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1. Introduction

Negative health effects from particulate matter (PM) inhalation are well-documented, specifically for PM2.5, PM less than 2.5 micrometers
(µm) in diameter. There has been an abundance
of evidence linking PM2.5 exposure with cardiovascular and respiratory disease1. Commonly examined sources of PM2.5 emissions include cars
and factories, yet a less-discussed source is building collapse. There are only a handful of studies,
but one in particular is extensive with many parallels. Pinto et al. (2005) look at the immediate
aftermath of the September 11 attacks2. Yet the
presence of ground-level monitoring devices enable an accuracy that is practically nonexistent in
most places that experience frequent armed conflict. While PM2.5 can dissipate quickly depending on distance and wind conditions, short exposure durations of even a few hours can lead to
deleterious health effects3. This risk is compounded if building collapses occur frequently; thus the
goal here is to motivate how to obtain PM2.5 figures in the absence of direct readings.

aerosols. The degree of penetration of electromagnetic radiation will indicate how much aerosol there is; the farther the penetration, the less
aerosols there are. Additionally, by using radiation of different wavelengths, the composition of
atmospheric aerosols can be teased out as particles will absorb and scatter wavelengths differently. While a simple inverse proportion can also
be used by replacing visibility with AOD, a more
involved model is pulled from Just et al. (2015)5.
It consists of two parts:

The specifics can be left to the paper itself,
but the general idea is simple. First, coefficients
are fit using using AOD, weather conditions, and
potential contributors to PM2.5, in this case, how
many cars are on the road. MeanAMPBL is the
average planetary boundary layer (PBL) in the
morning. PBL affects how quickly PM2.5 is dispersed, and because of satellite reliance on visible
and infrared light wavelengths, AOD is often only
measured in daytime. The second part predicts
2. Methods
PM2.5 levels for which AOD measurements are
Two models of different complexities are se- not available using the mean PM2.5 levels of surlected for illustrative purposes. The first is a back rounding grids. The fitting process, however,
-of-the-envelope inverse proportion calculation. needs PM2.5 levels which must be obtained withThis calculation is pulled from Stevens et al.
out using ground monitors for the purposes here.
4
(1984) and cited in Pinto et al. (2005) as part of
their analysis:
3. Results
To demonstrate the first model, consider Figure 1, a scene from September 11, and the superHere, k is a constant of proportionality with units imposed black lines. Pulling out a ruler and conµg/m2. The general intuition is that the more
sidering how quickly objects shrink in the disPM2.5 there is floating around, the less distance
tance, visibility can be ballparked to be around 20
someone can see into the distance.
m. Setting k = 5,000 µg/m2, the value for Mexico
City, a place with noticeable pollution concerns6,
The second model relies on satellite remote
the obtained PM2.5 concentration is 250 µg/m3.
sensing data but builds upon the first model’s
same intuition. Aerosol optical depth (AOD) is a
The spatial data for the second model is still a
measure of how much aerosol, suspended solid
work in progress, but nevertheless, a comparison
and liquid particles, is present in the atmosphere. of sensitivity can still be performed in broad
The “depth” in AOD can be thought of as coming strokes. With the first model, the sensitivity of
from how satellites obtain measurements of
PM2.5 estimates depend on visibility. For small

Figure 1. Estimating visibility using
a ruler and exponential growth

Figure 2. Syria’s third largest city in 2014
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A stark illustration of the issue’s relevance.
et al. (2005) find that staying indoors eliminates
pretty much all PM2.5 exposure, Figure 2 shows
Assuming a standard story height of 4.3 m and
that staying indoors unlikely to be an option in rean SUV length of 5 m, visibility is estimated at
gions with large amounts of armed conflict.
20 m.
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On-the-ground measurements may be difficult
distances, a small change implicates a large
in the face of the scale of destruction, but it
change in PM2.5 and vice versa. This relationwould offer insight into the longer term conseship may be true, but would drastically increase
quences of armed conflict, thereby influencing
measurement error problems. Though arguably
policy. There are also implications for individuat that point, PM2.5 concentrations are high
als, for example, better education and healthcare
enough such that the exact level becomes less
concerning PM2.5 exposure. People perhaps alimportant. The sensitivity for the second model
ready have a sense of the dangers given the use of
is not as immediately clear, but presumably it
cloth as makeshift, but their effectiveness is likely
would be relatively more stable. A small change
bounded by the effectiveness of more commercial
in any of the covariate measures would likely
surgical masks. Last but not least, perhaps just as
be diluted by the other covariates, and because
important is a better understanding of the chemithe spots with missing AOD measurements are
cal composition of PM exposure. PM2.5, after all,
predicted using surrounding PM2.5 levels, any
refers to particles of a physical size, and some
change in one of the surrounding areas will simsubstances can be more toxic than others.
ilarly be diluted by the other surrounding areas.

4. Conclusion
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