Observing formaldehyde (HCHO) from space: trend analysis and public health implications
Lei Zhu1 (leizhu@fas.harvard.edu), D. J. Jacob1, L. J. Mickley1, E. A. Marais1, #, J. Sheng1, L. Hu1, &, F. N. Keutsch1, G. Gonzalez Abad2, K. Chance2, R. Scheffe3, M. Strum3, K. Yang4,
B. Rappenglück5, D. B. Millet6, M. Baasandorj6, §, L. Jaeglé7, and V. Shah7
1Harvard University; 2Harvard-Smithsonian Center for Astrophysics; 3EPA; 4University of Maryland, College Park; 5University of Houston; 6University of Minnesota; 7University of Washington
#Now at: University of Birmingham; &Now at: University of Montana; §Now at: Utah Department of Environmental Quality
The 8th International GEOS-Chem Meeting, Harvard University, 5/1-5/4, 2017

Inferring HCHO cancer risks from space

Temperature-independent trends in HCHO columns
Ø Temperature drives most (> 80%) of the interannual variability of HCHO columns over North America. Accounting
for this dependence is thus important in trend analyses.
Ø We assign a temperature to each satellite pixel based on its location and passing time. We then allocate the
satellite pixels into 120 temperature bins (288-318 K). For each temperature bin, we compute the change in
mean HCHO column from 2005–2009 to 2010–2014. Finally, the temperature-independent change is calculated
as the mean of the changes across all the temperature bins.

Ø HCHO is the most important carcinogen in outdoor air among the 187 hazardous air pollutants identified by EPA.
Ø HCHO surface observations are sparse and the EPA monitoring network could be prone to positive interferences.
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Ø Satellite data provide much better spatial coverage.
Ø With a new oversampling method, we are able to achieve HCHO columns at a resolution of 5x5 km2.
Ø But we need various scaling factors to derive annual mean surface HCHO concentrations based on satellite
HCHO column data.
GC-GOME-2

GC vertical
profiles

Trends from 2005–2009 to 2010–2014. The right panel shows only statistically significant (p < 0.05) relative changes.
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Time series of temperature-corrected May–September HCHO columns (black) and the potential explanatory variables
driving HCHO variability (colors) from 2005 to 2014.

ü Controlled for temperature, HCHO generally increased from 2005–2009 to 2010–2014 but decreased in the SE US.
ü We find significant regional trends in excess of 20% related to decreases in urban anthropogenic VOC emissions
(Houston metropolitan area) and increases in oil/gas production (oil sands in western Canada).
ü Significant changes in the northwestern US and in the Midwest may be driven by afforestation and agricultural activity.
This work has been submitted to GRL.

ü Satellite-derived surface HCHO are in good agreement with high-quality summertime observations from urban
sites (− 2% bias, r = 0.95) but a factor of 1.9 lower than annual means from the EPA network.
ü We find that up to 6600−12500 people in the US will develop cancer over their lifetimes by exposure to outdoor
surface HCHO.
ü NOx emission controls to improve ozone air quality have a significant co-benefit in reducing HCHO-related cancer
risks over the US.
For more, please see Zhu et al. [2017] ES&T.

