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AGU Chapman conference: Stratospheric aerosol in post-Pinatubo era.

This talk re: the quiescent stratospheric aerosol layer, as observed 1998-2002.

Vernier et al., (2011, Geophys. Res. Lett.)

1998-2002 was an unusual 5-year period when 
Junge layer remained in “quiescent conditions”. 



PALMS stratospheric particle composition measurements show meteoric 
signature (iron) in 50% particles of quiescent mid-latitude Junge layer.

Murphy et al. (1998)                                                           Cziczo et al. (2001)



Curtius et al. (ACP, 2005)

COPAS measurements of Arctic stratospheric aerosol during EUPLEX campaign (Jan-Mar 2003).

Two COPAS instruments on Geophysica high-altitude aircraft (with different size cut-offs).
Each is a two-channel CPC instrument: with two inlets, one heated to evaporate volatile material 



Campbell & Deshler (2014)



Murphy et al. 
(2013, QJRMetS)



Mossop (1963, Nature)  --- (CSIRO, Sydney, Australia)

U-2 particle collectors at 20km in latitudes 20-45o South.

Jan to Mar 1963 – quiescent conditions (prior to Agung plume)
Apr to May 1963 – ash-sulphuric particles in Agung plume.







UM-UKCA interactive stratospheric aerosol model experiments to
How do meteoric-sulphuric & pure sulphuric particles co-exist?



Four seasons of quiescent particle concentrations at Laramie, Wyoming
Summertime (July) quiescent Junge layer balloon soundings (CPC and OPC) Particle concentrations at 

Laramie measured by 
Condensation Nuclei 
Counter (CNC) clearly 
show this same transition.

See decreasing particle 
concentrations from the 
tropopause up to ~20km.

But then above 20km only 
slight decrease or profile 
approximately constant.

UM-UKCA (  5 tons/day MSP interacting)

UM-UKCA (40 tons/day MSP interacting)
(simulation from Brooke et al., 2017)

(only homogeneously nucleated particles)
(simulation from Dhomse et al., 2014)

UM-UKCA (no MSP interaction)



Four seasons of quiescent particle concentrations at Laramie, Wyoming
Autumn (September) quiescent Junge layer balloon soundings (CPC and OPC) Particle concentrations at 

Laramie measured by 
Condensation Nuclei 
Counter (CNC) clearly 
show this same transition.

See decreasing particle 
concentrations from the 
tropopause up to ~20km.

But then above 20km only 
slight decrease or profile 
approximately constant.

UM-UKCA (  5 tons/day MSP interacting)

UM-UKCA (40 tons/day MSP interacting)
(simulation from Brooke et al., 2017)

(only homogeneously nucleated particles)
(simulation from Dhomse et al., 2014)

UM-UKCA (no MSP interaction)



Four seasons of quiescent particle concentrations at Laramie, Wyoming
Early winter (December) quiescent Junge layer balloon soundings (CPC and OPC) Particle concentrations at 

Laramie measured by 
Condensation Nuclei 
Counter (CNC) clearly 
show this same transition.

See decreasing particle 
concentrations from the 
tropopause up to ~20km.

But then above 20km only 
slight decrease or profile 
approximately constant.

UM-UKCA (  5 tons/day MSP interacting)

UM-UKCA (40 tons/day MSP interacting)
(simulation from Brooke et al., 2017)

(only homogeneously nucleated particles)
(simulation from Dhomse et al., 2014)

UM-UKCA (no MSP interaction)



Four seasons of quiescent particle concentrations at Laramie, Wyoming
Mid-spring (April) quiescent Junge layer balloon soundings (CPC and OPC) Particle concentrations at 

Laramie measured by 
Condensation Nuclei 
Counter (CNC) clearly 
show this same transition.

See decreasing particle 
concentrations from the 
tropopause up to ~20km.

But then above 20km only 
slight decrease or profile 
approximately constant.

UM-UKCA (  5 tons/day MSP interacting)

UM-UKCA (40 tons/day MSP interacting)
(simulation from Brooke et al., 2017)

(only homogeneously nucleated particles)
(simulation from Dhomse et al., 2014)

UM-UKCA (no MSP interaction)





Particle phase sulphuric acid from 
size-distribution fits to CPC+OPC
(Terry Deshler, U. Wyoming)

Simulated decay of N(r>150nm)
at Laramie post-Pinatubo peak    
is faster with MSP-interaction.

Larger reff faster sedimentation



Morphology of quiescent Junge layer (pure-sulphuric and meteoric-sulphuric)

January
mean



Morphology of quiescent Junge layer (pure-sulphuric and meteoric-sulphuric)

July
mean



Summary and Future Work
-- Evidence from observations is clear that, in volcanically quiescent conditions, a substantial 

proportion of particles in the mid-latitude & high-latitude Junge layer are of meteoric origin

-- UM-UKCA interactive stratospheric aerosol model adapted to track meteoric-sulphuric
particles within modal aerosol scheme. Now a core component of “strat-enabled GLOMAP”
e.g. as applied for UM-UKCA simulations for VolMIP Tambora intecomparison experiment

(Zanchettin et al., 2016, Marshall et al., 2018)

-- Model experiments show the heterogeneously nucleated ”meteoric-sulphuric particles” 
strongly affect the vertical profile of stratospheric sulphur in the Junge layer.

-- The presence of meteoric-sulphuric particles changes the growth and residence times of
pure sulphuric particles & weakens new particle formation in polar late-winter early-spring

-- UK Natural Environment Research Council has funded blue-skies research project to 
investigate meteoric influence on stratospheric aerosol and PSCs (to begin April 2018)

-- Leeds PDRA will compare “strat-enabled UM-UKCA” to the observations that indicate the 
meteoric origin (WB-57 PALMS & FCAS;  refractory particles from Geophysica and balloons)  



Meteoric particles under-represented in stratospheric particle lifecycle.

SPARC Assessment of Stratospheric Aerosol Properties (2006) 
Ch 1:”Stratospheric Aerosol  Processes. (Carslaw and Karcher) 

Updated stratospheric particle lifecycle schematic now includes 
Meteoric Dust but particle formation mechanism not recognised.

Kremser et al. (2016)





January-mean
Pure sulphuric N(Dp>3nm)

January-mean
Pure sulphuric N(Dp>10nm)

July-mean
Pure sulphuric N(Dp>3nm)

July-mean
Pure sulphuric N(Dp>10nm)



Junge et al. (1961)
Expansion-type Aitken 
particle counter 
(working fluid = water) 

Stratospheric Aitken particle concentration profiles



Optical particle counters and particle 
collectors such as impactors or on 
filters measure only particles larger than 
~100nm in radius.

Aitken nuclei counters measure particles to 
smaller sizes down to ~10nm in radius.

Balloon-borne measurements with 
Lindau Aitken nuclei counter designed 
specifically to measure stratospheric 
Aitken particle concentrations  
(radius between 10nm and 100nm).

Kaselau et al. (Oct 1973, Germany, 53N)

(1974, Pure. Appl. Geophysics)

Stratospheric Aitken particle concentration profiles

The decrease in particle
concentrations above 10km 
ceases above 20km, remaining 
approximately constant.

”kink” at ~20km



Cadle and Kiang (1977, Reviews of Geophysics).



Kaselau et al. (1974, Pure Appl. Geophys.)

Cadle and Kiang (1977, Rev. Geophys.)


