Herramientas para determinar
impactos a la salud usando
observaciones y modelos



Environmental Benefits Mapping and Analysis Program




En las noticias, el analisis de costo beneficio
-

“La nueva norma resultara en beneficios a salud
valorizados en $2 a $19 billones con un costo
estimado de $7.6 a $8.5 billones, de acuerdo a la

USEPA. "
- Bloomberg.com

“Los beneficios de la nueva norma de PM2.5 en Chile
generara 138.000 menos muertes prematuras en un
periodo de 30 afnos, ademas de 30 millones de dias de
trabajo perdidos evitados ."

- El Mercurio, Santiago




¢ Qué clase de preguntas puede dar BenMAP?

* ¢ Cuales son los beneficios de los cambios

observados o modelados de las
concentraciones ambientes de PM u O,7?

* ¢ Qué beneficios se lograrian con escenarios
hipoteticos tales como?

* Si se reducen los niveles de ozono en Texas en
20%

* ¢Sl una ciudad cumpliera una norma diaria de 40
ug/m3de PM, . qué cantidad de muertes, ataques

de asmas u o’_cras enferm_edades se evitarian?
¢ Qué valoracion econdmica tendria?

* ¢Que escenarios regulatorios modelados
presentarian los mayores beneficios?



Steps in BenMAP Analysis
-

Baseline conditions Control conditions Regulatory /
(air pollution WITHOUT (air pollution WITH regulation/policy | policy scenario
regulation/policy scenario in place) scenario in place)
I !
v
Change in air quality (difference between Air quality changes

baseline and control air pollution conditions)

h 4

Change in population-level
exposure to air pollution

1 Health effects

Change in health effects incidence estimation

incidence
(deaths and disease cases)

Monetary value (benefits) of
health effects incidence change

A

Results in tabular formats, Reports
maps, audit trails




Benefits Analysis — GIS-based Spatial Context

Baseline @

Control
Scenario

Change in Ambient PM Concentrations

County-Level Population Count (adults 30+)

0.5 pg/m? reduction
in ambient PM

3,500 adults

-

Concentration-response functions \ 1

Background incidence rate ——, | Reduction in disease
(disease and mortality) counts and deaths 6




Benefits analysis — GIS-based spatial context

Baseline

Control Scenario

Change in Ambient PM Concentrations

Tract-Level Population Count (adults 30+)

5 ppm reduction in

= <> ambient PM
<> 2,500 adults

Concentration-response functions l
: : . Reduction in
Baseline disease and mortality rate =y,
4 disease counts and 7

deaths




Generation of Benefits Estimates

Health Incidence Results:

Mortal_ity — Air quality X Effect x Incidence Population
reduction change estimate rate
Change in annual Annual
pollution Percent change in mortality rate People
concentration incidence (deaths/population within
(baseline — control ) per ug/m? per year) (background specified
(Mg/m?3) incidence rate) age group
Mortality
reduction = 8 X 0.00402 X 0.01 X 3700

= 1.2 deaths avoided

Valuation Results:

Monetized — Incidence Valuation
Benefit Result X Function
= 1.2 x $5,000,000 (VSL)

$6 million



BenMAP User Interface — Main Window

“All-in-one”

Simplified approach

& BenMAP 2.4.9 - United States Yersion

Tools  Parameters  Help

Two Ways 10

se BenMAP: Which Analysis Meets wour Needs?

Oyie-Step Analysis
After you import the air quality djga

for your area, use this tool to appl
default settings and create a report)

ST, 7 Air Quality Grid Creation

.;II: s N

¥ \ Preloaded

- | | —
=¥ EPA parameters Z

L

e

Report
A

Custom Analysis

mport air quality data

Alr Quality Grid Craation

Incldence Estimation

Pooling, Aggregation
and Valuation

Separate steps

Detailed approach



Steps in Analysis — 1 of 4 — Creating Air Quality Grids
-

Baseline conditions Control conditions Regulatory /
(air pollution WITHOUT (air pollution WITH regulation/policy [« | policy scenario
regulation/policy scenario in place) scenario in place)
I |
v

Change in air quality (difference between
baseline and control air pollution conditions)

h 4

Change in population-level
exposure to air pollution

& BenMAP 2.4.9 - United States Version

A 4
Tools  Parameters  Help
C hange i n hea Ith effects Two Ways to Use BenMAP: Which Analysis MeetsQgp
incidence One-Step Analysis
(deaths and disease cases) it g oot P 1~ Importlr aualty dora
default settings and create a I‘epor‘t.
Air Quality Grid Craation
A tep 2 = Set custom parameters
r L
T~ Incidence Estimation
Monetary value (benefits) of D — \
- - | " \ EPA parameters E‘%

health effects incidence change | BORRNCTIN | o s s oo
r— | ) e

- Step 4 — Run report

. Report I I I
Results in tabular formats, A
maps, audit trails o




Steps in Analysis — 1 of 4 — Creating Air Quality Grids
-

Inputs:

Air Quality Monitoring Data:
* preloaded into BenMAP database
* e.g., PM, . monitoring data for 2000

Air Quality Modeling Data:

* external files
* e.g., CMAQ, CAMx model runs for 2020

Outputs:
Air Quality Grid (aqg):

* BenMAP data format for storing air pollution data ‘ "'*I '!I 4

* Baseline and Control aqg

Key Terms:

* Baseline aqg — this scenario is usually considered the reference scenario, where
emissions and air quality are not adjusted or controlled.

* Control aqg — this scenario is a sensitivity scenario, where emissions and air quality
are adjusted from the baseline scenario due to pollution controls or other assumptions.

11



Air Quality Grid Creation — Model Direct
.,

Model direct: grid cell pattern reflects model
design. Area-weighted averaging is often required.

12



Closest Monitor & Voronoi Neighbor Averaging (VNA)

Monitor direct: spread (interpolate) monitor

data using different approaches
VNA

\4

PM10 Monitors Interpolation

Closest
Neighbor

\4

13



Voronoi Neighbor Averaging (VNA)
-
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# = Center Grid-Cell “E”
*
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Monitor Data — Rollback Introduction

Baseline Scenario:
Interpolate 2000 Monitors

Control Scenario (Step 1): Control Scenario (Step 2):
Rollback 2000 Monitors Interpolate Reduced Monitors




Steps in Analysis — 2 of 4 — Health Incidence Results
-

Baseline conditions Control conditions Regulatory /
(air pollution WITHOUT (air pollution WITH regulation/policy [¢— | policy scenario
regulation/policy scenario in place) scenario in place)
I |
v

Change in air quality (difference between
baseline and control air pollution conditions)

y

Change in population-level
exposure to air pollution

A & BenMAP 2.4.9 - United States Yersion @
C hange i n hea Ith effects Two Ways to Use BenMAP: Which Analysis Meets your Needs?
inCidence One-Step Analysis Custom Analysis
(deaths and disease cases) Gtk Al Bl
ans and create a rEpDn' Air Quality Grid Craation
S = Set custom parameters
- r_L = Incldence Estimation
Monetary value (benefits) of D —
. . | A EPA parameters S
health effects incidence change | u f b= Q. Use rsuls rom st 2
e R e
Al :
Step 4 — Run report
. Report !
Results in tabular formats, u“
maps, audit trails 28




Steps in Analysis — 2 of 4 — Health Incidence Results
-

Inputs:
Baseline and Control aqg:

Population Data
*e.g., U.S. Census 2000 interpolated to the CMAQ grid

Background Incidence Rates
* e.g., projections of background mortality rates to 2020

Health Impact Functions

* e.g., specific mortality function based on a study that quantifies the change in mortality
due to a change in air quality

Outputs:
Health Incidence Results (cfgr):

* BenMAP data format for storing health
incidence results and related results o,

* Health incidence results:

* number of avoided deaths

* number of avoided asthma attacks
* Air quality delta:

* change in air quality (baseline - control) 17



Steps in Analysis — 2 of 4 — Health Incidence Results
-

Key Terms:

* Background Incidence Rate — the background rate of a health effect
per person in a geographic area due to all causes (including air quality)
* e.g., 1.24 mortalities/(10,000 people per year) for a particular county

* Health Incidence Results — the change in total number of adverse

health effects due to a change in AQ (baseline - control). Typically, this
is the result of a BenMAP analysis.

18



Steps in Analysis — 2 of 4 — Health Incidence Results

Health effects currently quantified in BenMAP:

Particulate Matter

Mortality

Chronic bronchitis

Nonfatal heart attacks

Hospital admissions

Asthma ER visits

Acute respiratory symptoms

Asthma attacks

Work loss days

Worker productivity

School absence rates




Steps in Analysis — 3 of 4 — Valuation Results
-

Baseline conditions Control conditions Regulatory /
(air pollution WITHOUT (air pollution WITH regulation/policy “ | policy scenario
regulation/policy scenario in place) scenario in place)
I |
v

Change in air quality (difference between
baseline and control air pollution conditions)

y

Change in population-level
exposure to air pollution

A 2 BenMAP 2.4.9 - United States Version
Tools  Parameters  Help
Change in health effects Tora Ways to Use BerMAP: Which Annlysis Masts your Neads?
incidence One-Step Analysis Custom Analysis
(deaths and disease cases) it g il il Wi

default settings and create a report. )
Air Quality Grid Craation

Air Quality Grid Creation
Y Step 2 = Set custom parameters

' f_L ’\ﬂ Incldence Estimat
Monetary value (benefits) of | e — N
health effects incidence change il )

Pooling. Aggregation
and Valuation

Results in tabular formats, .
maps, audit trails zY




Steps in Analysis — 3 of 4 — Valuation Results

Inputs:
Health incidence results (cfgr)
Valuation functions
* e.g., Value of a Statistical Life (VSL)

Outputs:
Valuation results (apvr):

* BenMAP data format for storing valuation
results and related results

* VValuation results:
* Monetized benefits ($) of the avoided

deaths
* Monetized benefits ($) of the avoided

asthma attacks
* Whole series of related results

Key Terms:
* Monetized — expressing society’s preferences for avoiding certain health effects as

a dollar value. In BenMAP we estimate monetized benefits by using either
Willingness-to-Pay or Cost-of-lliness valuation functions. 1



Steps in Analysis — 4 of 4 — Generating Reports
-

Regulatory /
policy scenario

Baseline conditions Control conditions
(air pollution WITHOUT (air pollution WITH regulation/policy
regulation/policy scenario in place) scenario in place)
I |
v
Change in air quality (difference between

baseline and control air pollution conditions)

y

Change in population-level
exposure to air pollution

Y @ BenMAP 2.4.9 - United States Version @
Tools Parameters Help
Change in health effects Tora Ways to Use BerMAP: Which Annlysis Masts your Neads?
inCidence One-Step Analysis Custom Analysis
(deaths and disease cases) it g il il Wi
default settings and create a report.

Air Quality Grid Craation

Air Quality Grid Creation
e Step 2 = Set custom parameters

—

4 r_L oL Incidence Estimat
Monetary value (benefits) of | [ —————— .
health effects incidence change ' " f o e

Pooling. Aggregation
and Valuation

Report ! I I
.

Step 4 — Run report

Report I I !
A |
7575

Results in tabular formats,
maps, audit trails <




Steps in Analysis — 4 of 4 — Generating Reports
-

BenMAP can generate tabular reports (*.csv files) that can be viewed
In various spreadsheet and database applications

& BenMAP 2.4.9 - United States Yersion

Tools  Parameters Help

E4 Microsoft Excel - Results_csy

B Eile Edit Wiew Inset Fomat Iook Data Window Help Adohe PDF =S

DEEHERY BRI - (&= 422 @G0 -0, |52 a0
Al < =| Colurnn
A 5] C | D [ E | =
Colurmn IR ow |Endpoint Group Endpoint Wlean Stai |
1 1|Hospital Admissions, Cardiovascular |HA, Congestive Heart Failure 52414 1 llien
1 1|Hospital Admissions, Cardiovascular |HA, Dysrhythmia 18958
1 1|Hospital Admissions, Cardiovascular |HA, All Cardiovascular (less Myocardial Infarctions) 16734 |
1 1|Hospital Admissions, Cardiovascular |HA, All Cardiovascular (less Myocardial Infarctions) 1.4509 1
1 1|Hospital Admissions, Cardiovascular |HA, Ischemic Heart Disease (less Myocardial Infarctions) 1.0517 1

A )

E » M [%Results 4] Jﬂ
Ready || | [ | s /

STEP 4 — Run report /
Report I I I
o |

23



Steps in Analysis — 4 of 4 — Generating Reports
-

Mapping through BenMAP’s GIS tool

&+ BenMAP GIS E]@
= & @ k. Q Q (3 ) {‘-""? @ = Geodetic w | | Metropolitan Area w

Layers
Population 2000

0.00-76.40
¥6.40152.80
152.80-229.20
229.20-305.E0
305.60-332.00
382.00-458.40
452.40-634.80
534.80-611.20
E11.20-687.E0
BE7.60-7E4.00

Cloze

24



Steps in Analysis — 4 of 4 — Generating Reports
-

* BenMAP can generate Audit Trail reports, which contain a record of
all the choices involved in the creation of a particular file.

* Audit Trail reports can be generated from any of the files created by
BenMAP.

& BenMAP 2.4.9 - United States Yersion

Tools  Parameters Help

udit Trail Report

Latin Hppercube Pointz: 10

- Year: 2000

- Threshold: O

- Ginid Definition ity data

- Selected Studies

- Baseline Air Quality Grid: C:Program Fileshabt dssociates Inc'BenkaP 2. 254 Quality Grids\Baseline Modeled PM.agqg
- Pallutant: PM2.5 Grid Creation
FMadel Filenarme: C:hProgram Files'WAbt Azsociates InchBentAP 2. 225 armple Data\PRM 25 Model DatahBazeline Modeled PR.csv
E- Grid D efiriition

- Mame: CitpOne Grid

- |D: 0

- Colurmns: 30

- Fows: 34

- Grid Type: Regular

- Starting Latitude: 335333334741 211

- Starting Longitude: -76.1333363432422

- Rows per Latitude: 30

- Columng per Longitude: 20 m Step 2

=~ Control Air Quality Grd: C:sProgram Fileshabt Sszociates InchBentdaP 2. 2% Quality Grds\Control tModeled PR, agg 5

- Pallutant: PH 2 5

hodel Filename: C:\Program FileshAbt Associates Inch\BentaP 2. 255 ample Data\P 25 Model D ata'Control Modeled PR oy

=1~ Grid Defiritiarn baregation
i Mame: CitwOne Grid uation
1D 0 -

E=port |

ok |
Report II
" |

-3
iy s}

i
L

ameters

Estimation
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One-Step Analysis
-

Baseline conditions Control conditions Regulatory /
(air pollution WITHOUT (air pollution WITH regulation/policy [« | policy scenario
regulation/policy scenario in place) scenario in place)
I |
v

Change in air quality (difference between
baseline and control air pollution conditions)

h 4

Change in population-level
exposure to air pollution

v 5 BenMAP ~ 4.9 - United 5tates Versio\.
Change in health effects 4 P Which Analysis Meets your Needs?
incidence Custom Analysis
(deaths and dlsease Cases) pr your area, use this tool to apply SRR = A TR

lefault settings and create a report. B,
EFE L Air Quality Grid Craation

Air Quality Grid Creation
e Step 2 = Set custom parameters

ﬁ‘\

Incldence Estimation

Monetary value (benefits) of
health effects incidence change

L Preloadsd ==
= EPA parameters =Zr

(A

-
L

Report " I
.

Step 3 — Use results from Step 2
to set custom parameters

(A

Pooling. Aggregation

~ and Valuation

Step 4 — Run report

Report " I
n I
ZzU

v

Results in tabular formats,
maps, audit trails




BenMAP - Strengths and Limitations (1 of 3)
B
STRENGTHS

* Flexibility — can use BenMAP anywhere in the world, using
own data and map files

* Data management — users can easily manage their own data
and share with others

* Speed — quickly perform analyses, and generate maps &
reports

* Pooling — several methods for combining health impact &
monetary value estimates

* Transparency — easy to check assumptions made in analysis
* Scriptable — using command-line version

* Portable — once a desired set of options has been chosen and
configured, one can repeat or share configuration file with others

27



BenMAP - Strengths and Limitations (2 of 3)
-
STRENGTHS (continued)
* User-friendly experience — \WWindows-based graphical user

interface (GUI) for both standardized and highly customized
analysis.

* Preloaded data — includes substantial population, health, and
air quality databases for continental U.S.

* Benefits transfer — includes health impact and valuation
functions from peer-reviewed sources. As new studies develop
new functions, these functions can be added to BenMAP.

28



BenMAP - Strengths and Limitations (3 of 3)
B

LIMITATIONS

* No air quality model — air quality modeling not available in
BenMAP

* Loading data — identifying and loading data requires careful
attention to detall

* Other pollutants — ability to use other pollutants dependent on
availability of epidemiological data

* Rollback — cannot increase the value of monitor values in
creating air quality grids through the rollback technique

* New functions computationally inefficient — health impact
and valuation functions not precompiled into BenMAP can be
added, but are inefficient

29



Applications in the U.S.
-

* National-scale regulatory development (United States)

* Cost-benefits analysis (Regulatory Impact Analysis)
* PM and O; regulations including mobile sources and power plants
* Small Spark Ignition Rule
* Locomotive and Marine Diesel Rule
* Clean Air Interstate Rule (CAIR)
* SO, and NO, NAAQS review (upcoming)

* Energy Policy Act (EPAct) Study (joint between EPA and FAA)

* Regional/urban analysis (in support of local-scale policy analysis)
* Estimate benefits for PM control options (diesel bus retrofit)
* Include consideration for all diesel sources (on-road and off-road)
* Oregon woodstove analysis
* New York City Department of Health borough-level analysis
* Georgia Department of Natural Resources SIP process

- Philadelphia diesel PM, . benefits analysis 30



International Applications
B

* China
* Benefits analyses of Electric Generating Unit (EGU)
control strategy

* South Korea
* Health benefits of Seoul air quality management plan

* Latin America
* Benefits of air quality improvements in Mexico City,
Sao Paulo, Santiago
* India
* Benefits analyses in Mumbai 31



Uso de herramientas tipo BENMAP

en analisis de costo benetficio en
Chile

* Plan de prevencion y descontaminacion de
contaminacion atmosferica de Santiago de
Chile, Trabajo por Dr. Luis Cifuentes,
Universidad Catolica.

32



Resumen Medidas Evaluadas

Sector

Fuentes Moviles

Fuentes Fijas

Subsector

Transporte Puablico

Ve hiculos npesados
Ve hiculos pesados

Vehiculos livianos y
maoadiananc
Vehiculos livianos y
maoadiananc
Vehiculos livianos y
maoadiananc

Motocicletas Nuevas
Calidad de Los
(Camhunctihlac
Mavores emisores
Mavores emisores
Mayores y Menores
amicanrac

Mavores emisores
Fuentes Estacionarias
Gruvnos Electrogcenos
Grupos Electrogenos

Medida

Normas de emision para buses nuevos vy filtro buses
existentes

Normas de emision para vehiculos nuevos

Exigencias de Tecnologias de Control de Emisiones y
Registro de  Flotas de Vehiculos de carga y servicio.
Normas de emision para vehiculos nuevos

Actualizacion de los estandares de emision de
vehiculos controlados en plantas de revision técnica.

Restriccion vehicular permanente (4 SSV)

Normas de emisién para vehiculos nuevos

Diesel 50 ppm S a 15 ppm S / Gasolina 30 ppm S a 10
ppm S

Norma SO2 (ng/J) para mayores emisores

Meta 2010 PM (50% de emisiones 1997)

Meta 2010 NOX (50% de emisiones 1997)

Compensacion fuentes nuevas

Norma SO2y CO

Control de emisiones grupos electrogénos existentes
Control de emisiones grupos electrogénos nuevos



Resumen Medidas Evaluadas
(Continuacion)

Sector Subsector Medida
Otras Fuentes Off Road Instalacion de filtros en maquinarias fuera de ruta
Le fia Regulacion para el uso de calefactores
Gestion de Episodios Criticos (GEC)
Quemas Erradicacion de quemas agricolas
PAC Programa de aspirado de calles
Areas Verdes Plan Santiago Verde
Ciclovias Programa de construccion de ciclovias urbanas

Fuente: Elaboracion propia
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Indicadores de Rentabilidad Social por
medida (MUSS)

. VP Costos VP Ben VP Ben Neto (MUSS) - IC , Red PM2.5
Sector Medida MUSS, MUSS) 90(;) ) Razon B/C 2015 (ug/m3)

Buses Nueva Norna 11.4 30.0 18.6 (9- 28) 2.6 0.10
Buses Nueva Norna HV 7.5 27.9 20.3 (11 - 29) 3.7 0.17
Buses Filtro Antiguos (no incluida en PPDA) 46.1 119.7 75.7 (35 - 113) 2.6 | 0.33
Camiones Nueva Nornm HII 34.5 34.9 0.4 (11 - 12) 1.0 0.12
Camiones Nueva Norna HV 30.6 38.3 7.7 -(5- 20) 1.3 | 0.34
Fuentes It}(‘,enlj\»()s Camiores en Hota 105.7 237.3 131.6 \‘155 - 209\) 2.2 \ 0.69
)’[(wiléis Veh livianos Nueva Norma Diesel 1.2 1.2 0.0 (0.4 - 0.4) 1.0 0.01
Veh lLivianos Nueva Norma Gasolim 0.7 1.0 0.4 (0.0- 0.7) 1.5 0.01
Veh livianos Norma ASM 43.2 85.9 42.7 (15 - 71) 2.0 | 0.36
Veh livianos RV Diesel 39.4 352.2 312.8 (273 - 353) 8.9 0.31
Veh livianos RV Gasolima 15.4 101.7 86.3 (82 - 90) 6.6 0.03
Motos Nueva Norna 0.1 0.0 0.1 -0.1--0.1) 0.3 0.00
(Cahdad Combustible 3.4 3.6 0.2 -(1-1) 1.1 0.01
Norma SO2 (30 ng/ J) 212.6 402.4 189.7 (60 - 321) 1.9 | 1.46
Meta 2010 PM 0.4 0.6 0.3 (0.1 - 0.5) 1.8 0.00
Fuentes Meta 2010 NOX 13.1 154.7 141.5 (92 - 192) 11.8 \ 0.56
Fijas  Conpersacion Nuevas FY 54.6 105.0 50.4 (17 - 85) 1.9 H 0.69
GEKistentes 23.6 48.3 24.7 (9 - 40) 2.0 0.17
GENuevos (no incluida en PPDA) 0.0 11.8 11.8 (8- 16) 0.0 0.11
Maqumarna Fera de Ruta 15.9 137.9 122.0 (78 - 167) 8.7 | 0.42
Regulacion Calefa ctores Nuevos 8.7 207.6 198.8 (132 - 266) 23.8 Il 1.28
Otras GHC lema 3.8 178.0 174.2 (117 - 232) 47.2 | 0.57
l'u(',’nl;‘,s Krradicacion quenms agricolas 2.3 174.8 172.5 (116 - 229) 74.8 0.54
PAC 55 11.8 6.3 (3- 10) 2.2 0.04
Areas Verdes 185.2 252.1 66.8 (66 - 68) 1.4 0.01

Cicdlovias 33.3 39.2 5.9 (5-7) 1.2 0.02 35
Total 898 2,758 1,860 (1,170 - 2,560) 3.1 8.4

Fuente: DICTUC (2008), AGIES del PPDA
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Escenarios de Analisis: Eventos Evitados
PPDA periodo 2009 - 2015

Tipo de casos Evitados Normal Pasivo Agresivo
Muertes Prematuras (exp 1,650 1,130 2,910
aguda)

Muertes Prematuras (Exp 10,100 6,900 17,800
cronica)

Admisiones Hospitalarias 6,710 4.600 11,800
Bronquitis Croénica 10,400 7,110 18,300
Bronquitis Aguda 17,400 11,900 30,700
Visitas Sala Emergencia 40,600 27,800 71,600
Ataques de Asma 371,000 254,000 655,000
Dias Perdida Trabajo (WLDs) 3,120,000 2,140,000 5,510,000
MRADs & Sintomas 10,700,000 7,320,000 18,800,000

Respiratorios

37



Norma de Calidad de Aire PM2.5

38



Alternativas evaluadas

[ .as alternativas evaluadas son:

* Norma Anual (promedio tri-anual, ug/m3)

2012 2022 2032
20 15 10

1

2 25 15 10
3 25 20 10
4 25 20 15

* Norma Diaria (percentil 98, ug/m3)

Razon Norma Diaria / 9 2.5 3x
X X
Norma Anual 39



30

Alternativas evaluadas
Norma Anual

25

20

15

10

2012

2017

2022

2027

2032

Norma Equiv PM10
— Alternativa 1

Alternativa 2

Alternativa 3

Alternativa 4
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Alternativas Evaluadas:
Norma Diaria

Norma Anual | Norma Diaria PM2.5

PM2.5 2x 25x 3x  3.5x

25 50 63 75 88
20 40 50 60 70
15 30 38 45 53
10 20 25 30 35

Recomendacion OMS Norma diaria: 2x
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Norte

Concentraciones Ciudades: Zona

Arica

Alto Hospicio
Pozo Alnonte
Antofagasta
Calam
Mepllones
Sierra Gorda
Tocopilla

185,268
50,215
10,830

296,905

138,402

8,418
2,356
23,986

Norte

2008
2008
2007
2007
2007
2006
2005
2006

41.3
50.2
39.0
47.3
49.5
39.1
41.3
56.0

2008

2007

18.2

14.5

43

0.36

0.29



Centro

Concentraciones Ciudades: Zona

Ia Calera
Cabildo

Gran Valparaiso
Putaendo
Haillay
Puchuncawi
Quullota
Caterm

[os Andes

Gran Santiago
Gran Rancagua
Be quimoa
Benco

San Fermndo

49503
18916
734,452
14,649
21,644
12,954
75916
12,112
60,198
6,046,430
242972
22.161
50,830
63,732

Centro

2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007

bl
233
43.6
38.8
40.7
48.6
47.5
28.1
69.1
0.2
53.0
62.8
52.6

2008

2006

19.4

Bil.7

44

0.45

0.46



Concentraciones Ciudades: Zona

Sur Talca 201,797
Gran Chillan 184,037
Gran Concepcion 871,231
Ara uco 34,873
Codegua 10,796
Gran Temuco 304,142

Sur

2007
2007
2008
2008
2007
2007

48.9
52.1
494
429
60.7
48.8

2007

2008

2.1 0.66

P49 0.50

* Se observa que la concentracion anual de PM10
no es cumplida por varias comunas
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Razon PM25/PM10

* Para las ciudades sin informacion de concentraciones
de PM2.5 se aplico el siguiente criterio:

— S1 tiene informacion de PM10, se estimo la concentracion de
PM2.5 en funcion de la razon PM2.5/PM10 de cada zona.

Norte 0.18
Centro - Costa 0.46
Centro - Interior 0.50
Sur 0.50

0.18

0.58
0.60
0.70

Monitoreo Calama

Monitoreo Gran Valparaiso
Monitoreo Rancagua

Monitoreo Temuco

— S1 no hay informacion de PM10 se asigno la concentracion
promedio de aquellas ciudades con informacion de region cuyas
condiciones climaticas y/o fuentes industriales son similares.



Relacion Promedio Anual/Percentil
08

* Esta relacion determina que norma (anual o diaria
es activa.

/
Razon P98/ AA
0 53
5
4 2.4 36 5.4
3 25
2
1
0 " T T T T
(Calama GranSantiago  Gran Valparaiso Gran Talca

(onecepcion

* (Calculados a partir de mediciones reales de PM10 y
PM?2.5 para ciudades con datos en el mismo ano.



Impactos en Salud Considerados

Mortalidad Prematura Todas las causas

Cardiopulmonares

Admisiones Hospitalarias  Cardiovasculares

Disritmia

Enfermedad isquémica
Enfermedad Respiratoria cronica
Pneumonia

Asma

Respiratorias

Visitas Sala Urgencia Causas Respiratorias

Asma

Todos
Todos

65+
65+

65+

65+

65+

<65

Todos

Todos
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Efectos Unitarios PM2.5

* Reduccion de casos por Millon de personas
por ug/m3

Efecto rupo Edad [Casos en Excesos Unitarios
Casos/Millones personas por
ug/m3
Mortalidad Prematura ~ Exp. De largo plazo Todas las causas Todos (7—40)
Exp. De largo plazo Cardiopulmonar 65+ (8—-27)
Exp. Aguda Todas las causas 65+ (3-9%)
Admisiones Hospitalarias Asma <65 (25 -97)
Enfermedades Respiratorias Cronicas Todos (20— 68)
Enfermedades Cardiovasculares Todos (22 —54)

Enfermedades Respiratorias <65 (29 — 85)



Casos Evitados Norma PM2.5
* Casos evitados periodo 2012 - 2041

Muertes Prematuras (exp aguda) 21,000

Muertes Prematuras (Exp 125,000
cronica)

Admisiones Hospitalarias 84,000
Bronquitis Cronica 129,000
Bronquitis Aguda 216,000
Visitas Sala Emergencia 505,000
Ataques de Asma 4,618,000
Dias Perdida Trabajo (WLDs) 38,831,000
MRADs & Sintomas 132,857,000
Respiratorios

-Periodo: 2012 — 2041
-Es cenario Caso No Saturado Tendencia

18,000
111,000

74,000
114,000
192,000
448,000
4,093,000
34,415,000
117,748,000

15,000
90,000

60,000
93,000
155,000
362,000
3,311,000
27,840,000
95,251,000

11,000
64,000

43,000
66,000
111,000
259,000
2,372,000
19,949,000
68,255,000
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Valor Presente de Costos (MUSS)

* Costos agrupados por zona para cuatro

alternativas
Norte 0 0 0 0
Centro 263 2477 170 38
Sur 5488 4156 2669 1437
Santiago 2674 1911 1231 761
Total Nacional 8 425 6 314 4070 2236

-Periodo: 2012 - 2041

-Tasa de descuento: 8%

-1USS - 640 CLP$

-Es cenario Caso No Saturado Tendencia
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VP Beneficio (MUSS

30,000
20,000
10,000

VP Beneficios (MUSS$)

80,000

Norte (0-0) (0-0) (0-0) (0-0)
Centro (450-880) (440-860) (280-540) (120-240)
Sur (7,500-15,000) (5,800-11,000) (4,500-8,800) (3,600-7,000)
Santiago (9,900-47,000) (7,600-36,000) (6,000-28,000) (4,800-23,000)
Total Nacional (18,0063,000) (14,000-48,000) (11,000-37,000) (8,500-30,000)
0.
70,000 T
. ® VP Costo
60,000 _ -Periodo: 2012 - 2041
50,000 -Tasa de descuento: 8%
-Es cenario Caso No Saturado
Tendencia
N A, % ™ 52
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Razon Beneficio Costo por ciudad

Ciudad Altemativa | Altemativa 2 Altemativa 3 Altemativa 4
Alto Hospicio 1.7 1.7 1.3 4 8.2 — - — -
Thiasco # 0.1 s 0.1 s 0.1 as 02 (odigo Razon Beneficio - (osto
Ia_Serera-Coquimbo 26.6 266 196 G 162 —
Ovalle T 40 T 40 T 30 T 246 T+ by aue 2
Ia_Calera 0.6 0.5 0.6 1.5 Intre 0.5y 2
Cabildo T 3. T 63.1 T 631 T 00 Menor 5
Olimiians 0.9 09 0.6 T+ 53 & Sheldicllo
Gran Valparaiso s 219 s 21.9 i 16.5 s 755
Putaendo 0.6 0.6 L 0.4 1 3.
Laillay 0.7 0.7 0.5 1 2.7
Puclhuncavi 0.7 0.7 0.6 s 14.4
Quillota 1.2 1.1 1.1 1 3.3 1 .
Catenu a 02 i 02 a 0.2 0.6 Centro y Sur de Chlle-
los Andes g 6.5 8 6.5 i 6.5 - 0.0
San Antonio 3.2 i 32 s 2.4 i 11.4 O 1A
San Felipe - 1.8 1.8 1.4 4 6.6 Mayor red uccion de
Gran Santiago 3.7 s 40 i 4.8 s 6.4 e~
Rancagua i 0.2 i 0.2 g 0.3 i 0.4 emisiones
Bequinoa i 0.1 s 0.1 e 0.1 s 0.2
Rengo 0.1 - 0.1 > 02 R 02 0
San Fermando e 0.4 e 0.4 S 0.5 09 Mayor COStO
San Vicente = 0.6 0.5 0.6 1.7
Cauquenes 0.5 e 0.4 < 0.5 1.1 O 11 1 1
(e 0 — 0. Ll Menor beneficio unitario
Curico 0.5 0.5 0.5 09 =
Tinres Y S Y 0 por el tamano de
Talca 0.4 & 0.4 o 0.4 0.6 (V4
lillay 0.6 0.6 0.7 [N} pobIaC|on
Gran Concepcion 1 25.1 1 21.3 i 25.8 i 55.8
Ara uco 0.7 0.6 0.6 1 2.1
Codegua s 0.0 s 0.0 e 0.0 s 0.1
los Angeles s 0.2 s 0.2 e 0.2 s 0.3
San Carlos e 0.1 e 0.1 S 0.1 e 0.1
Angol N 0.1 i 0.1 g 0.1 i 0.1
Nueva Inperial s 0.0 s 0.1 e 0.1 s 0.1
Gran Tenuco g 0.3 i 0.3 a 0.3 i 0.4
()sorno e 0.2 S 0.3 S 0.3 o 0.4
Puerto Mouit N 0.3 g 0.3 e 0.4 a 05 53
Valdivia s 0.2 s 0.2 s 0.3 N 0.4
Coihaique - 0.1 - 0.1 < 0.1 L 0.2
Punta_Areras 1.6 1.6 1.6 1 4.4




Conclusiones

* BENMAP una gran herramienta de
evaluacion social y economica de
escenarios regulatorios.

* Se pueden lograr resultados estrictamente
basado en observaciones.

* Combinado con modelos, se puede
completar el mapa de exposicion, y evaluar
las medidas con mayor precision.
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