS DEATH 

            

  

  

  

  

  

Using forest area as 

deforestation trend 

control 

Using stock area as 

deforestation trend 

control 

Using flow area as 

deforestation trend 

control 

Variables (1) (2) (3) (4)   (5)   (6)   (7) 

                      

Treat2009 -48.99 2.464 17.43 -9.066  -39.64  -16.98  -31.79 

  (72.90) (87.16) (87.82) (101.70)  (103.40)  (105.70)  (99.87) 

                      

Fixed Effect X X X X   X   X   X 

                      

Variables to control for population 

characteristics 
  X X X   X   X   X 

                      

Variables to control for agriculture activities     X X   X   X   X 

                      

Bovine density and cloud       X   X   X   X 

                      

Deforestation trend           X   X   X 

                      

Linear time trend X X X X   X   X   X 

                      

Municipality Cluster X X X X  X  X  X 

           

Observations 1,974 1,974 1,974 1,408  1,408  1,408  1,408 

R-squared 0.242 0.282 0.297 0.375  0.38  0.379  0.393 
Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the fetus mortality incidence rate (per 100,000 inhabitants), generated via the number 
of fetus reported dead by municipality of the database DATA-SUS, that includes only cases in the public health system of Brazil. All regressions include a constant and are weighted by the average population. The treatment 

variable is a dummy =1 if the year is 2009-2016 interacted with a dummy =1 if the municipality has areas with natural occurrence of mahogany. 
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As the results again do not present evidence of causality between deforestation and 

infant mortality, we can still be assured of our malaria findings. Most likely, this model is not 

sufficiently calibrated to capture for the impact on infant mortality, as we are using controls 

that were selected for malaria incidence. 

We also repeated the same exercise using including two intervention dummies instead 

of just one: One for the period of 2001-2007 (Treat2001), that would capture the effects of the 

first intervention (the ban on mahogany market), and one for the period of 2009-2016 

(Treat2009), relating to the second intervention (the increase in monitoring in deforestation).  
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TABLE 18: TESTING FOR CAUSALITY BETWEEN DEFORESTATION AND INFANT MORTALITY, MUNICIPALITIES IN PARÁ, 1996 -2016, USING FETUS DEATH, TESTING FOR THE 2 

INTERVENTIONS IN THE MAHOGANY MARKET 

            

  

  

  

  

  

Using forest area as 

deforestation trend 

control 

Using stock area as 

deforestation trend 

control 

Using flow area as 

deforestation trend 

control 

Variables (1) (2) (3) (4)   (5)   (6)   (7) 

                      

Treat2009 116.7 195.6* 190.3* -29.47 
 

-78.04 
 

-49.15 
 

-35.93 

  (103.5) (104.9) (110.4) (124.4) 
 

(124.7) 
 

(126.9) 
 

(124.7) 

                      

Treat2001 87.59 92.39 66.6 -24.64  -46.51  -38.83  -5.007 

 (105.1) (105.8) (112.2) (125.3)  (125.3)  (127.9)  (124.1) 

           

Fixed Effect X X X X   X   X   X 

                      

Variables to control for population 

characteristics 
  X X X   X   X   X 

                      

Variables to control for agriculture activities     X X   X   X   X 

                      

Bovine density and cloud       X   X   X   X 

                      

Deforestation trend           X   X   X 

                      

Linear time trend X X X X   X   X   X 

                      

Municipality Cluster X X X X  X  X  X 

           

Observations 2,940 2,940 2,940 1,408  1,408  1,408  1,408 

R-squared 0.186 0.236 0.253 0.375  0.38  0.379  0.393 
Notes: Robust standard errors are in parentheses (clustering at municipality). *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the fetus mortality incidence rate (per 100,000 inhabitants), generated via the number 

of fetus reported dead by municipality of the database DATA-SUS, that includes only cases in the public health system of Brazil. All regressions include a constant and are weighted by the average population. The treatment 
variable is a dummy =1 if the year is 2009-2016 interacted with a dummy =1 if the municipality has areas with natural occurrence of mahogany. 
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Finally, we tried instead of the average population as a weight in the regressions, the 

average number of alive births in a municipality, as well as exercises using an infant mortality 

rate based on the population and not on the total alive births reported. Moreover, we tried 

controlling for the total alive births in the baseline 2009 and as a contemporary value. These 

results were very similar to the ones already reported in this session, with weak evidence of a 

causality between deforestation and infant mortality. 

APPENDIX E 

In this session, we bring the official fact sheet that is completed by the health agent in 

case of suspicion of malaria infection. This is done is case of an appearance of any patient in 

the public or private health system of Brazil who reports fever with or without the following 

symptoms: headache, chills, sweating, tiredness, myalgia in case the patient is a resident or has 

been in an area where malaria is endemic between 8 and 30 days before the date of the first 

symptoms; or any patient tested for malaria during an epidemiological investigation. This sheet 

is only available in Brazilian Portuguese, and accompanies a pdf with instructions on how the 

health agent should answer the questions, which we also included. 
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