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The intangible yet important tropopause

3

The tropopause is the border between 
the troposphere (temperature 
decreases with height, thus strong 
vertical mixing) and stratosphere 
(temperature increases with height, 
thus weak vertical mixing). Air parcels 
from the troposphere and 
stratosphere are significantly different 
in composition (e.g. water vapor is 
very scarce in the stratosphere) and 
many models handle tropospheric and 
stratospheric air parcels in different 
ways. It is therefore important to have 
a clear idea of exactly which type any 
given air parcel may be.

Diagram from Seinfeld and Pandis 
textbook.
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What is a passive tracer?
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To address this issue, we employ passive tracers. A passive tracer is handled just like any 
other species within the model, but does not react with any other species. It may have no 
reactions at all, or only have a decay reaction (react with itself to produce nothing). 
Effectively, they serve as flags or markers, allowing us to track air parcels within the model 
simply by looking at the concentration of the tracers.

The first passive tracer we employ is E90. It is emitted evenly at the Earth’s surface 
(regardless of land or ocean) and has an e-folding time of 90 days. This serves as a useful tool 
for looking at tropospheric air parcels, even if they enter the stratosphere.

The second passive tracer is ST80_25. It has a specified, fixed concentration above 80 hPa 
altitude and an e-folding time of 25 days. As 80hPa is generally above the tropopause, this 
tracer is used for following stratospheric air parcels.

Both tracers have a molecular weight of 28 (like CO).
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Previous implementations
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E90 is first mentioned in Prather et al. (2011), which primarily dealt with finding the 
tropopause to improve the UC Irvine model. Citing Prather et al. (2001), where they found 
that the tropopause contained 80% of the atmosphere’s mass as a rule of thumb, they found 
that the portion of the atmosphere where E90 concentration was greater than 90 ppb 
coincided well with the above assumption. Therefore the layer of air where E90 concentration 
was 90 ppb was assumed to be the tropopause within the UC Irvine model. The 
concentration of ozone at the tropopause was then compared with observations from 23 
ozone sonde sites at the corresponding altitude – generally agreed well with a few exceptions 
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Previous implementations
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E90 and ST80_25 are used by Abalos et al. (2017) and Abalos et al. (2020) to track the height 
of the tropopause and troposphere-stratosphere exchange over long periods of time
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Implementation within E3SM
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Fortunately, these tracers are already implemented in CESM, which E3SM split off from less 
than a decade ago. The two models are fairly similar, and I could use the grep command to 
find all mention of the tracers in CESM

E3SM utilizes a chemistry preprocessor. It is essentially a list of all the chemical species that 
participate in calculations, what sort of approximation is made in solving their differential 
equations, and the chemical reactions they participate in.

Any changes made to the chemistry preprocessor are automatically converted to source code 
changes if the user uses a special command to swap in the new file.

There are minor additional steps to add an option to input E90 emissions files, and specify a 
fixed concentration for ST80_25 above 80hPa – again, just copy from CESM.



2022 Sandia FORCEE Summer Research Symposium 10



2022 Sandia FORCEE Summer Research Symposium 11



2022 Sandia FORCEE Summer Research Symposium

Validation and next steps
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• Check whether or not any other species were influenced. Run the same model under the 
same settings with and without the tracers, subtract the concentration fields for other 
species – all zeroes, as intended

• Check whether the decay rate is working correctly – run the model with the tracers turned 
on for a certain period of time, then shut off E90 emissions and remove all ST80_25 above 
80hPa and continue the run. Integrate all tracer concentrations within the atmosphere 
and check whether the curve is correct

• Run the model until it reaches a stable state – tracer spatial distribution should be roughly 
similar (i.e. within an order of magnitude at least) to CESM run under the same conditions

• If the above works correctly, run the model with tracers implemented in the context of the 
Pinatubo eruption – maybe compare it against a control run with the eruption removed
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E90 and ST80_25 contour plots
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Thanks for listening!

ah460@tamu.edu
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