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The NASA EVS2 Atmospheric Tomography Mission (ATom):

A unique mission to test tropospheric chemical reactivity 

in chemistry-climate models.

ATom establishes a single, contiguous global-scale data set that will be 

used to improve the representation of chemically reactive gases and 

short-lived climate forcers in global models of atmospheric chemistry 

and climate.

Statistical analysis of the air parcels in terms of key species (e.g., NOx, 

CH2O, H2O2) weighted by reactivity (P-O3, L-O3, L-CH4) provides a novel 

approach for evaluating the global chemistry-climate models.



Quantifying the heterogeneity of tropospheric chemistry

Our models predict rivers of CH4 loss, 

how can we see/measure them? 

(UCI CTM run w/ECMWF T319 forecast)  16 Jan2005



When averaged over lat.-height 

bins, the slice is representative of 

the Pacific basin within ~15%

A Tomographic slice down the dateline shows large (daily) 

variability in UCI CTM 

modeled rates for 

L-O3

P-O3

L-CH4



• Definitions 
• Reactivity: rates of chemical reactions that transform trace gases 

and aerosols in the atmosphere, primarily the OH radical.

• Removal of CH4 ( + many others): via OH radical
• OH + CH4 CH3 + H2O

• Removal of tropospheric O3: HO2 and OH radicals
• OH + O3  O2 + HO2 HO2 + O3  HO + O2 +O2 O(1D) + H2O  OH + OH

• Production of tropospheric O3: NOx radicals (NO, NO2)
• HO2 + NO NO2 + OH    RO2 + NO NO2 + RO      NO2 +hν NO + O  O3

• Chemical tendency of tropospheric O3: extremely sensitive to tiny 
amounts of HOx and NOx radical precursors (PAN, VOCs)  the 
big lever for highly dilute pollutants in the remote atmosphere.

ATom measurements quantify chemical reactivity, 
and identify and attribute the controlling species:
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ATom strategy to Measure Reactivity –

• Radical precursors, sinks, and sunlight control global reactivity: 
CH4, CO, H2CO, HOOH, CH3OOH, NOx (NO+NO2), HNO4, PAN, O3.  
Priority species for the core focus for ATom measurements.

• ATom applies its core measurements to generate data-constrained 
models of chemistry, clouds, etc.,  to compute: 

• the 24-hour mean reactivity at each point in the flight path

• the statistical distributions of reactive intermediates.

• Radical species (OH, HO2, CH3OO, NO, NO2, O(1D)) individually 
fluctuate, instantaneously responding to sun angle, albedo, 
precursors, overhead O3, clouds. ATom measures most of these      

 checks on ATom-derived reactivity .

• Tracers (CO, VOCs, S & N species, GHGs, ODSs) fingerprint 
pollution influences.
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ATom approach to measurements, modeling, and analysis is now 
being tested with the global chemistry models used by the ATom 
modeling PIs: 

Sarah Strode (Susan Strahan, Jose Rodriguez & others) 
(NASA GSFC GMI)

Arlene Fiore & Lee Murray 
(GEOS-Chem & GFDL AM3 & GISS)

Jean-Francois Lamarque 
(NCAR CESM/CAM5)

Michael Prather 
(UC Irvine CTM)

Comparing the statistics of the 3D model grid cells (bigger than 
ATom air parcels) for both frequency of occurrence and reactivity 
in the way that ATom data will be used.



For the pre-ATom paper we are analyzing grid cells from the 

model as we would ATom air parcels.  We all took Aug 16 

(different years) as our reference data set.



Initial Values (or ATom Measurements)





ATom approach to measurements, modeling, and analysis 
is different from most chemistry missions.

Two Types of CCM runs:  C-runs & A-runs

When calculating the reactivity within a grid cell of the 
standard (Eulerian) model – it includes air flowing through 
the box over 24 hours, mixing with parcels around it, 
emissions, vertical mixing through convection and precip
scavenging, dry deposition.  

All the normal processes a Chemistry-Climate or 
Chemistry-Transport Model (CCM/CTM).  

We refer to this result from initialization and a free running 
CCM/CTM as the C-runs.



ATom approach to measurements, modeling, and analysis 
is different from most chemistry missions.

Two Types of CCM runs:  C-runs & A-runs

With an ATom initialization for some model grid cells, we 
need to ensure that the model’s background tropospheric 
species (those cells not initialized by ATom) do not 
influence the results (except for overhead O3).  

Thus we must run in Lagrangian mode (no transport, no 
convection, no vertical mixing by precip or other) without 
emissions.  

We refer to this result designed for eventual ATom
initialization as the A-runs.









NOx prob distrib 0.25 to 1000 ppt

Trop Pac: 20S-20N, 150E-210E, 0.5-12km
P O3

Area under curve = 

total prod of O3 in th

domain: trop Pacific
20S-20N, 150E-210E, 0.5-12km



NOx                         HCHO

Air

LCH4

LO3

PO3



O3 CO

Air

LCH4

LO3

PO3



NCAR

Normalize to color density of 1 
for a 1-decade x 1-decade square



2D Prob Plots:  NOx x H2O2  wt’d by Air
A-runs,tropical Pacific sampling (20S-20N, 150E-150W, ½-12 km)

GEOS                               GFDL                                GISS

GMI                                   NCAR                                UCI



2D Prob Plots:  O3 x H2O  wt’d by Air
A-runs,tropical Pacific sampling (20S-20N, 150E-150W, ½-12 km)

GEOS                               GFDL                                GISS

GMI                                   NCAR                                UCI



Planned Deployment Schedules

Deployment Upload Flights Download

ATom-1, 2016 June 21-July 27 July 28-August 22 August 23-26

ATom-2, 2017 January 9-25 Jan 26-Feb 20 Feb 21-24

ATom-3, 2017 Sept 11-27 Sept 28- Oct 23 Oct 24-27

ATom-4, 2018 April 9-25 April 26-May 21 May 22-25
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An overview of the NASA Atmospheric Tomography mission (ATom)

in-situ observations to constrain global-scale models

Reactive
nitrogen

VOCs

NASA DC-8 aircraft layout

(1 of 4)

9 July 2016 – a packed DC8



An overview of the NASA Atmospheric Tomography mission (ATom)

in-situ observations to constrain global-scale models

Photoproducts
&

Oxygenates

NASA DC-8 aircraft layout

(2 of 4)

1 Aug 2016 – off to ANC



NASA DC-8 aircraft layout

An overview of the NASA Atmospheric Tomography mission (ATom)

in-situ observations to constrain global-scale models

Aerosol
composition 

and
microphysics

GHGs and 
ODSs

(3 of 4)

23 Aug 2016 – ATom-1 returns



An overview of the NASA Atmospheric Tomography mission (ATom)

in-situ observations to constrain global-scale models

Tracers and
other species

UV–Vis actinic flux

T, P, winds

added since EV selection:
PALMS – single-particle composition
AO2/Medusa – O2/N2, Ar, CO2, isotopes
PFPs – VOCs, CFCs, HCFCs, HFCs
CAS-DPOL – coarse-mode aerosol &

depolarization

NASA DC-8 aircraft layout

(4 of 4)

24/25 Aug 2016 – stripped
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How to balance the non-uniform sampling from ATom



TF-01  PMD-PMD

RF-02  PMD-ANC

RF-04  KONA-PAGO

Remote profiles of HCHO for OMI/TROPOMI a priori …

courtesy T. Hanisco




