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How do updrafts and embedded convection influence riming?

B. Baschek, R. Schefold, and E. Barthazy
Institute for Atmospheric and climate science, ETHrigh, Switzerland

Abstract. Experimental observations of the riming degree of tal snow growing mechanisms. The connection between

ice crystals together with a quantification of embedded con-updrafts, causing condensation, and riming is generally ac-

vective cells resp. of difficult to measure updrafts are scarceknowledged. However, experimental observations of the

Though their interrelation is generally acknowledged, a moreriming degree of ice crystals together with a quantification

detailed understanding of these processes is of interest fonf updrafts resp. embedded convective cells are scarce. How

e.g. high resolution weather modelling and the interpretationcan vertical winds be measured? What are suitable means for

of radar data. a quantification of embedded convective cells? What are the
During the field campaign RAMS | (Riming, Aggregation relevant time scales, which differ embedded convection from

and Mass of Snowflakes) precipitating clouds have been obupdrafts and what orographic influences are there? What are

served by the mobile high-resolution, vertically pointing X- the correlations to the microphysics of riming? The better

band radar (ETH drich) from the base of a mountain. Prop- understanding of these processes are of interest for, e.g. high

erties of the same cloud are measured in-situ at the top of theesolution weather modelling and the interpretation of radar

mountain by the HVSD (Hydrometeor Velocity and Shape data.

detector). Additionally the degree of riming is determined

by Formvar samples. The radar Doppler velocity is a combi-

nation of vertical wind speed and particle fall velocity. The 2 Setup of measurements for RAMS |

HVSD measures the latter directly. A method has been de-

veloped to correct for the time lag between the measurement$o answer some of the open questions, the field experiment
at the two stations through cross-correlation. By combiningRAMS | (Riming, Aggregation and Mass of Snowflakes) has
remote sensing and in-situ measurements, vertical winds capeen taking place at Mount Rigi in the Swiss Alps. This
be estimated. mountain has a steep rising front pointing towards the low-
For several case studies, correlations between the degregnds and the main weather direction. The setup (Fig. 1) is
of riming and vertical winds resp. a convective index - basedsplit up in two locations — one at the base and one close to
only on radar data — have been found. The correlation coefthe top. The steepness of the mountain allows to measure
ficients are approximatehy0.6 with a variation for different  variables on different height levels at similar horizontal po-
cases resp. parameters or filtering methods. The degree gftion. A precipitating cloud is observed by the mobile verti-
riming increased with increasing strength of updrafts. cally pointing X-band Doppler radar (ETHii#ich) with 1 s
temporal and 50 m spatial resolution from the foot of the
mountain. The radar is at 450 m above sea level, which is
usually below the melting layer, and is measuring and saving
the full Doppler spectrum of the precipitation particles with

This work is considering two different kinds of phenomena—0-125 m/s velocity resolution. For measuring the raindrop
a microphysical one (riming) and a dynamical one (embed-Size distribution, a Joss-Waldvogel-disdrometer is used. Ra-
ded convection) — and their coupling. Riming is the freez- di0 soundings are performed and the wind field around the
ing of super-cooled cloud droplets on snow crystals. It is'experlmental site is monitored with one resp. two C-band

besides deposition and aggregation, one of the fundamerPOPPIer radars, working in single- resp. dual-Doppler mode
(Wuest, 2001). Properties of particles from the same cloud

Correspondence td3. Baschek are measured in-situ close to the top of the mountain (1600 m
(Bjoern.Baschek@env.ethz.ch) above sea level, 1150 m above the radar). The snowfall

1 Introduction
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Mobile X-Band Radar~
Disdrometer, T, RH, p,..
Radio sounding

Fig. 1. Setup scheme with two locations, one at the base and the
second close to the top of the mountain.

Table 1. Classification of riming with increasing number of ac-
creted cloud droplets (Mosimann, 1995).

Riming

Degree  Description

0 unrimed

1 lightly rimed

2 moderately rimed
3 densely rimed

4 heavily rimed

5 graupel

is observed with a hydrometeor velocity and shape detec-

tor (HVSD, see Barthazy et al. (2004 in press) or SchefoldFig. 2. Formvar replica of an unrimed (class 0) crystal (a) and of a
(2004) for more details), measuring shapes and the size digiensely rimed (class 3) snowflake (b) — grid size 1 mm.

tribution of the ice particles and their fall velocities, which
are influenced by the degree of riming. In addition, ice crys-
tals are replicated with the Formvar method (Schaefer, 1956)
to determine their size, type and riming degree. This com-
bination of remote sensing and in-situ measurements gives E bedded i I u
multitude of information. moedded convective Cets or

Quantification of convection based on radar data only

cellular overturning” (Houze
and Medina, 2003) in stratiform (Houze, 1997) precipitation
could be a reason for riming. The classical separation into
stratiform and convective regimes of precipitation is quite
rough. A more detailed classification is needed for finding
3 Degree of riming a connection between embedded convection and riming and
for explaining differences in the degree of riming. Classifica-

) ) o tion of convection has been made before; by, e.g. Mosimann
Different methods and scales exist for the determination of, 1995) for vertical X-band radars via the variability of the

the degree of riming — the amount of accreted super-cooleq,aan Doppler velocity with a convection index,

cloud water on ice crystals. In this study a scale of six classes

(Table 1; examples Fig. 2), with increasing number of frozen IV— <V >|

on cloud droplets, has been used (Mosimann et al., 1994)¢ = T v, @)

The samples have been achieved with help of the Formvar

replication method (Schaefer, 1956). Riming is not only anas introduced by Mosimann (1995), which bases on data of
important growing mechanism, but it is also important for vertically pointing radars. The numerator tejun <v>, | is
scavenging, the transfer of pollutants from the atmosphere measure of the variability of the Doppler velocity, with v
into the snow (Poulida et al., 1998). being the Doppler velocity at a certain time and height and
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Fig. 3. Height time diagram (HTI) of reflectivity (a, [dBZ]) and Doppler velocity (b, [m/s]) for a 7 h period on 7 November 2002. An
increasing number of embedded convective cells can be seen.

< V >, the average over a period of time (in our study 5 This gives the same value range between 0 and 5, as the
minutes) at constant height. The average velocity as denonriming degree. For the following case studies= 0.6 and
inator term< v >,, gives smaller absolute changescokith thusB = 8.3 have been chosen. Depending on the time scale
fluctuations for higher average velocities. With the abovefor averaging, this convection index is strongly influenced by
definition the value of is becoming negative for negative the vertical winds, but only one instrument is needed for its
average Doppler velocities. determination.

The equation provides a value for every height step. If
wanting to follow the growth history of a snow crystal and o ) )
to consider how convective its environment has been during®  EStimation of vertical winds

its formation, an integration or averaging ofover height The Doppler velocity, measured by a vertically pointing

fuﬁa%?:s'gi':g'bsg;jgg E?'ﬁ;:i 25\0\$ac:i6ﬂ?2|r0;n0£/3e?:te Ver_adar, is a combination of particle fall velocity and vertical
. ' guial ty 'age Veind speed. The combination of remote sensing and in-situ
locity of 0 m/s. Second because negative values, afhich

- . L easurements gives the possibility to eliminate the influence
are describing even more convective situations, could cance . "
. I . . ! of particle fall velocities, because the HVSD measures the
with positive values while averaging. As a straight forward

. S particle fall velocities directly. After a lag time correction
:;S:g:_ a modified convection index,.q (Eq. 2) has been through cross-correlation of the data sets of radar and HVSD

can thus the vertical winds be estimated (disdrometers could
o k>aork <0, @) be used in a similar way in rain).
K else The radar is measuring the reflectivity and the Doppler
spectrum in “free air”. The Doppler velocitypvis defined
as the first moment of the velocity distribution,

Kmod = {

The originalx is cut at a constant value and the same
valueq is given to negative. For a comparison with rim-

ing, convectivity is computed by averagirg,, over height +00,  y . dv
(Eg. 3; n = number of height steps) and multiplied by a sec-y, jygar= —= v ) @)
ond constang; with« - 8 = 5. z

height, For a vertically pointing radar, the velocity v (Eq. 5) is the
Convectivity= 8 - ( Z Kmod) /N (3)  sum of the "intrinsic” terminal fall velocity ¥ of the parti-

height cles and the vertical wind speed w (updrafts negative sign; v,
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Fig. 4. Change in riming degree and convectivity versus time (a) b) Riming degree (Formvar)

and scatter plot of convectivity versus riming degree (b). The data

points of the last one and a half hours are marked with the empty tri-

angles. The straight lines are fits with (dashed) and without (solid)Fig. 5. Scatter plot of convectivity (a) with average time 5 min and

these last data points. vertical winds (b) averaged over eleven one minute values versus
riming degree for 90 Formvar samples of all 9 cases of winter 02/03
of RAMS .

v positive for falling particles), if assuming, that all parti-

cles are equally influenced by the vertical wind. tions during the calculation can be performed. Problematic

situations with strong vertical wind shear might be recogniz-
(5) able by comparing the computed with the measured Doppler
spectra.

The HVSD is measuring size distribution and velocity of  Finally, the vertical wind speed above the radar at the
hydrometeors at the ground. With the boundary condition,height level of the HVSD can be estimated. Therefore,
that vertical winds are zero (w= 0) at the ground, the the Doppler velocity, computed via the first moment of the
measured velocity is for each particle equal to the intrinsicHVSD Doppler spectrum, has to be subtracted from the
fall velocity: viysp = vr. Doppler velocity, measured by the radar at the equivalent

height of the mountain station:

The particles measured by the HVSD can be split into ve-
locity bins. If the radar reflectivity is computed separately W = VD.radar — VD,HVSD (6)

for these bins, a Doppler spectrum is achieved. For solid ice Thus, a separation of the influence of steady vertical winds

one could compute the reflectivity via the "reflectivity fac- : i .
, 6 . : . : from the influence of embedded convection on riming can be
tor” Y D°, with consideration of the smaller dielectric factor : .
done for this height level.

for ice spheres. For other types of ice particles, one has to
correct for the lower densities. In this study, a mass-size-

relation for graupel-like snow of medium density has beeng Case study

chosen (Locatelli and Hobbs, 1974) to compute the reflectiv-

ity - assuming Rayleigh scattering. For the computation ofA convective index (see Sect. 4) — based on the X-band radar
the Doppler velocity via the first moment only the shape of data - is used to quantify embedded convection in stratiform
the spectrum is relevant, the scaling has no influence. Thugrecipitation. For several case studies, a coupling between
only errors in the exponent of the assumed mass-size-relatiothe degree of riming and this index resp. vertical winds (es-
play a role. Furthermore, by comparison of the zeroth mo-timated by the method described in Sect. 5) is shown. From
ment of the Doppler spectrum received from the HVSD with the case studies, which have been taking place in the win-
the reflectivity measured by the radar, a test of the assumpter season 2002/2003, as an example 7 November 2002 has

Vradar= VT +W
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been chosen. Precipitation was caused by an occlusion. In _ 2.5
the chosen 7 hour period, the rain rates were relatively low 2 25
(per minute rain rate up to 7.3 mm/h, with 0.7 mm/h average 3 E
and 4.7 mm in total). Temperature at the lower station rose 215 .
from 4.2° to 6.22C, falling again for the last half hour. At 'g 1i-ﬁ\’\'g ®it e
the top station, the temperature ranged betweé&rs® and o 5 \.}q v *
—2°C. Figure 3 shows the height-time-indicator (HTI) of re- ; 0'5; i
flectivity (a) and of the Doppler velocity (b) for this period. > O s '.‘-f
A bright band with varying strength and an increasing num- 3-05 ‘e o
ber and size of areas with close to zero or negative Doppler 2 § .
velocities — a clear indication of embedded convective cells '1012345
— can be seen. The increase in cellular structure can even be a) Riming degree (Formvar)
seen in the reflectivity HTI.
The modified convection index has been computed, apply- 2'5;
ing Eqg. (3), and averaged over the height range 2km above > 2
the height level of the top station. The result is shown in 3 1 55
Fig, 4a together with riming. The degree of riming is esti- % e
mated from analysis of the Formvar samples, taken at the top > 1
station. At the beginning of the period, the degree of riming & 0.5
has been about 1.5, started then to rise and had at the end of g 0;
the period a degree of about 3.5. For computing the corre- > :
lation between riming degree and convectivity, the convec- < -0.5-
tivity has been averaged over the 10 min periods around the ST N NN PRV IO R
0 1 2 3 a4 5

Formvar sampling times (38 in total). A scatter diagram of .
convectivity versus riming degree is shown in Fig. 4b. The b) Riming degree (Formvar)
computed correlation is 0.67 resp. 0.77 if skipping the last

one and a half hours (marked with empty triangles), WhichFig' 6. Averaged Doppler velocity measured by the radar at the
had stronger convection height of the top station (a, [m/s]) and Doppler fall velocity mea-

sured by the HVSD (b, [m/s]) — both plotted versus degree of rim-
ing.

7 Discussion of the case study
of particles in the clouds. Equation 7 (Klett and Pruppacher,

The correlation between riming and convectivity, deduced1997),

from the straight forward modification of the convection in- ;.. 1 ) 3

dex, is astonishing high. If the regions with a negative —— / Ec(a1+a2)® (Vr1—Vr2) ayn(az)daz,  (7)

Doppler velocity are large — as in the last one and a half hours

of our case — an increase of convectivity with higher riming is describing the increase in mass of a raindrop (mass

can be seen, which is stronger than the slope of the linearadiusai) by collecting smaller raindrops (a2) is the quan-

fit. This can possibly be explained by the non-linearity of the tity for a given radiusaz) with a collection kernelE, and

riming scale. The increase in rimed mass per riming degreeelative velocities (¥ 1 — vr.2). Applying this standard col-

is much smaller for low than for high riming degrees. lection equation to riming, it can give us some ideas, what is
Besides, the modified convection index is quite strongly happening during riming, taking the large collecting raindrop

influenced by updrafts. Here, the averaging time for the com-Jor the ice crystal and the collected smaller raindrops for the

putation of convection index is equivalent to the relevant timesupercooled cloud droplets. Besides convectivity and vertical

scale of the updrafts and could discriminate between differ-Winds, there might be other influencing factors, e.g., concen-

ent sizes of embedded convective cells. The different behavtration, size and habit of ice CryStaIS, and size distribution of

ior for varying averaging times will be looked at in the future. cloud drpplets, a_n.d wind speed and turbulence, influencing

As a first step (see Sect. 8) the influence of the particle falithe relative velocities.

speed has been eliminated, to directly get the vertical winds

gnd to separate the influence of steady vertical winds by th% Extension to other cases

in Sect. 5 above described method.

Steady (orographic?) vertical winds are not captured byFigure 5a shows a scatter plot of convectivity versus riming
the convection index. They are likely to have - compared tofor all the cases of RAMS | in winter 02/03. For the deter-
embedded convective cells - different influence on the rela-mination of the degree of riming, Formvar slides have been
tive particle velocities, condensation and the residence timeselected after the following filter rules: the temperature at
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Fig. 7. Lag time field for the case November 7, 2002. The black and white scale gives the correlation coefficients for different lag times
(y-scale) at specific times during the case (x-axis).

02- Figure 6a shows the average velocity measured by the

0.0 3 - radar versus riming degree at the height of the mountain

02 . station and 6b the Doppler fall velocity measured by the

0.4 s HVSD. The difference between these two plots corresponds
g""s P [ to the vertical winds (Fig. 5b). The terminal fall velocity in-
ol o8 ' ~ creases as expected with increasing riming. Interestingly, the
% 1o . i o Doppler velocity measured by the radar is decreasing with in-
£ 4 creasing riming. For riming of about 3.0 to 3.5 the particles
g "': . are even in average floating at the measuring height.

-1

1.8 -

-2.0 L .

o LT 9 Conclusions and outlook

0.0 05 10 15 2.0 25 3.0 35 40 45 5.0
Degree of riming For a case study, a correlation could be found between the
degree of riming and convectivity, caused by embedded con-
Fi_g. 8. Scatter plot of V\_/ith_ lag time fields re-calculated vertical \active cells. They can be seen in the reflectivity and Doppler
winds versus degree of riming for the case November 7, 2002. data of the X-band radar — quantified by a convection index.
An application to other case studies shows a similar connec-
the top station had to be below —1°C, the rain rate at the tion, but with a stronger rise of convectivity for higher riming
bottom station above.0 mm/h and furthermore, the lag time degrees. This might be due to the non-linear character of the
had to be below 700 s to make sure, that both measurement#iming scale or a too strong weight for negative average ve-
where in the same cloud without big developments. The redocities in the modified convection index. Further analysis
maining 90 Formvar samples correspond to 900 min of meawill have to be done carefully, simpler indices will be tested
surements. Again, an increase of convectivity with higherand meteorological conditions and other microphysical as-
riming can be seen, which is stronger than the one of the linpects have to be considered. Further plans are e.g. to iden-
ear fit in the above case study. Figure 5b shows for these Fottify with help of the dual Doppler wind fields special syn-
mvar samples the corresponding scatter plot of the verticabptic and orographic situations, which are the reason for the
winds. They have been estimated following the method de-generation of embedded convective cells in stratiform win-
scribed in Sect. 5 and are averaged over eleven values, whidier precipitation and thus creating prerequisites for riming to
each have been computed for one minute. The plot is quit@ccur.
similar to the one with the convectivity, but the convection  With help of a combination of remote sensing and in-situ
index has the advantage, that only one instrument namely aneasurements and a new method, the particle fall velocities
radar is needed. The above defined convectivity is mainlycan be eliminated from the Doppler radar velocities and the
determined by the vertical winds. This is also depending onvertical winds can be estimated. This gives a tool, which is
the average time, which in future will be investigated in more more complicated than the convection index because it needs
detail. a second instrument, but directly analyzes the influence of
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