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ABSTRACT 

Much of the earth science that is being proposed for the Stratospheric Observatory for Infrared 
Astronomy (SOFIA) Upper-Deck Research Facility (SURF) deals with issues related to the tropopause, 
which will be near SOFIA'S flight level at mid-latitudes. Interpreting in situ or remote aerosol, 
hydrometeor, and trace gas measurements will require accurate knowledge of the tropopause location. 
Examples of such measurements are presented, and a brief discussion is given on the Microwave 
Temperature Profiler (MTP), which the earth science community has used in the past to determine the 
tropopause height. 

WHY THE TROPOPAUSE HEIGHT MATTERS 

To interpret in situ and remote aerosol, hydrometer and trace gas measurement when flying close to the 
tropopause (as SOFIA will be at when flying at mid-latitudes), it is essential that the tropopause height be 
accurately known. This is particularly important when flying near the sub-tropical jet, where stratosphere- 
troposphere exchange (STE) can occur (Pan et al., 2004). STE is a key factor in controlling the ozone 
budget in the upper troposphere and the water vapor variability in the lower stratosphere. 

Aerosol Measurements 

The importance of an accurate tropopause height 
for aerosol measurements is best illustrated by data 
obtained using the NOAA PALMS chemical 
ionization mass spectrometer during the NASA 
WE-57 Aerosol Mission (WAM). Particles 
containing mercury were present about half of the 
time when the WB-57 was flying above the 
tropopause (Murphy, Thompson, and Mahoney, 
1998). Figure 1 shows the vertical profile of the 
percentage of mercury ions as derived from "'Hg, 
the most abundant isotope. This peak is nearly 
unique for mercury in the spectra of all observed 
aerosol particles. (Each point is an average of -600 
spectra.) The altitudes in Figure 1 are referenced to 
the tropopause height measured by the Microwave 
Temperature Profiler (MTP). It is clear that there is 
a strong mercury gradient, which peaks -600 
meters above the tropopause. Without accurate 
knowledge of the tropopause height this gradient 
would not have been seen. 
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Figure 1. The mercury gradient in particles 
measured by the PALMS mass spectrometer 
relative to the MTP tropopause height (Murphy, 
Thompson and Mahoney, 1998). 

A second aerosol (and trace gas) example concerns the impact of mid-latitude forest fire plumes that 
penetrate into the stratosphere, and deposit carbonaceous particles that can affect stratospheric chemistry 
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and temperature (Jost et al., 2004). These measurements, also taken during CRY STAL-FACE, required 
knowledge of the tropopause height in order to show that carbon monoxide, ozone, volatile organic 
compounds, and aerosols from a Canadian forest fire were present -2 km above the tropopause in Florida, 
and that aircraft are not the only source of stratospheric soot. 

Many other examples of the importance of an accurate tropopause height to the interpretation of aerosol 
measurements are available (e.g., Kojima et al., 2004, Irie et al., 2003, Popp et al., 2004, Pfister et al., 
2000). 

Trace Gas Measurements 

As for aerosols, many examples are also available that illustrate the importance of knowing the 
tropopause location to interpret trace gas measurements (e.g., Pfister et al., 2003, Tuck et al., 2003, 2004, 
Ridley et al., 2003, 2004). A recent paper (Marcy et al., 2004) introduced a new technique for quantifying 
stratospheric ozone in the upper troposphere by taking advantage of the compact relationship between 
HCl and ozone in the stratosphere. Knowing the tropopause location was very important for 
interpreting these HCI, ozone and other in situ measurements, and making the case for the 
transport of stratospheric ozone into the upper troposphere. 

Atmospheric Dynamics 

When MTP data is used to trace isentrope surfaces -- the 
streamlines on which air parcel transport occurs -- 
atmospheric wave phenomena are easily detected. In the past 
MTP observations have identified Kelvin-Helmholtz waves 
near the sub-tropical jet (Cho et al., 1999), and many 
examples of gravity and mountain lee waves (Doernbrack et 
al., 2002; Alexander et al., 2004). 

Figure 2 shows a color-coded temperature cross-section 
(CTC) for the last few hours of a SONEX flight returning to 
Shannon, Ireland. While the NASA DC-8 was flying at 39 
kft with the tropopause 5,000 ft above (white trace), the 
tropopause abruptly jumped 6,000 ft as the aircraft came out 
of a cutoff low at -1725 UT. For some time before and after 
this event, stratospheric tracer levels were being measured by 
in situ sensors, even though the tropopause was well above 
the aircraft. Indeed, the LaFUDIAL lidar had begun to see a 
stratospheric intrusion of 0 3  beginning at about 17 I O  UT and 
extending as low as 20,000 ft. Knowledge of the tropopause 
height in this example, helps considerably in interpreting the 
data. 

Clear Air Turbulence 
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Figure 2 A CTC for the last portion of a 
DC8 SONEX flight on October 29, 1997. 

It is interesting that one of the first MTPs ever built flew more than two decades ago on the Kuiper 
Airborne Observatory (KAO), the predecessor to SOFIA. It's purpose then was to study clear air 
turbulence (CAT). MTP measurements showed that CAT is most common near the tropopause, and in the 
troposphere downwind of mountain ranges (Gary, 1984). This capability may be beneficial to SOFIA, and 
in any event, would be useful for accumulating clear air turbulence statistics. 
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How to Measure the Tropopause Height 

For the benefit of those who are not familiar 
with the MTP (Denning et a]., 1989), this 
section provides a brief description. The NASA 
DC-8 MTP is shown in Figure 3. The scan 
mechanisdmirror and a calibration target are 
located outside the aircraft behind a protective 
fairing that has a microwave-transparent 
window. The mirror scans from near-zenith to 
near-nadir in the flight direction making 
measurements at three frequencies between 55 
and 59 GHz. All of the radio frequency and 
digital electronics are mounted on the back of 
the window blank, and the instrument is 
controlled by a flat-panel computer which can 
be mounted anywhere in the cabin -- even the 
back of window that the instrument is on. 

Figure 3. The NASA DC-8-Microwave Temper- 
ature Profiler (MTP) is located on a window behind 
the Mission Manager's Console. A mirror behind a 
microwave-transparent window scans from near- 
zenith to near-nadir in the flight direction. 

which has two tropopauses locations (horizontal white dashed lines), I s  typical of what might <e seen 
when flying out of Ames Research Center when the sub-tropical jet is nearby. The horizontal yellow line 
and pointers indicate the NASA DC-8 flight altitude when this profile was measured. 
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MTPs passively sense the natural thermal emission from oxygen molecules in the Earth's atmosphere, 
and use this information to retrieve a temperature profile, which can be displayed in real-time (see Figure 
4). Based on past experience aboard many aircraft, the Microwave Temperature Profiler (MTP) has been 
an essential instrument for determining the tropopause height, and thereby providing meteorological 
context for in situ and remote aerosol, hydrometeor and trace gas measurements. 

As on the NASA DC-8, the MTP can be mounted on a window blank, i t  can run unattended, and it makes 
measurements at microwave frequencies which are little affected by the presence of clouds. More 
importantly, MTPs have an enviable performance record on 686 flights (totaling 3863 flight hours) over 
two-decade's of airborne atmospheric research. 
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