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Abstract Results : No Temperature Perturbation 

WACCM/CARMA represents the size 
distributions of ablated meteor smoke 
and mesospheric ice crystals in discrete 
size bins. Heterogeneous nucleation of 
meteor smoke particles formed via 
coagulation creates ice crystals when 
there is sufficient supersaturation. 
Water vapor is shared interactively 
between WACCM and CARMA. 
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Polar mesospheric clouds (PMC) are ice 
clouds that routinely form in the polar 
summer mesopause region, where 
extremely cold temperatures exist 
because of gravity waves. Simulations of 
PMCs using WACCM/CARMA, a three-
dimensional chemistry climate model 
based upon the Whole-Atmosphere 
Community Climate Model (WACCM) with 
sect ional microphys ics from the 
Community Aerosol and Radiation Model 
for Atmospheres (CARMA) compare well 
with observations from the Solar 
Occultation for Ice Experiment (SOFIE); 
however, despite using a relatively low 
n u c l e a t i o n b a r r i e r t h e m o d e l 
underestimates the ice particle number 
density. In this study, we add subgrid 
scale temperature variability from 
unresolved gravity waves to the model 
and examine its impact on nucleation 
rates and PMC number density. 
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Unresolved Temperature Variability Results : With Temperature Perturbations from Unresolved Gravity Waves 

 

!T = T0(m)sin(mz + "m #$t)e
z /D

A randomly selected wave is allowed to propagate vertically for one wave period. Its 
temperature perturbation is added to the microphysics temperature; however, neither 
the model temperature nor winds are affected. This provides more realistic 
temperature variability for the microphysics without affecting the dynamics. 

In situ observations of mesospheric temperatures (Rapp et al., 2002) show 
temperature variability of ~10 K at the mesopause and larger above, which is not 
reproduced in the WACCM model. 

WACCM/CARMA In Situ, Rapp et al. [2002] 

Implications for TTL Cirrus Microphysics  Possible Climate Effects of TTL Cirrus 

With the WACCM gravity wave parameterization tuned to reproduce the seasonal average summer polar mesopause temperatures in the Northern Hemisphere observed 
by Lübken [1999] (left), WACCM/CARMA does a good job matching the SOFIE ice observations (left and middle), with the exception of the number density (middle). 
Number density is too low by about the same factor at all altitudes (middle). The probability distribution of number density from the simulation is shifted to the right 
compared to SOFIE, and it can be seen (right) that the model is missing events with low effective radius and high number density; although, the maximum ice water 
content is similar. The simulation has a dry bias which in part is based upon its initial condition, but it also appears to be more dehydrated near the mesopause (left). 

Conclusions 

•  Increased temperature variability from 
unresolved gravity waves in the WACCM/
C A R M A m o d e l r e d u c e s e x c e s s 
dehydration and creates PMC number 
densities that are similar to observations, 
indicating that heterogeneous nucleation 
on meteor smoke particles alone is 
sufficient to reproduce observations. 

•  Increased wave amplitude increases the 
amount of nucleation, while increased  
wave period increase particle lifetime and 
size. 

•  Including the effects of unresolved gravity 
waves may be necessary for realistic 
simulations of TTL cirrus. 

•  Accurate simulations of TTL cirrus are 
needed to investigate their radiative 
impact and their impact on water vapor 
via dehydration, both of which are 
important for assessing climate change 
and some geoengineering proposals. 

A C A M / C A R M A m o d e l u s i n g 
sectional microphysics to represent 
stratiform cirrus clouds is being 
developed. Ice is tracked in two sets of 
bins: one representing ice generated by 
detrainment from convective clouds 
and another for in situ particles 
formed by homogeneous freezing or 
heterogeneous nucleation. 

The CAM/CARMA cirrus model 
shows similar issues to the PMC model 
for cirrus in the tropical tropopause 
layer (TTL). This joint probability plot 
of number density and effective 
diameter for ice particles at ~100 hPa 
in the tropics (20˚S-20˚N) has number 
dens i t ies that are lower than 
observations of ~50 L-1 and shows little 
variability.  

Using a curtain model for TTL cirrus 
(Jensen & Pfister, 2004), they show 
that although the temperature 
perturbations are smaller in the TTL 
than near the mesopause, there is still 
a dramatic impact on cloud lifetime 
when the effects of unresolved gravity 
waves are included in the simulation. 
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Solomon et al. [2010] show that 
changes in water vapor near the 
tropopause can have a significant 
radiative forcing (A) and show the post 
2000 decrease in water vapor (B). They 
conclude that this decrease in water 
vapor offsets 25% of the increase in 
surface temperature that would have 
been expected from greenhouse gases 
during this time period.  

Mitchell and Finnegan [2009] propose 
using cloud seeding to change the size 
distribution of cirrus clouds to offset 
increases in surface temperature from 
greenhouse gases. Figure (A) shows an 
increase in shortwave cloud forcing 
with smaller ice particles that have 
reduced fall velocities (red) and (B) 
shows the corresponding increase in 
longwave cloud forcing. 
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Using half of the observed amplitude of the temperature perturbation and 
waves with a period of 30 minutes results in more high number density events 
than the control; however, it also reduces the time particles have to grow before 
a warm perturbation occurs, resulting in particles that are smaller than SOFIE. 

Using half of the observed temperature amplitude and waves with a period of 
417 minutes, the average of the Rapp et al. [2002] measurements, results in 
more high number density events than the control run and more variability and 
larger particles than Case #1. The average number density is similar to SOFIE. 

Using a quarter of the observed temperature amplitude and waves with a period 
selected randomly from a Gaussian distribution with a mean of 460 minutes and 
a standard deviation of 50 minutes results in a distribution that peaks in same 
place as the SOFIE, but with less variability. 

This simulation uses a higher and temperature dependent barrier to nucleation 
(Trainer et al., 2009) and the full temperature amplitude. The wave period is 
selected as in Case #3. This simulation results in more variability like the 
observation, but the average number density tends to be smaller than SOFIE 
and the vertical profile is flatter than SOFIE and the other simulations. Both 
dehydration near the mesopause and hydration at cloud base are reduced. 

#3 :T0 = 0.25!T0Rapp ! = f (460, 50)D =18 km # 4 :T0 = !T0Rapp ! = f (460, 50)D =18 km


