Microphysics of aerosols and clouds in the upper
troposphere and lower stratosphere within the
Tibetan anticyclone
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Abstract

Vertical profiles of size-resolved particle concentrations were measured over the
Tibetan Plateau by using a balloon-borne optical particle counter. During the observing
period, an upper-tropospheric anticyclone (i.e., Tibetan anticyclone) linked to deep
convection was formed over the Tibetan Plateau. The measurements on 17 August 1999
showed that there was a thin layer of particles with diameters of >3.6 um at
concentrations of >0.01 cm™ around 150 hPa. These particles are most likely composed
of ice crystals. Within the layer, a large amount of submicron aerosols with diameters of
0.3-1.2 um still coexisted with the ice, indicating that not all of the background aerosols
were removed by ice nucleation and scavenging. These results suggest an occurrence of
selective ice nucleation involving a fraction of the background aerosols (i.e., effective
ice nuclei) in the upper troposphere. Other features of the measurements were high
number concentrations (0.7-0.8 em ) of submicron aerosols between about 130 and 70
hPa. In regard to this result, direct convective transport of lower-tropospheric aerosols
might affect atmospheric constituents near the tropopause. In addition, adiabatic cooling
and hydration associated with deep convection might trigger enlargement of haze
particles (e.g., H,SO4/H,O droplets) near the tropopause. These results should be
considered in assessing the global/regional climate system and the geochemical cycle.

1. Introduction

The Tibetan Plateau, called “the roof of the world”, has an average elevation of
>4000 meters and occupies an area of about 2.5 million square kilometers in Asia.
During the Asian summer monsoon period, thermal contrast between the Tibetan
Plateau and its adjacent oceans becomes predominant due to elevated surface heating
over the Tibetan Plateau, leading to deep convection. It have been suggested that the
coupling of the Tibetan anticyclone and deep convection strongly influences on
constituent behavior in the upper troposphere and lower stratosphere. Thus, deep

convection is regarded as a major pathway for upward material transport from the
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troposphere into the stratosphere. _

Intensive measurements had been carried out in August-October 1999 at Lhasa
(29.7°N, 91.1°E, 3650 m a.s.l.), located in the southern part of the Tibetan Plateau.
This study addresses how aerosol and cloud particles in the upper troposphere/lower

stratosphere are characterized under the influence of the Asian summer monsoon
activities over the Tibetan Plateau.
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2. Cirrus Clouds in the Upper Troposphere

Figure 1 shows the vertical profiles of number concentrations of particles with D, >
3.6 um, together with those of ambient temperatures, on 17 August, 19 September, and
11 -October 1999. The 17 August flight (within the Tibetan anticyclone) showed the
existence of some distinct layers between about 300 and 130 hPa, in contrast to the
other two flights. In particular, relatively high concentrations (>0.01 cm™) of the
particles were observed at ~150 hPa. Such heights are typical of the top of cirrus clouds
over the Tibetan Plateau during the Asian summer monsoon period. These particles are
much larger than the background aerosols and most likely composed of ice crystals.
Within the cirrus layer, a large amount of submicron aerosols with diameters of 0.3-1.2
um still coexisted with the ice (Figure 2), indicating that not all of the background
aerosols were removed by ice nucleation and scavenging.

Number concentrations of ice crystals in cirrus clouds depend in participle on the
difference of the ice-nucleation mechanisms. Homogeneous ice nucleation in haze
particles usually produces high number concentrations of ice crystals (1-100 cm™). On
the other hand, heterogeneous ice nucleation on insoluble or non-resolved solute
particles usually form cirrus clouds with small number concentrations of ice crystals
(<0.1 cm™), corresponding approximately to the ice particle concentrations presented in
this study. In addition, recent laboratory experiments with a cloud chamber have

suggested that heterogeneous ice nucleation on mineral dust, soot, or solid-phased
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ammonium sulfate (these particles are usually originated from lower troposphere) is
efficient at temperatures about 210-220 K. These results suggest an occurrence of

heterogeneous ice nucleation in the upper troposphere over the Tibetan Plateau.
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Figure 2. Vertical profiles of number concentrations of coarse (D, > 1.2 um) and fine (D, = 0.3-1.2

um), and those of temperatures at Lhasa on 17 August 1999. Also shown are the expected frost

point of nitric acid trihydrate Tyar and water ice Ti.

The presence of heterogeneous ice nuclei in cloud-free air usually trigger ice
nucleation below the threshold required for homogeneous ice nucleation in haze
_particles, resulting in cirrus clouds with low ice particle number concentrations, in
which supersaturations might be sustained for relatively long periods. Hence, if
heterogeneous freezing is true, this process affects strongly on the climate system.

3. Submicron Particles in the Tropopause and Lower Stratosphere

The present measurements showed that relatively high number concentrations
(0.7-0.8 cm™) of aerosols with D, = 0.3-1.2 um were formed between about 130 and 70
hPa (Figure 2). Based on a comprehensive investigation, I found that these high aerosol
events were associated with the Tibetan anticyclone; i.e., deep convection that is
responsible for formation of the Tibetan anticyclone. There are two possible ways for
the monsoon anticyclone to affect the enhancements of high aerosol concentrations. One
way is the direct transport of natural and anthropogenic emissions from South Asia. The
other way is the enlargement of aqueous solution droplets linked to adiabatic cooling
and hydration of the air associated with deep convection. Model calculations (Figure 3)
suggested that, if sufficient amounts of a variety of trace gases (e.g., H,O, HSOy, and
HNO3) are present near the tropopause, the enlargement process will become an
important process in explaining the present observations.
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High aerosol concentrations near the tropopause may not only impact on the
global/regional climate system and the geochemical cycle, but also lead to efficient
heterogeneous chemistry on aerosols. It may be important to gain an understanding of
the coupling of the enhanced aerosols to the ozone valley over the Tibetan Plateau.
However, there are substantial uncertainties resulting from shortage of information
about laboratory experiments, physico-chemical properties of aerosols (e.g., phases,
sizes, shapes, chemical compositions, etc.), abundances of trace gases, and the
magnitude of the monsoon circulation under the atmospheric conditions discussed here;

therefore, these uncertainties merit further comprehensive investigations in future work.
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