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RESEARCH INTERESTS

My work seeks to explain the factors that control the chemical composition of the atmosphere. | develop global
atmospheric chemistry models and use them with Earth observations to investigate the chemistry associated with
air pollution, contaminant deposition to ecosystems, and climate change.

EDUCATION

2018 Ph.D. in Atmospheric Sciences, University of Washington, Seattle, WA
2015 M.S. in Atmospheric Sciences, University of Washington, Seattle, WA

2008 M.S. in Civil Engineering, University of Pittsburgh, Pittsburgh, PA

2004 B. Tech. in Civil Engineering, Indian Institute of Technology, Bombay, India

EMPLOYEMENT

2022 —  Lead Research Scientist, NASA Goddard Space Flight Center/SSAI, Greenbelt, MD
2021 — 22 Research Associate, Harvard John A. Paulson School of Engineering and Applied Sciences, Harvard

University, Cambridge, MA

2018 — 21 Postdoctoral Fellow, Harvard University, Cambridge, MA

2012 — 18 Research Assistant, Department of Atmospheric Sciences, University of Washington, Seattle, WA
2008 — 12 Construction Engineer, Turner Construction Company, New York, NY

2004 — 06 Structural Engineer, Sterling Engineering Consultancy Services, Mumbai

PUBLICATIONS

First author

1.

2.

Shah, V., and 8 others (2024), Particulate Nitrate Photolysis as a Possible Driver of Rising Tropospheric
Ozone, Geophys Res Lett. 10.1029/2023GL 107980

Shah, V., and 20 others (2023), Nitrogen oxides in the free troposphere: Implications for tropospheric
oxidants and the interpretation of satellite NO, measurements, Atmos Chem Phys. 10.5194/acp-23-1227-
2023

Shah, V., and 11 others (2021), Improved mechanistic model of the atmospheric redox chemistry of
mercury, Environ Sci Technol. 10.1021/acs.est.1¢03160

Shah, V., and 4 others (2020), Global modeling of cloudwater acidity, rainwater acidity, and acid inputs to
ecosystems, Atmos Chem Phys. 10.5194/acp-20-12223-2020 (Editors’ highlight article)

Shah, V., and 7 others (2020), Effect of changing NOy lifetime on the seasonality and long-term trends of
satellite-observed tropospheric NO; columns over China, Atmos Chem Phys. 10.5194/acp-20-1483-2020
Shah, V., and 14 others (2019), Widespread pollution from secondary sources of organic aerosols during
winter in the northeastern United States. Geophys Res Lett. 10.1029/2018GL.081530 (AGU Research
Spotlight; highlighted in Science)

Shah, V., and 18 others (2018), Chemical feedbacks weaken the wintertime response of particulate sulfate
and nitrate to emissions reductions over the eastern United States, Proc Natl Acad Sci USA.
10.1073/pnas.1803295115 (Highlighted in Bull Am Meteorol Sci, Physics Today, Physics World; coverage
in US News and other outlets)

Shah, V., and Jaeglé, L. (2017), Subtropical subsidence and surface deposition of oxidized

mercury produced in the free troposphere, Atmos Chem Phys. 10.5194/acp-17-8999-2017

Shah, V., and 24 others (2016), Origin of oxidized mercury in the summertime free troposphere over the
southeastern US, Atmos Chem Phys. 10.5194/acp-16-1511-2016
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10. Shah, V., and Ries, R.J. (2009), A characterization model with spatial and temporal resolution for life cycle
impact assessment of photochemical precursors in the United States, Int J Life Cycle Assess.
10.1007/s11367-009-0084-6

11. Shah, V., Col Debella, D., and Ries, R.J. (2008), Life cycle assessment of residential heating and cooling
systems in four regions of the United States, Energy & Buildings. 10.1016/j.enbuild.2007.04.004

Coauthored publications

12. Dang, R., and 8 others including Shah, V. (2023), Background nitrogen dioxide (NO>) over the United
States and its implications for satellite observations and trends: effects of nitrate photolysis, aircraft, and
open fires. Atmos Chem Phys, 10.5194/acp-23-6271-2023

13. Yang, L. H., and 15 others including Shah, V. (2023), Tropospheric NO; vertical profiles over South Korea
and their relation to oxidant chemistry: implications for geostationary satellite retrievals and the observation
of NO; diurnal variation from space. Atmos Chem Phys, 10.5194/acp-23-2465-2023

14. Colombi, N. K., and 8 others including Shah, V. (2023), Why is ozone in South Korea and the Seoul
metropolitan area so high and increasing? Atmos Chem Phys, 10.5194/acp-23-4031-2023

15. Zhai, S., and 21 others including Shah, V. (2023), Coarse particulate matter air quality in East Asia:
implications for fine particulate nitrate. Atmos Chem Phys, 10.5194/acp-23-4271-2023

16. Moch, J. M., and 8 others including Shah, V. (2023), Overlooked Long-Term Atmospheric Chemical
Feedbacks Alter the Impact of Solar Geoengineering: Implications for Tropospheric Oxidative Capacity.
AGU Advances, 10.1029/2023AV000911

17. MacFarlane, S. and 3 others including Shah, V. (2022), Two decades of changing anthropogenic mercury
emissions in Australia: inventory development, trends, and atmospheric implications. Environ Sci:
Processes Impacts, 10.1039/D2EMO00019A

18. Feinberg, A. and 4 others including Shah, V. (2022), Evaluating atmospheric mercury (Hg) uptake by
vegetation in a chemistry-transport model. Environ Sci: Processes Impacts, 10.1039/D2EM00032F

19. McDuffie, E.E., and 15 others including Shah, V. (2021), Source sector and fuel contributions to ambient
PMasand attributable mortality across multiple spatial scales. Nat Commun. 10.1038/s41467-021-23853-y

20. Zhai, S., and 25 others including Shah, V. (2021), Control of particulate nitrate air pollution in China. Nat
Geosci. 10.1038/s41561-021-00726-z

21. Zu, Q., and 6 others including Shah, V. (2021), US COVID-19 shutdown demonstrates importance of
background NO- in inferring NOx emissions from satellite NO, observations. Geophys Res Lett.
10.1029/2021GL 092783

22. Green, J. R., and 13 others including Shah, V. (2021), Wintertime Formaldehyde: Airborne Observations
and Source Apportionment over the Eastern United States. J Geophys Res Atmos. 10.1029/2020JD033518

23. Haskins, J., and 16 others including Shah, V. (2019), Anthropogenic control over wintertime oxidation of
atmospheric pollutants. Geophys Res Lett. 10.1029/2019GL 085498

24. Li, K., and 8 others including Shah, V. (2019), A two-pollutant strategy for improving ozone and particulate
air quality in China. Nat Geosci. 10.1038/s41561-019-0464-x

25. Green, J. R., and 16 others including Shah, V. (2019), Rates of wintertime atmospheric SO oxidation based
on aircraft observations during clear sky conditions over the eastern U.S. J Geophys Res Atmos.
10.1029/2018JD030086

26. Holmes, C. D., and 5 others including Shah, V. (2019), The role of clouds in the tropospheric NOy cycle: A
new modeling approach for cloud chemistry and its global implications. Geophys Res Lett.
10.1029/2019GL 081990

27. Sullivan, A. P., and 13 others including Shah, V. (2019), Biomass burning markers and residential burning in the
WINTER aircraft campaign. J Geophys Res: Atmos. 10.1029/2017JD028153

28. Shao, J., and 13 others including Shah, V. (2019), Heterogeneous sulfate aerosol formation mechanisms
during wintertime Chinese haze events: air quality model assessment using observations of sulfate oxygen
isotopes in Beijing. Atmos Chem Phys. 10.5194/acp-19-6107-2019

29. Marais, E. A., and 10 others including Shah, V. (2018), Nitrogen oxides in the global upper troposphere:
interpreting cloud-sliced NO; observations from the OMI satellite instrument. Atmos Chem Phys.
10.5194/acp-18-17017-2018
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Huang, J., Jaeglé, L., and Shah, V. (2018), Using CALIOP to constrain blowing snow emissions of sea salt
aerosols over Arctic and Antarctic sea ice. Atmos Chem Phys. 10.5194/acp-18-16253-2018

Jaeglé, L., Shah, V., and 23 others (2018), Nitrogen oxides emissions, chemistry, deposition, and export
over the northeast United States during the WINTER aircraft campaign. J Geophys Res: Atmos.
10.1029/2018JD029133

Haskins, J. D., Jaeglé, L., Shah, V., and 13 others (2018), Wintertime gas-particle partitioning and
speciation of inorganic chlorine in the lower troposphere over the northeast United States and coastal ocean.
J Geophys Res: Atmos. 10.1029/2018JD028786

Schroder, J. C., and 22 others including Shah, V. (2018), Sources and secondary production of organic
aerosols in the northeastern United States during WINTER, J Geophys Res: Atmos. 10.1029/2018JD028475
Lee, B. H., and 18 others including Shah, V. (2018), Airborne observations of reactive inorganic chlorine
and bromine species in the exhaust of coal-fired power plants, J Geophys Res: Atmos.
10.1029/2018JD029284

Kenagy, H. S., and 20 others including Shah, V. (2018), NOy lifetime and NO, partitioning during
WINTER, J Geophys Res: Atmos. 10.1029/2018JD028736

McDuffie, E. E., and 26 others including Shah, V. (2018), Heterogeneous N.Os uptake during winter:
Aircraft measurements during the 2015 WINTER campaign and critical evaluation of current
parameterizations, J Geophys Res: Atmos. 10.1002/2018JD028336

Carlton, A. G., and 35 others including Shah, V. (2018), Synthesis of the Southeast Atmosphere Studies:
Investigating fundamental atmospheric chemistry questions, Bull Amer Meteor Soc. 10.1175/BAMS-D-16-
0048.1

Zhu, L., and 13 others including Shah, V. (2017), Formaldehyde (HCHO) as a hazardous air pollutant:
Mapping surface air concentrations from satellite and inferring cancer risks in the United States, Environ
Sci Technol. 10.1021/acs.est. 7601356

Chen, Q., Schmidt, J. A., Shah, V., and 3 others (2017), Sulfate production by reactive bromine:
Implications for the global sulfur and reactive bromine budgets, Geophys Res Lett. 10.1002/2017GL 073812
Song, S., and 20 others including Shah, V. (2016), Constraints from observations and modeling on
atmosphere—surface exchange of mercury in eastern North America, Elementa: Science of the
Anthropocene. 10.12952/journal.elementa.000100

Gratz, L. E., and 23 others including Shah, V. (2015), Oxidation of mercury by bromine in the subtropical
Pacific free troposphere, Geophys Res Lett. 10.1002/2015GL066645

Jaffe, D. A., and 30 others including Shah, V. (2014), Progress on understanding atmospheric mercury
hampered by uncertain measurements, Environ Sci Technol. 10.1021/es5026432

RESEARCH GRANTS

National Aeronautics and Space Administration, 2020-2023, co-I with Daniel Jacob (PI), “Improved

characterization of the tropospheric NO, background for retrieval and interpretation of NO, columns from
satellites: application to interpret the long-term OMI record over the US in terms of NOy emissions and
their trends.”

NEWS COVERAGE

Origins of wintertime pollution. Science. Mar. 2019. [LinK]

A new look at winter air quality in the eastern U.S. Eos, May 2019 [Link]

Why are U.S. winter air pollution reductions less than summer? Bull Am Met Soc. Jan. 2019 [Link]
Reducing one pollutant increases another. Physics Today. July 2018 [Link]

Summers less smoggy now, but winter air hasn’t improved. US News & World Report, July 2018 [Link]
Why is winter air responding to pollution cuts so slowly? Physics World, July 2018 [LinK]

Study shows why eastern U.S. air pollution levels are more stagnant in winter. UW News, July 2018 [Link]
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SELECTED PRESENTATIONS

Vertical distribution and sources of NO; in the free troposphere: Implications for interpretation of OMI and
TROPOMI NO; data, AMS Annual Meeting, Jan. 10-15, 2021

Global modeling of cloudwater acidity, rainwater acidity, and acid inputs to ecosystems, AGU Fall Meeting,
Dec. 1-17, 2020

Composition and trends of particulate matter over the eastern U.S. in winter, Indian Institute of Technology
Delhi Mechanical Engineering seminar, Delhi, India, Oct. 28, 2020 (invited)

Wintertime aerosols over the northeastern U.S.: Results from the 2015 WINTER campaign, NCAR Earth
Observing Laboratory Seminar Series, Boulder, CO, Aug. 6, 2019 (invited)

Using OMI NO; observations to evaluate NOx emissions trends over China: influence of chemistry, NASA
AURA Science Team Meeting, Pasadena, CA, Aug. 27-29, 2019

Using OMI NO- observations to evaluate seasonal trends in NOx emissions over eastern China: influence of
NOy chemistry, International GEOS-Chem Meeting, Cambridge, MA, May 6-9, 2019

Aircraft-based observations and modeling of wintertime submicron aerosol composition over the northeastern
U.S. AGU Fall Meeting, San Francisco, CA, Dec. 11-15, 2017 (poster)

Aircraft-based measurements and modeling of submicron aerosols over the northeastern U.S. during the
WINTER 2015 campaign, AMS Annual Meeting, Seattle, WA, Jan. 22-26, 2017

Fast oxidation of elemental mercury in the subtropical troposphere, International Conference on Mercury as a
Global Pollutant, Jeju, Korea, June 14-19, 2015

Tagging the origin of oxidized mercury in surface deposition, AGU Fall Meeting, San Francisco, CA, Dec. 12—
16, 2016 (poster)

NOMADSS observations suggest rapid oxidation of elemental mercury in the subtropical free troposphere,
AGU Fall Meeting, San Francisco, CA, Dec. 15-19, 2014 (poster)

TEACHING AND ADVISING EXPERIENCE

Instructor of record
Responsible for the overall design and conduct of the course and issuing final grades.
o Climate and Climate Change (Summer 2017), University of Washington, Seattle, WA. 15 students.

Teaching Assistant/Associate
Gave guest lectures, led discussions, wrote and graded exams and assignments, and advised students.
¢ Climate and Climate Change (2014). University of Washington, Seattle, WA. 120 students, 4 sections.
e Air Pollution: From Urban Smog to Ozone Hole (2016). University of Washington, Seattle, WA. 10
students.
e Construction Management (2007). University of Pittsburgh, PA. 35 students.
e Engineering Mechanics (2006). University of Pittsburgh, PA. 40 students.

PROFESSIONAL SERVICE & MEMBERSHIPS

Reviewer for Atmosphere, Atmosphere and Air Quality Research, Atmospheric Chemistry and Physics,
Atmospheric Environment, Communications Earth and Environment, Elementa: Science of the Anthropocene,
Environmental Science and Technology, Geophysical Research Letters, Journal of Air and Waste Management
Association, Journal of Advances in Modeling Earth Systems, Journal of Atmospheric Sciences, Journal of
Geophysical Research: Atmospheres, Nature, Nature Geoscience, Nature Communications, Proceedings of the
National Academy of Sciences, and Science of the Total Environment

Proposal reviewer for NASA Earth Science Division
Session organizer/co-chair at AGU Fall Meetings: 2017, 2023
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Science team member for the WINTER (2015) and NOMADSS (2013) aircraft campaigns
Organizer, Atmospheric & Environmental Chemistry seminars (Harvard), 2020-21
Diversity, Inclusion and Belonging Committee (Harvard), 2019-2022

Air quality and chemistry subgroup co-chair (Harvard), 2019-2022

American Geophysical Union (AGU) member, 2013—
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