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Goal: Study the impact of aerosols on severity of storms in Europe

Need for
?  a two-moment scheme
?  an accurate representation of large ice particels in storms

Important factors:
?  size of particles
?  ice phase

MotivationMotivation
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hail = graupel formed from frozen raindrops

Please note that in the following

Implementing a hail classImplementing a hail class



1. Density

Characteristics of the old and new particlesCharacteristics of the old and new particles



Characteristics of the old and new particlesCharacteristics of the old and new particles

2. Size-distribution

Size-distribution function: f(x) = A x? exp(-?xµ)

one-moment scheme:

 only L prognostic   ?, µ and A fixed, ?= ?(L)

two-moment scheme:

 L and N prognostic     ? and µ fixed, A=A(L,N) and ?= ?(L,N)

ØTotal number density N = M0(f(x))

ØTotal mass density    L = M1(f(x))



Characteristics of the old and new particlesCharacteristics of the old and new particles

2. Size-distribution

Mass-size distributions for a specific case,
location and time



3 different Weisman-Klemp profiles

?  horizontal resolution: 1 km
?  model domain:  180 km x 100 km
?  50 vertical levels
?  LM version 3.16.x

Case studiesCase studies

• case 1: low CAPE, low wind shear, continental aerosol

• case 2: moderate CAPE, low wind shear, continental aerosol
           maritime aerosol

• case 3: high CAPE, strong wind shear, continental aerosol
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dashed lines = run without hail

accumulated precipitation after 2 h
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mean particle mass
dashed lines = run without “hail”
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profiles of differences in mean mass density  at different times
(new scheme – old scheme) 
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v In the 2-moment microphysical scheme by Seifert and Beheng (2006)
   graupel category split up into two particle classes (graupel and 'hail')

Ø distinction between graupel by rimed ice particles (low density)
   and graupel by frozen raindrops (higher density)
Ø evolution of two graupel distributions which may combine to a bi-modal
   spectrum

v further studies will have to show  
Ø in which cases these effects are strong / weak
Ø whether radar reflectivities obtained with the new scheme show a better
   argreement with observations 

v Case studies showed that the additional particle class leads to
Ø larger raindrops
Ø a vertical redistribution of mass
Ø enhanced precipitation at ground

Summary and OutlookSummary and Outlook


