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1. Introduction 

There is scientific consensus about how the expected impacts of climate change will affect human health. 

These impacts are related to the changes in both temperature and rainfall patterns and include: health/cold 

related diseases, infectious disease vectors, waterborne diseases, cardio-respiratory diseases, infectious 

diseases and malnutrition, among others (Parry, M.L.; Canziani, O.F.; Palutikof, J.P.; et al. 2007). 

These changes will affect diverse  countries differently, depending on their developmental stage and their 

geographic location. For instance, in developed countries, the expected impacts are associated with 

increases in both heat related and cardio-respiratory diseases, while in developing countries the expected 

impacts are related to waterborne diseases, infectious diseases (malaria), and malnutrition (Parry, et al. 

2007).  

The impacts that climate change is expected to have on health will also have significant consequences for 

the economy as a whole. These consequences are associated with: increasing costs of health systems, 

productivity reduction, and increases in mortality and morbidity, among others.  There is a large body of 

literature showing these impacts, especially for developed countries. Some studies include: Germany 

(Hübler, Klepper and Peterson 2008), Europe (Haines, et al. 2006), and the United States (The U.S. Global 

Change Research Program 2010, Kunkel, Pielke and Changnon 1998). While for Latin America and the 

Caribbean (LAC) there is a knowledge gap in this regard.  

An important issue about the LAC region is the heterogeneity of the countries within it, ranging from 

Haiti, which is considered one of the poorest countries in the world, to Brazil, which is the sixth largest 

economy in the world (according to its nominal GDP). Since the expected impacts of climate change 

depend on each country’s developmental stage, the climate challenges faced by the countries in this region 

will differ in this regard 
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Economic	 impact	assessments	can	provide	useful	 information	on	 the	magnitude	of	 the	challenges	

that	must	be	 faced	as	a	result	of	climate	change.	However,	 it	 is	not	clear	how	these	 figures	would	

help	policymakers	make	better	decisions	on	how	to	adapt	or	cope	with	potential	impacts. 

The objective of this study is to estimate the economic impacts that climate change will have on human 

health in the city of Santiago, Chile, where the impacts under study are related to respiratory and 

cardiovascular diseases. We	 assessed	 these	 economic	 impacts	 using	 an	 econometric	 estimation	 of	

diseases‐climate	 functions	 for	 diseases	 and	 deaths. A salient feature of our estimation is that we 

included current and lagged values for temperature, pollution and precipitation, taking into account 

Santiago’s (Chile) specific meteorological pattern, which is characterized by a cycle that can last from 1 to 

6 days in the winter (Garreaud, 2006). Additionally, we estimated the economic impact using both the 

direct medical cost (damage cost) and the value of statistical life for different future climate change 

scenarios.  

This report is organized as follows: section two presents a literature review focusing on developing 

countries. Section three presents the modeling approach, while section four provides the main results. 

Finally, section five is devoted to the final conclusions and the policy recommendations. 

 

2. Literature Review 

Multiple, complex, and causal pathways characterize the relationship between climate variables and health 

indicators. For this reason the World Health Organization (WHO) published a handbook with a general 

method that can be used to quantify the impacts of climate change on health (Campbell-Lendrum and 

Woodruff 2007). The proposed steps are as follows: 1) Select the climate change scenarios and the time 

period 2) Obtain exposure measurements, 3) Identify health outcomes for assessment, 4) Quantify the 

relationship between the climate and each health outcome 5) Link the exposure measurement to the 

climate-health model, 6) Estimate burden of disease in the absence of climate change and 7) Calculate the 

climate change attributable burden of specific diseases. 

Once the relationship between climate change and health is established, it is necessary to quantify the 

computed health impacts in economic terms (Hutton 2010). The economic cost has two components. First, 

the damage cost estimation implies no adaptation or mitigation, and includes the economic value of 

productivity losses, changes in health care costs, and deaths. Second, the adaptation cost estimation 

includes the cost of reduced exposures, the cost of preventative measures, and the cost of treating diseases.   

The relationship between respiratory diseases and climate change has been well documented by several 

international organizations. In the United States, the Center for Disease Control and Prevention (CDC) 

established that climate change and respiratory diseases are linked as a result of an increase in ozone and 
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fine particle concentrations, and due to a seasonal change in aeroallergens, such as pollen and mold spores 

(Centers for Disease Control and Prevention 2009). On the other hand, the IPCC, in its Fourth Assessment 

Report (AR4), established that there is high confidence about the expected increase in respiratory diseases 

due to an increase in the ozone concentration (Parry, et al. 2007). Regarding waterborne diseases, the 

IPCC affirmed that climate change will most likely increase the risks associated with waterborne diseases. 

In both cases, respiratory and waterborne diseases, the impacts are associated with changes in temperature 

and precipitation patterns, as well as extreme weather events. 

Regarding economic modeling,  several modeling approaches have been used worldwide in order to 

account for the economic impacts of climate change on health, these approaches range from top-down 

models, such as the Computable General Equilibrium Model, till bottom-up models, including those using 

simulations and econometric techniques. Markandya and Chiabai presented a comprehensive review of 

economic modeling (Markandya and Chiabai 2009). Most of the studies using CGE models have been 

conducted either at the global or regional level (Bosello, Roson and Tol 2006, Mayeres and Van 

Regemorter 2003, Selin, et al. 2009, Nam, et al. 2009). The main issue with these kinds of models is 

related with the assumptions about production functions, elasticities of substitution, and sectorial 

aggregation. Despite these limitations, their results are useful because they present an overall picture 

regarding the consequences for the whole system.  

Bottom up approaches have been conducted in both developed and developing countries, these	models	

provide	a	detailed	picture	of	the	health	sector, and how climate change is expected to impact it. In this 

regard, their results are much more detailed than those presented by CGE models, but they are restricted to 

individual health system.  McMichael et al (2008) conducted a study about the expected mortality due to 

temperature changes in 12 cities located in developing countries (Delhi, Monterrey, Mexico City, Chiang 

Mai, Bangkok, Salvador, Sao Paulo, Santiago, Cape Town, Ljubljana, Bucharest, and Sofia). For each of 

these cities an autoregressive Poisson model was estimated, independently. The study relates daily 

mortality with temperature, season, humidity, air pollution, day of the week, and public holidays.  All of 

the cities results show a U-shape function between mortality and temperature, with evidence of increasing 

mortality with both colder temperatures and increasing heat. At the city level, Chiang Mai presents the 

highest increase in mortality for each Cº below the cold threshold (84.3%), while Monterrey presents the 

highest increase in mortality for each Cº above the heat threshold (18.8%). 

Crawford-Brown et al (2012) analyzed the benefits of particulate matter PM and ozone reduction policies 

in Mexico by 2050. The simulated policy implies a 77% reduction of greenhouse gas (GHG) emissions 

relative to the baseline. The authors built a concentration response function relating health risks and 

changes in air concentration for both pollutants (PM and ozone). The economic costs were computed 

using the change in the number of deaths and the avoided cost of illness. Due to the lack of information 
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for Mexico, the authors used corrected values (by income) from previous studies. Results show that a 

decrease in the GHG implies a reduction of 3,000 deaths per year with a benefit of US$0.6 billion per 

year. 

The Economic Commission for Latin America and the Caribbean (ECLAC) has conducted most of the 

existing research addressing the economic impacts of climate change in the health sector, focusing on the 

Caribbean region. Countries which have been analyzed include:  Guyana (ECLAC 2011 (a)), Jamaica 

(ECLAC 2011 (b)), Montserrat (ECLAC 2011 (c)), Saint Lucia (ECLAC 2011 (d)), and Trinidad and 

Tobago (ECLAC 2011 (e)). In Latin America, only Bolivia has been analyzed (Molina 2009). 

Among the Caribbean countries, the studies of Guyana and Jamaica follow the same modeling approach 

(ECLAC 2011 (a)).  In these cases, the economic impacts are simulated till 2050, using two climate 

scenarios A2 and B2 (Intergovernmental Panel on Climate Change 2000). The climate-disease 

relationships are computed using a Poisson regression model.  In Guyana, the diseases considered are: 

malaria, dengue, leptospirosis, and gastroenteritis. The authors built a different Poisson model for each 

disease. In the case of malaria, the explanatory variables are precipitation (with two lags), max 

temperature (with one lag), season, and the human development index (HDI). For dengue, the number of 

cases is related to: precipitation (with three lags), max temperature (with three lags), time trend, season, 

and the HDI. On the other hand, the number of Leptospirosis cases is associated with: precipitation (with 

three lags), max temperature (with three lags), time trend, season, and sanitation facilities. Finally, for 

gastroenteritis, the authors built two models depending on the age of those affected: less than 5 years, and 

over 5 years.  In the both models, the number of cases is related to: min. temperature, precipitation, time 

trend, and season. 

In Jamaica the diseases considered are: dengue, gastroenteritis, leptospirosis, and extreme events. The 

authors built a different Poisson model for each disease. For dengue, the number of cases is related to: 

precipitation (with one lag), temperature (with two lags)  sanitation facilities, and household health 

expenditure. Gastroenteritis’ explanatory variables are: precipitation, temperature (with one lag),  

sanitation facilities, and household health expenditure. Finally, the number of  leptospirosis cases is 

related to: precipitation, temperature, household health expenditure, and  sanitation facilities. 

 After computing the climate-disease relationships, the expected climate changes, in accordance with the 

IPCC scenarios, are determined in order to forecast the number of cases by 2050 (using ten year steps).  

The expected number of cases is then used to compute the economic impacts, considering: prevention 

costs (vaccination), treatment costs and mortality. In both, results show that expected impacts could reach 

as much as US$300 million. 
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In the studies conducted in Montserrat (ECLAC 2011 (c)) and Saint Lucia (ECLAC 2011 (d)) the 

relationship between climate and diseases was gathered from literature. In the case of Montserrat, the 

diseases considered are: malaria, gastroenteritis (under five), cardiovascular diseases, and respiratory 

diseases. As in the previous studies, authors forecast the number of cases using the IPCC scenarios. In 

order to account for the economic costs, the authors used the value of the statistical life. Considering that 

this information is not available for these countries, values were transferred from third countries. In Saint 

Lucia, the expected impacts range from US$3 to US$7 billion, while in Montserrat the range is US$25 to 

US$42 million. The difference could be explained by the differences in the value of a statistical life in 

each country, in Saint Lucia it is valued at US$1.2 million, while in Montserrat it is US$0.43 million. 

In Trinidad and Tobago (ECLAC 2011 (e)), authors computed the relationship between climate and 

diseases using Engle-Granger Two-Step Algorithm Testing and Error Correction Modeling.  This study 

considers the following diseases: dengue, leptospirosis, food-borne illnesses, and gastroenteritis. As in the 

previous studies, authors forecast the number of cases using the IPCC scenarios. In order to account for 

the economic costs, authors considered the treatment costs. Results show that the expected impacts of 

climate change on the health sector could reach as much as US$350 million by 2050. 

Finally, Molina (Molina 2009) developed a model for the Bolivian health sector. The study considers the 

following diseases: malaria, dengue, respiratory diseases, and diarrhea.  The economic costs are projected 

till 2100 using the IPCC scenarios A2 and B2. The author built a Multinomial Logit model for each 

disease at the commune level. The model relates the number of cases with climate data. For malaria, the 

data includes: educational level, urbanization rate, incidence of droughts, mean temperature, standard 

deviation of temperature and precipitation. In the case of dengue, the climate data includes: mean 

temperature, mean temperature square, standard deviation of temperature, and mean precipitation. For 

respiratory diseases and diarrhea, the data includes: urbanization rate, mean temperature, and standard 

deviation of temperature, mean precipitation, and standard deviation of precipitation.  

The economic costs are computed using the productivity loss approach, as well as the public expenditure 

in the health sector. Results show that productivity losses range from 0.007% to 0.015% of the GDP by 

2100, approx. US$1.7 to US$3.6 million, while the change in public expenditure is negligible.  

The Value of Statistical Life (VSL) method simply provides a way to quantify that value using labor 

market data, assuming that wages across different economic sectors have a “risk compensation” 

component, that is, the higher the work risk, either fatal or non-fatal, the higher the wages should be. This 

information is important for policymakers, especially when designing and evaluating regulations 

associated with health and environmental trade-offs. 
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The most common approach used to calculate the VSL is the hedonic wages method (HWM) (Field and 

Field 2008; Viscusi, 1993). This method assumes that job positions are heterogeneous in their attributes, 

including fatal and non-fatal risks.  The risks are considered as disamenities, and workers may be willing 

to sacrifice a portion of their wages in order to participate in less risky jobs.  This trade-off between job 

risk levels and wages is used to calculate the VSL or VSI, using the coefficients of a hedonic wages 

function.   

Several studies calculating the VSL have been conducted in developed countries, but there are few in 

developing countries, mainly due to limited data.  Nearly 50 studies estimating the VSL have appeared 

since the 1970s when the HWM was suggested in literature (Viscusi and Aldy, 2003).  Thirty of these 

studies estimated the VSL for American workers, starting with Smith (1974), who obtained a VSL of 

US$9 million dollarse.  However, these studies differ in regards to the samples and risk data utilized, 

which results in a wide variation in the VSL estimates. Thaler and Rosen (1979), Butler (1983) and 

Kniesner and Leeth (1991) reported a VSL in the range of US$0.7 and US$1.3 million dollars, while 

Dorsey and Walzer (1983), Leigh (1991), Moore and Viscusi (1990) and Dorman and Hagstrom (1998) 

estimated ranges between US$7 and US$20.8 million dollars per statistical life. Viscusi and Aldy (2003) 

analyzed 30 studies for the United States and declared that most of them reported a VSL between US$4.9 

and US$12 million dollars, with only a few studies out of that range.   

Few studies deal with the VSL in Latin America. Using data from North America, Europe, and Asia, 

Miller (2000) made an important attempt at predicting the VSL for some developing countries.  He 

reported a value between US$600,000 and US$900,000 for Chile. However, his estimations did not use 

the classic hedonic wages approach; he obtained the values using other countries’ VSL estimates. 

Bowland and Beghin (2001) explored a similar approach by estimating a VSL prediction function for 

industrialized countries, which was then used to predict the VSL in the city of Santiago (Chile); they 

obtained a value of US$872,383.  In spite of such efforts, there are no direct VSL estimations for Chile 

and the reliability of using data from developed countries to estimate values for developing countries is, at 

the very least, questionable. In addition, it may not be appropriate to compare these values with values 

determined by the HWM due to differences in the methodologies used in each case. 

3. Methodology 

In order to account for the economic impacts of climate change the steps proposed by the World Health 

Organization were followed (Campbell-Lendrum and Woodruff 2007). The first step entails measuring the 

impact of climate variables on health in recent years. In the second step, future projections of climate 

																																																													
e	Throughout	this	paper	all	values	are	expressed	in	real	terms	(2006	prices).	
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variables are applied to these relationships. Finally, in the third step, the costs associated with incremental 

health effects are estimated. Each of these steps is explained below.  

 

a. Measuring	climate	variables’	recent	impacts	on	health . 

Climate change will impact the health sector at two different scales: increasing the number of visits to 

emergency care centers or increasing the number of people admitted to hospitals; and increasing the 

number of deaths related to climatic conditions. These impacts should be analyzed independently due to 

the different costs associated with each.   

Two different econometric models were developed, one for the number of cases/admissions and one for 

deaths. In both cases the model relates the number of cases/admissions/deaths for each disease type with 

climatic variables (temperature, precipitation), air pollution conditions (PM10 and PM2.5 concentration), 

and socioeconomic conditions. 

We used a Poisson model to account for the non-negative integer nature of the data. This model is 
provided by: 

  

 

In which  is the number of deaths (cardiovascular and respiratory) or emergency room visits, in the 

commune i at time t for the former and the number of visits to the medical center i in period t.  is a 

vector of explanatory variables, and   is a parameter to be estimated. This model assumes that the 

occurrence of successive events in a given time interval are independent. If this is true, this model can be 

applied similarly to the cross section application (Cameron & Trivedi, 1998).   Therefore, we evaluated 

the serial correlation of our data using Wooldridge’s  test of serial correlation  (Woldridge, 2002). 

Furthermore, this model assumes that the mean and the variance are equal, a phenomenon known as 

equidispersion. Nevertheless, this assumption is hardly ever supported by the data due to unobservable 

individual heterogeneity. Therefore, we also estimated a Negative Binomial model that accounts for 

heterogeneity through the augmentation of the Poisson model that includes a random parameter  with a 

gamma distribution allowing for overdispersion. Since both models are nested, it is possible to test for 

overdispersion using the negative binomial model verifying that the parameter , is statistically different 

from zero. If t the null hypothesis is not rejected, we can conclude that the Poisson model is appropriate.  
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The Poisson model used in this study has been widely used to analyze rare events, such as diseases, that 

could or could not occur during specific time periods. The general model specification for the events’ 

mean is presented in equation [2]: 

    [2]

 

Where is the number of cases/deaths related to disease i, with i= respiratory, cardiovascular.  is the 

precipitation level in period t, is the precipitation level with lagged j times. is the temperature 

level in period t, with m = min, max. is the temperature level (min, max) lagged j  times,  is 

the MP10 concentration in period t, while  is the concentration lagged j times. Finally  

and  are the MP2.5 concentrations in period t and lagged j times, respectively.  

The specific lagged step in each variable is based on empirical evidence for Santiago, Chile. Using 

observed information of critical air pollution episodes, Garrreaud and Rutllant, (Garreaud and Rutllant 

2006) showed that the relationship between the emergency of respiratory disease is related to 

environmental pollution, precipitation, and temperature within a cycle that lasts five days.     

 

b. Applying	these	relationships	to	future	climate	variable	projections. 

The WHO’s second recommendation (Campbell-Lendrum and Woodruff 2007) involves projecting the 

cases/deaths computed in the previous section using probable future climatic conditions.  

Future climatic conditions are essentially uncertain due to the fact that future climate trends result from 

future greenhouse gas emissions, which are the outcome of future economic patterns. Considering that it is 

impossible to know future economic patterns for certain, the IPCC has created a series of storylines 

reflecting future economic conditions that align with future climatic conditions. These storylines are called 

emission scenarios (Intergovernmental Panel on Climate Change 2000).  

Four different narrative storylines were developed to consistently describe the relationships between 

emission driving forces and their evolution, in addition to adding context to each  scenario’s 

quantification. Each storyline represents different demographic, social, economic, technological, and 

environmental developments.  

The titles of the storylines are: A1, A2, B1, and B2; each is based on a common specification of the main 

driving forces. The A1 storyline is a case of rapid and successful economic development, in which 

regional average income per capita converge. Thus, current distinctions between "poor" and "rich" 

countries eventually dissolve. The family in the A2 scenario, compared to that in the A1 storyline, is 
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characterized by lower trade flows, relatively slow capital stock turnover, and slower technological 

change. The A2 world "consolidates" into a series of economic regions. Self-reliance in terms of resources 

and less emphasis on economic, social, and cultural interactions between regions is characteristic in this 

future. Economic growth is uneven and the income gap between currently industrialized and developing 

parts of the world does not narrow, unlike in the A1 and B1 scenarios. 

The central elements of the B1 future are a high level of environmental and social consciousness 

combined with a globally coherent approach to a more sustainable development. Economic development 

in B1 is balanced, and efforts to achieve equitable income distribution are effective. The B2 world is one 

of increased concern for environmental and social sustainability compared to the A2 storyline. The 

population reaches about 10 billion people by 2100; income per capita grows at an intermediate rate to 

reach about US$12,000 by 2050. By 2100 the global economy expands to reach some US$250 trillion. 

International income differences decrease, although not as rapidly as in storylines of higher global 

convergence.  

Considering that none of these storylines have a specific probability of occurrence, it is the researcher’s 

responsibility to choose one in order to simulate climate change impacts. For this specific case, the A2 and 

B2 scenarios were selected. These two scenarios imply different emission patterns, which drive different 

future climatic conditions. In	 this	regard,	using	these	scenarios	will	provide	some	kind	of	range	 for	

the	 expected	 impacts.. The Chilean government also has estimations of future precipitations and 

temperatures, according to both scenarios for the years 2040-2070. Thus, the final scenarios are A2-2040, 

A2-2070; B2-24040, B2-2070. 

It is worth noting that air pollution is a major issue in Santiago; and, there is evidence linking air pollution 

and precipitation. Therefore, in order to properly assess climate change impacts in Santiago, we must 

consider the interaction of changes in precipitation, temperatures and pollution.  Pollution emissions in 

Santiago are relatively stable during the day, so changes in the pollution concentration are associated with 

changes in climatic conditions (wind direction and atmospheric pressure). A typical high airborne 

pollution episode in Santiago occurs in the winter, when there are low temperatures and generally after a 

period of rain that cleans the air.  It is the combination of low temperature, humidity and pollution that 

generates a significant amount of respiratory problems. For instance, if it rains on day t (dt) the level of 

pollution is very low on day t because of the precipitation, the changes in wind and the atmospheric 

pressure within the area.  On the following day, after the rain has passed, dt+1, the pressure starts to rise in 

the morning, while in the afternoon there is a slight increase in both daily temperature and PM10 

concentration. During t+2 and t+3, the atmospheric pressure decreases, affecting wind intensities within 

the basin. Till t+5 the temperatures at night decrease, minimum temperatures reach below zero degrees. 

This difference between daytime and nighttime temperatures drives new atmospherically stabile 
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conditions, lowering the wind speed and worsening the pollution conditions within the basin.  Figure 1 

depicts the relationship between daily precipitation and pollution levels (PM2.5) between May and August 

2000 (winter), while Figure 2 depicts the relationship between daily precipitation and temperature.   

Therefore,	in	order	to	properly	estimate	future	climate	impacts	in	Santiago,	Chile	our	study	includes	

analyses	 of	 the	 relationship	 between	 air	 pollution	 and	 precipitation.	 Although	 air	 pollution	 is	 a	

consequence	 of	 economic	 decisions,	 analysis	 of	 this	 aspect	 is	 beyond	 the	 scope	 of	 our	 research.	

Thus,	 we	 only	 computed	 the	 relationship	 between	 precipitation	 and	 temperature,	 (climate	

variables)	using	the	correlation	matrix	between	precipitation	and	air	pollution.	We	also	discuss	the	

possible	implications	of	changes	in	future	pollution	levels 

c) Estimation of costs associated with incremental health effects 

Once the incremental number of cases/admissions/deaths has been computed, the next step is to assess the 

economic impact associated with them.  In this regard, we followed the WHO’s recommendations (Hutton 

2010), multiplying the incremental number of cases due to climate change by the health costs associated 

with them. For the incremental number of deaths we multiplied this value by the value of the statistical life 

(VSL). The economic costs in the health sector have two components:  

 Damage cost estimation: implies no adaptation or mitigation, and includes the economic value of 

productivity losses, changes in health care costs, and deaths. 

 Adaptation cost estimation: includes the cost of reduced exposures, the	 cost	 of	 preventing	

adverse	outcomes , and the cost of treating diseases.  

Damage cost estimation can be performed in several ways, depending on the available information. One 

option is to add the result of the attributed deaths multiplied by the statistical value of life with the 

attributed loss of productivity due to illness and injury and the attributed health care costs. When VSL 

figures were not available, this value was replaced by the daily cost of treatment times the number of days 

at the health facility. 

To determine the VSL we estimated the hedonic wage function using a semi-logarithmic linear functional 

form following Viscusi and Aldy’s (2003) suggestion.  Since we used information from the labor market, 

there was a selection bias problem originating from the fact that wages of people not in the market are not 

included.  If we had ignored this selection bias we would have implicitly assigned a value equal to zero to 

the wage rate of people outside the market. This would have been unacceptable because their reservation 

wage may have been greater than the equilibrium wage, and, therefore, they would have voluntarily 

decided not to work. Consequently, including these people in the sample with a value of zero for their 

wage would have been incorrect, but discarding these observations from the sample would also have been 

inappropriate (McConnell et al. 2003). The selection bias problem can be solved using the two steps 
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method proposed by Heckman (1979).  This model consists of, first, estimating a participation equation 

using the entire sample, and then, estimating a wage equation that uses only the observations of 

participants in the labor market, but also includes as an explanatory variable the Inverse Mills Ratio which 

controls for participation in the labor market.   

A second difficulty which we covered in this study is the existence of the endogeneity problem discussed 

by Garen (1988).  This issue arises for two reasons.  First of all, if safety is a normal good, then wealthy 

workers would choose safer jobs.  This implies that wages and risk levels are simultaneously determined.  

Secondly, there may be unobserved worker characteristics that could influence the risk perception and 

therefore alter the risk premium.  We used a Hausman test (Hausman 1978; Wooldridge 2003) to detect 

endogeneity between wages and risk levels and corrected endogeneity using a Two Stages Least Square 

estimation. To	select	instruments	we	used	Garen’s	strategy (1988) and Timmins and Murdock (2007).  

Following Garen, our auxiliary equations regressed the risk levels against determinants of the risk level 

perception (Instrumental variables).  The instruments are correlated with the manner in which people 

perceived risk (fatal and nonfatal) at their jobs. This perception does not explain the final wage rate they 

perceived.  The variables are individuals’ characteristics, including no labor income and some factors 

affecting risk perception, such as number of children younger than 6 years old,  spouse’s level of 

education, a dummy variable explaining whether the spouse is employed or not, and a dummy variable 

indicating whether or not a spouse is disabled. Since	 there	 are	 no	 variables	 to	 directly	 measure	

people's	risk	aversion,	proxy	variables	were	used	to	show	how	workers	perceived	the	risk	at	their	

jobs These variables indicate the level of maturity in his/her life cycle and, therefore, should reflect the 

individual’s desire to have a safe job (Garen, 1988).    

On the other hand, following Timmins and Murdock (2007) we selected exogenous variables (in the wage 

equation), t from other firms in the same economic sector activity, and used these variables, or functions 

of these variables, as instruments. These variables should be correlated to the risk variable of each firm 

since, when workers choose to work in a firm, they consider, at least partially, these other variables. For 

example, the firm’s size in terms of number of workers will induce more workers to choose this firm (if it 

is a proxy for the firm’s solvency for example), therefore, this will affect the risk level in that firm (more 

workers affect the calculation of the risk factor). However, the value of the number of workers in other 

firms will not affect the determination of wages and rents in the selected firm. Therefore, they should not 

be included in the structural equations that determine this variable. In fact, to the degree that they are truly 

exogenous, as assumed, they should be uncorrelated with the error terms in the wage equation. Thus, the 

conditions for valid instruments, at least in principle, are fulfilled. To construct the instruments we 
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calculated the average value of the number of workers in other firms in the same economic sectors and the 

square value of that number. 

Finally, we used White’s asymptotic estimator for the variance and covariance matrix to prevent possible 

heteroskedasticity problems.  Hence, four regressions were necessary in order to estimate the log-wage 

equation. 

Following Heckman’s (1979) selectivity bias correction, a probit model was estimated in the first stage.  

The empirical form is shown in Equation 3. 

 Prob(wi >0) = F(δ Yi
’ ) +νi  [3]

Where wi>0 only if the individual i  participates in the labor market (is working), Yi, is a vector of 

characteristics that determines the probability of participation of the i-th individual, δ is a vector of 

parameters to estimate and νi is an error component.  After the estimation of Equation 3, the Inverse Mills 

Ratio was calculated and then used as a regressor in the log-wage estimation in a second stage.   

Then we estimated the simultaneous equation system provided by equations 4 to 6. 

 pi = δ1Si’+ ε1i [4]

 qi = δ2Si’ + ε2i [5]

 ln(wi) = c + β Xi’
 + α Zi’ + γ1pi + γ2qi + φ λ(αi) +ε3i  [6]

 

Equation (4) is the auxiliary equation for the job fatal risk (p), equation (5) is the auxiliary equation for 

non-fatal risk (q), S is a vector of characteristics that determines the individual risk perception (including a 

constant). Ln (w) is the neperian logarithm of the wage, c is a constant, X denotes a worker-individual 

characteristics vector, Z represents a job characteristics vector, λ(α) is the Inverse Mills Ratio. The 

subscript i indicates that the data corresponds to the i-th worker.  The vectors β, α, δ1, δ2 and the scalars γ1, 

γ2 and φ are the regression parameters and ε1i, ε2i and ε3i are iid errors.  According to Viscusi (1993), γ1 and 

γ2 are the monetary willingness to accept a marginal increase in the fatal and non-fatal risks, respectively. 

 

 

4. Data and Estimations 

The Ministry of Health (MINSAL, 2010) was the main source of information   used for the number of 

daily deaths at a communal level in Santiago, differentiating between two causes of death: cardiovascular 
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and respiratory diseases. The period under analysis was restricted by the availability of information (1997 

and 2010).  Emergency room visits include weekly  hospital visits (SS) and primary emergency health 

services (SAPU).   Again, the variables include clinic visits for cardiovascular and respiratory problems 

between 2008 and 2010. 

The explanatory variables are: temperature (max. and min.), PM10 and PM2.5 concentration (daily and 

weekly averages), precipitation, and the square of the max. and min. temperatures. We also used a dummy 

variable for the months of May and June, and another for the months of July and August. Regarding the 

time lag, following Garreaud and Rutlant (2006), we used five-day lags for the variables: precipitation, 

temperature and air pollution in the regression of death and a one-week lag for emergency room visits. 

Information about climatic variables was collected from the Chilean MET office (DMC, 2000). The 

information collected includes: temperature (max. and min.) and precipitation. The air pollution 

information used was published by the Regional Health Service, it includes: MP2.5 and MP10 

concentrations, for each of the 13 air quality stations located in the region. Table 1 and Table 2 show the 

descriptive characterization of the sample used in this study. 

The expected changes in the climate variables are  defined by CEPAL (2009), based on the A2 and B2 

scenarios for the period 2040-2070 (see Table 3).  Finally, both the treatment and the adaptation costs 

were computed with updated information published in previous studies (Figueroa, et al. 2012, Holz 2000); 

the values used are presented in Table 4. This Table also considers the statistical value of life (VSL) that 

was estimated using the information reported by the National Socioeconomic Survey (CASEN, 2006), and 

the information about labor risk (fatal and non-fatal) in relation to economic activity as reported by the 

Labor Chilean Association’s (ACHS) Statistical Yearbook (2006). Details on the econometric estimation 

are provided in this project’s report  and in the paper by Parada, Riquelme and Vásquez (2012). 

We estimated several models relating the number of deaths/cases with climatic and socioeconomic data. 

All of these estimation results are presented in Appendix A. In general, we used the same variables to 

explain the number of deaths associated with both cardiovascular and respiratory diseases. For each case, 

cardiovascular and respiratory deaths and emergency room visits, 8 different specifications were 

estimated.  The differences among these models are related to the climatic variables included on the right 

hand side of Appendix A. In general, the number of deaths related to cardiovascular diseases is explained 

by: PM2.5 level, lag of PM2.5 level, mobile average of PM2.5, lag of mobile average of PM2.5, PM10 

level, total pollution concentration within 24 hours, lag of total pollution concentration, precipitation level, 

lag of precipitation level, max. temperature, max. temperature square, lag of max. temperature, min. 

temperature, min. temperature square, lag of min. temperature, monetary income, Dummy 1 (May and 

June), Dummy 2 (July and August).  For all the variables, we used a 5 period lag. 
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Regarding cardiovascular deaths, the sample does not show serial correlation, but in this case the 

equidispersion assumption of the Poisson model does not hold. In order to correct this situation, we used a 

Negative Binomial model. On the other hand, in order to explain the number of deaths associated with 

respiratory diseases, we estimated an autoregressive Poisson model since the sample shows serial 

correlation. 

In general, results associated with cardiovascular deaths show that the increase of the PM2.5 level in the 

first lag drives an increase in  cardiovascular deaths.  For PM10, the direct relationship holds for all  

periods. On the other hand, an increase in the precipitation level  reduces the number of deaths; this result 

is related to the decrease in air pollution. Regarding the lags, the results differ across models. There is a 

negative relationship between max. temperatures and the number of deaths. Nevertheless, this relationship 

changes for the first lag. On the other hand, min. temperatures show a clear negative relationship with the 

number of deaths, this situation changes for the first lag. Interestingly, income has no impact on the 

number of deaths, while the month of the year shows a positive relationship with the number of deaths. 

On the other hand, the results associated with the number of deaths due to respiratory diseases show that 

an increase in the level of PM2.5  drives an increase in the number of deaths; this is valid for the first lag. 

PM10 concentration has overall positive impacts, for the first lag as well. The precipitation level within 

the time period considered has a negative impact on the number of deaths. This situation changes across 

lags periods and models. The same situation occurs with max. temperatures. The results of min. 

temperatures are much more variable, with positive and negative impacts for the same lag across models. 

As in the case of cardiovascular diseases, the month of the year also plays a role in  explaining the number 

of deaths related to respiratory diseases. 

Choosing among models is not a straightforward task since  theory and  practice do not provide many 

insights about how to select certain specifications. We think that some goodness for fit criteria and 

“common sense”, that is a model that reflects the true patterns observed in the data, should guide the 

selection. We show how to estimate the impact of climate change using model 5.    

Using the fitted coefficients, we found the following predicted value for daily deaths (by commune) 

according to the A2-2040 scenario. Climate shocks are considered in three ways, a 10% reduction in 

precipitation alone, a 1.5 degree Celsius increase in the temperature alone, and the combination of both. 

Table 6 and 7 report detailed results for both causes of death (cardiovascular and respiratory). Table 8 and 

9 present information regarding the predicted number of visits to the emergency care center. 

As is shown in Table 5, the final impacts of climate change  depend on the way in which specific changes 

are considered. For instance, when considering only the expected temperature changes, in the winter (May 

– June), the number of cardiovascular related deaths decreases from 0.975 deaths per day, till 0.948 deaths 
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per day and commune, showing a benefit of climate change. The economic assessment is carried out at the 

regional level (52 communes) in yearly basis  

As is shown in Table 6, when precipitation is considered alone, the expected number of deaths increases 

by, on average 13 people per year for the whole region. Instead, when temperature is considered alone, 

there is a benefit, meaning a decrease in the number of deaths by 419 people. As a final result, when both 

changes are considered at the same time, the final number of deaths is 406 people lower than in the base 

scenario. Table 6 also shows seasonal differences, in which the benefit of higher temperatures is greater, 

with a decrease in deaths of 524 people in July/August.   

In economic terms, on average, the decrease in precipitation implies a damage cost of US$1.85 million, 

while the final impact provides a benefit of US$58.05 million per year by using damage costs. On the 

other hand, using the VSL approach, the increase in the number of deaths (due to the decrease in 

pollution) implies a cost of $51.8 million, while the total benefits of avoided deaths is US$1,624 million. 

Seasonal changes show that in the winter the impacts are greater. For instance, due to the decrease in 

precipitation, there is a 28 death increase within the year, with a total cost (VSL) of US$111.23 million 

per year.  

The sensitivity analysis carried out assuming a 20% decrease in temperature, a 2.5º increase, shows that 

the results are not lineal in regards to the changes. When considering a decrease in precipitation, doubling 

the decrease in precipitation (from -10% to -20%) drives an increase in the number of deaths, more than 

proportionally (from 12.98 to 26.03). On the other hand, a 66% increase in temperature (from 1.5º to 2.5º) 

drives a 62% decrease in the number of deaths (from 419 to 683.45). In economic terms, the differences in 

precipitation between both scenarios imply an extra cost of US$52.23 million per year. On average, the 

total benefit for the region increases by 61% . 

Regarding the number of visits to the emergency care center related to cardiovascular diseases a 10% 

decrease in temperature increases the number of visits by 553 (on average). In the winter, the number of 

visits increases by 1,288, while the increase throughout the rest of the year is only 190. In economic terms, 

the decrease in precipitation (10%) and the increase in temperature generate a benefit of US$1,135 

million, using the damage cost estimation, while this figure  reaches US$31,800 million when using the 

VSL approach (Table 8). 

 

5. Conclusions 

Climate change is a serious threat for  economic systems across the globe. Although climate change will 

have worldwide impacts, in relative terms these impacts will be greater in developing countries. 
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In the Latin American and  Caribbean regions, climate change impacts on the health sector have been 

widely analyzed, mainly through the studies conducted by CEPAL. These studies have increased the 

awareness of potential impacts. However, their conclusions must be considered in perspective, since the 

serious impacts of climate change on the health sector in these regions are principally due to poor 

socioeconomic conditions, more than climate change itself. 

This study has helped to shed some light on the economic impacts of climate change in a mid-income 

country, complementing the current evidence available for Latin America. This study differs from 

previous studies conducted in mid-income countries due to the data used, as well as the final economic 

assessment performed. Previous studies (McMichael, et al. 2008), have used data of poor quality to 

perform analyses, excluding from the analysis the role played by changes in precipitation, which for the 

case of Santiago are quite relevant. On the other hand, in this study the economic assessment was carried 

out using two different types of information: treatment costs and the statistical value of the human life 

(VSL). To the best of our knowledge, this is the first study conducted in a Latin American country using 

the VSL value to compute the economic impact of deaths attributed to climate change. It is worth noting 

that the VSL value used in this study was computed specifically for Chile and  is not an approximation 

based on information from other countries. 

The results provided in this study are interesting in two primary ways. First, results show a net benefit for 

climate change, benefits that could be significant depending on the assessment method. This conclusion 

should be taken within the context of the study in which a finer relationship between precipitation, 

pollution, and diseases is not performed. The inclusion of such a relationship would definitely modify the 

results. On the other hand, our results reflect seasonal variations that are relevant for the decision making 

process. Nevertheless, there is a net benefit of climate change associated with the number of visits to  

emergency care centers; results show a clear peak in visits in the wintertime. Considering that  health 

facilities are not flexible enough to adapt to these consequences, policymakers should improve  planning 

in order to avoid the system’s collapse during these months. 

However, our study’s most important conclusion is that a proper assessment of the impact of climate 

change must consider the interaction of temperature, precipitation and pollution. That is, even though a 

reduction in precipitation results in an increase in deaths, this is completely eliminated by the increase in 

temperature. This could be exacerbated if we also considered the effect of pollution. 

Despite the relevance and originality of this study, some drawbacks remain, mainly related to the quality 

of the data. The results could be improved if more detailed data at the commune level were used. This is 

especially relevant for the socioeconomic characteristics that could lessen climate change impacts through 
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adaptation strategies. On the other hand, by extending the time period for which information about 

diseases is available, the results could be improved.   

By observing and analyzing emergency room visits, especially due to respiratory diseases in Santiago, it is 

possible to see with some clarity an annual cycle of consultations that have their peak in the winter 

months, associated with low temperatures and increased humidity after rainfalls. From an analytical 

perspective it may be important to look not only at the number of cases in emergency rooms and the 

higher frequency of cases, but also to further analyze the cycles themselves. That is, focusing on the 

variation in frequency and the amount of rainfall and temperature and their effect on the duration and 

repetitions of the cycle, which would require extending the analysis beyond the observed decadal data. 

This directly implies that the impact of climate change could increase the total number of emergency room 

visits even when the total number of cases in each episode may be lower. 

From a policy perspective, we must focus our attention on elements that could modify the health impacts 

of climate change, incorporating into our model some policy variables that would provide instruments for 

policymakers. For instance, it would be interesting to assess how  urban territorial designs, which are 

generally  defined by land use regulations  (zoning), affect the impacts of climate change. It would be 

useful to know, for example, whether  urban parks could partially reduce the health impacts of climate 

change. Regardless of specific examples, future research should incorporate policy variables linking 

policymakers with the alleviation of climate change impacts.  This information, combined with statistics 

on emergency room visits and deaths, as well as social statistics would contribute to  multilevel models 

capable of analyzing climate change adaptive policies.  Furthermore, as suggested by Grasso, et al (2010), 

these analyses are necessary  at a local level in order to more precisely understand the ways in which 

climate change impacts affect people`s health. Such quantitative studies could be complemented with 

qualitative interviews of both health workers and  health system users. In summary, we must move from a 

simple statistical analysis approach to a more policy and behavioral orientated analysis. 

One aspect related to water and climate change that we did not cover in this study is how  the reduction in 

rainfall would affect water availability and  impact  human health. In this case, it would be essential to 

identify the threshold determining the critical level at which health impacts would  exponentially increase. 

Finally, another relevant issue requiring further investigation is  the effect of precipitation reduction on 

food production and health. This  could be particularly important in rural areas which depend on water 

availability.  
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Figure 1: Daily Precipitation and Pollution Levels (PM2.5) Between May and August 2000 
 
 

 
 
 
Figure 2: Daily Precipitation and Temperature Between May and August 2000 
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Table 1.  Descriptive Information: Deaths and Visits to the Emergency Care Centre (Daily Basis) 
 

Variable Description Mean 
Standard 
Deviation

Min. Max. 

Respiratory Deaths 
Number of deaths associated 
with respiratory diseases. 

0,3127 0,5710 0 6 

Cardiovascular 
deaths 

Number of deaths associated 
with cardiovascular diseases. 

0,8858 0,9679 0 9 

Emergency room 
visits 

Total number of visits to the 
Emergency Care Centre 
(Includes both respiratory and 
cardiovascular diseases) 

6632 5415,1020 0 30714 

MP10 MP10 Concentration.  74,6193 36,0533 4,9792 302,79 

Temp Min Minimum Temperature. 8,2477 4,2056 -4,3571 18,8 

Temp Min2 Minimum Temperature Square. 85,7113 67,6940 0 353,44 

Precipitation Precipitations by Commune 1,1012 5,4557 0 105,3 

Income 
Mean monetary Income by 
Commune 

814090 595053 273215 3823015

Month May-June 
Dummy 1. The value is 1 for 
May or June. 0 otherwise 

0,1928 0,3945 0 1 

Month July-
August. 

Dummy 2. The value is 1 for 
July or August. 0 otherwise 

0,1981 0,3986 0 1 

HDI  
Human Development 

Index(HDI) 
0,7648 0,0746 0,657 0,949 

 

Table 2.  Descriptive Information: Deaths and Visits to the Emergency Care Centre (Weekly Basis) 
 

Variable Description Mean 
Standard 
Deviation 

Min. Max. 

sm_ug1h_mp10 MP10 Weekly Mean 67.74 22.13 28.19 191.36 

sm_con24h 24 hours Concentration Weekly Mean 67.75 22.10 28.60 186.39 

smp2_5dia MP2.5 Weekly Mean 29.04 13.30 7.95 104.59 

smm_mp2_5 MP2.5 Weekly Mobile Average  28.79 12.90 8.02 101.92 

stemp_min Min. Temperature (Weekly Average) 87.94 66.58 0.00 265.18 

tem_min2 
Minimum Temperature Square (Weekly 
Average) 565.03 267.68 109.98 1102.24 

m_j 
Dummy 1. The value is 1 for weeks within 
May or June. 0 otherwise 0.16 0.37 0.00 1.00 

j_a 
Dummy 2. The value is 1 for weeks within 
July or August. 0 otherwise 0.17 0.37 0.00 1.00 

symonehajt Mean Monetary Income by Sector 837466.40 310505.60 570977.30 1711778.00

sprecipita 
Precipitation by Commune (Weekly 
Average) 0.85 2.09 0.00 14.20 

stemp_max Maximum Temperature (Weekly Average) 23.02 5.93 10.49 33.20 

temp_max2 
Maximum Temperature Square (Weekly 
Average) 8.50 3.96 -0.46 16.28 

tcsc 
Total number of urgent cases related to 
cardiovascular diseases. 155.78 1459519.00 0.00 826.00 
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tcsr 
Total number of urgent cases related to 
respiratory diseases.  2107.33 2456381.00 0.00 19257.00 

 

 

Table 3  Climate Change Scenarios 

Scenario Precipitation Temperature 
A2-2040 -10% , -20% +1.5º , +2.5º 
A2-2070 -20% , -30% +3º , +4º 
B2-2040 -10% , -20% +1º , +1.5º 
B2-2070 -10% , -20% +2.5º , +3º 

 
 
Table 5. Forecast for Number of Death by Commune (A2-2040) 
 

Negative Binomial Model for Cardiovascular Deaths 

 Initial  Both Changes Precip - 10% Temp + 1,5 
Mean 0.885 0.864 0.886 0.863 

Mean if May-June=1 0.976 0.950 0.977 0.948 
Mean if July-August=1 1.008 0.981 1.010 0.979 

Mean Other Months 0.817 0.799 0.817 0.799 
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Table 4.  Health Care Costs 

Cost Item CLP 2010 CLP 2012 

Early Death 
$  67.211.969 

(USD 134,424) 

$  71.359.179 

(USD 142,728) 

Urgent Care 
$ 44.765 

(USD 90) 

$          47.527 

(USD 95) 

Care Admission for respiratory disease 
$ 978.903 

(USD 1,958) 

$    1.039.305 

(USD 2,079) 

Care Admission for cardiovascular 

disease 

$ 19.683.872 

(USD 39,368) 

$  20.898.435 

(USD 41,797) 

VSL USD	4,693,837 USD	4,693,837 
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Table 6. Negative Binomial Model: Forecast For Cardiovascular Deaths 
 

 A2-2040 Damage cost VSL 

 Both Changes Precip  -10% Temp  +1,5 Both Changes Precip  -10% Temp  +1,5 Both Changes Precip  -10% Temp  +1,5

Mean 406.74 -12.98 419.33 58.05 -1.85 59.85 1626.94 -51.91 1677.32 

Mean if May-June=1 491.76 -27.81 518.73 70.19 -3.97 74.04 1967.06 -111.23 2074.93 

Mean if July-August=1 524.93 -24.98 549.16 74.92 -3.57 78.38 2099.72 -99.91 2196.64 

Mean Other Months 341.35 -4.38 345.61 48.72 -0.62 49.33 1365.41 -17.51 1382.45 

 A2-2040 Damage cost VSL 

 Both Changes Precip  -20% Temp  +2,5 Both Changes Precip  -20% Temp  +2,5 Both Changes Precip  -20% Temp  +2,5

Mean 658.66 -26.03 683.45 94.01 -3.72 97.55 2634.63 -104.14 2733.78 

Mean if May-June=1 792.96 -55.83 846.04 113.18 -7.97 120.75 3171.84 -223.33 3384.17 

Mean if July-August=1 848.07 -50.11 895.72 121.04 -7.15 127.84 3392.27 -200.43 3582.89 

Mean Other Months 554.50 -8.77 562.89 79.14 -1.25 80.34 2218.00 -35.08 2251.54 

 A2 2070 Damage cost VSL 

 Both Changes Precip  -20% Temp  +3 Both Changes Precip  -20% Temp  +3 Both Changes Precip  -20% Temp  +3 

Mean 786.49 -26.03 811.04 112.25 -3.72 115.76 3145.94 -104.14 3244.16 

Mean if May-June=1 951.79 -55.83 1004.36 135.85 -7.97 143.35 3807.17 -223.33 4017.45 

Mean if July-August=1 1016.18 -50.11 1063.38 145.04 -7.15 151.77 4064.71 -200.43 4253.50 

Mean Other Months 659.41 -8.77 667.72 94.12 -1.25 95.30 2637.62 -35.08 2670.88 

 A2 2070 Damage cost VSL 

 Both Changes Precip  -30% Temp  +4 Both Changes Precip  -30% Temp  +4 Both Changes Precip  -30% Temp  +4 

Mean 1021.31 -39.18 1057.58 145.77 -5.59 150.95 4085.24 -156.71 4230.30 

Mean if May-June=1 1233.01 -84.08 1310.67 175.99 -12.00 187.07 4932.05 -336.30 5242.69 

Mean if July-August=1 1318.12 -75.37 1387.79 188.13 -10.76 198.08 5272.46 -301.48 5551.17 

Mean Other Months 857.70 -13.18 869.99 122.42 -1.88 124.17 3430.80 -52.73 3479.95 

          

 B2-2040 Damage cost VSL 

 Both Changes Precip    -10% Temp  +1 Both Changes Precip    -10% Temp  +1 Both Changes Precip    -10% Temp  +1 
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Mean 269.98 -12.98 282.70 38.53 -1.85 40.35 1079.92 -51.91 1130.80 

Mean if May-June=1 322.36 -27.81 349.60 46.01 -3.97 49.90 1289.43 -111.23 1398.40 

Mean if July-August=1 345.62 -24.98 370.09 49.33 -3.57 52.82 1382.49 -99.91 1480.38 

Mean Other Months 228.78 -4.38 233.08 32.65 -0.62 33.27 915.13 -17.51 932.32 

 B2-2040 Damage cost VSL 

 Both Changes Precip    -20% Temp  +1,5 Both Changes Precip    -20% Temp  +1,5 Both Changes Precip    -20% Temp  +1,5

Mean 394.06 -26.03 419.33 56.24 -3.72 59.85 1576.24 -104.14 1677.32 

Mean if May-June=1 464.58 -55.83 518.73 66.31 -7.97 74.04 1858.34 -223.33 2074.93 

Mean if July-August=1 500.56 -50.11 549.16 71.44 -7.15 78.38 2002.22 -200.43 2196.64 

Mean Other Months 337.08 -8.77 345.61 48.11 -1.25 49.33 1348.31 -35.08 1382.45 

 B2-2040 Damage cost VSL 

 Both Changes Precip  -10% Temp  +2,5 Both Changes Precip  -10% Temp  +2,5 Both Changes Precip  -10% Temp  +2,5

Mean 671.09 -22.93 683.45 95.78 -3.27 97.55 2684.36 -91.71 2733.78 

Mean if May-June=1 819.60 -48.83 846.04 116.98 -6.97 120.75 3278.42 -195.33 3384.17 

Mean if July-August=1 871.97 -44.11 895.72 124.45 -6.30 127.84 3487.86 -176.44 3582.89 

Mean Other Months 558.70 -7.83 562.89 79.74 -1.12 80.34 2234.81 -31.32 2251.54 

 
 
 
 
 
 
 
 
 
 
 
 
Table 7. Autoregressive Poisson Model: Forecast For Respiratory Deaths 
 

 A2-2040 Damage cost VSL 

 Both Changes Precip  -10% Temp  +1,5 Both Changes Precip  -10% Temp  +1,5 Both Changes Precip  -10% Temp  +1,5 
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Mean 243.87 -6.29 249.76 34.81 -0.90 35.65 975.47 -25.17 999.03 

Mean if May-June=1 336.87 -15.20 349.18 48.08 -2.17 49.84 1347.49 -60.78 1396.72 

Mean if July-August=1 337.88 -10.45 348.98 48.22 -1.49 49.81 1351.51 -41.81 1395.93 

Mean Other Months 243.87 -6.29 249.76 34.81 -0.90 35.65 975.47 -25.17 999.03 

 A2-2040 Damage cost VSL 

 Both Changes Precip  -20% Temp  +2,5 Both Changes Precip  -20% Temp  +2,5 Both Changes Precip  -20% Temp  +2,5 

Mean 393.67 -12.50 405.19 56.19 -1.78 57.83 1574.69 -50.00 1620.77 

Mean if May-June=1 544.02 -28.21 568.09 77.65 -4.03 81.08 2176.06 -112.82 2272.35 

Mean if July-August=1 543.89 -22.16 565.60 77.63 -3.16 80.73 2175.55 -88.64 2262.39 

Mean Other Months 393.67 -12.50 405.19 56.19 -1.78 57.83 1574.69 -50.00 1620.77 

 A2-2070 Damage cost VSL 

 Both Changes Precip  -20% Temp  +3 Both Changes Precip  -20% Temp  +3 Both Changes Precip  -20% Temp  +3 

Mean 468.36 -12.50 479.73 66.85 -1.78 68.47 1873.43 -50.00 1918.91 

Mean if May-June=1 649.41 -28.21 673.15 92.69 -4.03 96.08 2597.64 -112.82 2692.62 

Mean if July-August=1 648.15 -22.16 669.56 92.51 -3.16 95.57 2592.58 -88.64 2678.25 

Mean Other Months 468.36 -12.50 479.73 66.85 -1.78 68.47 1873.43 -50.00 1918.91 

 A2-2070 Damage cost VSL 

 Both Changes Precip  -30% Temp  +4 Both Changes Precip  -30% Temp  +4 Both Changes Precip  -30% Temp  +4 

Mean 605.99 -18.77 622.68 86.49 -2.68 88.87 2423.94 -75.09 2490.73 

Mean if May-June=1 840.01 -41.37 874.88 119.89 -5.90 124.87 3360.04 -165.48 3499.52 

Mean if July-August=1 837.75 -33.99 869.19 119.57 -4.85 124.06 3351.00 -135.95 3476.76 

Mean Other Months 605.99 -18.77 622.68 86.49 -2.68 88.87 2423.94 -75.09 2490.73 

          

 B2-2040 Damage cost VSL 

 Both Changes Precip    -10% Temp  +1 Both Changes Precip    -10% Temp  +1 Both Changes Precip    -10% Temp  +1 

Mean 162.77 -6.29 168.75 23.23 -0.90 24.08 651.10 -25.17 674.99 
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Mean if May-June=1 222.69 -15.20 235.18 31.78 -2.17 33.57 890.77 -60.78 940.72 

Mean if July-August=1 224.91 -10.45 236.17 32.10 -1.49 33.71 899.65 -41.81 944.70 

Mean Other Months 162.77 -6.29 168.75 23.23 -0.90 24.08 651.10 -25.17 674.99 

 B2-2040 Damage cost VSL 

 Both Changes Precip    -20% Temp  +1,5 Both Changes Precip    -20% Temp  +1,5 Both Changes Precip    -20% Temp  +1,5 

Mean 237.92 -12.50 249.76 33.96 -1.78 35.65 951.66 -50.00 999.03 

Mean if May-June=1 324.42 -28.21 349.18 46.30 -4.03 49.84 1297.68 -112.82 1396.72 

Mean if July-August=1 326.66 -22.16 348.98 46.62 -3.16 49.81 1306.65 -88.64 1395.93 

Mean Other Months 237.92 -12.50 249.76 33.96 -1.78 35.65 951.66 -50.00 999.03 

 B2-2070 Damage cost VSL 

 Both Changes Precip  -10% Temp  +2,5 Both Changes Precip -10% Temp  +2,5 Both Changes Precip -10% Temp  +2,5 

Mean 399.46 -10.06 405.19 57.01 -1.44 57.83 1597.85 -40.22 1620.77 

Mean if May-June=1 556.12 -22.81 568.09 79.37 -3.26 81.08 2224.49 -91.25 2272.35 

Mean if July-August=1 554.80 -17.59 565.60 79.19 -2.51 80.73 2219.19 -70.38 2262.39 

Mean Other Months 399.46 -10.06 405.19 57.01 -1.44 57.83 1597.85 -40.22 1620.77 

 
 
 
 
 
 
 
 
 
 
 
 
Table 8. Autoregressive Poisson Model: Forecast For Total Visits  To The Emergency Room (Cardiovascular Diseases) 
 

 A2-2040 Damage cost VSL 
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 Both Changes Precip  -10% Temp  +1,5 Both Changes Precip  -10% Temp  +1,5 Both Changes Precip  -10% Temp  +1,5

Mean 
7956.749 -553.550 1997.674 1,135.65 -79.01 285.12 31,827.00 -2,214.20 7,990.69 

Mean if May-June=1 
4544.966 -1288.934 -1104.542 648.69 -183.97 -157.65 18,179.87 -5,155.74 -4,418.17 

Mean if July-August=1 
2890.992 -1099.550 -2895.797 412.63 -156.94 -413.31 11,563.97 -4,398.20 -11,583.19 

Mean Other Months 
10375.997 -190.382 4280.702 1,480.95 -27.17 610.98 41,503.99 -761.53 17,122.81 

 A2-2040 Damage cost VSL 

 Both Changes Precip  -20% Temp  +2,5 Both Changes Precip  -20% Temp  +2,5 Both Changes Precip  -20% Temp  +2,5

Mean 
13,371.57 -1,115.84 14,425.51 1,908.50 -159.26 2,058.92 53,486.28 -4,463.35 57,702.03 

Mean if May-June=1 
7,679.88 -2,599.46 10,157.85 1,096.13 -371.02 1,449.81 30,719.52 -10,397.84 40,631.39 

Mean if July-August=1 
5,043.29 -2,219.07 7,154.66 719.82 -316.72 1,021.17 20,173.17 -8,876.28 28,618.64 

Mean Other Months 
17,371.97 -382.45 17,722.29 2,479.47 -54.59 2,529.47 69,487.89 -1,529.80 70,889.15 

 A2-2070 Damage cost VSL 

 Both Changes Precip  -20% Temp  +3 Both Changes Precip  -20% Temp  +3 Both Changes Precip  -20% Temp  +3 

Mean 
16,418.06 -1,115.84 17,457.71 2,343.32 -159.26 2,491.70 65,672.26 -4,463.35 69,830.84 

Mean if May-June=1 
10,021.75 -2,599.46 12,470.58 1,430.38 -371.02 1,779.90 40,087.01 -10,397.84 49,882.31 

Mean if July-August=1 
6,821.94 -2,219.07 8,907.66 973.68 -316.72 1,271.37 27,287.77 -8,876.28 35,630.65 

Mean Other Months 
20,982.31 -382.45 21,325.82 2,994.76 -54.59 3,043.79 83,929.25 -1,529.80 85,303.30 

 
  

 
  

 A2-2070 Damage cost VSL 

 Both Changes Precip  -30% Temp  +4 Both Changes Precip  -30% Temp  +4 Both Changes Precip  -30% Temp  +4 

Mean 
22,102.45 -1,686.92 23,628.51 3,154.64 -240.77 3,372.45 88,409.82 -6,747.69 94,514.04 
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Mean if May-June=1 
13,730.31 -3,932.26 17,339.90 1,959.70 -561.24 2,474.89 54,921.24 -15,729.04 69,359.60 

Mean if July-August=1 
9,632.50 -3,359.12 12,706.70 1,374.83 -479.44 1,813.60 38,530.00 -13,436.47 50,826.80 

Mean Other Months 
28,050.42 -576.26 28,546.88 4,003.58 -82.25 4,074.44 112,201.69 -2,305.06 114,187.51 

 B2-2040 Damage cost VSL 

 Both Changes Precip    -10% Temp  +1 Both Changes Precip    -10% Temp  +1 Both Changes Precip    -10% Temp  +1 

Mean 
5,060.39 -553.55 5,602.71 722.26 -79.01 799.66 20,241.56 -2,214.20 22,410.84 

Mean if May-June=1 
2,497.00 -1,288.93 3,764.34 356.39 -183.97 537.28 9,987.99 -5,155.74 15,057.37 

Mean if July-August=1 
1,446.24 -1,099.55 2,526.51 206.42 -156.94 360.60 5,784.98 -4,398.20 10,106.05 

Mean Other Months 
6,822.44 -190.38 7,006.65 973.75 -27.17 1,000.04 27,289.77 -761.53 28,026.59 

 B2-2040 Damage cost VSL 

 Both Changes Precip    -20% Temp  +1,5 Both Changes Precip    -20% Temp  +1,5 Both Changes Precip    -20% Temp  +1,5

Mean 
7,412.18 -1,115.84 8,492.89 1,057.93 -159.26 1,212.17 29,648.74 -4,463.35 33,971.56 

Mean if May-June=1 
3,268.51 -2,599.46 5,800.20 466.51 -371.02 827.85 13,074.05 -10,397.84 23,200.82 

Mean if July-August=1 
1,801.92 -2,219.07 3,960.59 257.19 -316.72 565.29 7,207.70 -8,876.28 15,842.36 

Mean Other Months 
10,193.29 -382.45 10,556.96 1,454.87 -54.59 1,506.77 40,773.16 -1,529.80 42,227.83 

 B2-2070 Damage cost VSL 

 Both Changes Precip -10% Temp  +2,5 Both Changes Precip -10% Temp  +2,5 Both Changes Precip -10% Temp  +2,5

Mean 
13,902.66 -553.55 14,425.51 1,984.30 -79.01 2,058.92 55,610.63 -2,214.20 57,702.03 

Mean if May-June=1 
8,929.25 -1,288.93 10,157.85 1,274.45 -183.97 1,449.81 35,717.01 -5,155.74 40,631.39 

Mean if July-August=1 
6,108.52 -1,099.55 7,154.66 871.86 -156.94 1,021.17 24,434.09 -4,398.20 28,618.64 

Mean Other Months 
17,514.99 -190.38 17,722.29 2,499.88 -27.17 2,529.47 70,059.97 -761.53 70,889.15 

 



34	
	

 
Table 9. Autoregressive Poisson Model: Forecast For Total Visits To The Emergency Room (Respiratory Diseases) 
 

 A2-2040 Damage cost VSL 

 Both Changes Precip  -10% Temp  +1,5 Both Changes Precip  -10% Temp  +1,5 Both Changes Precip  -10% Temp  +1,5 

Mean 
243.87 -6.29 249.76 34.81 -0.90 35.65 975.47 -25.17 999.03 

Mean if May-June=1 
336.87 -15.20 349.18 48.08 -2.17 49.84 1,347.49 -60.78 1,396.72 

Mean if July-August=1 
337.88 -10.45 348.98 48.22 -1.49 49.81 1,351.51 -41.81 1,395.93 

Mean Other Months 
243.87 -6.29 249.76 34.81 -0.90 35.65 975.47 -25.17 999.03 

 A2-2040 Damage cost VSL 

 Both Changes Precip  -20% Temp  +2,5 Both Changes Precip  -20% Temp  +2,5 Both Changes Precip  -20% Temp  +2,5 

Mean 
393.67 -12.50 405.19 56.19 -1.78 57.83 1,574.69 -50.00 1,620.77 

Mean if May-June=1 
544.02 -28.21 568.09 77.65 -4.03 81.08 2,176.06 -112.82 2,272.35 

Mean if July-August=1 
543.89 -22.16 565.60 77.63 -3.16 80.73 2,175.55 -88.64 2,262.39 

Mean Other Months 
393.67 -12.50 405.19 56.19 -1.78 57.83 1,574.69 -50.00 1,620.77 

 A2-2070 Damage cost VSL 

 Both Changes Precip  -20% Temp  +3 Both Changes Precip  -20% Temp  +3 Both Changes Precip  -20% Temp  +3 

Mean 
468.36 -12.50 479.73 66.85 -1.78 68.47 1,873.43 -50.00 1,918.91 

Mean if May-June=1 
649.41 -28.21 673.15 92.69 -4.03 96.08 2,597.64 -112.82 2,692.62 

Mean if July-August=1 
648.15 -22.16 669.56 92.51 -3.16 95.57 2,592.58 -88.64 2,678.25 

Mean Other Months 
468.36 -12.50 479.73 66.85 -1.78 68.47 1,873.43 -50.00 1,918.91 

 A2-2070 Damage cost VSL 

 Both Changes Precip  -30% Temp  +4 Both Changes Precip  -30% Temp  +4 Both Changes Precip  -30% Temp  +4 
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Mean 
605.99 -18.77 622.68 86.49 -2.68 88.87 2,423.94 -75.09 2,490.73 

Mean if May-June=1 
840.01 -41.37 874.88 119.89 -5.90 124.87 3,360.04 -165.48 3,499.52 

Mean if July-August=1 
837.75 -33.99 869.19 119.57 -4.85 124.06 3,351.00 -135.95 3,476.76 

Mean Other Months 
605.99 -18.77 622.68 86.49 -2.68 88.87 2,423.94 -75.09 2,490.73 

 B2-2040 Damage cost VSL 

 Both Changes Precip    -10% Temp  +1 Both Changes Precip    -10% Temp  +1 Both Changes Precip    -10% Temp  +1 

Mean 
162.77 -6.29 168.75 23.23 -0.90 24.08 651.10 -25.17 674.99 

Mean if May-June=1 
222.69 -15.20 235.18 31.78 -2.17 33.57 890.77 -60.78 940.72 

Mean if July-August=1 
224.91 -10.45 236.17 32.10 -1.49 33.71 899.65 -41.81 944.70 

Mean Other Months 
162.77 -6.29 168.75 23.23 -0.90 24.08 651.10 -25.17 674.99 

 B2-2040 Damage cost VSL 

 Both Changes Precip    -20% Temp  +1,5 Both Changes Precip    -20% Temp  +1,5 Both Changes Precip    -20% Temp  +1,5 

Mean 
237.92 -12.50 249.76 33.96 -1.78 35.65 951.66 -50.00 999.03 

Mean if May-June=1 
324.42 -28.21 349.18 46.30 -4.03 49.84 1,297.68 -112.82 1,396.72 

Mean if July-August=1 
326.66 -22.16 348.98 46.62 -3.16 49.81 1,306.65 -88.64 1,395.93 

Mean Other Months 
237.92 -12.50 249.76 33.96 -1.78 35.65 951.66 -50.00 999.03 

 B2-2070 Damage cost VSL 

 Both Changes Precip -10% Temp  +2,5 Both Changes Precip -10% Temp  +2,5 Both Changes Precip -10% Temp  +2,5 

Mean 
399.46 -10.06 405.19 57.01 -1.44 57.83 1,597.85 -40.22 1,620.77 

Mean if May-June=1 
556.12 -22.81 568.09 79.37 -3.26 81.08 2,224.49 -91.25 2,272.35 

Mean if July-August=1 
554.80 -17.59 565.60 79.19 -2.51 80.73 2,219.19 -70.38 2,262.39 
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Mean Other Months 
399.46 -10.06 405.19 57.01 -1.44 57.83 1,597.85 -40.22 1,620.77 
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Appendix A.  
 

 
Table 4.  POISSON ESTIMATION FOR CARDIOVASCULAR DEATHS  

  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
 Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z 
mp2,5 - - -0,0005 -1,44 - - - -   -0,0003 -0,83 - - - - 
mp2,5m 1r - - 0,0001 0,13 - - - -   0,0002 0,51 - - - - 
mp2,5m 2r - - -0,0005 -1,15 - - - -   0,0000 -0,10 - - - - 
mp2,5m 3r - - 0,0001 0,15 - - - -   0,0004 0,82 - - - - 
mp2,5m 4r - - -0,0008 -1,86 - - - -   -0,0006 -1,43 - - - - 
mp2,5m 5r - - -0,0003 -0,72 - - - -   -0,0001 -0,35 - - - - 
mm mp2,5 -0,0004 -0,93 - - - - - - 0,0000 -0,06 - - - - - - 
mm mp2,5m 1r 0,0004 0,72 - - - - - - 0,0005 0,94 - - - - - - 
mm mp2,5m 2r -0,0009 -1,73 - - - - - - -0,0004 -0,66 - - - - - - 
mm mp2,5m 3r -0,0004 -0,82 - - - - - - -0,0002 -0,41 - - - - - - 
mm mp2,5m 4r 0,0000 -0,03 - - - - - - 0,0006 1,02 - - - - - - 
mm mp2,5m 5r -0,0004 -0,94 - - - - - - -0,0007 -1,59 - - - - - - 
mp10 - - - - -0,0003 -1,59   - - - - -0,0002 -1,38 - - 
mp10 1r - - - - 0,0002 0,98   - - - - 0,0003 1,30 - - 
mp10 2r - - - - -0,0005 -2,46   - - - - -0,0002 -0,98 - - 
mp10 3r - - - - 0,0001 0,39   - - - - 0,0002 1,26 - - 
mp10 4r - - - - -0,0006 -2,87   - - - - -0,0004 -1,89 - - 
mp10 5r - - - - -0,0001 -0,74   - - - - -0,0001 -0,32 - - 
con24 - - - -   0,0000 -0,02 - - - - - - 0,0001 0,46 
con24 1r - - - -   -0,0003 -1,23 - - - - - - -0,0001 -0,49 
con24 2r - - - -   -0,0003 -1,40 - - - - - - 0,0000 0,07 
con24 3r - - - -   -0,0002 -0,79 - - - - - - 0,0000 -0,22 
con24 4r - - - -   -0,0004 -1,77 - - - - - - -0,0001 -0,38 
con24 5r - - - -   -0,0002 -1,22 - - - - - - -0,0004 -2,29 
Precipitac -0,0002 -0,18 -0,0001 -0,13 -0,0002 -0,31 0,0000 -0,03 -0,0016 -1,79 -0,0015 -1,79 -0,0015 -2,03 -0,0013 -1,79 
Precipitac 1r 0,0013 1,36 0,0013 1,49 0,0007 0,91 0,0007 0,92 -0,0001 -0,15 -0,0001 -0,14 -0,0006 -0,73 -0,0005 -0,65 
Precipitac 2r 0,0011 1,14 0,0018 2,04 0,0015 1,88 0,0013 1,64 -0,0006 -0,62 0,0001 0,15 0,0000 0,03 -0,0002 -0,20 
Precipitac 3r -0,0011 -1,09 -0,0014 -1,53 -0,0009 -1,11 -0,0010 -1,24 -0,0021 -2,13 -0,0024 -2,68 -0,0019 -2,34 -0,0020 -2,50 
Precipitac 4r 0,0001 0,09 0,0002 0,21 0,0000 0,02 0,0001 0,10 -0,0012 -1,22 -0,0010 -1,09 -0,0010 -1,22 -0,0009 -1,17 
Precipitac 5r 0,0002 0,17 -0,0003 -0,34 -0,0002 -0,22 -0,0002 -0,22 -0,0012 -1,22 -0,0017 -2,04 -0,0015 -1,98 -0,0014 -1,84 
Temp Max - - - - - - - - -0,0197 -3,95 -0,0160 -3,43 -0,0095 -2,31 -0,0098 -2,39 
Temp Max2 - - - - - - - - 0,0004 3,63 0,0004 3,19 0,0002 2,41 0,0002 2,31 
Temp Max 1r - - - - - - - - -0,0008 -0,51 -0,0013 -0,85 -0,0020 -1,49 -0,0016 -1,20 
Temp Max 2r - - - - - - - - -0,0026 -1,58 -0,0035 -2,30 -0,0025 -1,92 -0,0025 -1,92 
Temp Max 3r - - - - - - - - -0,0037 -2,31 -0,0031 -2,06 -0,0044 -3,33 -0,0040 -3,08 
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Table 4  POISSON ESTIMATION FOR CARDIOVASCULAR DEATHS (continued) 

  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Temp Max 4r - - - - - - - - -0,0041 -2,54 -0,0037 -2,50 -0,0029 -2,19 -0,0035 -2,67 
Temp Max 5r - - - - - - - - -0,0060 -4,24 -0,0062 -4,80 -0,0059 -5,11 -0,0050 -4,32 
Temp Min -0,0141 -3,40 -0,0158 -4,17 -0,0133 -4,05 -0,0121 -3,72 - - - - - - - - 
Temp Min2 0,0010 3,94 0,0010 4,36 0,0008 3,81 0,0007 3,62 - - - - - - - - 
Temp Min 1r -0,0015 -0,53 -0,0011 -0,44 0,0007 0,31 0,0005 0,21 - - - - - - - - 
Temp Min 2r -0,0067 -2,42 -0,0061 -2,36 -0,0081 -3,74 -0,0080 -3,69 - - - - - - - - 
Temp Min 3r -0,0063 -2,25 -0,0077 -2,98 -0,0048 -2,22 -0,0054 -2,49 - - - - - - - - 
Temp Min 4r -0,0062 -2,26 -0,0045 -1,77 -0,0058 -2,67 -0,0050 -2,36 - - - - - - - - 
Temp Min 5r -0,0065 -2,71 -0,0066 -2,94 -0,0062 -3,30 -0,0067 -3,54 - - - - - - - - 
Ingr, Monetarop 0,0000 16,63 0,0000 19,41 0,0000 25,98 0,0000 25,86 0,0000 17,01 0,0000 19,73 0,0000 26,50 0,0000 26,37
Dummy1 May-Jun 0,0990 4,96 0,1045 5,92 0,0992 7,16 0,1041 7,52 0,0465 2,20 0,0556 2,97 0,0689 4,63 0,0750 5,07 
Dummy2 Jul-Aug 0,0754 4,05 0,0801 4,78 0,0729 5,17 0,0768 5,45 0,0516 2,67 0,0567 3,23 0,0692 4,73 0,0742 5,10 
Constant 0,0910 3,05 0,0696 2,54 0,0408 1,71 0,0425 1,81 0,3893 6,07 0,3389 5,63 0,2214 4,26 0,2234 4,30 
LR chi2(22) 920.76  1099.67  1695.46  1697.47  939.21  1116.55  1674.76  1676.08  
Prob > chi2 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  
Pseudo R2 0.0076  0.0078  0.0086  0.0086  0.0078  0.0080  0.0085  0.0085  
Number of jobs 47646  55449  79084  79007  47549  55384  78999  78922  
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  Table 5.  NEGATIVE BINOMIAL FOR CARDIOVASCULAR DEATHS  

  model 1 model  2 model 3 model 4 model 5 model 6 model 7 model 8 
 Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z 
mp2,5 - - -0,0005 -1,41 - - - - - - -0,0003 -0,81 - - - - 
mp2,5m 1r - - 0,0001 0,12 - - - - - - 0,0002 0,49 - - - - 
mp2,5m 2r - - -0,0005 -1,12 - - - - - - 0,0000 -0,10 - - - - 
mp2,5m 3r - - 0,0001 0,15 - - - - - - 0,0004 0,80 - - - - 
mp2,5m 4r - - -0,0008 -1,81 - - - - - - -0,0006 -1,39 - - - - 
mp2,5m 5r - - -0,0003 -0,71 - - - - - - -0,0001 -0,34 - - - - 
mm mp2,5 -0,0004 -0,92 - - - - - - 0,0000 -0,0600 - - - - - - 
mm mp2,5m 1r 0,0004 0,70 - - - - - - 0,0005 0,9200 - - - - - - 
mm mp2,5m 2r -0,0009 -1,69 - - - - - - -0,0004 -0,6400 - - - - - - 
mm mp2,5m 3r -0,0004 -0,79 - - - - - - -0,0002 -0,4000 - - - - - - 
mm mp2,5m 4r 0,0000 -0,02 - - - - - - 0,0006 1,0000 - - - - - - 
mm mp2,5m 5r -0,0004 -0,92 - - - - - - -0,0007 -1,5600 - - - - - - 
mp10 - - - - -0,0003 -1,56 - - - - - - -0,0002 -1,36 - - 
mp10 1r - - - - 0,0002 0,96 - - - - - - 0,0003 1,28 - - 
mp10 2r - - - - -0,0005 -2,41 - - - - - - -0,0002 -0,96 - - 
mp10 3r - - - - 0,0001 0,38 - - - - - - 0,0002 1,23 - - 
mp10 4r - - - - -0,0006 -2,81 - - - - - - -0,0004 -1,85 - - 
mp10 5r - - - - -0,0001 -0,72 - - - - - - -0,0001 -0,30 - - 
con24 - - - - - - 0,0000 -0,02 - - - - - - 0,0001 0,45 
con24 1r - - - - - - -0,0003 -1,21 - - - - - - -0,0001 -0,48 
con24 2r - - - - - - -0,0003 -1,37 - - - - - - 0,0000 0,07 
con24 3r - - - - - - -0,0002 -0,78 - - - - - - 0,0000 -0,21 
con24 4r - - - - - - -0,0004 -1,74 - - - - - - -0,0001 -0,36 
con24 5r - - - - - - -0,0002 -1,20 - - - - - - -0,0004 -2,25 
Precipitac -0,0002 -0,17 -0,0001 -0,13 -0,0002 -0,30 0,0000 -0,03 -0,0016 -1,7600 -0,0015 -1,75 -0,0016 -2,00 -0,0013 -1,76 
Precipitac 1r 0,0013 1,32 0,0013 1,45 0,0007 0,89 0,0007 0,89 -0,0001 -0,1500 -0,0001 -0,14 -0,0006 -0,72 -0,0005 -0,64 
Precipitac 2r 0,0011 1,12 0,0018 2,00 0,0015 1,85 0,0013 1,61 -0,0006 -0,6100 0,0001 0,14 0,0000 0,03 -0,0002 -0,19 
Precipitac 3r -0,0011 -1,06 -0,0014 -1,50 -0,0009 -1,09 -0,0010 -1,21 -0,0021 -2,0900 -0,0024 -2,63 -0,0019 -2,30 -0,0020 -2,45 
Precipitac 4r 0,0001 0,10 0,0002 0,21 0,0000 0,02 0,0001 0,11 -0,0012 -1,1900 -0,0010 -1,06 -0,0010 -1,20 -0,0009 -1,15 
Precipitac 5r 0,0002 0,17 -0,0003 -0,33 -0,0002 -0,21 -0,0002 -0,20 -0,0012 -1,1900 -0,0017 -1,99 -0,0015 -1,94 -0,0014 -1,80 
Temp Max - - - - - - - - -0,0198 -3,8700 -0,0161 -3,36 -0,0095 -2,27 -0,0099 -2,36 
Temp Max2 - - - - - - - - 0,0004 3,5600 0,0004 3,13 0,0002 2,38 0,0002 2,27 
Temp Max 1r - - - - - - - - -0,0008 -0,5000 -0,0013 -0,83 -0,0020 -1,47 -0,0016 -1,18 
Temp Max 2r - - - - - - - - -0,0026 -1,5400 -0,0035 -2,25 -0,0025 -1,88 -0,0025 -1,89 
Temp Max 3r - - - - - - - - -0,0037 -2,2600 -0,0031 -2,01 -0,0044 -3,27 -0,0040 -3,02 

  Table NEGATIVE BINOMIAL FOR CARDIOVASCULAR DEATHS  (continued) 

  model 1 model  2 model 3 model 4 model 5 model 6 model 7 model 8 
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Temp Max 4r - - - - - - - - -0,0041 -2,4900 -0,0037 -2,45 -0,0029 -2,16 -0,0035 -2,64 
Temp Max 5r         -0,0060 -4,1500 -0,0062 -4,69 -0,0059 -5,02 -0,0050 -4,24 
 
Temp Min -0,0142 -3,33 -0,0159 -4,08 -0,0134 -3,98 -0,0121 -3,66 - - - - - - - - 
Temp Min2 0,0010 3,87 0,0010 4,27 0,0008 3,75 0,0007 3,57 - - - - - - - - 
Temp Min 1r -0,0015 -0,52 -0,0011 -0,43 0,0007 0,31 0,0005 0,21 - - - - - - - - 
Temp Min 2r -0,0067 -2,37 -0,0061 -2,31 -0,0081 -3,68 -0,0080 -3,63 - - - - - - - - 
Temp Min 3r -0,0063 -2,20 -0,0077 -2,92 -0,0048 -2,18 -0,0054 -2,45 - - - - - - - - 
Temp Min 4r -0,0062 -2,21 -0,0045 -1,72 -0,0058 -2,63 -0,0050 -2,32 - - - - - - - - 
Temp Min 5r -0,0065 -2,64 -0,0065 -2,87 -0,0062 -3,24 -0,0067 -3,48 - - - - - - - - 
Ingr, Monetarop 0,0000 16,26 0,0000 18,98 0,0000 25,52 0,0000 25,40 0,0000 16,6400 0,0000 19,30 0,0000 26,02 0,0000 25,89
Dummy1 May-Jun 0,0990 4,84 0,1044 5,79 0,0992 7,03 0,1040 7,38 0,0465 2,1500 0,0556 2,91 0,0689 4,55 0,0750 4,99 
Dummy2 Jul-Aug 0,0754 3,96 0,0800 4,68 0,0729 5,08 0,0768 5,35 0,0517 2,6100 0,0566 3,16 0,0692 4,64 0,0742 5,01 
Constant 0,0907 2,97 0,0689 2,46 0,0402 1,65 0,0419 1,75 0,3894 5,9300 0,3389 5,50 0,2210 4,18 0,2231 4,21 
lnalpha -3,0423  -3,0542  -3,2559  -3,2595  -3,0589  -3,0651  -3,2543  -3,2575  
alpha 0,0477  0,0472  0,0385  0,0384  0,0469  0,0466  0,0386  0,0385  
LR chi2(22) 874.41  1045.16  1624.54  1626.63  892.39  1061.79  1604.93  1606.37  
Prob > chi2 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  
Pseudo R2 0.0072  0.0075  0.0082  0.0083  0.0074  0.0076  0.0082  0.0082  
Number of jobs 47646  55449  79084  79007  47549  55384  78999  78922  
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    Table  6. AUTORREGRESIVE POISSON RESPIRATORY DEATHS  
  model 1 model  2 model 3 model 4 model 5 model 6 model 6 model 8 

 Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z 
mp2,5   -0,0017 -2,13       -0,0018 -2,28     
mp2,5 1r   0,0015 1,61       0,0020 2,22     
mp2,5 2r   -0,0001 -0,16       0,0000 -0,03     
mp2,5 3r   -0,0005 -0,56       0,0000 0,01     
mp2,5 4r   0,0000 0,04       0,0005 0,59     
mp2,5 5r   -0,0001 -0,15       0,0003 0,36     
mm mp2,5 -0,0008 -0,84       -0,0008 -0,86       
mm mp2,5 1r 0,0003 0,26       0,0008 0,77       
mm mp2,5 2r -0,0005 -0,43       -0,0002 -0,22       
mm mp2,5 3r 0,0018 1,67       0,0023 2,16       
mm mp2,5 4r -0,0006 -0,55       0,0004 0,38       
mm mp2,5 5r -0,0002 -0,19       -0,0002 -0,21       
mp10     0,0001 0,46       0,0001 0,28   
mp10 1r     0,0006 1,70       0,0009 2,31   
mp10 2r     0,0001 0,18       0,0001 0,15   
mp10 3r     0,0003 0,74       0,0006 1,50   
mp10 4r     -0,0001 -0,32       0,0002 0,64   
mp10 5r     0,0007 2,20       0,0009 2,87   
con24       0,0003 0,96       0,0004 1,15 
con24 1r       0,0006 1,44       0,0007 1,69 
con24 2r       -0,0001 -0,36       0,0000 -0,09
con24 3r       0,0006 1,43       0,0009 2,24 
con24 4r       -0,0003 -0,77       0,0001 0,36 
con24 5r       0,0007 2,34       0,0007 2,07 
Precipitac -0,0012 -0,67 -0,0012 -0,71 -0,0014 -0,97 -0,0016 -1,13 -0,0020 -1,08 -0,0025 -1,42 -0,0027 -1,85 -0,0027 -1,90
Precipitac 1r 0,0002 0,12 0,0015 0,81 0,0028 1,86 0,0028 1,85 -0,0020 -1,01 -0,0007 -0,39 0,0011 0,72 0,0011 0,69 
Precipitac 2r 0,0024 1,21 0,0033 1,77 0,0019 1,21 0,0018 1,12 0,0003 0,15 0,0012 0,67 0,0001 0,09 0,0000 0,03 
Precipitac 3r -0,0032 -1,54 -0,0018 -0,92 -0,0018 -1,13 -0,0018 -1,11 -0,0041 -1,94 -0,0025 -1,30 -0,0026 -1,64 -0,0026 -1,60
Precipitac 4r 0,0016 0,80 -0,0006 -0,31 -0,0007 -0,46 -0,0002 -0,14 -0,0006 -0,31 -0,0028 -1,50 -0,0026 -1,59 -0,0020 -1,25
Precipitac 5r 0,0000 0,01 0,0007 0,42 0,0016 1,03 0,0012 0,77 -0,0028 -1,40 -0,0019 -1,06 -0,0005 -0,35 -0,0009 -0,62
Temp Max         -0,0202 -1,97 -0,0206 -2,10 -0,0157 -1,91 -0,0136 -1,66
Temp Max2         0,0006 2,31 0,0005 2,28 0,0004 1,85 0,0003 1,62 
Temp Max 1r         -0,0067 -1,97 -0,0061 -1,90 -0,0032 -1,21 -0,0031 -1,17
Temp Max 2r         -0,0011 -0,34 -0,0017 -0,52 -0,0022 -0,84 -0,0022 -0,81
Temp Max 3r         -0,0026 -0,78 -0,0024 -0,76 -0,0043 -1,61 -0,0046 -1,75
Temp Max 4r         -0,0071 -2,11 -0,0075 -2,32 -0,0068 -2,56 -0,0068 -2,54

Table AUTORREGRESIVE POISSON RESPIRATORY DEATHS  (continue) 
  model 1 model  2 model 3 model 4 model 5 model 6 model 6 model 8 

Temp Max 5r         -0,0107 -3,63 -0,0098 -3,51 -0,0077 -3,29 -0,0074 -3,15 



42	
	

Temp Min -0,0057 -0,68 -0,0062 -0,78 0,0076 1,17 0,0075 1,16         
 
Temp Min2 0,0005 0,86 0,0004 0,76 -0,0007 -1,59 -0,0006 -1,56         
Temp Min 1r -0,0045 -0,79 -0,0073 -1,34 -0,0071 -1,64 -0,0076 -1,78         
Temp Min 2r -0,0009 -0,16 0,0042 0,77 0,0036 0,83 0,0033 0,76         
Temp Min 3r -0,0099 -1,72 -0,0127 -2,32 -0,0076 -1,74 -0,0070 -1,63         
Temp Min 4r -0,0064 -1,12 -0,0051 -0,95 -0,0041 -0,96 -0,0033 -0,77         
Temp Min 5r -0,0113 -2,27 -0,0099 -2,09 -0,0064 -1,67 -0,0072 -1,92         
Ingr, Monetarop 0,0000 5,76 0,0000 6,02 0,0000 8,06 0,0000 8,12 0,0000 5,92 0,0000 6,17 0,0000 8,40 0,0000 8,46 
Dummy1 May-Jun 0,1276 3,10 0,1634 4,39 0,2533 9,23 0,2535 9,23 0,0459 1,05 0,0862 2,17 0,1580 5,33 0,1632 5,54 
Dummy2 Jul-Aug 0,1696 4,46 0,1900 5,39 0,2106 7,47 0,2092 7,40 0,1172 2,95 0,1332 3,59 0,1192 4,05 0,1242 4,24 
Rezago 1 0,0213 3,95 0,0243 4,69 0,0391 9,21 0,0388 9,14 0,0207 3,83 0,0239 4,63 0,0383 9,00 0,0380 8,94 
Rezago 2 0,0458 8,51 0,0469 9,07 0,0598 14,06 0,0598 14,05 0,0454 8,41 0,0466 9,01 0,0588 13,82 0,0588 13,81 
Rezago 3 0,0320 5,94 0,0284 5,50 0,0394 9,29 0,0398 9,37 0,0311 5,77 0,0276 5,34 0,0380 8,93 0,0383 9,01 
Rezago 4 0,0308 5,74 0,0333 6,48 0,0448 10,56 0,0448 10,55 0,0302 5,61 0,0325 6,32 0,0437 10,30 0,0437 10,30 
Constant -0,9650 -15,61 -0,9543 -16,30 -1,1972 -24,95 -1,1951 -25,26 -0,5224 -3,98 -0,4898 -3,87 -0,7204 -6,99 -0,7453 -7,23 
Number of jobs 34688  37673  55681  55593  34528  37553  55549  55461  
F( 26, 34661) 21.57  23.38  55.12  55.07  22.26  24.35  56.75  56.61  
Prob > F 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  
R-squared 0.0159  0.0159  0.0251  0.0251  0.0165  0.0166  0.0259  0.0259  
Adj R-squared 0.0152  0.0152  0.0246  0.0247  0.0158  0.0159  0.0254  0.0254  
Root MSE 1862781  1867347  1819937  1819541  1860016  1864068  1817255  816869  
Res. dev. 142315.3  154770.5  226196.1  225817.2  141595,00  154187.1  225605.6    

 

  



43	
	

Autoregressive Poisson Model: For Total Visits To The Emergency Care (Cardiovascular Diseases) 
  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 1 

 Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z 

mp2,5     -0.0027 -2.01       -0.0061 -4.96   

mp2,5 1r     -0.0238 -17.40       -0.0171 -13.03   

mm mp2,5       -0.0028 -2.17       -0.0055 -4.47 

mm mp2,5 1r       -0.0241 -17.91       -0.0182 -13.58

mp10 -0.0005 -0.79       -0.0023 -4.10       

mp10 1r -0.0095 -15.86       -0.0055 -9.25       

con24   -0.0006 -1.07       -0.0022 -3.87     

con24 1r   -0.0093 -15.84       -0.0055 -9.26     

Tem. Min 0.0392 3.31 0.0394 3.32 0.0169 1.28 0.0111 0.87         

Tem. Min 2 -0.0037 -5.14 -0.0038 -5.19 -0.0023 -2.86 -0.0021 -2.63         

Tem. Min 1r -0.0900 -17.13 -0.0875 -16.78 -0.0977 -16.71 -0.0969 -16.94         

Temp Max         0.0890 5.88 0.0916 5.96 0.0874 5.18 0.0772 4.59 

Temp Max2         -0.0024 -6.92 -0.0024 -6.87 -0.0024 -6.31 -0.0022 -5.65 

Temp Max 1r         -0.0592 -16.28 -0.0605 -16.34 -0.0619 -16.26 -0.0647 -16.95

Precipitac -0.0103 -2.12 -0.0117 -2.39 -0.0070 -1.30 -0.0076 -1.43 -0.0123 -2.56 -0.0123 -2.56 -0.0125 -2.22 -0.0134 -2.46 

Precipitac 1r -0.0031 -0.69 -0.0012 -0.27 0.0040 0.79 0.0006 0.12 -0.0394 -8.76 -0.0382 -8.46 -0.0340 -6.53 -0.0395 -7.81 

Ingr, Monetarop 0.0000 2.01 0.0000 2.11 0.0000 -6.23 0.0000 -6.12 0.0000 3.86 0.0000 3.87 0.0000 -4.94 0.0000 -4.81 

Dummy1 May-Jun 0.1275 3.38 0.1278 3.34 0.3427 8.08 0.3283 7.72 0.0512 1.40 0.0525 1.43 0.2618 6.35 0.2545 6.20 

Dummy2 Jul-Aug 0.0287 0.80 0.0359 0.99 0.1639 4.15 0.1569 3.92 -0.0162 -0.47 -0.0123 -0.35 0.1217 3.21 0.1181 3.11 

Lag 1 1.1135 42.51 1.1063 41.73 1.0676 37.90 1.0852 38.52 1.1174 43.39 1.1151 43.04 1.0300 36.90 1.0760 38.49 

Lag 2 -0.2449 -6.76 -0.2525 -6.92 -0.2556 -6.86 -0.2568 -6.87 -0.2468 -6.82 -0.2562 -7.07 -0.2081 -5.65 -0.2533 -6.79 

Lag 3 -0.0122 -0.35 0.0185 0.53 0.1167 3.30 0.0956 2.70 -0.0116 -0.33 0.0147 0.42 0.1188 3.40 0.1084 3.08 

Lag 4 0.0879 3.62 0.0706 2.89 -0.0026 -0.10 0.0039 0.15 0.0900 3.70 0.0748 3.07 -0.0122 -0.48 0.0000 0.00 

Constante 8.7955 68.58 8.7601 67.64 9.9758 69.59 10.0560 67.80 8.4429 38.73 8.4041 38.13 9.6769 39.44 9.8627 39.63 

F( 14,  1425) 1018  986  726  761  1102  1077  748  793  

Prob > F 0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  

R-squared 0.9091  0.9064  0.8909  0.8953  0.9154  0.9137  0.8937  0.8991  

Adj R-squared 0.9082  0.9055  0.8897  0.8942  0.9146  0.9128  0.8925  0.8980  

Root MSE 0.3277  0.3324  0.3391  0.3382  0.3140  0.3173  0.3318  0.3299  

Number of obs 1440  1440  1260  1260  1440  1440  1260  1260  
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  Autoregressive Poisson Model: For Total Visits To The Emergency Care (Respiratory Diseases) 
  Model 1 Model  2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

 Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z Coefc. Z 

mp2,5     -0.0056 -4.38       -0.0051 -4.34   

mp2,5 1r     -0.0216 -16.60       -0.0177 -13.60   

mm mp2,5       -0.0066 -5.49       -0.0057 -4.86

mm mp2,5 1r       -0.0199 -15.97       -0.0163 -12.59

mp10 -0.0028 -5.22       -0.0031 -5.56       

mp10 1r -0.0090 -16.21       -0.0068 -11.37       

con24   -0.0032 -5.95       -0.0032 -5.84     

con24 1r   -0.0085 -15.65       -0.0064 -10.71     

Tem. Min -0.0109 -1.05 -0.0123 -1.18 -0.0261 -2.16 -0.0271 -2.33         

Tem. Min 2 0.0003 0.53 0.0004 0.57 0.0012 1.68 0.0011 1.60         

Tem. Min 1r -0.0601 -12.81 -0.0582 -12.45 -0.0684 -12.68 -0.0667 -12.84         

Temp Max         0.0628 4.41 0.0637 4.40 0.0564 3.57 0.0551 3.50 

Temp Max2         -0.0016 -4.91 -0.0016 -4.84 -0.0015 -4.26 -0.0015 -4.22

Temp Max 1r         -0.0276 -7.95 -0.0280 -7.90 -0.0319 -8.88 -0.0315 -8.81

Precipitac -0.0132 -2.86 -0.0131 -2.80 -0.0108 -2.02 -0.0125 -2.42 -0.0111 -2.30 -0.0100 -2.05 -0.0122 -2.16 -0.0134 -2.46

Precipitac 1r -0.0162 -3.64 -0.0145 -3.21 -0.0109 -2.12 -0.0113 -2.29 -0.0297 -6.47 -0.0287 -6.20 -0.0289 -5.43 -0.0298 -5.77

Ingr, Monetarop 0.0000 16.61 0.0000 16.50 0.0000 5.96 0.0000 4.61 0.0000 17.41 0.0000 17.23 0.0000 6.90 0.0000 5.44 

Dummy1 May-Jun 0.0687 1.93 0.0631 1.75 0.2349 5.61 0.2016 4.92 0.0692 1.91 0.0635 1.73 0.1985 4.80 0.1656 4.06 

Dummy2 Jul-Aug 0.0638 1.88 0.0624 1.82 0.1587 4.14 0.1372 3.61 0.1214 3.53 0.1182 3.41 0.1866 4.94 0.1725 4.58 

Lag 1 0.8039 30.44 0.7971 30.01 0.7987 28.98 0.8034 28.73 0.7810 29.35 0.7645 28.70 0.8132 29.01 0.8069 28.51

Lag 2 -0.0983 -2.97 -0.1056 -3.19 -0.1323 -3.94 -0.1150 -3.34 -0.0743 -2.27 -0.0641 -1.98 -0.1447 -4.27 -0.1226 -3.56

Lag 3 0.1050 3.18 0.1326 4.02 0.1763 5.37 0.1743 5.16 0.1153 3.56 0.1379 4.28 0.1774 5.39 0.1717 5.11 

Lag 4 0.1468 5.75 0.1308 5.09 0.0947 3.65 0.0777 2.91 0.1343 5.31 0.1163 4.57 0.0921 3.57 0.0849 3.22 

Constante 4.8322 41.88 4.7976 41.04 5.8698 43.64 5.9896 44.27 4.1059 19.69 4.0697 19.24 5.2665 22.50 5.3839 22.86

F( 14,  1425) 886  857  582  610  867  842  593  610  

Prob > F 0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  

R-squared 0.8969  0.8939  0.8674  0.8727  0.8949  0.8922  0.8695  0.8728  

Adj R-squared 0.8959  0.8928  0.8659  0.8713  0.8939  0.8911  0.8681  0.8714  

Root MSE 0.2931  0.2978  0.3135  0.3070  0.2973  0.3016  0.3121  3.0859  

Number of obs 1440  1440  1260  1260  1440  1440  1260  1260  

 


