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Abstract

Background: The natural environment provides multiple ecosystem services, and thus welfare benefits. In
particular, it is known that different ecosystems, such as forests, contribute to human health through different
ecological interactions, and that degradation of these natural ecosystems have been linked to the emergence and
re-emergence of infectious diseases. However, there is little evidence on how ecosystem conservation policies
affect human health. In Chile, about 20% of national land is under protection by its national network of public
protected areas.

Methods: We use a database of mandatory reporting of diseases between 1999 and 2014, and considering socio-
economic, demographic, climate and land-use factors to test for a causal relationship between protected areas
and incidence of infectious diseases using negative binomial random effects models.

Results: We find statistically significant effects of protected areas on a lower incidence of Paratyphoid and
Typhoid Fever, Echinococcosis, Trichinosis and Anthrax.

Conclusions: These results open the discussion about both causal mechanisms that link ecosystem protection
with the ecology of these diseases and impacts of protected areas on further human health indicators.

JEL Codes: Q58, Q57,Q56, Q01

1. Background

Humans have caused significant losses of natural resources and deterioration in natural ecosystems through
technological changes and cultural activities such as the use of irrigation systems, intensive exploitation of water
reserves and land for food production, logging, among others. [1]

This human interaction has led to a degradation or unsustainable use of 60% of the planet's ecosystem services,
including water and air purification, local and global climate regulation, plagues, and natural hazards. [2] These
alterations to ecosystems have occurred faster in the last 50 years than in all the rest of the history of humankind.
Furthermore, the drivers behind these changes do not seem to decrease, but in many cases only increase in
intensity. [3]

At the same time, during the last century little attention has been paid to how these changes in the structure of
natural systems and their functions may affect human health. [4] The causal relationships between ecosystem
change and human health are complex since they are mostly indirect, scattered in time and space, and dependent
at the same time on other factors. [1]

Nonetheless, there is growing evidence on how environmental changes, at different levels, can produce impacts on
human health, such as stress, respiratory allergens, infectious diseases, water shortages and associated health
problems, food insecurity, health issues associated to population displacement due to environmental changes,
health problems associated with air pollution, among many others. [4]

It should be emphasized among the examples shown previously, that the emergence and re-emergence of
infectious diseases has become a global environmental problem with major consequences, both in public health,
as in economics and politics. The etiological origin of most emerging diseases is zoonotic (i.e., infectious

Page 2/19



diseases caused by bacteria, viruses and parasites that spread between animals (usually vertebrates) and
humans), and the environmental change that affects the habitat of wildlife has been highly involved in the onset
of these diseases and their spread. [5]

Currently, unprecedented environmental changes are taking place that will affect the lives of human beings and
animals with whom they interact. [6] These environmental changes are not only related to climate, but also to
demographics, changes in land use and environmental conditions at small and large scale. [7] These changes are
altering the interactions between people and infectious diseases, in addition to influencing vectors of zoonotic
parasites and their relationships with humans. [6] At the same time, land use changes in the form of deforestation,
are considered one of the most important environmental factors driving the appearance of emerging and re-
emerging of infectious diseases. [8] [9] Nonetheless, much of the literature and experimental studies on forests
and human health has been carried out in tropical areas because diseases are less prevalent in temperate
climates, due to the occurrence of a cold season.[10]

In terms of the impact of protected areas on human health, there is little evidence on how forest and ecosystem
conservation policies affect human health. [11] Nevertheless, it is estimated that between 23% and 25% of global
morbidity could be avoided by improving management of environmental conditions. [12] In this direction, although
conservation is the main purpose of these projects, the sense of linking protected areas with other components of
development and welfare, such as health, becomes evident. [13]

Outbreaks of emerging diseases from zoonotic origin are affecting the human population at an alarming rate [14].
In this regard, in recent decades the number of emerging pathogens that affect human population have
substantially increased. [15] Of these infectious diseases, 62% are zoonotic. [16] Knowledge of the relationships
between host, infectious agents and environment is crucial to counter pathogens, especially zoonotic diseases.
This is critical to better understand the reach and limits of the current SARS-CoV-2 pandemic, which report reaches
by September 2020 around 32 million confirmed cases worldwide after emerging in China at the end of 2019 [17].
Human CoV infection is a zoonosis and the SARS-CoV-2 experience has shown us how devastating and life-
threatening a zoonotic disease could be. Therefore, understanding the role of conservation policies in the
transmissibility of infectious diseases would provide valuable information to better plan and design future
conservation actions.

Ecological factors associated with the appearance of these diseases are complex and poorly understood. [14] The
main drivers of the onset of a disease include the exponential population growth, consumption and waste
generation. This in turn has prompted the intensification and expansion of urbanization and agriculture, and
forest habitat alteration, which determines the environmental change in a region. The process of occurrence of
infectious diseases is associated with the combination of these environmental factors.

In addition, a common element involved in outbreaks of emerging diseases, is always the sudden social and
ecological disruption, reflected in changes in land use. [18] Changes in disease vectors and reservoirs
domestication, domestic habitat invasion by opportunistic species, and invasion of natural habitat for wild
species are associated to these trends of land use changes. The species become receptors of pathogens in altered
and fragmented forests near human settlements. The interaction between human and animal hosts, and
reservoirs and vector species within ecosystems affects the dynamic host-pathogen, facilitating the onset of the
disease. [18]
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Moreover, while there is plenty of evidence on the impact of the drivers that promote ecosystem change, the
linkage between ecosystem change and benefits coming from ecosystem services has not been well documented.
This contributes to the perception that conservation initiatives involve only costs to local population by
constraining social benefits of extractive human uses. [19] [11]

The objective of this article is to measure the impact of the Chilean National Public System of Protected Wild
Areas on outcomes of infectious diseases. To help this objective, we built a panel dataset containing information
on mandatory notification of diseases, land use, biophysical conditions and demographic and socioeconomic
factors. In addition, we summarize the existing evidence that propose how protected areas might affect the
chosen diseases outcomes and calculate the marginal effects, showing how diverse levels of protection are linked
to different impact on disease incidence.

a. Chilean System of Protected Areas

Continental Chile stretches more than 4200 km north to south, 445 km at its widest point and 90 km at its
narrowest part. Its geography is characterized by the Andes and Coastal ranges flanking the so-called
“Intermediate Depression”, interrupted on several occasions by regional variations. [20]

The climate varies greatly and comprises the world’s driest desert in the north, Mediterranean climate in the center,
humid subtropical in Easter Island, oceanic climate, alpine tundra and glaciers in the east and south, among many
other ecoregions. One of them, Valdivian temperate forest, is considered as one of the top biodiversity hotspots in
the world. [21]

Chile established its first protected area in 1907 and the first national park in 1925, in a context of rapid
deforestation and increased awareness about conservation. However, it was not until 1984 that the National
System of Protected Wild Areas (SNASPE by its acronym in Spanish) was created to organize the protected areas
in a unified system in order to preserve Chilean natural resources. It is regulated by law and administered by the
Chilean Forest Service. [22]

At present, the system includes 41 national parks, 46 national reserves and 18 natural monuments that cover
21,1% of the continental Chilean territory. [23] 99,8% of the protected area is concentrated in the first two
categories. [21] However, while most threatened ecosystems are located between central and south Chile, 80% of
protected areas belong to the two southernmost regions where land has low commercial value and low population
density. [21][22]

2. Methods

a.Data

Our dataset comprises 16 years (1999-2014) of annual municipal-level observations of mandatory reporting of
cases of Echinococcosis, Trichinosis, Typhoid and Paratyphoid fever and Anthrax. Syphilis, Hepatitis B and
Rubella cases were also included as negative controls.

The infectious diseases were chosen due to their importance in public health, differences in their infection cycle
and pathogen, and presence in Chile. These characteristics will be discussed in the description of the health
outcome to be analyzed. Syphilis, Hepatitis B and Rubella were included as negative controls because they are not
theoretically related to landscape-level ecological changes.
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The statistics are based on mandatory reporting of diagnosed cases, from both public and private sectors. The
diagnosed cases are attributed to the municipality of residence of the patient and not to the municipality of the
health facility. Municipality is the basic political and administrative unit in Chile.

In addition, we compiled municipality-level cross-sectional data for the percentage of municipal land covered by
protected areas, population, road density, distance to region capital, municipality land area, and biophysical
conditions, such as temperature, rainfall, altitude and slope. These data were collected for 336 of the 345 existing
municipalities, spanning the entirety of the sixteen administrative regions of Chile.

Data on diseases were obtained from the Department of Health Statistics and Information of the Ministry of
Health. Additional data were provided by the Ministry of Public Works, the Ministry of the Environment, National
Statistics Institute and University of La Frontera.

Descriptive statistics for all dependent and independent variables are shown in Table 1 followed by a brief
narrative of the description of the variables.
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Table 1
Descriptive Statistics

Mean Value Mean Value Diff Mean Norm t-
Municipalities Value diffe statistic
Municipalities
With Protected
Without Protected  Areas
Areas
Para) Typhoid Fever 1.255 0.952 -0.304 -0.103 2.822
cases/year)
Echinoccocosis 0.649 1.250 0.601 0.240 -9.978
(cases/year)
Trichinellosis (cases/year)  0.111 0.102 -0.009 -0.010 0.131
Anthrax (cases/year) 0.009 0.011 0.002 0.015 -0.624
Syphilis (cases/year) 9.646 8.466 -1.180 -0.049 1.130
Hepatitis B (cases/year) 1.523 1.085 -0.437 -0.081 2.222
Rubella (cases/year) 1.646 0.788 -0.858 -0.084 2.497
Population 48061.470 34823.180 -13238.290  -0.203 5.766
Roads density (km/km?) 0.766 0.366 -0.401 -0.878 26.348
Distance to regional 61.122 100.393 39.272 0.645 -21.639
capital (km)
Slope (°) 7.657 12.125 4.468 0.801 -28.859
Altitude (masl) 617.527 897.616 280.089 0.345 -12.869
Average temperature in 6.484 4778 -1.706 -0.531 19.061
July (°C)
Average temperature in 16.274 13.631 -2.643 -0.782 26.106
January (°C)
Rainfall (ml) 874.754 1170.980 296.226 0.447 -15.202
N municipalities with protected areas (treated) = 1600; N municipalities without any protected area (control) =
3820.
_ ¥r-Xp
|S§+
aNormalized difference * ~  where T= protected and C= unprotected.

Treatment variable. This is the explanatory variable of interest or treatment variable and it is expressed as the
proportion of the municipality land area covered by protected areas. There are 240 municipalities that have no
protected areas established under the SNASPE system which will be used to estimate the counterfactual scenario.
Among protected municipalities, the maximum proportion of protection is 72.7% for the case of the municipality
of Juan Fernandez.
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Health outcomes. The first seven variables shown in Table 1 correspond to the dependent variables or health
outcomes. They show the number of cases of diagnosed patients per municipality per year for each of the chosen
mandatory infectious diseases. As shown in Table 1 and following the treatment variable definition, it can be seen
that there are systematic differences between treated and control municipalities for almost all health outcomes as
expressed by the normalized difference between treated and control municipalities.

Patterns of infectious diseases in humans are affected by economic conditions, changes in human behavior and
environmental factors. All these driving factors correlated not only with health outcomes but also with the
establishment of protected areas will also shown in Table 1 as co-variates. [24-26] All transmission of zoonotic
diseases may be altered through changes in ecosystems. The physicochemical environment influences the
pathogen and its survival, density and dispersal, the conditions that determine the survival of the vector, the
development of the pathogen after the interaction with the vector, the presence, behavior and abundance of
intermediate hosts and definitive hosts, and it even influences the nutritional status and behavior of humans. [27]

It is important to consider that there are different causal mechanisms by which environmental change can alter
disease transmission, through impacts on pathogens, vectors or hosts. [27] These mechanisms include changes
in exposure pathways, density or identity of disease-related organisms, species composition of communities of
organismes, alteration in life cycle of pathogens or vectors and change in the environment in which organisms live,
that creates genetic alterations, which increases transmission. [28] This research is not aiming to estimate these
causal mechanisms, but to estimate the causal impact of protected areas on the incidence of some infectious
diseases.

Echinococcosis

Echinococcosis caused by Echinococcus granulosus is the main cause of hospitalization for parasitic disease in
Chile. It can produce high degrees of morbidity to people who are mostly in full productive age. [29]

Echinococcosis is a zoonotic disease caused by two species of cestode larvae, being Echinococcus granulosus
the most common and widespread species. This parasite has different life cycle stages, and it depends on the
dog-sheep cycle as definitive and intermediate host, respectively. Humans are aberrant hosts that can serve as
definitive or intermediate host by ingesting eggs. Eggs release oncospheres in the intestine, which then develop
hydatid cysts in a variety of organs. [30] Echinococcosis generates a high socio-economic impact due to days not
worked, surgery and recovery, medication, medical visits and related medical services. In general, it is related to
rural pastoralist, and the sheep is the intermediate host of greatest epidemiologic importance. Other animal
species can also acquire relative importance, such as pigs, goats and South American camelids. [31]

In Chile the annual costs derived from surgical treatment to remove a hydatid cyst in 2012 was estimated in USD
2.46 million and USD 3.13 million summing the costs of sick leaves and loss of productivity respectively. These
costs are only considering human costs. There are also animal-derived costs that considers pharmacological
treatment of infected dogs and animal production losses derived from confiscations and reduction of meat
production. Considering both animal and human costs, the annual economic burden of the disease in 2012 was
estimated in USD 14.25 million. [29]

Trichinosis
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Trichinosis or trichinellosis is a tissue-dwelling nematode infection. Tissue-dwelling nematode infections are
widely distributed throughout the world and their impact is greatest in resource-poor settings in the tropics and
subtropics, but they also affect population in temperate more developed regions, where they continue to be at risk.
[32]

Trichinosis or trichinellosis is a zoonotic disease caused by eight species of the nematode Trichinella spiralis that
has been found in more than 66 countries and 150 mammalian species, and it represents the most common
species responsible for human trichinellosis. [33]

In Chile, human trichinosis is endemic and the first indigenous cases were published more than a hundred years
ago and its occurrence is closely related to cultural habits and diet. [34] T. spiralis has been found in domestic
pigs, rats, cats, dogs and pumas [35], from which pigs and rats have a greater importance in domestic infection
cycles. Domestic pigs usually eat infected rats, causing trichinellosis in humans by the ingestion of undercooked
meat containing encysted larvae. [29] After exposure to gastric acid, the larvae are released from the cysts and
invade the small bowel mucosa where they develop into adult worms. [36]

Trichinosis is worldwide distributed and it has important socio-economic impacts in public health and local food
production economies. [37] The epidemiology of trichinosis is under constant review. Worldwide it has been
considered as a reemerging infection because new species have appeared, as a result of man having invaded
other habitats thus exposing himself to new cycles of infection. [34]

Anthrax

Anthrax is also zoonotic, but the main difference with the previous two diseases is that this is virulent, contagious
and potentially fatal. [38] Anthrax is caused by the bacteria Bacillus anthracis, which infects both, wild and
domestic herbivores. Susceptibility to the disease is greatest for cattle followed by sheep, horses and goats that
get infected by contaminated food or water. Infected herbivores generally bleed from the nose, mouth and bowel
before dying; resulting in contamination of pastures and water sources. [39] In addition, B. anthracis can be
disseminated by flies and mosquitos carrying contaminated feces or blood from infected herbivores. [38] In
humans, infection can be cutaneous, gastrointestinal and inhalational and they occur by direct contact with
infected animals or animal products. [40][41] Most anthrax cases are associated with industrial or agricultural
workers. In Chile, references can be found prior to 1950 linked to slaughter of animals. Rural areas have shown
higher lethality and occurrence [42].

Typhoid and paratyphoid fever

Typhoid and paratyphoid fever are infectious diseases caused by Salmonella typhi and Salmonella paratyphi,
respectively. They are together known as enteric fever. Typhoid and paratyphoid fever are commonly related to the
consumption of unsafe water and food. [43] Nevertheless, a range of other risk factors have also been identified,
such as presence of water bodies, flooding, rainfall and temperature. [44] Typhoid and paratyphoid fever remain
as an important public health problem at the global scale, and a major cause of morbidity in developing countries.
[45] Typhoid symptoms include fever and abdominal pain, which without treatment can have a fatality rate of 10-
30%. [46]

In Chile, there is a low incidence of typhoid and paratyphoid fever. [47] Even though they had high incidence and
prevalence until the 90’s, attributed to the consumption of contaminated drinking water and food. [48][49]
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Additional to the links mentioned above between physicochemical environment that influence different stages of
the transmission cycle, protected areas regulate diseases through the ecosystem changes associated with forest
conservation that may filter pathogens from surface water, reduce flooding, maintain water quality and providing
hydrological cycle stabilization. [11][19]

Moreover, biosphere changes caused by environmental destruction and fragmentation facilitate local emergence
of zoonoses from their natural biotopes and their interaction with human population and domestic animals. [50]

Chile is facing a process of loss and decline of biodiversity and ecosystems. Half of its natural ecosystems show
certain level of conservation threat related to changes in land-use, introduction and spread of invasive exotic
species, development of primary production sector, forest fires and climate change. [51] Agents of many zoonoses
have been detected in different wildlife environments, such as hydatidosis, salmonellosis and anthrax. [50]

Negative controls

Syphilis, Hepatitis B and Rubella were included as placebo outcomes. Syphilis is a highly contagious diseases
spread mostly through sexual activity. It can cause abortions, neonatal death and in newborns disorders such as
deafness, neurological deficit, growth retardation and bone deformities. In Chile, it is established that syphilis is a
mandatory declaration infection and it must be notified daily to the Health Authority, by public and private
healthcare establishments. [52] Hepatitis B is a viral and immune preventable disease and it is part of the National
Immunization Program in Chile and it affects 0,15% of Chilean population. The only reservoir are humans and it
can be transmitted parenterally, sexually, perinatally and horizontally through contact of mucosa. [53] [54] Rubella
is a viral disease affecting susceptible children and young adults worldwide. It is transmitted in airborne droplets
when people sneeze or cough. [55] During 1990, it was included in the National Immunization Program and from
1990 the incidence of rubella decreased rapidly in the country. [56]

Control variables. Regarding biophysical conditions, the climate of Chile encompasses a wide range of weather
diversity throughout the country, depending on both latitude and altitude. In most of the country there are four
seasons, with July and January being the coldest and warmest months respectively. Rainfall is more frequent
during winter [20].

In terms of demographic factors, on average each municipality included in this study register on average 44,000
inhabitants. Most of them live in urban areas and are concentrated in central and southern areas due to climatic
conditions and connectivity limitations. [57] Therefore distance to regional capital was also included, since it
helps to control access to healthcare facilities and markets. [11]

b. Empirical Strategy

All analyses were carried out using Stata 16.1. Given the nature of the dependent variables (number of disease
cases), we use a count data model. Whilst Poisson models (PRM) are the natural candidate to deal with count
data, Negative Binomial Models (NBRM) were chosen given that our data proved to be over-dispersed (i.e.
standard deviation higher than the conditional mean) and overly skewed to the right (i.e. high number of zeros).
The appendix includes plots of predicted distributions calculated from PRM and NBRM. It can be easily seen that
NBRM fits the distribution better for all of our dependent variables (se Figure A1).
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To estimate the impact of protected areas on public health outcomes, we use a random effects model approach

employing the variation of both between and within municipalities over time, and assuming that the unexplained
residual variation is not related to independent variables. Since the relationship between diseases incidence and

protected areas may vary at different levels of protection proportion, we estimated the marginal effects to show

how these levels differ on impact on health outcomes.

Additionally, we included three negative control diseases whose incidence has no theoretical link with protected
areas (Syphilis, Hepatitis B and Rubella) to support our empirical strategy and causal relationships. If our
specification is correct, we should not find any impact between protected areas and the incidence of these
diseases.

As it was mentioned before, the origin of protected areas is heterogeneous in time, and some of them are more
than 100 years old. We do not ignore the effect that this might have on the impact on public health outcomes.
Therefore, variables for protection period were included in 4 different categories: 0 to 20, 20 to 40, 40 to 60 and
more than 60 years of protection.

Since there is no data for infectious diseases outcomes before 1999, when the SNASPE was established in 1984,
we have no control over the outcomes baselines for assessing the impact of the conservation policy. Nevertheless,
we empirically test that the independent variables used in our model also determine health outcome baseline data.
To test this hypothesis, we compared the means for our health outcomes on a sample of municipalities that have
never been protected with a matched sample of municipalities that started their protection after 1999. The
municipalities were matched using Propensity Score Matching. To match these municipalities, variables of
municipality land area, roads density, slope, altitude, average temperature in July and January, and rainfall were
considered, resulting in 14 matched municipalities, 5 not protected at all (Sample 1) and 9 protected after the
beginning of the studied period (Sample 2). Table 2 shows the difference in means between both groups. It can be
seen, that there are not statistically significant differences between the average number of diagnosed cases in
those municipalities that started their protection after 1999 and the 5 matched non protected municipalities for
any disease.
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Table 2
Mean comparison test between matched non protected municipalities and municipalities protected after 1999

Mean Non-protected N  Mean protected N Differencein

municipalities municipalities means
(Para) Typhoid 5.200 5 3444 9 1.756
Fever
Echinococcosis 1.200 5 1.889 9 -0.689
Trichinosis 0.000 5 0.000 9 0.000
Anthrax 0.000 5 0.000 9 0.000
Syphilis 8.200 5 13.667 9 -5.467
Hepatitis B 0.800 5 1111 9 -0.311
Rubella 7.000 5 5444 9 1.556
N 14

*p<0.10,* p<0.05 **p<0.01

3. Results

a. Protected Areas

Table 3 presents the results from the random effects negative binomial model. Each column is labelled as the
dependent variable for that specific model. As expected, our estimated parameter for protected areas are negative
and significant for our outcome variables and not statistically significant for our negative controls. The results
suggest that the highest the proportion of the municipality that is protected, the fewer the cases of each one of the
diseases that were investigated.
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Table 3

Negative Binomial Random Effects Regression Results

Protected
areas (%
municipality
area)

Number of
inhabitants

Roads
density

(km/km?)

Distance to
regional
capital (km)

Slope (°)

Average
altitude
(m.a.s.l.)

Average
temperature
in July (°C)

Average
temperature
in January

(*C)

Rainfall

(ml)

a0 to
20 years of
protection

(Para)
Typhoid
Fever

-1.482%

(0.886)
0.000%*+

(0.000)
0.126

(0.144)
-0.001

(0.001)
0.010

(0.011)
-0.000*

(0.000)
-0.016

(0.028)
0.005

(0.031)
-0.000

(0.000)
-0.246

Echinoccocosis

-3.018***

(0.979)
0.000%*

(0.000)
10,947k

(0.209)
0.004**

(0.002)
0.009
(0.017)
-0.007 %

(0.000)
-0.203%**

(0.039)
0.041

(0.043)
0.000

(0.000)
0.119

Trichinellosis

-8.109***

(1.919)
0.000%**

(0.000)
0.722%+

(0.319)
-0.003

(0.003)
0.002
(0.032)
-0.007*

(0.001)
-0.078

(0.073)
-0.004

(0.068)
0.007%**

(0.000)
0.905%*
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Anthrax

-10.746**

(4.227)
0.000

(0.000)
-3.58 4%k

(1.036)
-0.003

(0.005)
-0.041
(0.041)
-0.000

(0.001)
10,8774

(0.142)
0.594%+*

(0.135)
0.001*

(0.000)
-0.986

Syphilis

-0.590

(0.623)
0.000%*+

(0.000)
0.800%*+

(0.104)
-0.001

(0.001)
0.010
(0.008)
-0.000

(0.000)
0.018

(0.020)
-0.059%*

(0.023)
0.000

(0.000)
-0.280%*

Hepatitis
B

-0.501

(0.998)
0.000%*

(0.000)
0.588*

(0.160)
-0.001

(0.001)
0.002
(0.013)
-0.000%**

(0.000)
0.052*

(0.030)
-0.146%%

(0.036)
-0.007 %+

(0.000)
-0.280

Rubella

-0.574

(1.116)
0.000***

(0.000)
0.883%*+

(0.183)
-0.005%*+

(0.002)
0.040%**
(0.013)
0.000

(0.000)
0.082%**

(0.031)
0.006

(0.039)
-0.000

(0.000)
0.310




(Para) Echinoccocosis  Trichinellosis  Anthrax Syphilis  Hepatitis  Rubella

Typhoid B

Fever

(0.185) (0.254) (0.355) (1.079) (0.123) (0.196) (0.230)
a0 to 0.114 -0.259 0.273 -0.429 -0.341*  -0.397* -0.584**
40 years of
protection

(0.197)  (0.243) (0.591) (0.831) (0.136)  (0.221) (0.255)
340 to -0.222 -0.023 0.826 -0.919 -0.144 -0.333 -0.133
60 years of
protection

(0.233) (0.285) (0.512) (0.846) (0.164) (0.286) (0.291)
aMore than 0.094 0.565** 1.565%** 0.759 0.005 0.071 0.478*
60 years of
protection

(0.186) (0.227) (0.294) (0.554) (0.136) (0.238) (0.256)
Year Yes Yes Yes Yes Yes Yes Yes
dummies
Constant 0.307 1.698** -3.673*%** -6.855%**  0.963** 1.235*% -1.390*

(0.595) (0.851) (1.315) (2.126) (0.480) (0.745) (0.798)
N 5,340 5,340 5,340 5,340 5,340 5,340 5,340
bic 11,286 10,136 2,474 627 23,228 9,654 6,216

b. Other covariates

Population density is positively correlated with each disease, but Anthrax. Municipalities with higher roads density
have lower rates of Echinococcosis, Anthrax and all negative control diseases, but higher rates of Trichinosis. This
might be explained by the adversarial effect of roads density, that improve both access to health services and
damage ecosystems. [11] Altitude is negatively correlated with all diseases but Rubella. Average temperature in
the coldest month (July) has a negative impact on Typhoid and Para Typhoid Fever, Echinococcosis, Trichinosis
and Anthrax, but a positive effect on the negative control diseases Hepatitis B and Rubella. Average temperature
in January has a positive effect on Anthrax and negative on Syphilis and Hepatitis B. Rainfall is positively
correlated to Trichinosis and Anthrax and negatively correlated with Hepatitis B.

For the case of the number of years of protection, it is important to consider that although some of the protected
areas are quite old, the creation of the national system of protected areas in 1984 represents the government
effort to promote the definition and legalization of protected areas boundaries and the assignment of specific
management objectives for each unit in the system, so it can be considered as the true beginning of protected
areas in Chile. [58]

c. Marginal effects
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In Fig. 1, we plot the marginal effects of the percentage of protected land area on the probability of finding a
number of each disease higher than zero. It can be noticed that the marginal effects are always negative and
decreasing in absolute terms.

For typhoid and paratyphoid fever and anthrax, the effect is not statistically significant at the lowest level of
protection but becomes negatively significant when the protected area reaches around 20%. This indicates that
there is a lower probability of finding cases of these diseases at higher levels of protection.

For trichinosis and echinococcosis, the effect is always negative and statistically significant. Slopes of marginal
effects shown in Fig. 1 points that the effect is much higher at the starting levels of percentage of land being
protected.

4. Conclusions

Anthropogenic activities cause ecosystem changes, but at the same time, humans are sensitive to changes in
ecosystem services, affecting their own welfare [3]. Human health is included among the most underappreciated
ecosystem service [59] and the particular relationship between health and ecosystem change has not been well
documented [4][11]. At the same time, not all groups are similarly affected, since harmful effects of ecosystems
degradation are being disproportionately borne by the poor. [1] The current global health crisis has shown the
profound implications that a lack of an understanding between human health and ecosystem degradation can
provoke.

Additionally, the lack of evidence about economic contributions of ecosystem services to people contributes to the
perception that conservation initiatives, like protected areas, only constrain social benefits of economic extractive
activities, thus involving only costs to local population. [11][19]

To help address this gap in knowledge and generating credible evidence for conservation practitioners and
policymakers, we analyzed a rich dataset comprising human health outcomes and biophysical, land-use,
demographic and socioeconomic factors. We found that protected areas decrease the incidence of infectious
disease outcomes. Impact evaluation methodology produced robust estimates by showing no impact of protected
areas on diseases not linked to ecosystem degradation. However, health dividends decrease with higher levels of
protection which should be considered when designing future protection actions.

In summary, there are important health co-benefits that can be attributed to conservation polices. These important
co-benefits should be taken into account when evaluating benefits and costs associated to future conservation
decisions. This implies that the design of protected areas can be socially justified not only for their potential role
on ecosystem preservation, but also for their important health benefits. By showing that protected areas decrease
the incidence of various infectious diseases, the research provide evidence that conservation policies could
provide more than just costs for local population and contribute to the wellbeing of the poorest and least entitled.
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Figure 1

Marginal effects: The effect of a change on proportion of municipal protection on the number of disease cases
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Figure 2

Model specification test. Poisson vs Negative Binomial.
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