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Abstract

Most of the evidenceregarding the associ ation between air pollution and
health comesfrom studiesin the USA. Nevertheless, air pollution has
becomeaconcernasofor loca authoritiesof Latin-American citiesand
Bogota, Colombiaisno exception. Thispaper will develop amodel to
define a concentration-response function between three of the most
important air pollutantsin Bogotaand thedaily respiratory hospital admission
countsinthecity during theyear of 1998. Thisarticle pretendsto further
work onthisareaby giving thefirst step towardsamore detailed estimation
of thecostsof air pollutionin Bogota

Keywords: Air Pollution, Hedlth, Respiratory Hospital Admissions, Bogota
JEL classification: Q52, Q53, 112

Resumen

Lamayor partedelosestudiosque andizan larelacion entre contaminacion
dd airey salud han sdoredlizadosen ciudadesdelosEstados Unidos. Sin
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embargo, amedidaquelacalidad del aireen ciudades|atinoamericanasse
deteriora, este se haconvertido en un temarel evante paraciudades como
Bogota Estearticul o presentaunafuncion de concentraci on-respuestaque
definelare acion entre admisi ones hospital arias diarias por enfermedades
respiratoriasy |o tres principal es contaminantes en Bogotaparael afio de
1998; también pretende dar un primer paso hacialaestimacién delos
costos asociadosalapolucion del aireen Bogota.

Palabras clave: polucion aérea, salud, admisiones hospitalarias
respiratorias, Bogota.

Clasificacion JEL: Q52, Q53, 112.

I ntroduction

Air pollution has become one of the most important concernsof thelocal
authoritiesof Latin-American cities. Bogot, likeasother urban centersin
South Americasuch as Sao Paulo, Mexico City and Santiago de Chile,
showssignificant levelsof air pollution, levelsthat may represent ahighrisk
for the population’shedlth and certainly areductionin thequality of lifeof
itsinhabitants. Bogota, capital of Colombia, isoneof thelargest cities of
LatinAmerica; with apopulation of around 6.5 millionand anannua growth
rateof 2.08' percent it isthelargest urban center in Colombig; it also has
the highest ratesof environmental deterioration of the country. Air pollution
hasincreased dramatically lately, due mainly to theuncontrolledincreasein
the number of vehiclesinthecity?.

Although air pollution hasbeen monitored in Bogotasince 1967, it wasn't
until 1990 that the monitoring stationswere spread widely throughout the
city. At that timethe Secretary of Hedlth of the Digtrict with the collaboration
of the Japanese International CooperationAgency (JCA) pursued astudy
inorder to determinetheair quality of thecity. Thisstudy concluded that
the most important source of pollution in Bogotawas automobiles; 70% of
thepollution could be attributed to cars. Another very important source of

1 Departamento Administrativo Nacional de Estadisticas, www.dane; gov.co.

2 It has been estimated that the number of vehicles increased by 8% in a period of three
years (1996-1999), www.dama.gov.co.
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pollution wasfound to be bricks and battery plants, among others®. The
study conducted with the support of JICA identified for thefirst timethe
composition of air pollutionin Bogotaanditsprincipa components. These
wereidentified to bethefollowing: Sulfur Dioxide (SO,), Nitrogen Oxides
(NO,), Total Suspended Particles (TSP), Carbon Monoxide (CO),
Hydrocarbons (HC), and Ozone (O,). It was estimated that 75% of the
pollutants' annua emissions correspond to Particulate Matter*. The study
determined that thelevelsof CO, HC, SO2 and Particul ate M atter were
not above the limits defined as safe by the WHO. Thisledto JICA ‘s
conclusionthat: in 1990-1991 air pollutionin Bogotadid not reach levels
of concerntothelocal authorities. Nevertheless, therapid growth inthe
number of carsin Bogotaduring thelast decade originated additiond interest
in this matter. The J CA pointed out in 1996 that the number of cars
registered in Bogota had increased from 324.902in 1991 t0 570.000in
1996; thismeant that around 40% of the cars of the whole country were
circulatingin Bogota

Currently, hdf of thelocalitiesof thecity wherethemonitoring stationsare
exceed theemission limits stated as safe by the WHO, with Particulate
Matter (PM 10) and ozonelevel sbeing the major problems. Most of the
largest citiesin LatinAmericaad so sharethisproblem. InMexico, Santiago
de Chile, and Sao Paulo vehicles account for almost all of the carbon
monoxide emissions, between 50 to 90 percent of hydrocarbons, at least
three-quarters of NOx and around 40 percent of suspended particul ate
matter (PM10)°. Thegreat concern around pollution levelsstemsfromthe
connection that has been found between exposureto these kinds of gases
and human hedlth problems; inha ation of thesegasesin certain concentration
levelsmay causeseriousrespiratory illnessesaswell asinjuriestotheneura
system, especidly inchildren.

Mogt air pollutants have effectson human health dthough their effectsare
different. Consider first Carbon Monoxide. Thispollutant reducesthelevel
of oxygenintheblood forcing the heart to work harder. At high exposure

3 CAVALLAZI, Marcelo (1996). “Contaminacion atmosféricaen Bogotd’ . Revista Camara
de Comercio de Bogoté4, no. 97 (sept.).

4 lbid.
5 BLEVISS, Deborha Lynn (1999).
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levelsit may affect the capacity of thinking, reducethereflexesand cause
nausea, dizziness, unconsciousness and even death. Onthe other hand, a
pollutant such asnitrogen dioxidewill affect mainly personssusceptibleto
respiratory infections, especidly children. Nevertheless, astrong and direct
effect on human health from exposureto thispollutant has not been proven
toexist yet. Onthe contrary, thereis strong evidence of the effect of sulfur
dioxide on human health with long aswell as shorter timeexposuretoit
Recent studies have associated changesin the 24-hour average exposure
to SO,tolung function, increaseintheincidence of respiratory symptoms
and diseases, and evenrisk of death.

Particulate matter isancther main pollutant that presentsserioushedth effects
on humans. Epidemiological studies have shown that the presence of
particul ate matter in the environment may affect the human respiratory
gpparauscaus ng anotoriousreductioninlung function. Lead isal so present
intheair in most urban centersand its presence has been provento bea
serious problem especialy for children. Lead may causelossof memory,
reading and spelling difficulties, vision problems, and deficienciesin
perception among others. Finally, thereisozone, the principal component
of smog. This gas has been associated with an increase in respiratory
illnesses, eye problemsand areduction of lung activity.

Thestrong connection between air pollutantsand hed th problems described
in the previous paragraphs has, under these circumstances, become a
concernfor Bogot& sauthorities. Statiticsof the Secretary of Hed th showed
that for 1998 and 1999 9.6% of thevisitsto the hospitalswererelated to
respiratory problems. Theevidenceiseven stronger for theinfant population
where 24.3% of the visitsto the hospitalsfor children between zero and
oneyearsof age, were associated with Acute Respiratory 1llnesses (ARI).

Local authorities now facethe challenge of supporting the growth and
devel opment of thecity and a the sametimeminimizing the adverse effects
of theassociated air pollution and its consequences on hedlth. In order to
find the best way to do so, cost-benefitsanaysiscan takeavery important
role. Economistswould suggest that policy makers, when making decisons
onair pollution regulation, should weight the costsand benefitsassociated
withthedifferent optionsthey have; therefore, it isessentia to estimatethe
effect of air pollution on human health to estimate the benefitsrelated to
human health of areductioninair pollution. Thisarticlegivesafirst sepin
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thisdirection by estimating aconcentration-responsefunction for thecity
of Bogotasetting up thebasisfor afuture benefit-cost andysis. Eventhough
previous studieshave estimated thistype of functionstherearefew studies
that usedatafor devel oping countriesandin particular, to thebest knowledge
of theauthor thereareno previous studiesthat |00k at therel ation between
Respiratory Hospital Admissionsand air pollutionin Bogotd, Colombia.

Theremainder of thispaper isorganized asfollows. Section| givesagen-
eral description of the data used and the sources from where they are
extracted. Section |1 presentsthemodel that will be estimated and section
[11 givesashort description of the statusof air pollutionin Bogota. The
results of the econometric model s estimated are presented in section 1V,
andfinaly theconclusion of thisarticleisstated in section V.

|. TheData

Thedataused inthisstudy comefrom two main sourcesand canbeclassfied
into two main categories: environmental dataand mor bidity information.
The environmental datawas provided by the Administrative Department
for the Environment (DAMA). They includeinformation from thirteen
environmental stationsthat are part of the net of environmental quality of
Bogota. For all of them we have geographical information such asstation
address, latitude, altitude, precipitation, and temperature readings. The
information on pollutantsisnot uniform acrossthedifferent sations, measures
for PM 10, SO,, and NO, are collected in nine stationswhile measuresfor
CO and O, are gathered in only six of them. The information on these
measurescomesin an hourly basis, for daily recordsfor theyear of 1998.

Themorbidity information availablefor thisstudy consistsof counts of
daily Hospital Admissions. Theinformation was gathered by the Secre-
tariat of Health for the District and comesfrom thereportsthat each Hos-
pital inthecity fillsonadaily basis. The Respiratory Hospital admissions
weretaken fromtheoriginal dataset and aggregated in order to obtain the
total number of daily respiratory hospital admissionsfor thecity in 1998.
Theoriginal dataset contained informationfor eachindividua that wasre-
ceived at each hospital: date of admission (day, month, year), code of the
hospital at which theindividua wasadmitted; sex and age; neighborhood
wherethepersonlives; typeof “visit” tothehospital (externa, domestic or

137



Air Pollution in Bogotd, Colombia:
A Concentration-Response Approach
Nancy Lozano

138

emergency); whether or not the person hasbeen previoudy admitted to the
hospital andif so, if thisisthefirst timethisyear; isthe person new inthe
year; referred patient; and type of insurancethat the patient uses. Giventhe
nature of thisstudy however, only the daily number of respiratory hospital
admissonsisuseful.

Asmentioned above, thedaily Respiratory Hospital Admissionsfor al hos-
pitalsin the city were extracted from these data and aggregated to daily
counts. Thesedatawere combined with theenvironmenta informationin
order to cresteadataset with daily information on RHA aswell ason pollu-
tion levelsand meteorologica datain order to estimatethe concentration-
responsefunction for selected air pollutantsin Bogotd, Colombia.

[l. The Modd

Different typesof modelshave been used to establish therelation between
human hedlth and air pollution. A broad classification of thesemodelscould
be based on the unit of observation that they use®. Thefirst group usesthe
individual asitsobservation unit. Among these studiesthere are cross-
sectional ones, whichlook for arelation between health outcomesand
differentlevelsof exposureto pollutantsat aspecificmomentintime. Usualy
thelevelsof exposurearedifferentiated by the geographica distribution of
individualsamong theareain study. Cohort studieswould beincludedin
thisgroup. Thesearevery similar to cross-sectional studiesbut include
also variation of exposureintime; cohort studiesallow to include more
exposed and lessexposed individual s as cross-sectional studies, but also
account for changesin exposure over time. They result very useful in
analyzing which accumul ating effects of exposurethroughtimeareto be
studied. Nevertheless, they requirethe collection of individual level data
through time, which makesthem very expensiveand lengthy to complete.

Ontheother hand, there are studieswhose unit of observationisagroup
of peoplerather thantheindividual. Theseareknown asecol ogica sudies,
they study therelation between pollutantsand hedlth, astheexposuretoar
pollution occursin the community. These model swerefirst devel oped for

6 From SAMET et al. (1999).
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theanaysisof mortality incidenceof air pollution, and then expanded into
theareaof itsmorbidity effects. Epidemiological analysisisvery common
among morbidity studiesbecausetheinformation that it usesisin most
caseseasily access ble. Measures of morbidity traditionally used inthese
studiesarethe number of hospital admissionsor visitsto the emergency
room. Thefact that epidemiol ogical modelsare based on previoudy col-
lected morbidity dataand pollution measures makesthese model sthe most
inexpensiveto complete.

Britishinvestigatorsarerespons blefor thedevel opment of ecologica mod-
els’. Their studies showed that pollution, measured as particlesand sulfur
oxides, was associated with excess mortality aswell aswith morbidity
indicatorssuch asrespiratory symptomsandinfections, reduced lung function
and exacerbation of chronic respiratory diseases. Inthe USA, ecological
studiesgrew in number inthe seventies, with the establishment of theUS
EPA. Studiessuch asFerriset a. (1979) concentrated on large datasets
that included several cities. Astime passed ambient pollution levelshave
declined and these | arge-scal e studi es have been changed for studiesthat
look for relatively smaller effectsof air pollution. Another changeinthe
studiesdevel oped in thisareahasbeen theinclusion of indoor pollutionin
theanalysis. Inthe beginning, only outdoor pollution measureswere used,
but some studies published in the eighties and nineties have showed that
outdoor pollution also affectsindoor measures, and moreover, that indoor
pollution also has additional sources (such as cooking) that are of great
interestinmorbidity studies. It hasbeen shown that indoor sourcesarean
important sourceof individuals exposureto particles, nitrogen dioxideand
ozone®. For devel oping countriesindoor pollution has been provento be
especidly highfrom domestic firesused for cooking and hegting® in poorly
ventilated households'®. For morbidity, thefit of themodelsmeasured as
the R?, increasesdramatically whenindoor pollution measuresareincluded
intheandysist.

7 SHY et al. (1978); SAMET (1989).

8 SAMET, J and JAAKKOLA, J (1999).
9 STATON and HARDIN (2000).

10 CHEN et al. (1990).

11 WALLACE (1991).
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Another concerninepidemiological studiesisthe measurement of expo-
surelevels. Indirect aswell asdirect instrumentshave been used inthis
effort. Direct instrumentsare based on individual monitoring systemsfor
each personinvolvedinthestudy that collect information both on pollutant
levelsand on exposuretimes. These are not only expensive but are some-
timesaso difficult to carry out. Indirect techniquesto account for exposure
usualy collect information on concentrationsof pollutantsover timein dif-
ferent locations, and if possible, they estimate exposuretimeof the popula
tion; with thisinformation, individualsat smilar locationsareassgned the
concentration measurethat correspondsto that area, say the placewhere
they live. The use of either exposure or ambient concentrations|eadsto
the distinction between dose-response and concentration-response
functions. Sincethisstudy will use pollution measuresthat come from
monitoring Sationsand assignthoselevelstoindividuas, itisclear that the
modd falswithinthelatter.

Ecologica modelshave a so used several measures of morbidity. Among
thesetherearework lossdays, school lossdays; daysof restricted activity,
ratesof utilization of outpatient medical servicesandfacilities, viststothe
emergency room and hospitaizations®. Therearetwo groupsof ecologi-
ca models: cross-sectiond andtime-seriesstudies. Thefirst group usualy
comparespollution and morbidity messuresfrom different locationsat one
pointintime; the second groupisusudly limitedtoasinglelocationthat is
followed through aperiod of time, i.e. ayear. Time seriesdesignshavethe
advantage of avoiding problemsthat aredriven from the generalization of
resultsand findingsfrom groupstoindividuas, especidly if they useashort
period of collection of the data, say aday. The principal advantage of
following asingle population over timeisthat it isnot necessary to control
for individual-level confounding factors such as education, income or
percentage of smokers, aslong asthey stay roughly constant over time'4.

Ecologica modelsalso havelimitations, anditisinthe best interest of this
articletoidentify them. Long-term cyclesof pollutant and morbidity meas-
uresmay causewrong associ ationsand give biased estimatesfor pollutants

12 | UNN et al. (1967) and DETEL et al. (1987).
13 LVOVSKY (2000).
14 17O, Kazuhiko and THURSTON, George (1999).
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hedlthrisk. Thesewrong associaionsmay comefrom shared seasond trends,
drivenfor examplefrom thetransition from winter to summer. Addressing
seasond cydesinrespiratory diseasetime- seriesisthereforeimportant. Dif-
ferent moddling optionshave been used to mode the seasonal behavior of
morbidity and pollutantsrel ation. Among thesethere are Fourier techniques
that fit Sne/cosinewavesto thedata; auto regresson methods; and the use of
dummy variablesthat account for changesintime (day of theweek, monthor
aspecified season). Some recent studies show that no matter which method
isused, the coefficient of the pollution variable doesnot changemuch, aslong
asseasonality istakeninto account®.

Themode of thisarticleisan application of theecologica approach, since
it examinestherelation between air pollutionin BogotaColombia, and a
health outcome—daily respiratory admissionsto hospitals (RHA). The
concentration level ismeasured asthe average of daily maximumsacross
thewhole city. Geographical or individual digtinctionsare not takeninto
account dueto datalimitations. A concentration-response model relating
respiratory admissionsin hospitasin Bogotdand air pollutant levelswill be
congtructed. Thedaily number of RHA in Bogotaisassumedto beafunction
of 4 pollutants and some meteorologica variables such as rain and
temperature; seasonal factorsrelated to weather, pollen and diseases such
astheflu and coldsaretaken into account by including adummy variable
for each quarter of theyear. Themodel to beestimated is:

InN(RHA)= f (rain, temp, pollutants, dummy for season) (@)

A semi-log specificationisused to definetherel ationship between thehedth
outcome (RHA) and pollution. All pollutantsare expected to haveapostive
relationship with the number of respiratory hospital admissionsinthecity,
and thereforethe expected sign of each coefficientispostive. Theexpected
signsof the meteorological variablesare not clear apriori. Onewould
expect anegativesign of the coefficient of rain, Sncerain actsasacleaning
devicefor theenvironment. Higher levelsof rain will thenresultinlower
respiratory hospital admissions, asrain reducespollutionintheair. By
contrast, the expected effect of the daily averagetemperaturein Bogotais

15 KINNEY et al. (1995); LIPFERT (1994) in THURSTON and ITO (1999).
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unclear. On one hand, most pollutantsaretheresult of chemical processes
that take placewith solar radiation, which suggestsapositive association
with the dependent variable. On the other hand, cold weather isusually
associated with illnessessuch ascold and flu and hencerespiratory il lnesses.
In developed cities, specia warningsareissued onwarm summer daysin
order to discourage peoplefrom exercising outdoors and getting exposed
to pollutants such as ozone. This self-defensive attitude may lead to a
decreasing effect of temperature on the dependent variable. Withtheaim
of further investigating thisissue, aquadratic term for temperatureisincluded
inthemodd.

Dummy variables have been a common way to avoid the problems
associated with the presence of seasondity inmorbidity toidentify seasond
behavior of morbidity. One modeling option useful to separate seasonality
istheinclusion of dummy variablesthat account for thedifferent relevant
periods (seasons). Bogotaislocated in thetropicsand thereforeitisvery
difficult to clearly dividetheyear in seasons, asit hasbeen donein severa
studiesfor the U.S.A and Canada. Four dummy variablesare createdin
thisarticle; one accounting for each quarter of theyear, asan attempt to
identify some pattern of seasonality in Bogota.

Thepollutants covered in thisstudy are PM 10, NO,, and O,. SO, isnot
included inthisstudy becausefor the year analyzed most of themonitoring
stationsdid not have measuresfor this pollutant for the second part of the
year. Although the possibility of induding COwasconsdered, therdationship
between this pollutant and health outcomesisleft tofutureresearch; COis
related with heart diseasesrather than with respiratory illnesses, which are
themain concern of thisarticle.

Inorder to determinetherelevance of the pollutants selected for thisstudy,
thefirst step will beto estimatewhat will bereferred to assingle pollutant
models. Inthisfirst step, for exploratory purposes modelswill berunthat
relaethe dependent variableto only oneof theair pollutantshereexamined.
Inthiscasethewesther variablesand seasond dummy variableswill fill be
includedinthemodel. After aseriesof exercisesof thistype, thefull model
will beestimated.
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[11. Pollution Levels in Bogota

Table 1 describesthe pollutants of interest for this study measured by the
monitoring stationsin Bogotd, showing their mean, maximum and minimum
values, aswell asthe standardsthat those pollutants must satisfy. For this
study maximum daily vauesfor al stationswereused to obtain acitywide
averagefor Bogota Basi ¢ statisticsfor the measurestaken by monitoring
stationsin Bogotaare presentedin Table 1.

Table 1. Basic Statistics of Pollutants and Climate Measures.
Pollutant Units of Standard Mean Standard Minimum Maximum
(Maxvalue Measure Imposed Deviation
in 24 hours) by Regulation
PM-10 mg/m3 0.170 0.113 0.031 0.054 0.204
NO, Ppb 121 35.75 15.16 11.87 89.26
O, Ppb 65 57.38 32.24 11.90 158.95
RAIN cmd _ 3.12 5.66 0 43.83
TEMP °Cc _ 13.25 1.01 10.48 16.08

Afirst glanceat Table 1 showsthat two out of thefour pollutantsincluded
inthisstudy, were above the standard imposed by thelaw in at least one
occasion during 1998. Graphs 1 through 4 depict the behavior of the
pollutantsthroughout the year. For the case of ozoneit isclear fromthe
averagethroughout stationsof maximumdaily vauesthat ozonelevelswere
abovethe standard in several occasions. See Graph 1.

Graphl.

OZONE Daily Measures 1998
24 hour maximum (Average across stations)
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For the other pollutantsit might also beinteresting tolook at the pollutant
levelsat individua stationsbefore averaging thevaluesacrossthecity in
order to confirm that the standard was viol ated more than once. For exam-
ple, inthe caseof particles, whenlooking at the average across stationswe
see that indeed some of the daily measures are above the standard, as

shownin Graph 2.1.

Theviolation of the standard can be seen moreclearly if welook at each
monitoring station separately. Graphs2.2aand 2.2b show thedaily aver-
ageof hourly maximum val uesfor two monitoring stationswherethe stand-

ardisviolated.
Graph 2.1.
PM-10 MAX levels: average for all Stations
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Graph 2.2b.
OLAYA STATION:
Daily Max Value PM-10
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Similarly, looking back at Table 1 the reader would be tempted to con-
clude that there were no violations of the standard for the case of NO,
during 1998. Nevertheless, amore careful look at the values per station
would suggest adifferent conclusion. Asan example, Graphs 3.1aand
3.1b show theleve of nitrogen dioxideat two monitoring sations, whichis
certainly abovethe standard in several occasions.

Graph 3.1a.
CADE STATION
Daily Max Values NO2
180
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1 25 49 73 97 121145169 193 217 241 265 289 313 337 361
Day of the Year

Finaly, thereissulfur dioxide, whichisexcluded fromthemodd duetothe
poor quality of thedata; for several stationstherewereno measuresfor the
second half of theyear.
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In order to better understand the behavior of the pollutantsthat arein-
cludedinthisstudy, Tables 2.1 through 2.4 presents descriptive statistics
of thevariablesincludedinthemodd , showing their behavior in each quar-

ter of theyear separately.
Table 2.1.
Year.
Pollutant Units of
(Max value in Measure
24 hours)
PM-10 mg/m3
NO, Ppb
O, Ppb
RAIN cm3
TEMP °C
Table 2.2.
the Year.
Pollutant Units of
(Max value Measure
in 24 hours)
PM-10 mg/m?3
NO, Ppb
(O Ppb
RAIN cm?
TEMP °C

146

Descriptive Statistics of Pollution Measures: First Quarter of the

M ean

0.136
45.15
72.30
2.13
13.74

Standard
Deviation

0.035
17.25
32.01
5.56
0.922

Minimum

0.065
12.41
21.50
0
10.91

Maximum

0.204
89.27
158.95
38.32
15.22

Descriptive Statistics of Pollution Measures: Second Quarter of

M ean

0.108
34.30
41.61
3.68
13.96

Standard
Deviation

0.023
14.90
26.78
6.77
0.858

Minimum

0.054
11.87
11.90

11.85

Maximum

0.149
71.38
110.41
43.83
16.09
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Table 2.3. Descriptive Statistics of Pollution Measures: Third Quarter of the Year.
Pollutant Units of Mean Standard Minimum Maximum
(Max value Measure Deviation

in 24 hours)
PM-10 mg/m3 0.106 0.027 0.065 0.185
NO, Ppb 32.42 14.38 13.30 77.48
0,4 Ppb 50.56 33.32 18.71 156.49
RAIN cm? 2.36 4.17 0 20.96
TEMP oC 12.58 0.643 11.09 13.97

Table 2.4. Descriptive Statistics of Pollution Measures: Fourth Quarter of the Year.
Pollutant Units of M ean Standard Minimum Maximum
(Max value Measure Deviation

in 24 hours)
PM-10 mg/m?3 0.1006 0.025 0.055 0.162
NO, Ppb 31.32 9.03 16.76 53.40
(O Ppb 65.20 27.55 23.37 132.65
RAIN cm?3 431 5.64 0 22.58
TEMP oC 12.74 0.828 10.48 15.32

FromTables2.1through 2.4 it isclear that on averagethe highest level sof
pollutantsare seeninthefirst quarter of theyear, but no dramatic changes
are observed from the second to the fourth quarter, except perhapsfor
ozone. Graph 4 depictsthe behavior of themeansof all pollutantsin the
different quartersof theyear.

Itlooksasif nitrogen dioxideand particlesshareas milar behavior throughout
theyear, showing the higher valuesat thefirst quarter and then decreasing
astheyear goeson. On theother hand, ozone showsadifferent behavior,
withitslower levelsoccurring during the second quarter of theyear. Using
adifferent measure of the pollutants daily value, such as the average
throughout stationsof the daily averagerather than of thedaily maximum,
would obscure important information by reducing the variability inthe
pollutants' readings. Since standardsare defined for any onemeasureitis
more accurate to look for violations to the standards by |ooking at the
highest pollution measure of each day instead of looking just at averages.

The dependent variable in the econometric model is the number of
respiratory admissions per day in Bogota. It isdescribed in Table 3and
will bereferred hereafter ascount.
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Table 3. Basic Statistic for RHA.
Daily RHA M ean Standard Minimum Maximum
Deviation
Count 112.405 558.0207 209 3335
Count (males) 415.4767 199.2339 78 1201
Count (females) 696.6301 360.4465 116 2134
Count (ages 0-6) 257.0438 134.4673 43 966
Count (ages 7-17) 185.1945 97.39358 22 585
Count (ages 17-34) 325.7616 150.3889 72 948
Count (ages 35-50) 159.3397 85.99064 19 511
Count (ages 51-65) 92.89041 62.46427 5 480
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Thelargeaveragefor daily respiratory hospital admissionsleadsustothe
decision of estimating asemi-log function of themodel rather thanleaning
towardsaPoisson specification.

V. Results

Single pallutant model swere estimated for thefollowing pollutants. PM ,,,
NO,, and O,. Theresultsfor the OL S semi-log regressionsusing asde-
pendent variablethelogarithm of daily respiratory hospital admissonsare
presented in Table 4.

Table 4. Single Pollutant Models.
Model | Model 11 Model 111
PM-10 NO, 0,
-2.7842 0.3929 1.6435
Constant (3.9951) (4.0712) (4.3639)
-0.02123 -0.0323 -0.0296
Rain (0.00105)** (0.0108)*** (0.0119)**
0.0006 0.0008 0.0008
Rain 2 (0.00038) (0.0003)*** (0.0004)**
Temperature 1.2341 0.7989 0.6622
(0.6018)** (0.6145) (0.6583)
Temperature2 -0.0431 -0.0258 -0.0202
(0.0226)* (0.0231) (0.0247)
Pollutant 8.3202 0.0143 0.0012
(0.9522)*** (0.0019)*** (0.001)
R? 0.2227 0.1792 0.0616
Adjusted R? 0.2118 0.1677 0.0485

**% Gignificant at the 1% level
**  Significant at the 5% level
*  Significant at the 10% level

Itissuggested intheliterature that the rel ationship between temperature
and health outcomes might not belinear but rather a* U-shaped” one. This
means that higher mortality would be seen in extremely high and low
temperatures'®. Rain may be associated in aquadratic function with the

16 THURSTON, GD. and ITO, Kazuhiko (1999).
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dependent variable. Table4 showsthat thisreationship isonly confirmed
for rain accumulationin the model for nitrogen dioxide, but not for tem-
perature measured in Celsiusdegrees. Asmentioned above, rain actsasa
cleaning devicethat helpsto cleantheair from pollutants. Extremely high
levelsof rain however will aso be associated with high morbidity. For the
threemodel s presented above, thesign for temperature coefficientsiscon-
trary to thishypothesis. At any rate the coefficients on temperature and
temperature square areinsignificant inthe NO, and O, equations. Asre-
ported in Table 1, the maximum value of daily hourly measuresfor tem-
peraturesin Bogotais 16.08 whilethe minimum valueis 10.48, with the
standard deviationbeing 1.01. Thesmall variationin temperaturethrough-
out theyear might explain thefact that temperature seemsto benot signifi-
cant for pollutant modelsin Bogota. Studiesare conducted usualy inthe
U.S., Canadaor if itisin South America, in Chile. All of these countries
experience seasonsand thereforetemperature varies very much through-
out theyear. Thesedifferencesmay explain theresultsobtained for Bogota
The coefficientsfor the pollutants show the expected positive sign; aspol-
Iutionincreases more peopletend to visit the hospital withrespiratory ill-
nesses and symptoms. For the case of particlesand nitrogen dioxide, the
coefficientsshow to behighly significant, confirming the strong relation be-
tween air pollution and human morbidity. On the other hand, for the case of
ozonethe coefficient for the pollutant isnot significant. Severa problems
ariseswhen modeling ozone' seffect on health. Ozoneisusudly moderately
to strongly associ ated with ambient temperature; ozonetendsto show pesk
concentrations on high temperature days, when many of O, precursorsare
emitted at higher ratesand their conversionto ozoneisfaster. Therefore, it
hasbeen aconcernin previous papersthat if inadequately addressed, cor-
relation between temperature and this pol lutant might confound theeval u-
ation of the effect of ozone on human health. Other studies havefound
correlationsfor ozone and temperatureranging from 0.06 to 0.90 (USEPA
1996). For Bogot4, the correlation between thesetwo is-0.0714, whichis
not only lower than the lower bound value from other studies, but also
negativerather than positive. Thismight suggest that therel ation between
thesetwo variablesfor Bogotaisdifferent from that suggested at other
locations, and it might be necessary to account for other factorsthat are
beyond the scope of thisstudy.

A linear relationship was al so cong dered between the meteorol ogica vari-
ablesand health endpoint, but although the signs of the coefficientswere
consi stent with the model reportedin Table4, the effect of ozonewastill
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not significant. Itisasoimportant to consider that ozoneisareactive pol-
lutant and thereforeitsindoor concentrations are much lower than those
outdoors; given thegreater amount of time spent by most peopleindoors,
personal ozone exposurestend to be morerelated to indoor ozone con-
centrationsthan to outdoor levels. Additional collection of datawould be
necessary to develop an accurate model for the relation between ozone
and human hedlth; thelack of thisdatamay present amayor drawback for
the present modd . Although thisstudy did not find arel ationshi p between
ozoneand RHA, the cons stent positive relation found in other locations
suggeststheimportance of continuing to study ozone'’. Therefore, ozone
will beincludedinthefull mode only for exploratory purposes.

Thefull model estimated includesthe same meteorol ogical variablesthat
wereincluded inthesingle pollutant models, but now putstogether al pol-
lutantsto estimate thetotal effect of thesethree pollutantson the health
outcome. Theresultsfrom thismodel arereportedin Table5.

Table 5. Full Model.
Variables Regression
Coefficients
Constant -1.2354
(3.8439)
Rain -0.0069
(0.0106)
Rain 2 0.00013
(0.00038)
Temperature 1.0191
(0.5788)*
Temperature? -0.0357
(0.2179)
PM-10

7.9119

(1.4809)* **

NO, 0.0116
(0.0032)***

0, -0.0069
(0.0012)***

R2 0.2912

Adjusted R2 0.2773

*** Gignificant at the 1% level
**  Significant at the 5% level
*  Significant at the 10% level

17 |bid.; SCHLESINGER (1999).
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Inthefull mode the meteorol ogical variableslosesignificance but the pol-
lutants seemto bevery significant. The coefficientsfor particlesand nitro-
gendioxidearepositiveand of smilar magnitudeto thosefromthesingle
pollutant models. Ontheother hand, the coefficient of ozoneisnegativefor
thefull moddl. It issuspected that thisstemsfrom the high correlation be-
tween ozoneand particles. In order to explore more about the reasonsfor
thisbehavior, amodel was constructed in which theresidualsfromare-
gression of ozone on particleswereincluded on thefull model instead of
ozone. Theresultsfromthismodd stay inthe samelineasthosefromthe
full modd. Theeffect of particleson daily respiratory hospital admissions
remainsstrongly significant, and of very smilar magnitudeasfor previoudy
mentioned models. On the other hand, the effect of ozoneisnegative and
significant at the 1% level. Thiswould confirmwhat was mentioned above
about the problemsrel ated to ozone measures and woul d al so agree with
the conclusion that further research and data collection need to bedonein
order to accurately measurethe effects of ozone on the health outcome.

In an effort to account for theinteraction between pollutants, additional
model swere estimated that included an interaction term for particlesand
ozone. Inthesemode sthe coefficientsaresmilar in S gnificanceand mag-
nitudeto those shownin Table 5, theinteraction term being insignificant.
Furthermore, severa aternative econometric model swere specified. A first
aternative mode included adummy variablefor each quarter of theyear.
Thedummy variableswereinsgnificant for al quartersexcept for thethird
onefor the single pollutant model saswell asfor thefull model. For the
case of ozonethefirst, second and third quarter dummies appear to be
significant at the 1% level. Colombiaisatropical country and does not
experience seasonsliketheNorthern Hemisphere, but rather hasonly “rainy”
and a“dry” season. The difference between these“ seasons’ isnot asbig
asitwould befor acountry likethe USanyway. It isimportant to note that
thisseasonal effect, if any, isaready being captured by therain and tem-
perature coefficients, and thereforetheinclusion would be making refer-
ence to seasonality factors of theillnesses. The coefficients for other
variablesaswdl asther sgnificancelevel remainvery smilar totheorigina
mode, confirming inthiscasetherobustnessof themodd. Interactionterms
between these* seasons’ and the pollutantswere a soincluded inthemodel
but werenot significant inany case.

Asafina step and one additional way to check how strong theresultsfor
the model are, counts were computed for men and women and by age
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group. When comparing resultsfor malesand femalesonemay conclude
that thereisnot much difference on theincidence pollutantshave on the
health outcome of each particular group. Neverthel ess, the coefficients of
pollutantsfor maleswere cons stently (but only dightly) smaller thanthose
obtained for females. For the case of age groups, the popul ation wasor-
ganizedinsix groups: agelessthan or equd to six, from7to 17, from 18to
34, from 35to 51, from 51 to 64 and 65 and over. From theseregressions
itispossibleto concludethat the elder popul ation faces showsalarger
health responseto theair pollutantsincluded in this study, sincethe coeffi-
cientsfor these variables appear to be higher for the popul ation over 51
yearsold, and in some casesa so the popul ation above 35. Asan example,
for thesingle pollutant model for particles, theeffect of the pollutant onthe
health outcomeis7.2737 for the age group 17-34 and jumpsto 9.1345
for peopleintherange 35-50. Onthe other hand, the coefficient of ozone
inthesingle pollutant modd remainsinggnificant. Theother coefficientsof
themode arestable. Thefull modd confirmsthesefindingsshowing higher
coefficientsfor people above51. Itisinteresting that it isalways el der
peoplewho seem to be more affected than younger cohorts. Very young
children have awaysbeen identified asapopulation at high risk when ex-
posedtoair pollutants. Neverthe ess, [ooking at the coefficientsof themodels
wewould betempted to concludethat air pollution in Bogotaisaffecting
moretheolder groupsrather that the younger ones. A morecareful analysis
would suggest looking at the predicted valuesfor daily respiratory hospital
admissionsin Bogotadriven from thefull model. These predicted values
areshowninTable6.1and 6.2. In order to get anideaof the effectsthat
increasesin pollutantswould have on the popul ation, we estimated the
RHA that would occur if the pollutantswereto doubletheir actual levels
(third column) or if they wereto increase by 25% (fourth column).

Asit canbeseeninTable6.1, the conclusion above seemsto be appropri-
ate. Although the number of RHA per day seemsto be higher for people
between 17 and 34 yearsold, theincreasein the heal th outcome that would
occur intheevent that particul atesdoubled their 1998 level's, would cause
the highest effect on the health outcome of the popul ation of agesbetween
51 and 64. Against what would have been expected, the youngest cohort
istheless affected when the concentration level s of particlesdoublethe
1998 levels. Itisinteresting to notethat the effect for peoplefrom 35to 50
isaso high, showingincreasesinthe RHA of 141%. Itisnot only theelder
group that ismost affected but al so younger adults, which might haveim-
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portant consequences when conducting acost-benefit analysissincethe
effect on theseyounger groups—working agegroup, will haveto be asso-
ciated with productivity lossesif acostsgpproachistaken. Itisa soimpor-
tant to notethat women seemto be moreaffected by increasesin particul ate
matter than men.

Table 6.1. Predicted Values RHA: Increases in average concentration of
Particles.
Predicted RHA Percentage Predicted RHA Per centage
Model Predicted RHA (If Particles change (If Particles change

weretodouble) in RHA increased 25%) in RHA
All individuals 946.52 2086.50 120.44 1153.33 21.85
Women 586.04 1364.25 132.79 723.88 23.52
Men 358.89 725.20 102.07 427.90 19.23
Ages0-6 223.63 387.22 73.15 256.53 14.71
Ages7-16 158.72 388.61 144.84 198.54 25.09
Agesl7-34 283.98 556.99 96.13 336.07 18.34
Ages35-50 131.03 316.72 141.71 163.38 24.69
Ages51-64 69.83 222.01 217.93 93.25 33.53
Ages5 or more 70.34 216.46 207.73 93.16 32.45
Table 6.2. Predicted Values RHA: Decreases in Average Concentration of

Particles.
Predicted RHA Per centage Predicted RHA Per centage
Model Predicted RHA (If Particles change (If Particles change

decreased 25%) in RHA decreased 50%) in RHA
All individuals 946.52 776.80 17.93 637.51 32.65
Women 586.04 474.44 19.04 384.10 34.46
Men 358.89 301.02 16.13 252.48 29.65
Ages0-6 223.63 194.95 12.83 169.94 24.01
Ages7-16 158.72 126.88 20.06 101.43 36.09
Agesl7-34 283.98 239.97 15.50 202.78 28.60
Ages35-50 131.03 105.09 19.80 84.28 35.68
Ages51-64 69.83 52.30 25.11 39.16 43.92
Ages65 or more 70.34 53.11 24.50 40.10 42.99

For reductionsin the pollutant the effectsare smilar. A 25% reductionin
the 1998 levels of particles would produce a decrease in RHA for the
overall population of 17.9%. Itisclear again that the most benefited from
such areduction would bethe el der.

Onthe other hand, changesin Nitrogen Dioxide seem to have asmaller
effect on the health outcomethan changesin Particul ates. For the overall
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population, if concentrations of NO, wereto doubl e, the health outcome
would increase by around 12%. Similar to the previous case, women seem
to bemorevulnerableto changesin the pollutant concentration than men.
Nevertheless, the effects of these changeson the different age groupsare
not inthe sameline asthosefor particles. For changesin Nitrogen Dioxide
themost affected group seemsto bethe younger one. Children under six
yearsold would experience anincrease of around 24.51% when the con-
centrations of NO, reach level sthat duplicate those of 1998. While most
of the cohorts experience changes of around 12% when this pollutant
changes by 25%, children under six years old would experiencean in-
creaseof 24.51% inthedaily respiratory hospital admissionsin Bogota. A
similar analysismay be donefor reductionsof 25% and 50% inthe 1998
levelsof Nitrogen Dioxide.

Table 6.3. Predicted Values RHA: Increases in Concentration of Nitrogen
Dioxide.
Predicted RHA Per centage Predicted RHA Per centage
Model Predicted RHA (If Nitrogen change (If NO, change
Dioxide in RHA increased 25%) in RHA
weretodouble)
All individuals  946.52 1068.36 12.87 975.61 3.07
Women 586.04 660.64 12.73 603.86 3.04
Men 358.89 407.41 13.52 370.45 3.22
Age 0-6 223.63 278.43 24.51 236.22 5.63
Age 7-16 158.72 179.97 13.39 163.78 3.19
Age 17-34 283.98 320.20 12.75 292.63 3.05
Age 35-50 131.03 147.87 12.85 135.05 3.07
Age 51-64 69.83 76.53 9.59 71.45 2.32
Ages 65 or more 70.34 75.42 7.22 71.58 1.76
Table 6.4. Predicted Values RHA: Decreases in Concentration of Nitrogen
Dioxide.
Predicted RHA Per centage Predicted RHA Per centage
Model Predicted RHA (If NO, change (If Nitrogen change
decreased 25%) in RHA Dioxide in RHA
decreased 50%)
All individuals  946.52 918.30 -2.98 890.92 -5.87
Women 586.04 568.74 -2.95 551.96 -5.82
Men 358.89 347.70 -3.12 336.85 -6.14
Ages0-6 223.63 211.70 -5.33 200.41 -10.38
Ages7-16 158.72 153.81 -3.09 149.05 -6.09
Agesl7-34 283.98 275.59 -2.96 267.44 -5.83
Ages35-50 131.03 127.13 -2.98 123.35 -5.87
Ages51-64 69.83 68.25 -2.26 66.71 -4.48
Ages65 or more 70.34 69.13 -1.73 67.93 -3.42
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Eskeland et a. 1998 state that reducing by around 50% the levels of
particulateswill reduce the number of respiratory hospital admissionsby
2,500 casesayear.

V. Conclusions

Air pollutionisaconcern not only in Bogotabut alsoin most developing
countries. Theincreasing pollutioninlargecitieshasled to changesinloca
government policies, such astaxesfor emissions, restrictionsto the use of
motor vehicles, and several economicincentivesto reduce theamount of
air pollution. Thehedth effectsof thistypeof pollution havea so becomea
concernsinceit hasbeen proved that pollutants such as particul ates, ozone,
and nitrogen dioxide have hazardous effectson human hedth. Thisarticle
has shown that for the case of Bogotait istruethat air pollutants show a
relationship with the number of daily respiratory hospital admissions. For
the cases of Particulatesand Nitrogen Dioxidetherelationshipisclear,
positiveand significant in all the model sdevel oped. For Particulates, the
coefficient staysbetween 7 and 9, depending onthemode . Eskeland et d.
1998 obtained coefficients between 4.9 and 6.6, for PM-10in thecity of
Santiago depending ontheage group anayzed and thetypeof clinicd visit.
Thisstudy looked only at children under 15 yearsof age. Theresultsfor
Bogotashow adightly larger effect of particlesonthehealth outcome. On
the other hand, severd studiessuch asErbaset a. 2000, report coefficients
of around 0.01 and 0.02 for nitrogen dioxide when defining RHA asthe
dependent variablefor thecity of Victoria, Audtralia. Thesearevery smilar
totheeffectsfor NO, found for the health outcomein Bogotaconfirming
therobustness of themodel here presented. Finally, itisclear that inorder
to clearly define arelationship between ozoneand healthin Bogotaitis
essentid to gather additional information. Looking back at Graph 1 wecan
say that filling thisinformation gapisessentia Snceozoneseemstoviolate
thesafety level ssaverd timesthroughout theyear. Conducting further anay-
sisonozoneandthehazardsthat it may imply for Bogotd shabitantsshould
beapriority.

Theresult for groupsof different agesisinteresting; older people seemto
be more affected by changesin parti culate matter while younger cohorts
seem to suffer more fromincreasesin nitrogen dioxide. For the case of
particlesitisimportant to remember that itisnot only theelder who are
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highly affected but al so peopleover 35. Thismight be very useful when
caculating the costsof air pollutionin Bogota, sincedifferent agesmust be
associated with different costs. For exampl e, effects on people between
35and 50 yearsold haveto be associated with loss of productivity, while
costsof peopleover 65 will be mostly associated with medical expenses.
Thisisanimportant part of theanalysisthat isout of thescopeof thisarticle
andwill beleft for futurestudies. Nevertheless, afirst approximationtothe
cost analysiscould be pursued using costs estimated by other authorsand
locations, and adjusting thisval ue by Colombia’'s GDP per capita.

Different sudieshaveused severd methodsin order to givemonetary value
totheeffectsof air pollution on human morbidity. A first approachisthe
onethat establishesthewillingnessto pay for avoiding morbidity effects;
thereisasothe cost of illness approach that estimatesthe economic costs
of health and losses of output during theillness episode.

For afirst and quick approximation to the coststhat air pollutionimpliesfor
Bogot4, thisstudy will make referenceto WTP values estimated for the
U.S. Thevaluesfrom Cropper and Krupnic (1990) and Lvovsky et al.
(2000) were used to obtain equivalent valuesfor the city of Bogota The
values, reportedin 1990 U.S., were converted to 1995 U.S. dollarsand
then multiplied by therelation between Colombia sand the U.S.'sGDP
per capita, alsoin 1995 USdollars. These gave values of US$629 and
US$410for thetwo studiesrespectively*®. Thesecorrespondtothevaue
of aRespiratory Hospital Admissionin Bogota. Using these estimates of
the WTPand the values presented in Tables 6.2 and 6.4 the daily costs
avoided from reducing particul ates 1998 measures by 50% are between
US$ 127,000 and US$ 194,000 depending on which study isused®. Ina
year, this means that the daily costs avoided add up to almost US$ 46
million dollars, whichisaround 18% of the 2004 budget of the Secretary
of Health of Bogot& Therefore, reduction of air pollution should be
congdered apriority by environmenta aswell ashedth authorities. Devel-
oping incentivesto reducetheuse of carsand promoting aternativessuch
as car-pooling and the use of bicycles must be amain objectivein the
agendaof loca authorities.

18 SeeAnnex 1, Table A9.
19 See Annex 1, Table A10 for detailed values.
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Itisimportant to notethat the cost estimates shown above aregivenfor the
wholesampleand no distinctionswere made between sexesor age groups.
Asitwasnoted before, in order to accurately estimatethe costsor benefits
associated with morbidity, it would be necessary to do an analysisthat
would account for these differencesand therefore assgn different valuesto
the RHA of each group. Thisstudy suggeststhat cost-benefitsanalysisof
reducing parti culate matter should concentrate on the effectson adultsover
35whileasmilar andysisof theeffectsof reducing nitrogen dioxideshould
put more emphasison theyounger cohort. Thus, the costs and benefits of
any policy would be cal culated more accurately and thetarget popul ation
for each policy can beclearly defined.

Several pointsmust be kept in mind when looking at the results of this
study. First, even though the results seemed to suggest that the health re-
sponsefor elderly islarger than for young childrenitishard tointerpret
such differencein coefficients sincethey may be caused by sourcesother
than air pollution. For example, thisstudy doesnot account for the popula
tion distribution so differencesin coefficients might berelated to differ-
encesinthesizeof the population age-groupsrather thanin hedlth effects;
ontheother hand since hospital admission datasuffersfrom selectivity bias
it might also bethe casethat differencesin coefficientsaredriven by differ-
encesin accessto health servicesrather than by different effectsfromair
pollution. A future study should taketheseinto account both by looking at
age-adjusted ratesrather than countsaswell asby accounting for selectiv-
ity biasinthe estimation methods.

Findly, thespatial dimension hasbeenignoredinthisarticleby averaging
pollutionlevelsfor thewholecity and ignoring thefact that peoplewholive
or work in different placesare exposed to different pollution levels. At the
timethis paper waswritten the datafor such analysiswas not available.
Future studies should makean effort to consider thisimportant dimension
of theproblem.
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Annex 1
Table AT. Full Model Including Residuals from Regressing Ozone on
Particulates.
Dependent Variable: Particles Coefficient
Particles 558.0
(46.6764)***
Constant -5.5957
(5.4586)
R2 0.2825
The residuals from this model are called el.
Dependent Variable: Log(RHA) Coefficient
Rain -0.0069
((0.0106)
Temperature 1.0191
(0.5788)*
Particles 4.0374
(1.5410)***
Nitrogen Dioxide 0.0116
(0.0032)* **
el -0.0069
(0.0012)***
Rain® 0.0001
(0.0003)
Temperature? -0.0357
(0.0217)
Constant -1.1965
(3.8442)
R? 0.2912
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Interaction between part and ozone.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0071
Temperature (0.0107)

1.0272
Particles (0.5824)**
8.1586
Nitrogen dioxide (2.2820)* **
0.0116
Ozone (0.0116)***
-0.0064
Rain? (0.0035)**
0.0001
Temperature? (0.0003)
-0.0360
Interaccion (0.0219)
-0.0038
Term (Oxone* Particles) (0.0271)
Constant -1.3154
(3.8909)
R? 0.2912
Dummy Variables Full Model.

Dependent Variable: Log(RHA) Coefficient

Rain -0.0097
(0.0107)

Temperature 0.9900
(0.5720)*

Particles 8.3082
(1.4714)***

Nitrogen dioxide 0.0121
(0.0032)***

Ozone -0.0063
(0.0012)***

Rain® 0.0002
(0.0003)

Temperature? -0.0326
(0.0216)

T1 -0.1286
(0.0942)

T2 -0.0084
(0.0945)

T3 0.2222
(0.0794)***

Constant -1.5075
(3.7955)

R? 0.3226
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Table A4. Dummy Variables: Single Pollutant Models.
Particles.

Variable: Log(RHA) Coefficient
Rain -0.0197
Temperature (0.0105)*

1.2715
Particles (0.5878)**
9.2557
Rain? (1.0267)**
0.0005
Temperature? (0.0003)
-0.0436
T1 (0.0221)**
-0.0448
T2 (0.0958)
0.1762
T3 (0.0904)*
0.3101
(0.0799)***
Constant 0.3391
(3.9832)
R? 0.2717

Nitrogen Dioxide.

Dependent Variable: Log(RHA) COEFFICIENT

Rain -0.0297
(0.0109)***

Temperature 0.7557
(0.6020)

Nitrogen dioxide 9.2557
(1.0267)***

Rain? 0.0007
(0.0003)**

Temperature? -0.0233
(0.0227)

T1 0.0290
(0.0978)

T2 0.1612
(0.0938)*

T3 0.3379
(0.0823)***

Constant 0.3391
(3.9832)

R2 0.2237
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Ozone.
Dependent Variable: Log(RHA) Coefficient
Rain -0.0227
(0.0120)*
Temperature 0.6743
(0.6458)
Ozone 0.0018
(0.0010)*
Rain® 0.0006
(0.0004)
Temperature? -0.0212
(0.0243)
T1 0.2682
(0.0984)***
T2 0.2900
(0.1013)***
T3 0.3881
(0.0887)***
Constant 1.3771
(4.2753)
R2 0.1132
Table A5. Single Pollutant Models Males vs. Females.

Particulates: Females.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0223
(0.0111)**
Temperature 1.2515
(0.6345)**
Particles 8.7897
(1.0039)* **
Rain? 0.0006
(0.0004)
Temperature? -0.0439
(0.02389)**
Constant -3.4031
(4.2120)
R2 0.2076
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Particulates: Males.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0197
(0.0097)**
Temperature 1.2163
(0.5572)
Particles 7.611
(0.8816)**
Rain? 0.0005
(0.0003)
Temperature? -0.0421
(0.0209)***
Constant -3.6002
(3.6990)
R? 0.2278

Nitrogen Dioxide: Females.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0339
(0.0114)***
Temperature 0.7905
(0.6485)
Nitrogen dioxide 0.0150
(0.0020)***
Rain? 0.0008
(0.0004)**
Temperature? -0.0256
(0.0244)
Constant -0.0356
(4.2965)
R? 0.1731

Nitrogen Dioxide: Males.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0299
(0.010)***
Temperature 0.8207
(0.5675)
Nitrogen Dioxide 0.0132
(0.0018)***
Rain? 0.0007
(0.0003)**
Temperature? -0.0265
(0.0213)
Constant -0.7154
(3.7597)
R? 0.1888
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Ozone: Females.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0314
(0.0215)**
Temperature 0.6500
(0.6942)
Ozone 0.0014
(0.0010)
Rain? 0.0008
(0.0004)*
Temperature? -0.0199
(0.0261)
Constant 1.2530
(4.6016)
R? 0.0562

Ozone: Males.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0272
(0.0110)**
Temperature 0.6888
(0.6085)
Ozone 0.0010
(0.0009)
Rain? 0.0007
(0.0004)*
Temperature? -0.0211
(0.0228)
Constant -0.7154
(3.7597)
R? 0.0710
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Table A6. Full model: Male vs. Female.
Females.
Dependent Variable: Log(RHA) Coefficient
Rain -0.0074
(0.0112)
Temperature 1.0313
(0.6113)*
Particles 8.4270
(1.5431)***
Nitrogen dioxide 0.0119
(0.0034)***
Ozone -0.0071
(0.0012)* **
Rain? 0.0001
(0.0004)
Temperature? -0.0363
(0.0230)
Constant -1.8163
(4.0602)
R2 0.2847
Males.
Dependent Variable: Log(RHA) Coefficient
Rain -0.0063
(0.0098)
Temperature 1.0067
(0.5342)*
Particles 7.0965
(1.3484)***
Nitrogen dioxide 0.0114
(0.0029)* **
Ozone -0.0066
(0.0011)***
Rain? 0.0001
(0.0003)
Temperature? -0.0349
(0.0201)*
Constant -2.0919
(3.5479)
R2 0.3003
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Table A7. Single Pollutant Models: By Age Group.
Particles: Ages 0-6.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0223
(0.0098)**
Temperature 1.2489
(0.5608)**
Particles 7.2471
(0.8873)***
Rain? 0.0006
(0.0003)*
Temperature? -0.0426
(0.0211)**
Constant -4.3852
(3.7230)
R2 0.2185

Particles: Ages 7-16.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0300
(0.0112)***
Temperature 1.6543
(0.6411)***
Particles 9.300
(1.0144)***
Rain2 0.0008
(0.0004)*
Temperature? -0.0596
(0.0241)**
Constant -7.3349
(4.2562))**
R2 0.2343
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Particles: Ages 17-34.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0196
(0.0095)* *
Temperature 1.6543
(0.6411)**
Particles 7.2737
(0.8630)* **
Rain? 0.0005
(0.0003)
Temperature? -0.0465
(0.0205)**
Constant -7.3349
(4.2562))
R2 0.2033

Particles: Ages 35-50.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0229
(0.0121)*
Temperature 1.1519
(0.6921)*
Particles 9.1345
(1.0950))***
Rain? 0.0006
(0.0004)
Temperature? -0.0397
(0.0260)
Constant -7.3349
(4.2562))**
R2 0.2047
Particles: Ages 51-64.
Dependent Variable: Log(RHA) Coefficient
Rain -0.0192
(0.0142)
Temperature 1.2562
(0.8134)
Particles 11.2446
(1.2869)* **
Rain? 0.0006
(0.0005)
Temperature? -0.0451
(0.0306)
Constant -6.0119
(5.3993)
R2 0.2124
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Particles: Ages 65 and over.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0206
(0.0141)
Temperature 1.0419
(0.8091)
Particles 10.7176
(1.2802)* **
Rain? 0.0006
(0.0005)
Temperature? -0.0357
(0.0304)
Constant -4.4076
(5.3714)
R2 0.1948
Nitrogen Dioxide: Ages 0-6.
Dependent Variable: Log(RHA) Coefficient
Rain -0.0325
(0.0099)* **
Temperature 0.8874
(0.5628)
Nitrogen Dioxide 0.0137
(0.0017)***
Rain? 0.0008
(0.0003)* **
Temperature? -0.0283
(0.0211)
Constant -1.7718
(3.7287)
R2 0.2138
Nitrogen Dioxide: Ages 7-16.
Dependent Variable: Log(RHA) Coefficient
Rain -0.0424
(0.0116)***
Temperature 1.1663
(0.6571)*
Nitrogen Dioxide 0.0158
(0.0020)* **
Rain? 0.0010
(0.0004)***
Temperature? -0.0403
(0.0247)
Constant -3.7703
(4.3536)
R2 0.1854
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Nitrogen Dioxide: Ages 17-34.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0294
(0.0098)* * *
Temperature 0.9192
(0.5550)*
Nitrogen Dioxide 0.0126
(0.0017)***
Rain2 0.0007
(0.0003)**
Temperature? -0.0316
(0.0208)
Constant -1.3341
(3.6768)
R2 0.1648

Nitrogen Dioxide: Ages 35-50.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0350
(0.0124)***
Temperature 0.6722
(0.7058)
Nitrogen dioxide 0.0155
(0.0022)* **
Rain2 0.0009
(0.0004)**
Temperature? -0.0208
(0.0265)
Constant -0.8487
(4.6760)
R2 0.1623

Nitrogen Dioxide: Ages 51-64.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0339
(0.0147)**
Temperature 0.6569
(0.8354)
Nitrogen Dioxide 0.0185
(0.0026)* **
Rain? 0.0009
(0.0005)*
Temperature? -0.0194
(0.0314)
Constant -1.6204
(5.5349)
R2 0.1584
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Nitrogen Dioxide: Ages 65 and over.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0345
(0.0146)**
Temperature 0.4679
(0.8300)
Nitrogen Dioxide 0.0174
(0.0026)***
Rain? 0.0009
(0.0005)*
Temperature? -0.0130
(0.0312)
Constant -0.1980
(5.4992)
R2 0.1418

Ozone: Ages 0-6.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0295
(0.0110)***
Temperature 0.7479
(0.6069)
Ozone 0.001
(0.0009)
Rain? 0.0008
(0.0004)**
Temperature? -0.0226
(0.0228)
Constant -0.5062
(4.0231)
R2 0.0893

Ozone: Ages 7-16.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0402
(0.0128)***
Temperature 1.0284
(0.7067)
Ozone 0.0017
(0.0010)
Rain? 0.0011
(0.0004)**
Temperature? -0.0346
(0.0265)
Constant -2.4915
(4.6846)
R2 0.0614
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Ozone: Ages 17-34.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0267
(0.0107)**
Temperature 0.7918
(0.5934)
Ozone 0.0010
(0.0009)
Rain2 0.0007
(0.0003)*
Temperature? -0.0264
(0.0223)
Constant -0.1770
(3.9332)
R2 0.0490

Ozone: Ages 35-50.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0323
(0. 0136)**
Temperature 0.5251
(0.7512)
Ozone 0.0014
(0.0011)
Rain? 0.0009
(0.0004)*
Temperature? -0.0147
(0.0282)
Constant 0.4992
(4.9797)
R2 0.0546

Ozone: Ages 51-64.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0316
(0.0161)**
Temperature 0.5003
(0.8889)
Ozone 0.0020
(0.0013)
Rain? 0.009
(0.0005)*
Temperature? -0.0128
(0.0334
Constant 0.01622
(5.8920)
R2 0.0510
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Ozone: Ages 65 and over.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0317
(0.0159)**
Temperature 0.3096
(0.8787)
Ozone 0.0017
(0.0013)
Rain? 0.0009
(0.0005)*
Temperature? -0.0064
(0.0330)
Constant 1.2607
(5.8244)
R2 0.0421

Table A8. Full Models: By Age Group.

Ages 0-6.
Dependent Variable: Log(RHA) Coefficient

Rain -0.0102
(0.0098)

Temperature 0.9941
(0.5338)**

Particles 5.7544
(1.3474)***

Nitrogen Dioxide 0.0142
(0.0029)* **

Ozone -0.0068
(0.00112)***

Rain? 0.0001
(0.0003)

Temperature? -0.0337
(0.0201)*

Constant -2.5647
(3.5454)

R2 0.3115
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Ages 7-16.
Dependent Variable: Log(RHA) Coefficient
Rain -0.0152
(0.0114)
Temperature 1.4311
(0.6181)**
Particles 8.8767
(1.5602)* **
Nitrogen Dioxide 0.0121
(0.0034)* **
Ozone -0.0072
(0.0012)***
Rain? 0.0003
(0.0004)
Temperature? -0.0520
(0.0232)**
Constant -5.7275
(4.1052)
R2 0.2984
Ages 17-34.
Dependent Variable: Log(RHA) Coefficient
Rain -0.0067
(0.0096)
Temperature 1.0965
(0.5238)**
Particles 6.8007
(1.3222)***
Nitrogen Dioxide 0.0109
(0.0029)* **
Ozone -0.0063
(0.0010)***
Rain2 0.0001
(0.0003)
Temperature? -0.0396
(0.0197)**
Constant -2.6460
(3.4791)
R2 0.2756
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Ages 35-50.
Dependent Variable: Log(RHA) Coefficient
Rain -0.0073
(0.0123)
Temperature 0.9374
(0.6694)
Particles 88.8028
(1.6896)* **
Nitrogen Dioxide 0.0123
(0.0037)***
Ozone -0.0075
(0.0013)***
Rain? 0.0001
(0.0004)
Temperature? -0.0319
(0.0252)
Constant -2.7077
(4.4458)
R2 0.2665
Ages 51-64.
Dependent Variable: Log(RHA) Coefficient
Rain -0.0011
(0.0145)
Temperature 1.0216
(0.7908)
Particles 11.3392
(1.9961)***
Nitrogen Dioxide 0.0125
(0.0044)* **
Ozone -0.0083
(0.0016)***
Rain? 0.00005
(0.0005)
Temperature? -0.0352
(0.0297)
Constant -4.3141
(5.2522)
R2 0.2659
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Ages 65 and more.

Dependent Variable: Log(RHA) Coefficient
Rain -0.0022
(0.0145)
Temperature 0.8181
(0.7870)
Particles 11.0432
(1.9864)* **
Nitrogen Dioxide 0.0118
(0.0044)* **
Ozone -0.0082
(0.0016)***
Rain? 0.00006
(0.0005)
Temperature? -0.0282
(0.0296)
Constant -2.7849
(5.2267)
R2 0.2491

Table A9. Economic Values for a Respiratory Hospital Admission.

WTP for the US WTP for Colombia

(1995 US dollars) (1995 US dollars)
Cropper and Krupnic (1990) 7874 628
Lvovsky et al. (2000) 5141 410

Table A10. Daily Costs Avoided by Reduction in Pollutants

Cost Avoided from Cost Avoided from a Cost Avoided from a Cost Avoided from a
a25% reductionin  50% reduction in 25% reduction in  50% reduction in

Particles Particles NO2 NO2
Total Costs
Avoided (C&K) 107,000 194,000 18,000 35,000
(US$ 1995)
Total Costs
Avoided (L. et a) 70,000 127,000 11,600 23,000
(US$ 1995)
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