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distribution function. From this list, likelihood func-
tions for the 500-yr and 2500-yr losses can be obtained,
yielding most likely values of about 300 million dol-
lars and 600 million, respectively, with ranges of un-
certainty (10th to 90th percentile) of about 10 and 20
percent. The ordered list of non-zero losses is nearly ex-
ponentially distributed. This simple structure permits
estimation, through the employment of bootstrapping
with variance-reduction techniques, of the average con-
ditional loss around several tens of times more precise
than the average of the simulated losses. The model for
earthquake magnitude, locations, and occurrence fre-
quency has been taken from the US Geological Survey
sources used for national hazard mapping in the central
United States.
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Three different seismic retrofitting measures for a
common and vulnerable type of apartment building in
Istanbul are studied in this paper. A probabilistic cost
benefit analysis is carried out by means of obtaining the
fragility curves of the structure in its retrofitted con-
figurations. These curves are calculated using a Monte
Carlo simulation, that is subjecting the three dimen-
sional nonlinear model of the structure to 400 ground
motion acceleration time histories compatible with the
site specific elastic response spectrum. Considering a
time independent probabilistic distribution of the peak
ground accelerations for the region and a given discount
rate, the expected losses can be estimated in present
value terms for the desired time horizon. Even con-
sidering only direct losses, mitigation is shown to be
cost effective for all but the very short time-horizons
provided that the cost of life is far higher than the
material costs. The methodology presented here is at-
tractive for application at a regional level incorporat-
ing different types of soils and different types of struc-
tures and it may be of use to support urgent decisions
on retrofitting strategies. A time dependent probabil-
ity distribution of accelerations can be readily imple-
mented in the methodology.
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Overview of Issues in Health, Air
Pollution, and Climate
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Air pollution contributes to mortality and respira-

tory disease worldwide, with developing countries at

highest risk. The World Health Organization estimates
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that between 1.4 and 6 million people die each year
from air pollution, and in some populations up to 30 %
of all respiratory disease may be linked to air pollution.
As the climate changes, increasing temperatures and
changing precipitation patterns are expected to yield
new health challenges and may worsen existing risks.
This talk provides an overview of issues linking health
impacts of air pollution and climate change, as an in-
troduction for the session. Increasingly, health-driven
projects are employing state-of-the-art modeling and
measurement methodologies. We discuss how quanti-
tative assessment methodologies have been used to un-
derstand the connections between health, air pollution
and climate.
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Outdoor air pollution remains a serious public
health problem in cities throughout the world. In the
US, despite considerable progress in reducing emissions
over the past 30 years, as many as 50,000 premature
deaths each year have been attributed to airborne par-
ticulate matter alone. Tropospheric ozone has been
associated with increased daily mortality and hospi-
talization rates, and with a variety of related respi-
ratory problems. Weather plays an important role in
the transport and transformation of air pollution. In
particular, a warming climate is likely to promote the
atmospheric reactions that are responsible for ozone
and secondary aerosol production, as well as increasing
emissions of many of their volatile precursors. Increas-
ingly, efforts to address urban air pollution problems
throughout the world will be complicated by trends
and variability in climate. The New York Climate
and Health Project (NYCHP) is developing and apply-
ing tools for integrated assessment of health impacts
from air pollution and heat associated with climate
and land-use changes in the New York City metropoli-
tan region. Global climate change is modeled over the
21st century based on the Intergovernmental Panel on
Climate Change (IPCC) A2 greenhouse gas emissions
scenario using the Goddard Institute for Space Stud-
ies (GISS) Global Atmosphere-Ocean Model (GCM).
Meteorological fields are downscaled to a 36 km grid
over the eastern US using the Penn State/NCAR MMS5
mesoscale meteorological model. MM5 results are then
used as input to the Community Multiscale Air Qual-
ity (CMAQ) model for simulating air quality, with
emissions based on the Sparse Matrix Operator Kernel
Emissions Modeling System (SMOKE). To date, sim-
ulations have been performed for five summer seasons
each during the 1990s and the 2050s. An evaluation of
the present-day climate and air quality predictions in-
dicates that the modeling system largely captures the
observed climate-ozone system. Analysis of future-year
predictions shows an increase in temperature and hu-
midity as well as mean and extreme ozone concentra-
tions under the IPCC A2 emission scenario. To ad-
dress public health impacts, a risk assessment frame-
work is used to estimate ozone-related mortality in the
region, with a focus on comparing health impact esti-
mates for the 1990s versus the 2050s. This endpoint
represents a potentially appreciable public health im-
pact resulting from climate change-induced alterations
in regional air quality profiles. Concentration-response
functions from the epidemiological literature describ-
ing ozone-mortality relationships are used to estimate
numbers of regional deaths in a typical 1990s summer
and a typical 2050s summer. Preliminary analysis of
future-year ozone-related mortality suggests a subtle
increase in the number of summer ozone-related deaths
in the New York region in the 2050s as compared to the
1990s. A parallel evaluation of heat-related mortality
in a typical summer of the 2050s suggests a greater rela-
tive increase as compared to the 1990s, with a doubling
to tripling of regional summer heat deaths possible by
the 2050s.
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In much of Africa, the largest fraction of energy
consumption occurs within the residential sector and
is derived primarily from woodfuels burned in simple
stoves with poor combustion characteristics. Many of
the products of incomplete combustion (PICs) are dam-
aging to human health, particularly when they are con-
centrated in poorly ventilated indoor environments. In-
complete combustion also has potentially harmful im-
pacts on the climate. Prevalent PICs include methane,
a potent greenhouse gas (GHG) that is among the pol-
lutants subject to controls under the Kyoto Protocol
as well as carbon monoxide (CO), non-methane hydro-
carbons (NMHCs) and particulate matter (PM), which
can all have an effect on climate, but are not subject
to controls under Kyoto. In addition, when woodfu-
els are used at a rate that reduces standing stocks of
trees over the medium or long term, the CO2 released
by combustion also has an impact. The choice of stove
and fuel technology can have a significant impact on
the emission of GHGs as well as on human exposure to
health damaging pollutants. In this paper we analyze
the emissions of different household energy technolo-
gies on a life-cycle basis. We use emission factors to
estimate the emissions associated with production, dis-
tribution and end-use of common household fuels and
assess the likely impacts of these emissions on public
health and the global environment. We focus largely on
charcoal, a popular fuel in many sub-Saharan African
countries. Charcoal is produced by heating wood in
the absence of sufficient air for complete combustion
to occur. This process removes moisture and most of
the volatile compounds. The compounds driven off in
the process consist of condensable tars as well as many
gaseous hydrocarbons, including 40 g CH4 per kg of
charcoal produced. Combining upstream and end-use
emissions, every meal cooked with charcoal has 2-10
times the global warming effect of cooking the same
meal with firewood and 5-12 times the effect of cook-
ing the same meal with LPG or kerosene. When char-
coal is produced in large quantities, as it is in Africa,
the net warming effect can exceed the impact from the
”modern energy sector” (transportation and industry)
by 50-100 percent, even if charcoal is produced on a
sustainable cycle so that all of the wood harvested for
charcoal production is allowed to regenerate. However,
while charcoal may be worse than firewood with re-
spect to greenhouse gas emissions, it is an improve-
ment with respect to exposure to health damaging pol-
lutants, particularly particulate matter (PM). Levels
of PM in households using charcoal are over 90 per-
cent lower than households using open wood fires (316
-(159) mg/m3 for households using charcoal in a com-
mon improved stove compared to 3764 (360) mg/m3)
for households using wood in open fires: mean (stan-
dard error)). These differences in exposure are consis-
tent with 30 and 50 percent reductions in the incidence
of acute respiratory infection (ARI) in adults and chil-
dren under 5 respectively. Reconciling the costs and
benefits of different household energy technologies cre-
ates a difficult policy challenge, particularly with the
severe budgetary and resource constraints that house-
hold consumers and government agencies face in sub-
Saharan Africa.
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Climate Change, Air Pollution, and the
Economics of Health Impacts
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Climate change and air pollution are intricately

linked. The distinction between greenhouse substances
and other air pollutants is resolved at least for the
time being in the context of international negotiations
on climate policy through the identification of COZ2,
CH4, N20, SF6 and the per- and hydro- fluorocarbons
as substances targeted for control. Many of the tra-
ditional air pollutant emissions including for example
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CO, NMVOCs, NOx, SO2, aerosols, and NH3 also di-
rectly or indirectly affect the radiative balance of the
atmosphere. Among both sets of gases are precursors of
and contributors to pollutants such as tropopospheric
ozone, itself a strong greenhouse gas, particulate mat-
ter, and other pollutants that affect human health.
Fossil fuel combustion, production, or transportation is
a significant source for many of these substances. Cli-
mate policy can thus affect traditional air pollution or
air pollution policy can affect climate. Health effects
of acute or chronic exposure to air pollution include in-
creased asthma, lung cancer, heart disease and bronchi-
tis among others. These, in turn, redirect resources in
the economy toward medical expenditures or result in
lost labor or non-labor time with consequent effects on
economic activity, itself producing a potential feedback
Study of these effects ultimately
requires a fully coupled earth system model. Toward

on emissions levels.

that end we develop an approach for introducing air
pollution health impacts into the Emissions Prediction
and Policy Analysis (EPPA) model, a component of the
MIT Integrated Global Systems Model (IGSM) a cou-
pled economics-chemistry-atmosphere-ocean-terrestrial
biosphere model of earth systems including an air pol-
lution model resolving the urban scale. This prelim-
inary examination allows us to consider how climate
policy affects air pollution and consequent health ef-
fects, and to study the potential impacts of air pollu-
tion policy on climate. The novel contribution is the
effort to endogenize air pollution impacts within the
EPPA model, allowing us to study potential economic
effects and feedbacks. We find strong interaction be-
tween air pollution and economies, although precise es-
timates of the effects require further investigation and
refined resolution of the urban scale chemistry model.
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For Mexico City, we estimate public health improve-
ments due to air pollution reductions that could oc-
cur simultaneously with greenhouse gas emission miti-
gation, and we compare the costs and benefits of 5 spe-
cific policy measures. Reduced-form air quality models
are used to calculate the impacts of changed emissions
on exposure. Dose-response methodology is applied to
estimate public health improvements, and several val-
uation metrics are applied to determine the monetized
health benefits to society of the control measures. Im-
plementation of these 5 measures in Mexico City could
reduce annualized exposure to particulate air pollu-
tion by 1% and to maximum daily ozone by 3%, and
also reduce greenhouse gas emissions by 2% (more than
300,000 tons C equivalent per year). We estimate that
over 4400 quality-adjusted life-years (QALYs) per year
could be saved, with monetized health benefits on the
order of $200 million USD per year. In contrast, total
costs are under $70 million USD per year. The mean
cost per QALY is under $40,000. Of the measures con-
sidered, those that improve transportation efficiency
are most promising for the simultaneous reduction of
local and global pollution in the region.

URL: http://www.ine.gob.mx/dgicurg/cclimatico/
benlg.html
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Change on Human Mortality in South
Central Canada
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Synoptic climatological approaches were used in this
study to determine the synergistic impacts of severe
weather and air pollution on excess mortality risks in
south-central Canada. The derived relationships based
on the past and current conditions were then used
to determine the potential impacts of climate change
on human mortality risks. This study used princi-
pal components analysis, an average linkage cluster-
ing procedure, and discriminant function analysis to
automatically classify distinctive synoptic categories
based on the differentiations and similarities of mete-
orological characteristics between and within weather
types. Meteorological data for 1953-2001 were used
in the analyses. The data included hourly surface
observations of air temperature, dew point tempera-
ture, sea-level air pressure, total cloud cover, wind
speed and direction. Three atmospheric levels of 6-
hourly NCEP-NCAR upper-air reanalysis weather vari-
ables (air and dew point temperatures, wind speed and
direction) were used for the period 1958-2000. Air pol-
lution data, including O3, SO2, NO2, CO and COH,
was retrieved from the National Air Pollution Surveil-
lance (NAPS) network for the period 1974-2000. Mor-
tality data from Statistics Canada included the daily
total non-traumatic mortality (e.g., ICD-9: 001-799)
for the period 1950-1998. The study area included 3
cities in Ontario (Toronto, Ottawa and Windsor) and
1 city in Quebec (Montreal). Using the above proce-
dures, 14-20 major synoptic types were identified for
the selected weather stations during both warm (Apr.-
Sep.) and cold seasons (Oct.-Mar.). The statistical
procedure was able to successfully identify 8-12 weather
types (depending upon location), that were associated
with high mortality rates. Excess mortality within the
identified synoptic weather types were shown to be as-
sociated with temperature extremes (heat and cold)
and air pollution. Using GCM outputs and statisti-
cal downscaling methods, discriminant function anal-
ysis was then used to estimate the projected frequen-
cies of excess mortality-related weather types for future
climate scenarios. Climate change scenarios from the
Canadian GCMs (CGCM1 and CGCM2) and the U.S.
GCM (GFDL R30 Coupled Climate Model) for the pe-
riods 2040-2059 and 2070-89 were used in the analy-
sis. For estimation of the future air pollution condi-
tions, there are two methods: 1) discriminant function
analysis is able to assess the projected frequencies of
weather types associated with high air pollution con-
centrations for the future climate change scenarios; 2)
the downscaled climate change scenarios were applied
to the historical regression models to estimate the fu-
ture projected concentrations. The expected mortality
rates due to modeled global warming and pollutant ef-
fects for both warm and cold seasons can then be esti-
mated for the selected cities.
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Infrasound Signals from the Space
Shuttle Columbia
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Infrasound signals from the shuttle Columbia were
observed at the TXAR infrasound array on 1 Febru-
ary 2003. TXAR is in far Southwest Texas about 600
km south of the shuttle’s track across the panhandle of
Texas. The signals were compared with those from STS
78 (7 July 1996) which had on almost identical track to
Columbia (STS 107). Whereas the STS 78 signals had
the characteristics of acoustic arrivals from a decaying
N-Wave, the signals from STS 107 showed a number of
sharp peaks superimposed on a background similar to
the STS 78 data. Using a cross-correlation method, we
estimated the back azimuths for eight of the peaks, and
they agreed within +1 degree. We thus concluded that
the peaks were multiple arrivals from a single explosive
source. By crossing the mean back azimuth with the
well known track of STS 107 we were able to determine
the following parameters for the explosion. Location :
33.85 N, 101.92 W £20 km Time: 13 56.65 Z £ 0.1 min
Height: 63.3 km Speed: Mach 16. Z Having the source
location and time we were able to simulate the signals
expected at TXAR using the InfraMAP program from
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BBN. This simulation showed arrivals that agreed with
several of the observed impulsive signals to within a
few seconds out of a total travel time of about 2000
seconds. The yield of the explosion was estimated us-
ing on AFTAC empirical formula based upon the dom-
inant period of the signals, corrected for the elevation
of 63.3 km. The estimated yield is 2 1lbs. (0.9 kgm) HE
(TNT). Because the signal to noise ratios for the ob-
served arrivals at TXAR were large, we conclude that
rocket experiments at White Sands involving explosions
with yields of the order of 10 lbs at a height of 60 km
should provide controlled infrasound sources that could
be observed at a number of infrasound arrays.
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Project CALIPSO (Caribbean Andesite Lava
Island-volcano Precision Seismo-geodetic Observatory)
investigates with borehole and surface instruments the
magmatic system at the very active Soufriere Hills
Volcano (SHV), Montserrat, supplementing surface
monitoring systems of the Montserrat Volcano Obser-
vatory, and those of other institutions including PSU
and U Ark. Many aspects of andesitic magmatic system
dynamics remain little understood despite significant
monitoring and research efforts, and CALIPSO is ex-
pected to improve our understanding of SHV and of
andesitic magmatic systems generally. As an example
of such studies, we examine data from the 12-13 July
2003 major lava dome collapse and eruption of SHV.
The analyses illustrate the opportunity to evaluate
seismic and volumetric strain signals in very-long pe-
riod (VLP, ~10 s) and ultra-long period (ULP, ~100
s) ranges, as well as the long period (LP, ~1 s) and
short period (~0.1 s) ranges typically considered. The
strainmeters act as very-broad-band instruments, and
not only detect quasi-static strain changes, but also
dynamic strains equivalent to the response of a vol-
umetric seismometer from high frequencies to ULP.
Waveforms from several broadband seismometers and
three strainmeters installed around the volcano in-
dicate VLP and ULP signals in association with the
explosive events. Additional information is derived
from infrasonic microphones installed at two PSU sur-
face broadband stations prior to the July 2003 events.
Combining information from infrasonic pressure waves
in the air with broadband seismicity and dynamic
strain aids understanding of eruption dynamics and
the physical eruptive processes.
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Observed dispersion curves of long
period atmospheric acoustic waves
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Recently some groups reported Earth’s background
free oscillations even on seismically quiet days [e.g.
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