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NOx Budget Trading Program (NBP)

1998 NOx SIP Call

- Reduce regional transport of
Ozone in the eastern US by
reducing summertime NOXx
emissions from major sources
(power plants).

New York State Ozone (8HR Max) - Summer
Percent change from (1997-2000) to (2004-2005)

- Compliance began for some
states in 2001; most states by
2004.

- First regulation specifically
focused on regional-scale
transport.



Objectives

To evaluate the potential health impact of the
USEPA NOx Budget Trading Program (NBP) in New
York State, and specifically to:

« Characterize and track the magnitude of
changes in air pollution levels and hospital
admissions for respiratory and cardiovascular
disease during 1997-2006

« Compare hospital admissions before and after
the NOx SIP went into effect



Study Outcomes and Data Sources

NYS Residents, 1997-2006

Respiratory disease (ICD-9) from NYS hospitalization data
— Asthma

— Chronic Bronchitis

— COPD

— Emphysema

— Pneumonia and Influenza

— Non-specified bronchitis, acute bronchitis /bronchiolitis

Comparison outcomes from NYS hospitalization data
— Gastrointestinal illness
— Accidental injury

Socio-demographic data from 2000 U.S. Census



Exposure indicators and confounders

 Daily 8-hr max/3-day moving average O, for summers only

(June — August) from ambient air monitoring data

— Not aligned with typical ozone season (May 31-Sept 30) to limit
influence by allergy- and flu-related increases in respiratory diseases

o Health outcomes and association with NBP examined for
summertime trends in 3 time periods:

— Baseline period (1997-2000)
— Partial implementation period (2001-2003)
— Post-implementation period (2004-2006)

e Confounders
— Secular trends (weekday), Blackout days
— Holiday periods, PM2.s and meteorological factors
— Regional interaction (regional analysis)



Statistical Analysis

e Longitudinal component
e Descriptive analyses of health and exposure data over time

e Intervention analysis: compare admissions before and after
implementation (Generalized Additive Model) after controlling
for time-varying factors, air pollution and temperature

— Indicator variables to reflect timing of NBP and baseline periods
e Baseline (1997-2000) vs. Partial-implementation (2001-2003)
e Baseline (1997-2000) vs. Full-implementation (2004-2006)

e Cross-sectional comparisons

— Changes from Baseline to Full NBP compared between
geographic regions, diagnostic subgroups, age, race/ethnicity,
and insurer after adjusting for PM2.5 and meteorological
components



All respiratory hospital admissions by
disease group, NYS, 1997-2006

Disease (ICD-9) N %
other Asthma (493) 426190 51.47
sthma :
17%
Chronic bronchitis (491) 264056 31.89
Emphysema (492) 13231 1.60
asthma Chronic obstructive pulmonary
519% disease (496) 41112 4.97
chronic
4 Acute bronchitis and
bronchitis bronchiolitis T (466) 82961 10.02
32 %
Bronchitis, not specified as
acute or chronic' (490) 407 0.05

T Children 0-4 years only




Change in average daily summertime ozone concentrations,
Baseline (1990-2000) vs. Post-NBP (2004-2006)
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Change in average daily summertime respiratory
admissions, Baseline (1990-2000) vs. Post-NBP (2004-2006)

Percent Change
Baseline to Post-Implementation
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Weekly trends in summertime average daily ambient ozone
concentrations, Baseline (1997-2000) and Post-NBP (2004-2006)
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Weekly trends in summertime average daily respiratory hospitalizations,
Baseline (1997-2000) and Post-NBP (2004-2006)
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Weekly trends in summertime average daily control admissions,
Baseline (1997-2000) and Post-NBP (2004-2006)
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Change in ozone distribution, Baseline (1997-2000) vs. Post-NBP
(2004-2006)
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Main analysis: Estimated effects of the NO, Budget Trading Plan
(NBP) implementation on summertime* ozone concentrations (ppb)
and average dalily respiratory admissionsin NYS, by region.

Region

Adirondack
Central

Eastern Ontario
Long Island
Lower Hudson
NYC Metro
Upper Hudson
Western

Statewide**

Ozone

Average Daily
Difference (ppb)
and 95% ClI

241 (-4.25,-0.56)
210  (-3.98,-0.21)
222 (-4.32,-0.13)
479 (-7.29,-2.28)
-1.90  (-4.14,0.33)
-3.15  (-5.68,-0.63)
-1.83  (-3.73,0.06)
132 (-3.40,0.75)
247 (-3.22,-1.72)

Respiratory admissions

Percent Change?®
and 95% Cli

17.60 (8.27, 27.74)
-10.18  (-14.18, -6.01)
5.50 (-1.02, 12.45)
1.17 (-2.59, 5.07)
-11.05  (-16.54, -5.19)
-5.71 (-7.39, -4.00)
6.21 (0.41, 12.35)
-0.38 (-5.09, 4.56)
-0.15 (-9.83, 10.55)

* June — August; ** Pooled over the individual regions via random effects using inverse variance weighting and mean-centered regional SES
covariates; 2Estimates from the GAM models; change from baseline period (1997-2000) to post-NBP (2004-2006). Adjusted for 3-day moving daily
average PM, ., universal apparent temperature (daily average), relative humidity, and weekday, holiday, and subseasonal trend.




Stratified analysis: Estimated effects of the NO, Budget Trading Plan
(NBP) implementation on summertime* daily respiratory admissions
In NYS, stratified by disease groups and socio-demographics

Respiratory admissions

Average daily  Average daily Percent

admissions admissions . .
Baseline Post-NBP LR 95% Cl

Diagnosis Subgroup
Acute bronchitis & bronchiolitisP

Chronic bronchitis

Asthma

Chronic airway obstruction
Age Group

0-4 years

5-17 years

18-65 years

65+ years
Race/Ethnicity

White

Black

Hispanic

Other

(-8.02, 6.90)

(6.68, 11.85)
(-4.88, -1.29)
(-75.31,-68.41)

(-10.03, -2.78)

(-17.18, -7.49)
(-6.75, -2.84)
(-1.95, 2.05)

(-7.07, -3.59)

(-5.31, 0.01)

(3.44, 10.95)
(-18.25, -11.37)

bOnly among children aged 0-4 years.




Stratified analysis: Estimated effects of the NO, Budget Trading Plan (NBP)
Implementation on summertime* daily respiratory admissionsin NYS,
stratified by disease groups and socio-demographics (Continued)

Health Insurance Group
Medicare 62.17 59.30 -3.28  (-5.24,-1.29)
Medicaid 41.53 27.46 -20.23 (-22.59,-17.81)
Private insurance company 45.44 52.38 5.14 (2.73, 7.61)
Uninsured/ Self Pay 7.57 4.04 -42.65 (-46.89, -38.06)
Urbanicity

Rural 3.88 2.76 -27.67 (-33.94, -20.80)
Suburban 19.57 16.55 -13.69 (-17.01, -10.24)
Urban 133.60 116.22 -5.25 (-6.63.-3.84)

* June — August; ** Pooled over the individual regions via random effects using inverse variance weighting and mean-centered regional SES
covariates; 2Estimates from the GAM models; change from baseline period (1997-2000) to post-NBP (2004-2006). Adjusted for 3-day moving daily
average PM, ., universal apparent temperature (daily average), relative humidity, and weekday, holiday, and subseasonal trend.




Summary of Findings:
Complex and Region-Specific

e Mean daily ozone concentrations consistently declined
statewide following the NBP

— Statistically significant in 5 out of 8 regions
— Emission controls affected the upper quartile of ozone levels
— Greatest declines occurred in late summer

e QOverall, unadjusted respiratory hospitalizations declined
statewide following the NBP, largely consistent with wind
trajectory and major transport patterns

— Significant declines in 3 out of 8 regions, increases in 2 regions
— Greatest declines in late summer, consistent with ozone trend

e Pattern consistent for most age groups, asthma & COPD,
race/ethnicity, most insurance payors, and urban areas



Discussion

NYS a large, diverse population

Many accountability studies have not examined pollutant
concentrations

Findings are biologically plausible and generally
consistent with NOx transport patterns

Unexpected increases in hospitalizations observed:
1) Hispanics: demographic shift during study period

2) Chronic bronchitis: long-term increase in statewide
and U.S.; The increase could be greater without the NBP

3) Smallest declines observed in urban areas: greater
number of local emissions masked relationships?



Discussion

e Declinesin respiratory diseases observed due to concurrent
policies?
— Ozone Transport Commission (1999-2003): No change in
ozone/admissions

— EPA’s Acid Rain Program (Began prior to 1997): spans
entire study period so not influential

— NYS indoor smoking bans (2003): No smoking data for
cases; largest decline in children who were less likely be

affected by smoking ban

 No significant changes in population size and composition in
NYS during the study period (except for Hispanics)

 No identifiable changes in hospital services over study period

* Sensitivity analysis: O;-admission associations: 2.69% (95%Cl:
0.41-5.03%,baseline) vs. 0.95% (95%Cl: -2.05-4.04%,Post NBP)
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