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Conclusion 
q Dynamic forcing of  polar vortex breakup is a major driver of  PMC 

albedo (or brightness) variability.
qRadiative forcing of  solar cycle is a minor driver.
qT and H2O optimal conditions are key to PMC formation.
qUpwelling winds cause higher PMCs at higher latitude.

Future Work
qInvestigate diurnal variability of  PMCs.
qStudy the impact of  the wave-induced temperature oscillations on PMC 

formation
qExplore possible teleconnection for interhemispheric studies.

Introduction 
Polar Mesospheric clouds (PMCs) are water ice particles occurring in polar
mesopause regions during summer. They are a “canary in the coal mine” – potential
tracers of global climate change in the upper and middle atmosphere.

Why do we need to study PMCs?
Ø Unique tracers for climate change - decreased heating and photolysis of  water 

vapor in MLT
Ø Natural laboratory for MLT - excellent indicators of  the mesospheric upwelling 

strength.
Ø Variability of  PMC centroid altitude is within 1.02 km;  thus, they can be used for 

testing atmospheric models.
Ø Mysteries surrounding PMCs!

Ø Does solar cycle effect PMCs?
Ø How do PMCs affect the surrounding mesospheric environment?

Mean Characteristics McMurdo
(2010-2020)

𝜷𝒕𝒐𝒕𝒂𝒍(× 𝟏𝟎%𝟔𝒔𝒓%𝟏) 4.96 ± 0.09 (2.92)

Zc (km) 84.35 ± 0.04 
(1.28)

𝝈𝑹𝑴𝑺(km) 0.89 ± 0.01 (0.28)

PMC Occurrence 939 h
PMC Occurrence 

frequency 30.8 %

PMC Occurrence 
period 17 Nov to 19 Feb

Mean Characteristics of  LIDAR PMCs over 1 decade
PMC latitudinal dependence
re-established – Higher PMC
at high latitude: Possibly due
to strong upwelling winds
moving towards Poles during
summer.

LIDAR PMC observation at McMurdo on 
6th February 2020

Mean Characteristics of  AIM/CIPS PMCs over 14 years

Mean Characteristics McMurdo
(2007-2021)

𝑨𝒍𝒃𝒆𝒅𝒐, (× 𝟏𝟎%𝟔𝒔𝒓%𝟏) 8.63 ± 0.14 (5.54)
Ice Water Content 

(g/km2)
57.64 ± 0.88 

(36.13)
Radius (nm) 46.56 ± 0.23 (9.40)
PMC Images 1556 images 

Total CIPS Images 4213 images
PMC Occurrence 

frequency 36.9 %

PMC Occurrence period 23 Nov to 20 Feb

CIPS PMC observation 
over Antarctica on 6th

February 2020

Interannual Variability

Lidar PMC brightness correlation 
with 
• CIPS albedo 
R = 0.82 (98.77%) 
• CIPS IWC 
R = 0.82 (98.77%) 
for the entire dataset

Lidar PMC brightness correlation 
with 
• CIPS albedo 
R = 0.92(99.96%)
• CIPS IWC 
R = 0.92 (99.96%) 
in the dominant PMC period 
(15th Dec – 15th Jan for each 
season). 

(a)

Drivers of  PMC Variability: Polar Vortex Breakup and Solar Cycle

Polar Vortex 
Breakup 
timing 

Wind reversal date (WRD) at
20 hPa,<10m/s as a proxy

Transitions 
from winter 
to summer

Effects mesospheric
T, upwelling  wind, H2O

PMC 
formation

PMC 𝛽!"!#$ , albedo, 
IWC, onset, etc. 

Polar vortex breakup is the dominating driver in PMC albedo 
variability, Solar cycle is a minor driver!

PMC are heavily affected by dynamics, which may overpower the 
solar cycle signature.

Drivers of  PMC Variability: Polar Vortex Breakup and Solar Cycle

TLS = Total Least Squares 
MLR = Multiple Linear Regression 

Isolating the solar cycle signature WRD is negatively correlated with PMC albedo. Lyman-𝛼
is positively correlated with (𝑨𝒍𝒃𝒆𝒅𝒐 − 𝒂 ∗𝑾𝑹𝑫)

Preliminary analysis of  direct correlation between 𝛽+,+-. and solar flux 
(Sunspot number) agreed with Hervig et al. (2019),  a lack of  solar cycle 

signature!

PMC Diurnal Variability

Fit
Variables 𝜷𝒕𝒐𝒕𝒂𝒍

𝟏𝟎%𝟔

𝒔𝒓
A0 5.03 ± 0.21
A12 0.28 ± 0.43
A24 0.58 ± 0.43

UT12 4.71 ± 1.5
UT24 21.26 ± 3

R 0.71 (99.99%)

Fit
Variables 𝒁𝑪 [𝒌𝒎]

A0 84.33± 0.09
A12 0.16± 0.18
A24 0.24± 0.18

UT12 11.31± 1.5
UT24 8.16± 3

R 0.75 (99.99%)

Correlation improves by 0.14 and confidence 
increases by 2.66%


