The Impact of cloud condensation nuclel
(CCN) concentration and ice- nucleus
(IN) concentration on clouds and
precipitation in Hirlam

Karl-lvar lvarsson H/A ASM May 2009
Utrecht, the Netherlands



In this presentation:

Recent developments of the Rasch-Kristjansson (RK)
condensation scheme and Kain-Fritsch (KF) convection
scheme.

Impact of CCN concentration in the current parametrization
of clouds, condensation and radiation.

Results of CCN sensitivity tests

Impact of IN concentration in the current prognostic cloud
ice formulation.

Results of ice nuclei concentration sensitivity tests



Recent developments of the Rasch-Kristjansson
(RK) condensations scheme and Kain-Fritsch (KF)
convection scheme.

* Some tuning, code cleaning.
* Possibility to use Bectold KF

* New max-random cloud overlap formulation (also in our
local versions of Alaro,Arome)

* I[FS - coding ( Both RK and KF)



Impact of CCN concentration in the current

parametrization of clouds,condensation and

radiation.
Clouds — not directly.

Condensation : the expression for the Kogan

autoconversion of cloudwater 3q;
Te

_ 1/3
Radiation : Effective radius : drpikCen

Not included : Haze, affecting radiation, hygroscopic effects
on the effective relative humidity for condensation ... ...



Experiments:

22km resolution 40 levels. January 2006 + July 2007.
Newsnow scheme + “orosur” + QNSE + “Colin-2"-
radiation + ifs-coded KFRK (old KF)

Current CCN concentration in RK and radia (C3J)

replaced by a change in boundary layer. ( no change
above)

A max in central Europe ( C30 ), min near the north
pole.

Reversed (C3p, unrealistic, but interesting for a
sensitivity test)






Verification winter: C3J: orig CCN concentration.
C3p: reversed
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Prec:Verification winter: C3J: orig CCN C30 : most CCN in central Europe C3p: reversed
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Difference map — low clouds (C3o0 — C3p) Note x 80!




Difference map — precipitation (C30 — C3p) mm during 28 days

(<o
R J \.\\‘~ ‘w»l

27 N\

BEAINN

e
Y

8) &)/ A K
e D1




Verification summer: C3J: orig CCN C3p: reversed

Temperature 200707 Dew point Cloudiness octas

3

- ¥ : 12182430364248 12182430364248
-1 1 forecast length forecast length
12182430364248
forecast length Mean sea level pressure 10-m wind m/s
2.2
C3J C3p — 2
C30 1.8
1.6
1.4
1.2
]
0.8
0.6
0.4
0.2
0

12182430364248 12182430364248
forecast length forecast length



Prec:Verification summer: C3J: orig CCN C30 : most CCN in central Europe C3p: reversed
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Difference map, summer:— low clouds (C3o0 — C3p) x80




Difference map, summer — precipitation (C3o0 — C3p) mm, 28 days
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Results, discussion, questions (CCN)

* Very small differences between the runs.

* Some tendency of an increase of low clouds and a

decrease of precipitation for high CCN amounts in the
PBL. But very weak signal !

* Reasons for the small effect ? CCN change only in the
PBL?, too little change? Bugs? Poor parametrizations,

e.g. too fast glaciation of supercooled clouds? Or it
should not be larger ?



Impact of ice nuclei concentration in the current
prognostic cloud ice formulation

Only just a function of temperature in current
parameterization. (Mayers, 1992) The colder it is, the more
particles are assumed to be active for triggering
heterogeneous freezing.

Formula: K exp(12.96(es(wat) -es(ice))/es(ice)-0.639)

Here, testing only the change of the constant K. It will make
the glaciation of supercooled clouds go faster or slower
everywhere.

C3J original ,K=500. C3q: K=125 C3r: K=2000.



Verification winter: C3J: orig IN concentration C3r: 400%
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Verification winter: C3J: orig IN concentration C3qg : 25% C3r: 400%
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Difference map — low clouds (C3q — C3r) x 80




Difference map — precipitation (C3qg — C3r) mm 28 days
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Results, discussion, questions, IN-
concentration.

Somewhat stronger signal for changes in concentrations of IN than for
CCN in winter but almost no signal in summer. (less supercooled
clouds in summer)

Stronger IN signal may be caused by experiment set up : larger
differences affecting not only PBL.

But other things as well ( parametrizations , bugs ... ?77?)

Lower IN gives less cloud ice --> relative humidity more related to
water saturation --> less clouds.

But less cloud ice also gives lower Bergeron-Findeisen effect --> less
precipitation, so existing clouds stay longer --> more clouds

The latter effect seems to dominate.

Better temperature forecasts in winter with lower IN, in summer
almost no effect.
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