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Abstract—A mesoscale atmospheric model Weather Research due to their striking resemblance to tails [8]. ISkind of
icing is known to be formed from supercooled wateud

- : T

& Forecasting (WRF, ver. 3.2.1) was used to reconsict mid-
spring episodes of soft rime formation at the Mt. Zo, Japan,
during 19-29/4/2009. Interesting form of soft rime was
observed at the Karitadake peak (1758 m). It was msented
by feather-looking opaque aggregates of ice 15-35%nclong,
called “shrimp’s tale” in Japanese. Based on an amgsis of
model-generated results we could 1) find a good quottative
agreement of modeled and observed meteorologicafte series
at Jizosancho ropeway station; 2) could identify tw icing
events (lasting for 26-41 hours each, with temperates
between -6.3° and —0.1°C, strong westerly winds up 26 m $
! and liquid water content up to 0.72-1.05 g )
corresponding to a passage of low pressure systems)
confirm that a high resolution modeling (1.1 km) wa much
more accurate than simulations with coarser gridsX0 and 3.3
km).

WRF model; in-cloud icing; rime; "shrimp's tail"; Mt. Zao;

. INTRODUCTION

.

Figure 1. Photo showing build-up of a so called ‘shrimp’d’ tdine.

droplets colliding with objects. It is related tosa called
“dry growth”, and are being called “rime” [1]. IrhiE
particular case - “soft rime” due to its low degpgit3 g cn?
[9]. Similar feathery structures can be recognipedity
often at photographs from all around the globe shgw
objects covered with agglomerated rime mass. Thdangh
our case, every single formation (15-35 cm) wasemed
by individual independent structure, beautifullgratning

Importance of ice accretion modeling and lack ofout of a single point where it was attached to aeifiee
measured icing data have been discussed in manksworsurface. In this particular study, we attemptedejoroduce

([2]-[3])- Probably, the most quoted disaster, egkiying
significance of atmospheric icing on structuresuomd in

meteorological conditions responsible for a formatiof
such distinct discrete rime structures (when alnmaghing

January 1998 in Canada, when more than two milliorwas known on ice accretion evolution in time).

people were left without electricity [1]. Excepamismission
lines, other risks are associated with transpadtaagrowing

economy of clean power generation by wind in harsh

conditions, icing of meteorological instruments [&] in-
flight hazards. Scarcity of available data and clexity
with measurements of some critically important paeters
for icing models, like cloud liquid water conte@L(WC) or
median volume diameter of the droplet size distidu[3],
could be overcome by use of fine-grid weather faséc
models [4]. In the present paper, we would likepgsform
validation of the Weather Research & ForecastindqRB)V
atmospheric model and to demonstrate how somecpkarti
atmospheric icing events of ground-based strucatrésgh-
altitude mountain area could be identified by moudgl
means, despite an extremely small amount of supgart-

Il.  AREA DESCRIPTIONSMETHODS AND MATERIAL
STUDIED

A. Study site

Mt. Zao presents an active volcano at the Northern
Honshu island, Japan (38.14° N, 140.44° E), locéted
approximately 50 km from the Pacific Ocean. It is a
complex exposed ensemble of stratovolcanoes with a
maximum elevation of 1841 m. Zao is famous for its
impressive and well studied low density ice acoreton
trees, referred in Japan as “ice monsters”. Meshamiof
rime formation at Mt. Zao and its chemical-composit
could be found in [9]-[11].

situ measurements. For examples on comprehensive studie

using WREF for icing simulations the reader may rédg4]-
[6]. Peculiar ice deposits, discussed in this studgre
observed on vertical surfaces at the top of Mt., Z&pan,
on the 29/4/2009 [7]. These accretion forms showtha
photographs (Fig. 1) are called “shrimp’s tails"Jiapanese,

Meteorological data

Meteorological data from Jizosancho ropeway stafion
38.15°, E 140.43°) we kindly provided by Zao Ropgwa
Company. This site is located 1661 m asl and aBaukm
northwest of our place of interest at the Karitadgleak
(1758 m asl, N 38.12°, E 140.44°), where photogsapére
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taken (Fig. 1). The measurements were based orlyhourD. Method for detection of in-cloud icing episodes

instantaneous manual records of air temperatlife gnd

wind, conducted only between 7 am and 5 pm (or Gaadh
6 pm), and for some days supported by operatoesrap].

The latter were particularly useful, since thererev@o

measurements of precipitation, CLWC or in-clouddciAir

temperature sensor were installed near to theostati3 m
above the ground; propeller type wind sensor wkxeeg at
the top of one of ropeway towers below the statain;25
m above the ground (location of the tower is ~160@sl).

No negative effects of icing on the sensors wepanted
during the period of interest.

C. Weather model WRF

Weather elements favoring formation of in-clouchigi
are known:; it isT, < 0°C, and CLWC > 0 (also meaning that
an altitude of an object of interest is above tloeid base)
[2]. For ice accretion modeling purposes the mogtartant
factors are rate of icing and duration of icing véVe do
not attempt to estimate the former, usually obthiftem an
equation called Makkonen model, employed for ice
accretion on cylinders [1], due to a lack of ang icad or
density measurements which could be used for mdese
Accordingly, we will determine only meteorological
elements, and would try to identify duration of nigi
episodes by means of modeling with WRF. For deéditsut
ice accretion estimates based on modeling resédtsetader

The atmospheric mesoscale non-hydrostatic modehay refer to [4] and [14].

Weather Research and Forecasting (WRF, ver. 3va%)
jointly developed by US National Centre for Atmosphb
Research (NCAR) and several other institutions.[B&jng

I1l.  RESULTS AND DISCUSSION

developed as a community modeling system, WRF glowl A, Model output and observations

replaces its predecessor, the MM5, and is widelgdus

nowadays for a wide spectrum of weather predictiod
research applications [5]. WRF includes
microphysical processes, in particular, the Thompdoud
microphysics scheme [14], that allows to focus weloud
icing. For the present study, simulation were maita a
triple nested domain (10, 3.3 and 1.1 km horizowgad
spacing) for 10 days period during 19-29/4/200%.(2ia).
Nested domains, centered over Mt. Zao, were langeigh
to avoid any lateral boundary effects. We emplogtxbal

reanalysis data from the Global Forecast SystemEMNC
(with 1- horizontal grid spacing and 6-hourly productsy an
derived terrestrial data from USGS and MODIS ddtase
(with 100, 20 and 3@ horizontal grid corresponding to 1st,

2nd and 3rd domains) (Fig. 2b). Thirty five modevdls
were set up for vertical direction of the modelthaa top at

50 hPa. Before going into icing questions, we had t

perform ground control of the model results ex&dcit one
hour intervals. SimulatedT, and horizontal

components, by assigning azimuth degree valuearthral
directions and producing vector components.

“W @ ’«’ .
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Figure 2. (a) Nesting of 3 WRF domaingb) WRF surface topography

of the finest domain, d3, with the Pacific Oceartlmmeastern boundary of

the domain. Karitadake is indicated with a triangieosancho - by dot.

advance

wind
components (U, V) were compareditesitu measurements
at Jizosancho. For a quantitative comparison, we toa
modify reported wind speed and direction into U and

To compare simulated and observed values we are
eferring to the nearest grid point to real locatigalidation
ests were made to determine effects produced by
differences between the model and real elevatioassgd
by smoothing). The real location of the Jizosanapeway
station is about 1625 - 1661 m asl (see above étaild),
but the model height is only 1471 m asl. Similduaion
with Karitadake peak, which is reduced by 364 mntha
model. These reductions may affect variable fietdw] we
may expect harsher weather at higher altitudesscisify
for Karitadake. It has been shown that under such
conditions, CLWC should be extracted from the rezfht,
rather than the lowest model layer [6]. Some previo
studies on icing assumed equal temperatures for leigher
altitude differences between weather station arjécolof
interest (300—600 m), and roughly calculated wipeesl by
power-law relation [15]. We could not find any sifigant
differences between liquid water content extradteth the
lowest model levels. The best reproductionTpfand wind
observations could be achieved at the real heighdein
level (though improvements were very small compatm
surface level estimations). Accordingly, we woule b
referring to the real height model level fiyand wind, and
to the lowest model level for CLWC.

B. Ground control

We will discuss here only results produced by thest
domain (1.1 km, d3), and just note, that the latizd the
most realistic estimations. Coarser domains (103Bdm),
for example, have produced similar amplitudes amapas
of the curves fofT,, but approximately 5°C higher (d1),
thus showing almost no temperatures what woulddiewb
0°C. In general, a good agreement could be foundnfin
meteorological elements measured at the Jizosaaodo
predicted by the model, as shown on Fig. 3. Howewvéew
exceptions may be noticed, namely underestimateds
well as overestimated on 20 and 24/4/2009, and on
25/4/2009, respectively (Fig. 3a), and wind velesit
overestimated by the model on the 26/4/2009 (Fd). 3
Though, we see that the model has produced realisti
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estimations,
Simulated

including wind directions (Fig. 3b&c).
continuous  time-series and

consider a continuous variation of parameters inambrfor
icing, and to fulfill lacking night time measurentenBasing

day-time
measurements complement one another, allowing us to

- 2009-04-19 0:00
2009-04-21 0:00
2009-04-22 0:00
2009-04-23 0:00
2009-04-24 0:00
2009-04-25 0:00
2009-04-26 0:00
2009-04-28 0:00
2009-04-29 0:00
2009-04-30 0:00
2009-05-01 0:00

L
&
\>’ 2009-04-20 0:00

e 2009-04-27 0:00

Observations
——WRF_lizosancho

Air Temperature (°C)

5 —— WRF_Karitadake
on realistic WRF representation of meteorologitdaiments @ 27 - ._f
for Jizosancho, we also include modeled curves for 10—t ‘ ‘ : : !
Karitadake peak (Fig. 3), and show simulated CLWC 300 |
variation (Fig. 3e) for the both sites in attemptidentify ® 03 —Mw
potential periods of icing. 360 WindSpeed, U (ms?) | % : ;

38:8 ind Speed, V (m s?)
C. In-cloudicing © 1§§ ”M\W
Periods corresponding to predicted negative and 200 e : !
CLWC > 0 for Jizosancho and Karitadake are showRign © Zg | Wind Speed (m s.') r
4. Two prolonged episodes are clearly seen bet@8eand | W, A M
24/4 and between 26 and 28/4/2009. Few shortertgven 18 TN }g\;f&’ N o iy

could be also identified (1-3 hours for Jizosandma] 2-10
hours at Karitadake) (Fig. 4). Duration of the tlemgest
episodes (for convenience called here ‘the first ahe

second’), for Jizosancho was 36 and 41 hours, and f

Karitadake 26 and 32 hours, respectively (Fig. Both
episodes corresponded to a passage of low presgstams
(996 and 986 hPa) over the Northern Honshu area@fon
and 26/4/2009) [16]. In general, conditions wereshar at

Karitadake, except CLWC, showing maximum values for

Jizosancho (Fig. 3e). The prevailing wind directimodeled

2
‘ Liquid Water Content (g m 3)

(e) 1 1 bt .
oL Db ptiign

‘gig | Precipitation (mm & cm) . § 515
) Eos ; 356 \
o s e B8
P i i i

Figure 3. Meteorological elements modeled for kaldtke and Jizosancho,
and measured at the latter site, during 19-29/42@) T,; (b) U and(c) V
components of wind (+/- correspond to W/E, or Sitidations);(d) Wind
speedfe) modeled CLWC(f) modeled accumulated total grid scale snow

during icing events is from the West or WNW, with andice, and observed amount of new snow, repirtiba morning [12].

maximum wind speeds up to 26.0 m @ig. 3d). Fig. 5
shows vertical cross-sections of simulatedand CLWC
exemplifying the 1st and the 2nd icing episodesolild be
demonstrated that Mt. Zao is above the cloud baisedth
events, with maximum CLWC above the top, illustrgti
orographic lifting of air (Fig. 5). Icing period #aritadake
is slightly shorter due to not-continuous or diseap
conditions (Fig. 4), caused by variation of CLWGg(Re).
Behavior of the latter may be associated with gsiadi
effects of Zao peak on clouds, which is locatedvben two
sites. Both icing episodes, detected by WRF, agedewith
operators’ reports [12], noting presence of shrartpils 15-
20 cm long on trees in mornings of 24, 27 and 28@9

and recognizable on 29/4/2009 at Jizosancho (Fjg. 4

According to operators’ reports, rime, formed dgrthe 1st
episode, fully dropped off before morning of 26tétal
shedding of an accretion formed during the 2nd cejgis
happened until afternoon 30/4/2009 (Fig. 4). Shegidian
be a result not only of, above melting, but also of rain,
wind or gravity, and present not a trivial issuer fo
cumulative ice load studies. Some studies uselitabove
zero for 3 hours or more as a simple unloadingeigoit
[15]. If we refer to predicted, alone (Fig. 3a), we may
suggest that shedding should have started theniopday
(4 hours ofT, >0), and intensified during a long warming
episode (up to +3.7°C) between 25 and 26/4. Thoaglhit
was already mentioned before, modeling results reid
reproduce perfectly daytimg, measurements on 25/4 (Fig.
3a), so our conclusion has obvious limitations. oBec
shedding should have started during 8 hours oftigest,
on the next day (29/4/2009) when pictures werertaked
simulation time was over (Fig. 1 & 3a). Ropeway rapers’
report [12] noted a full drop off on the next da@g/4/2009

& a

>}

Tizosancho |
aritadak
x

4/19/2009000 1
1/20/20090:00
4/21/20090:00
4/22/20090:00
4/23/20090:00
4/24/20090:00
4/25/20090:0¢
4/27/20090:00
4/28/20090:00
4/29/20090:00
4/30/20090:00
5/1/20090:00

Figure 4. Timeline with periods there modeled patars are satisfying to
meteorological conditions usually associated witisloud atmospheric
icing. Filled triangles indicate operators’ rep@t®ut rime presence [12],
empty triangles — complete shedding; arrow - tirhemvFig. 1 was taken.

(whenT, was +7.6°C at Jizosancho). We should notice, that
“3 hours of H," approach [15] has its own limitations and
seems to be too simplified, since it does not spoad to
rime shedding during periods than obserVgdere positive
for about 7 hours (24/4/2009) or 8 hours (29/4/20889 it
was shown above (Fig. 3a). In order to see angrdiffces
between published joint distributions of wind ahd(used
for recognition of type of icing on transmissiomdi
conductors by field data [3],[8],[17]) and resutté this
study, we plot the latter on Fig. 6. It should hsed, that
approximate limits for the type of accreted ic&ki@wn to
depend on the shape of icing object, and shifhéoleéft of
the plot (Fig. 6a) for higher values of CLWC [3]hdse
limits seem to be applicable to our estimationsy quartly
for the Jizosancho (Fig. 6a). It appears that patars
obtained for Karitadake are falling mostly into raime’

or ‘glaze’ type of icing for our case (Fig. 6a)tis is right,
we have an indication that the low density ‘shrisfils’
observed on buildings and other large objects eveldped
under meteorological conditions that would cause hiane
or even glaze on small cylindrical objects sucp@ser line
conductors. An attempt to extend our dataset ardctade
synthetic values (i.e., selection of data wheresuesd wind
and T, values corresponded to times with modeled CLWC
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>0), also shows a distribution more typical forchame or
even glaze (Fig. 6a).

T
e woze e
Liquid vater contert, g m?
A1 R g

0 4 23 458 7 8 9 1 1112 0123456789 11112

Figure 5. WRF vertical cross sections (along ldgti 38.14°) of
CLWC andT, on(a) 09:00 am 23/4/2009 (JST), corresponding to tts fir
icing episode (wind: West), and @) 20:00 pm 26/4/2009 (JST),

corresponding to the beginning of the second ierigode (wind: WNW).

It is not very clear how these limits (Fig. 6a) kkbbe
employed — for example, could these be used touslpith
identification of correct icing period (e.g., groopdots

100 I

o = . (b)
Hard rime * zz;g~ ‘ .
80 || - 3 s>
. 10§ °% -"'3:
— &1 -
70 Soft rime, = § o'.o‘r.'e: \i J
R ) ° o
£ Briemperataiz e ° (a)
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Figure 6.(a) Type of icing as a function of wind speed (M andT,
(dashed lines - after [3$0lid blue lines — after [8]); blue dots - Jizosam
synthetic selection (see texth) Joint distribution “wind speed (km'h-

T," during in-cloud icing events at the Mont Belal7] and Zao.

with average wind speed about 5 fh and T, —-5°C for
Jizosancho; Fig. 6), or to show that observed a@etion
cannot be easily classified as a soft rime by ugingwn
criterions. To explore the icing classificationtuissin more
details, we consider obtained distributions in cargmn to
known data from the Mont Belair test site in Canfiig.
Fig. 6b shows that the form of these distributiogpresents
values typical for in-cloud icing with severe wispeeds.
Finally, it is necessary to note that conditionsal®ed here
for the Mt. Zao could be also found at other higbumtains
located within the boundaries of the finest don@®, Fig.
2b) (suggesting that similar rime could be formedzuma,
Gassan, Ooasahi-dake, lide, and limori Mts.).

V. CONCLUDING REMARKS

We conducted a numerical experiment with an ohjecti

to reconstruct ice accretion episodes at the Mo, dapan,

during 19-29/4/2009, by using WRF model. Obtained

the Northern Honshu with temperatures between —&mg°
-0.1°C, westerly winds up to 26 rit,sand CLWC reaching
as high as 0.72-1.05 gmExcept demonstration of a great
WREF potential, the obtained meteorological consgranay
be useful for scientific communities involved irgtochastic
or physical modeling of complex rapidly evolvingng
icing objects.
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