Cirrus cloud microphysics and its dependency
on aerosol type, temperature, and cooling rate
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AIMS AND SCOPE: EXPERIMENTALS:

Cirrus clouds are of great importance for the global radiative balance. The order of magnitude of an The AIDA aerosol chamber is a large evacuable vessel which can be cooled down to 183 K. The pressure
anthropogenically caused radiative forcing of these clouds remains highly uncertain (IPCC, 1999). range is from 0.1 hPa to 1000 hPa. At constant wall and gas temperature, ice saturation is maintained by a
For a more accurate evaluation of this impact, a better understanding of the microphysical pro- thin ice layer on the chamber walls. The ice supersaturation necessary for homogeneous or heterogeneous
cesses leading to cirrus formation and their resulting optical properties is crucial. Up to now there formation of ice crystals is achieved by volume expansion due to controlled pumping. The onset of ice formation
have only been few field studies examining the factors controlling the ice nucleation processes and is precisely detected by measuring the increasing intensity and depolarisation of laser light back-scattered by
the optical properties of cirrus clouds (e.g. INCA, Ovarlez et al., 2002; CRYSTAL-FACE, Jensen et the growing ice particles. The Lyman-a-fluorescence hygrometer FISH (Zoger et al., 1999) measures the
al., 2004). total water (gas phase + condensed phase). Simultaneously, the gas phase water concentration is directly
We present results of detailed laboratory measurements of homogeneous and heterogeneous ice measured in-situ by absorption at 1370 nm with a tuneable diode laser (TDL). The total aerosol number
nucleation, performed at the aerosol chamber AIDA under simulated atmospheric cirrus conditions. concentration is measured with a CNC3010 (TSI). For details of the instrumentation and of the ice nucleation
The experiments were conducted at temperatures between 238 and 185 K and cooling rates be- experiments see Mohler et al., 2003.
tween —0.3 and —3.0 K min~!. Fully dissolved sulphuric acid and ammonium sulphate droplets Ice particle number concentration and size is retrieved both from FTIR extinction spectra and from two optical
were used during homogeneous ice nucleation experiments, while pure soot, soot coated with particle spectrometers (PCS2000 and WELAS, Palas). A detailed description of the FTIR measurements and
sulphuric acid or ammonium sulphate as well as two types of mineral dust served as nuclei for het- the error estimation for the ice crystal parameters can be found in Mangold et al., 2004).
erogeneous ice formation. We focus on the influence of aerosol type, temperature, and cooling rate The soot particles are produced by a Graphite sparc generator. The two types of mineral dust are Arizona
on the ice crystal number concentration of the formed ice clouds. The freezing threshold relative Test Dust (Powder Technology Inc., USA) and Saharan surface dust, respectively. The mean diameters of the
humidities over ice for the different aerosol types are also adressed. aerosol particles used during our experiments were between 0.1 and 0.5 um.
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The figures show the maximum ice crystal number concentration both in absolute numbers (Nicemax, cm3) and as fraction of particles acting as ice nuclei (Nicemaxsa, in percent of the total initial
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of RHicenuc may be explained by heterogeneous effects

Temperature [K] ied discussion see Mangoid et ai., 2604).

Freezing efficiencies — aerosol types, RHice nuc: Nicemax @Nd Nice max rel

SUMMARY 600 100.0F % 1 1 3 Nicemax (Ieft figure) and Nicemaxrel (Fight figure) are shown as function
Freezing onset relative hUmIdlty _ 500 = _ P F % E of RHice nuc for the aerosol types investigated during AIDA ice nucle-
r?E 400 E ) 1005 4 ation experiments. (dT/dt)n,c was between —1.3 and —2.0 Kmin~—*
RHicenuc is lowest (=110 %) for ATD and aerosol and increases over SOOT (=120 %), AS (~ 125%), and % ° E e E and the temperature range was 230-195K. In the case of Nicemacres
(=~140%) to SA aerosol (~150%). The results for SA aerosol confirm the previous g 300 E é [ ] the homogeneous freezing experiments are not shown because
findings of Koop et al. (2000) and Méhler et al. (2003). For AS aerosol there remain uncertainties with regard to 5‘ 200 + E 8I 1.0 3 —— 3 the respective results for Nigema turned out to be independent of
the exact phase. of dry ice nuclei increases RHice nuc- = 100 E = E ] Naero. Therefore the respective values of Nicemaxre Could be shifted
Number of ice crystals o ‘ ‘ 0_1; ‘ ‘ ‘ ‘ ‘ 7; by changing Nao. Regarding the results for sulphuric acid aerosol
Homogeneous freezing: Nicema (cM~3) increases with decreasing temperature and stronger cooling rate. This 160 180 rT—suiphurc acid (5A) 10 120 140 160 180 (SA) in the left figure, the increase with increasing RHice s reflects
confirms the results of Koop et al. (2000) and Karcher and Lohmann (2002). Additionally we found no distinct RH_ice [%)] RH_ice [%)] the temperature dependency of RHiceuc aNd Nicemax Of the homoge-
influence of the total initial aerosol concentration N aero 0N Nice max- ABSOLUTELY ; %%2::‘:’::‘3:‘3:?; RELATIVELY neous freezing process.
Heterogeneous freezing: No distinct influence of temperature and cooling rate on N jcemax and Nicemax,e iS found.
Coating of dry ice nuclei decreases their ice nucleation efficiency. For ATD aerosol there is limited evidence that —
Naero has an influence on the number of ice crystals formed.
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changed ice crystal number and size distribution. This affects the radiative properties of the cirrus clouds.

This work was done in the framework of the HGF-strategy-fond "Particles from aircrafts and their influence on contrails, cirrus clouds and climate” October 2004




