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Introduction 

The Whole Air Sampler (WAS) 

• Expand  measurements of composition, seasonality and variability of trace 
gases in UT/LS. 

• Characterize emission sources of air masses in the UT/LS from multiple 
tracer signatures. 

• Evaluate transport time scales in the  UT/LS from  trace gas gradients 

Motivation and Objectives 

This work was supported by NASA Grants NNX13AH20G and NNX122AH02G. We gratefully 
acknowledge the support of engineers, technicians and pilots of NASA Armstrong Research Flight 
Center, and NASA Project Management.    

Vertical Distribution and Variability 

Correlations 

Conclusions 
• As expected, less variability is observed in the vertical distribution of longer-lived gases compared to shorter-lived gases.  

However, a consistent vertical profile of many traces gases is obtained by combined measurements from both aircraft. 
• A clear difference in the correlations between SEAC4RS and START08 data is observed for certain trace gases. These two 

campaigns were conducted over different seasons and  in different regimes of stratosphere-troposphere exchange processes. 
START08 included flights in the mixed regime on the poleward side of the jet while SEAC4RS  was mostly focused on the south of 
the jet. Further investigation is needed, including trajectory analysis and other tracer correlations.  

Future Work 
• Finalize the quality control review 
• Continue the data analysis and interpretation of the 

results  
• Prepare manuscripts and future presentations in 

collaboration with colleagues from the SEAC4RS 
mission 

The Whole Air Sampler (WAS) 
includes: 
• 32 sample canisters -1.5 

liters each 
• Metal valves open with 

external motors 
• 4-stage Metal Bellows 

pump 
• Computer controller  

Figure 1 : WAS system located in the belly pod of the ER-2 aircraft. 
Insert: Canisters used in the WAS being prepared for flight. Actual 
configuration in the  pod is a single length of about 2 x 16 canisters. 

Figure 4. CFC-11 – ozone correlation observed during the 
START08 and SEAC4RS (2013) missions. SEAC4RS scales were 
shifted to fit tropospheric values.  The different slopes are likely 
due to the different transport pathways. This is the subject of 
further investigation.   

0

500

1000

1500

2000

1.4 1.5 1.6 1.7 1.8 1.9 2

SEAC4RS
START08

O
zo

ne
 (p

pb
v)

CH
4
 (Methane) ppmv

Figure 5. Methane – ozone correlation observed during 
START08 and SEAC4RS.  Similarity with CFC11-O3 plot 
reinforce the idea that the correlations are driven by differences 
in transport rather than temporal changes in the CFCs.    

Figure 6. Carbon tetrachloride--ozone correlation  during the 
START08 and SEAC4RS campaigns. Here we color the data by 
potential temperature to show the very  different  conditions 
encountered during START08 and SEAC4RS. 

Figure 7. Perchlorethylene  – ozone correlation  during the 
START08 and SEAC4RS campaigns. SEAC4RS correlation shows 
the classical “L” shaped that defines stratospheric-tropospheric 
mixing lines.   

Figure 8. Water vapor – ozone correlation during 
START08 and SEAC4RS. Log scale for water vapor 
(truncated at 1000 ppm for the START08). SEAC4RS 
data are averaged only for ER-2 WAS measurements.   

Figure 9. Correlation of two shorter lived species: Carbon 
monoxide and ethyne during START08 and SEAC4RS.   
Correlations are similar between the two campaigns. 
 

NOTE: ozone data from START08 is courtesy of Flocke et al. (NCAR); the SEAC4RS data is from the NOAA group (Gao et al.) Water data from START08 are courtesy of M. Zondlo obtained on the VXL laser instrument. SEAC4RS water data are from B. Herman, JPL. 

Hydrocarbons and organic halogen gases play an important role in the chemistry of the upper 
troposphere/lower stratosphere (UT/LS) region. Their geographic and altitude distributions are 
influenced by emission sources, photochemical processing and atmospheric transport.  These 
forcing factors are variable over region and season. The SEAC4RS campaign allowed us to 
investigate distributions of trace gases in the UT/LS during the late summer/early fall season and to 
characterize trace gas relationships during this period. 

During SEAC4RS field project, carried out in August-September 2013, we deployed a Whole Air 
Sampler (WAS) system on 18 research flights onboard the NASA ER-2. The sample collection 
focused on obtaining measurements near and above the tropopause at altitudes from 6 to 19 km. A 
total of 545 samples were collected on vertical profiles and cruise altitude legs. With pilot 
intervention, we were able to focus sample collection on the vertical profiles near the tropopause. 

After the field mission, measurements of trace gases were carried out at the University of Miami 
using a combination of gas chromatography and mass spectrometry with different detectors. 
Preliminary results have just recently been compiled, and this poster presents a broad overview of 
the entire data set that examines the vertical structure and variability of the data and some tracer-
tracer correlations that suggest different mixing and transport pathways.  The vertical distribution 
and tracer-tracer correlations include measurements from the DC-8 that covered the 0 – 12 km 
altitude range, and correlations from the START-08 campaign, which obtained measurements from 
the UT/LS region during spring and early summer of 2008 from the NCAR GV aircraft. 

Field collection  

Lab analysis 

WAS during SEAC4RS 

Figure 2 : Left: One of the GC-MSD instruments used for the analysis of halocarbons, hydrocarbons, organic 
nitrates and others at UM. Right: Partial list of target gases measured from whole air sample collection 

To best characterize atmospheric variability and distributions of the trace gases listed on the table, we choose to collect 
samples most frequently during vertical profiles and less  frequently along cruise altitude legs . Figure 3: Left: WAS 
sample locations of 18 ER-2 research flights. Right: Vertical profile distributions of the WAS sample collected on 
SEAC4RS.   
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Figures in this panel are the complete data 
sets of whole air samples from the ER-2  
(red) and from the DC-8 (blue) aircraft.   
Small symbols are the individual data; large 
symbols are median values over 1 km 
altitude increments.  Longer lived trace 
gases are in the top row (linear scale).  
Shorter-lived gases are shown in the lower 
rows (log scale).  [A small adjustment  was 
made in the CH3Br data to compensate for a 
calibration offset in the data].  The combined  
data sets provide a consistent picture of the 
trace gas distributions over the SEAC4RS 
domain from near surface to 19+ km.   
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