Comparing cloud radar Doppler observations with 1D cloud
microphysical model simulations using different
autoconversion schemes
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1. Motivation 4. Understanding microphysics behind skewness signal

. . We use the forward radar simulator developed within the passive and
* Autoconversion describes the mass transfer rate from cloud droplets to . . C .
embryonic drizzle particles. It plays a key role in the atmospheric water cycle active ml.crowave radlatjlve tr.ansfer (PAMTRA) model to simulate th.e
and for the short and long wave cloud radiative forcing in our climate system. observations and quantify drizzle and cloud water contents generating the

* Several parameterizations for autoconversion have been proposed for fingerprints observed in the data.
numerical models of varying scales. However, verification of the proposed We provided 2 different inputs to the radar forward simulator:

schemes and their details (e.g., what is the typical size range of the embryo 1. theoretical cloud and drizzle lognormal distributions.

drizzle particles) remains not well understood, due to the lack of any direct 2. output of a 1D spectrally binned model using different
observations.

 Higher moments of radar Doppler spectra obtained from vertically pointing
cloud radars showed potential in the early detection of drizzle in clouds(?),
which remains a challenging task for target classification schemes (e.g,
CloudnetM)) which are mostly based on lower radar moments (Ze, v).

parametrizations for autoconversion, accretion, and various number
concentrations

5. Cloud and drizzle drop size distributions

SIMULATED SPECTRA for LWCratio=0.1% UNDER LOW TURBULENT CONDITIONS (EDR=-3.529) PARAMETERS OF THE DIS_TR! BUTIONS' ) 3
. ) (LEFT) AND RESULTING SPECTRA DERIVED FOR VARIOUS LWCratios (RIGHT) » for cloud lognormal distribution: Reff=5.4 um, sigma=0.35 N=300 cm
2 . S keW NnNess fo I d N\zZ I e ons Et d Ete Ct| on Reff(drizzle)= 20 micron, LWCratio=0.1% Reff(drizzle)= 20 micron * for drizzle lognormal distribution: sigma=0.35, Ref=[10,20,30,40,50,60] um,
-30 : : : : e -30 . . . . . .. . .
: : : : : | - - - fixing LWCratio=[0.1%,0.5%, 1%,1.5%, 2%, 2.5%, 3%, 4%, 5%] and adjusting N
' ' — cloud only ! ! - 01%
— 4 L —  drizzle only — a0 % 0.5% consequently.
0 N "aUf= =="" RN A — luti N "aUp= """ i | SR 2.%
SKEWNESS: describes the . [\ mer. K200 1 2 | n i o 5 . — &% SKEWNESS OF THE CONVOLUTED SPECTRA vs LWCratio:
0.4 . : § SRt 2 . . Z ' ' Two main features are evident:
asymmetry of the spectrum 1 some droplets grow larger, 8 BOf---eeie o feiee e Drizzle spectrum 8 . if Reff(drizzle) is large enough to introduce an asymmetry to the right of the spectrum peak,
. : ° completely hidden ° No deviations ] )
with respect to a symmetric spectrum becomes g by cloud part g from gaussian shape due skewness grows to high values for low LWCratios.
(T o . . —0500 05 10 1.5 2.0 25 aszmmet”cta' to the 'rtl-ight' S b b . — 2 to cloud part * if Reff(drizzle) is too small, drizzle is concealed by the cloud part and it results in being only
. p— sKewness turns posiave v 0 . anq
> 0.2 P slightly positive
0 L 2 . ] . : Reff(drizzle) > 20 um can induce significant skewness fingerprints above the instrumental
o ) 1 0 ] 5 3 4 ) 5 3 4 noise (see upper panel in the figure below)
3 Doppler velocity [m/s] Doppler velocity [m/s] * high turbulence strongly dampens the signal: in this case only Reff(drizzle) of 40 um is
o C Reff(drizzle)= 40 micron, LWCratio=0.1% Reff(drizzle)= 40 micron detectable (see lower panel in the figure below)
T W T 20 seenas] -30 . : : : " -30 : : : : :
= ! _ :  pr L = P — Low turbulence, EDR= 0.0003
3. only cloud, ~\ — glqudlonlyl g.;ojo e T e —
- . LN gop b S e g wp R ; ; | -
g k o ' : ke) v ' o, = — . ! ' ! m | —
Negative Skew © I “ ==0.00 e A . > : : : ’ P > : ! % é 1.5 : ! : o —
c - 3 , K=3.00 1 3 : 3 : ! ; | ; : |
A & 0.2 ! | 3 -0.50.0 0.5 1.0 1.5 2.0 2.5 i'cg S0f------i asymmetry % Bl TR A AR W R e i é — pravil B
0"-, ! ' drizzle dominating pecomes % towalrds thelright % 5, 1.0 — Z?,ﬁﬂ =—_‘
the main peak, cldud part § V0] PN 1 R VO S A § Y1) ST S S . WL, N A § N
- _0500 05 1.0 1.5 2.0 2.5 generates asymmefry to the g (RS Y R e R CREEEEEEEEEEEE ]
-0.4F ~  DRIZZLE ONSET left, skewness turngnegative k) RSO VIEaiatar LI L VILIELEEELE: TRePEeb b BE e SR
. 70 -70 asymmetry 2
i ) ° Do 1Ie elozc'ty [m/?;] ’ ! ° Do 1Ie elozc'ty[m/gl ) rowards the right - LS
IV | rv I
> i % _ - PP stronger LWC ratio [%)]
. ! ) Reff(drizzle)= 60 micron, LWCratio=0.1% Reff(drizzle)= 60 micron for low LWC and
Positive Skew Y T o o . ] -30 , ; ; ; ™ -30F SRR 1) . T / htzefn - High turbulence EDR= 0.005
. ' : [ - 1 ! _ smoothed for higher T
' ' cloud only : ' ' 0.1% == : i :
—40 - 30 _ ! : —  drizzle only _ 0.5% LWC §
Reflectivit (dBZ) (ZE) % o NIV | convolution %-’: oy 5
wi . =2 2 - 5% 9O
4 (from Kollias et al, 2011) z B U A A B " 2
§ i b Anras :
s e P © P =
SN SUUUOTR O0 OUUONR I W O O SOSN8 i
3
X
n
-70 ' ' 1 ' ' ' ' Il ' l
-1 0 1 2 3 4 -1 0 1 2 3 4
Doppler velocity [m/s] Doppler velocity [m/s]

: o : s ouz01s  EXamples of case studles from Cloudnet classn"lcatlon
The current operational tool to discriminate drizzle and 12
. . Exam ples of 11 -Target classification
non drizzle vertical columns from ground based non drizzling n1§- Examples of Non drizzling Continuous ]
. . e g . . . £ B . .
observations at the JOYCE site (Julich, DE) is the intermittent = Vertical columns
Cloudnet classification. vertical g 4P ¥ ]
Cloudnet discriminates drizzle/non drizzl lati columns ? o e |- ~ N— —
oudnet discriminates drizzle/non drizzle populations 01%';0 e S S TR e A ooﬁ-oo MAIN MODEL CHARACTERISTICS
mainly on the basis of reflectivity thresholds. ' \ ' | ' Time (UTCY ' ' | ' Autoconversion schemes
1. itis a reliable classification for persistent situations —— 12r , 3 July 2013 : . . . , K: Khairoutdinov and Kogan 2000 Accretion schemes: Terminal velocity calculations
. . .. ) xamples o : . .
of drizzle/nondrizzle conditions (in the ZE-SK plane drizzling I ey A iy W S P K: Kerkweg et al. 2003, from tables B: Beard 1976
they occupy distinct well separated areas, see plot A intermittent g o peroso & nsects ' L: Liu et ZI 200p7 ' W: Wood 2009 L: Lhermitte 1988
. =\6 nsects . .
and B) Vertlcal ﬁ% Aeerc:rs'lmice clou roplets
2 Th ZE SK I f h 1 tt | columns * g: §::in§jceerfoo:edddfo :tst
. e ZE-SK plane ot the intermittent cases reveals 2 e e o ”p' - ddp iy Cloud part CloudaDrizzle Cloud part CloudaDrizzle
. H H * = ; |.7_f L i ::;;zr;'?amcou roplets 0 TTTTTTTTTT T TRITT T3 T77T] O[T T T T T T T T 77T 0 T T TT T T T TTT7T] O[T TS TI T TR TT T T T T T T 7117 1]
prObIemS n unambIgUOUSIV dlf'ferenl'latlng between U%: . . 12:00 16:00 gloucli droplets only o0 auFacKuB x\ ] i K L] auFacKuB P r ﬁ C
drizzle and non drizzle pixels (see plot C). Time (UTC) clearely auFackul | | | auFacKuL
auKackuB | ; Y] - auKacKuB A -
INFO ON THE DATA: 00| aukackul [ i % 100] oo AuKackuL i i 00f
JOYCE (Julich, DE), measurements from 3 case studies aulacKuB 3‘ } ‘ aulacKuB I i
27 hours non drizzle observations, 27 hours of drizzle observations. - aulackul ? - e aulacKul -
E i | E : g = 15 S
) . 2D histogram for Non_drizzle dataset . .. 2D histogram for Drizzle dataset . . 2D histogram for Transition dataset . :§ -2005 ;r E' -200? _g _2003 _g _200: LWC pr0ﬁ|e
S | ) 2 18 3 Clouds Drizzle
£ | i ’ S : . . 15 A 5 P A of
£ 0.0010f g g & . | Y & § i 5 15 S L] » Eo \ A 100]
. s £ 000088 %0.0004— a i | ; ///; a - ; ! ] 18 SR L] a A A L T ;
2 g 2 g 2 g - S ] & S O A A AN L
SINRRNNRRSARRNNRNNNRANRRNRRRNRRNNRRNNRNRARNNNE FLC i A WA A 00 02 04 06 08 10 12 1.4 00 02 04 06 08 10 12 1.4 é'Sooi
60 -50 -40  -30  -20 60 -50 40 -30  -20 VD[msA(-1)] VD[msA(-1)] 2
ZE[dBz] ZE[dBZ] : | | | ]
-2 . . . . , , 2 ] , . ! . , . 21 ‘ . . . . 4 : V2 N R B
-60 -50 -40 -30 -20 -10 0 -60 -50 -40 Refl -30 B -20 -10 0 -60 -50 -40 -30 -20 -10 0 0 Clouldl Fl)alrtl TTTTTTT] 0 T : |PI§U?TP|H:Z|Z||€|| T 0 Cloucjé??| T OfT T 7T :gl?lﬂq:Drlzflle: L —— 400 ]
Reflectivity [dBz] eflectivity [dBz] Reflectivity [dBz] auFacKuB N i auFacKuB ; ] r 2? ]
O auFacKul ' A | ! ! Fackul SE= ] i | = ; ] | | | :
2 vavos baer than 2005, | ENHANCING THE NUMBER OF OBSERVABLE FOR THE DRIZZLE DATASET Atransition in sign from ekl I 1 O s & NS N I
. ey . : : 4 = > : : — H E = ] 1 E 0.0 0.2 0.4 0.6 0.8
occur in continental drizzling . Reflectivity [dBz] _ . Mean Doppler Velocity [ms”(-1)] ' nhegative to positive asin the _100| auKacKul ; ; ] “100% % i 5 1 00| aukackuL = i ] 100 ’ %\: ; 1 LWC[gmA(-3)]
:  — L — s ! ! . - : ! ! . L : - L =)
clouds for LWP>200 gm- 0- : case of Skewness is also - aulackKuB . . : © aulackuB & : ] C | =
present for mean Doppler - aulacKul ] C Lulackul 2 [ ; 2B
: E E 1E - = E f | == LWP around 120gm
: velocity A g | s | & g2 f | 12 g
1 1 g 200 35 200 |5 200 S g 200} ; =
- 500 _ 500 g | g | 12 % s
A = =1 5 : 1 ; s L E
s s 5 5 | 5 s r = s . 2=
3 | N 301 3 £ £ -300| 2 -300} 12 -s00f S 2 300}
S oo | £ S 1000 I z | iz | = g |
g = 2 g -7 osp B 3 T > 2 EE = s s : We used:
8 — P X S S e o B4+ N=400cm?
g _ j : 5 -8 | Reflectivity, Rt T AT B AT I AT S
° 1500 — - ° 1500 - 8 mean 0 T - N N T -
E* : -50 : : 00 Doppler EIIIIEIIIIEIIIIEIIIIEIIIIE IIIIjlll}}IIIIEIIIIEIIII EIIII§IIII§IIII§IIIIE EEIlllélllﬂ?'llléllll5
— I : 005 010 015 020 025 0.30 005 010 015 020 025 030 -1.0 -05 0.0 0.5 1.0 10 05 0.0 0.5 1.0
i — e — | i ‘ i VeIOCIty' SW SW SK SK
2000 | | —— = om0 2000 - - spectral
0 50 100 e 200 250 300 0 50 100 150 200 250 300 width
[gm(-2)] LWP [gmA(-2)] skewness
. Spectralwidth [msh(-1)] | | ‘Skewness [upitless] and LWP * the choice of the parametrizations strongly impacts the resulting moments, especially for
Broadening of the spectra, - 0. Il — can be used
indicated by spectral width, . . skewness and spectral width.
increases close to cloud base I to better 5
- | ! characterize  Comparing with observations having LWP of 120 gm™, the Khairoutdinov and Kogan 2000
z % _. 500 the drizzle : : :
< - E sopulation autoconversion scheme seems to better reproduce the observed features in the vertical
L = o .
-g <\'/ 0.25 h = . . . .
g 2 ER g profile of reflectivity, mean Doppler velocity and skewness.
5 ! 5 e -1000 - E
-— = 0.20F o %)
@ = E 3
§ 3 g % 0.0f
@ I B 015 o »
"~ iS00 5 1500
T R References:
0-10 (1) Cloudnet - continuous evaluation of cloud profiles in seven operational models using ground-based observations. lllingworth, A. J., R. J. Hogan, E. J. O'Connor,
P P g8 g g
1 Skewness shows a transition -0.5 D. Bouniol, M. E. Brooks, J. Delanoe, D. P. Donovan, J. D. Eastment, N. Gaussiat, J. W. F. Goddard, M. Haeffelin, H. Klein Baltink, O. A. Krasnov, J. Pelon, J.-M. Piriou,
e e from positive to negative _ A. Protat, H. W. J. Russchenberg, A. Seifert, A. M. Tompkins, G.-J. van Zadelhoff, F. Vinit, U. Willen, D. R. Wilson and C. L. Wrench, 2007. Bull. Am. Meteorol. Soc., 88,
0 50 100 150 200 250 300 values occurring when LWP =+ 883-898
LWP lgm?(-2)] increases from 50 gm to 300 100 Py 250 300 : . . L . : :
gm2. It changes sign for LWP [gm*(-2)] (2) Separating cloud and drizzle radar moments during precipitation onset using doppler spectra. Edward P. Luke and Pavlos Kollias, 2013. J. Atmos. Oceanic
around 175 gm-2 Technol., 30, 1656—-1671.

ICTP 2016 - CFMIP/WCRP/ICTP Conference on Cloud Processes, Circulation and Climate Sensitivity, Trieste, July, 4-7, 2016



