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Role of Airborne Sampling
Understanding Cloud/Storm Effects on Atmospheric Composition

Addressing New Science Frontiers with Modeling and Satellites

GOES East Geocolor Image 
from last Friday pm

Example Modeling Grid Meshes with Regional Refinement



Cloud and Chemistry Studies Benefit from Aircraft Measurements 

Role of aircraft measurements
1) Sampling in regions where remote sensing and ground measurements 

cannot
2) Sampling a wide variety of trace gases and aerosols
3) Sampling local to regional to intercontinental scales
4) Complementing and bridging scales for frontier science in atmospheric 

chemistry

 Aircraft with an extensive payload that can fly from near the surface to the 
tropopause and long distances downwind of phenomenon



1) Aircraft measurements provide information in regions where 
remote sensing cannot sample

• Satellites generally cannot see chemical 
composition in or below clouds

Need for aircraft that can
 Probe regions in and near clouds
 Map vertical structure flying from  near 
surface to lower stratosphere

OMI NO2 Total Column for 2020-07-24

From the Giovanni online data system 

GOES 16 Visible Satellite Image from last Friday pm



1) Aircraft measurements provide information in regions where 
ground measurements cannot sample

• Surface concentrations do not 
necessarily represent concentrations at 
top of PBL 

 Aircraft are needed to map out the 
vertical & horizontal structure of the PBL

 Need for high-frequency sampling of 
constituents

Kim et al. (2012) – Large-eddy simulations
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2) Wide variety of trace gases and aerosols need to be measured 

• Trace gas ratios help determ ine whether 
outflow air is connected to inflow air 

• Insoluble, long-lived trace gases aid  
quantifying processes (e.g. entrainm ent, 
wet rem oval, lightning-generated NOx)

• Suite of trace gas m easurem ents 
provides constraints on estim ating ozone 
and aerosol production

• Not just cloud studies! M any other 
applications integrate a variety of 
constituents

 Need for a DC-8 type aircraft that can 
host a large num ber of instrum ents

 Need for high frequency sam pling to see 
sm all-scale phenom enon

Schematic from NWS Jetstream online school 
https://www.weather.gov/jetstream/tstrmtypes

Deep Convective Clouds and Chemistry (DC3) Design



3) Aircraft measurements are needed on a wide range of scales 

On the local scale:
• Aircraft capable of flying from  near 
surface to lower stratosphere

• Aircraft, inlets, and instrum ents 
capable of flying in clouds

• Desire to collect cloud particles for 
analysis of com position 

In deep convection:
• Need for a rugged aircraft to probe 
in/near the storm  core 

Schematic from NWS Jetstream online school 
https://www.weather.gov/jetstream/tstrmtypes

Deep Convective Clouds and Chemistry (DC3) Design



3) Aircraft measurements are needed on a wide range of scales 

On the long-range scale:
• Aircraft capable of flying from  near surface to 

lower stratosphere
• Aircraft capable of flying 1000s km  downwind of 

phenom enon
• A wide variety of constituents should be 

m easured, calling for a DC-8 type aircraft

Jaegle et al. (2017) 
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From Madonna (2013) – Location of WCB air parcels pathways 48 hr after uplift 



4) Aircraft measurements will provide essential information to 
bridge multiple scales

From Madonna (2013) – Location of WCB air parcels pathways 48 hr after uplift Example Modeling Grid Meshes with Regional Refinement
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Some frontier science combining refined grid mesh modeling, airborne 
research, and satellites

• Sub-seasonal to seasonal air quality prediction

• Analysis of long-range transport versus local sources

• Global phenom enon effects (e.g. M JO) on local air quality

• Local pollution im pacts on regional to global scales

• M onsoons and regional to global com position

 Aircraft m easurem ents that can track long-range flow (intercontinental) 
either to or from  local urban regions

 Aircraft m easurem ents to probe the changing com position downwind 
of convection, biom ass-burning plum es, or urban plum es
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