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Observations of Bright Band G.P. Cox and S.A. Clough

T Introduction

The extensive spatial coverage of precipitation information provided
by radar is used in many fields including hazardous weather detection,
forecasting of precipitation areas and hydrological measurements. Accurate
quantitative measurements, which may be required in such applications, rely

upon prediction of the precipitation rate from observed retlecuhvkby;w A

simple Z-R relationship such as:~

2=200R1+6 (Marshall and Palmer, 1948)

Errors are likely to be much greater |

either snow or melting snow. The Z-R relat

- inappropriate because of the lower refr

particle distribution.
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3 ring of high reflectivity around the radar commonly knoun as thefﬁr&gh o S
band. One way of still obtaining quantitapive precipitation measurements
after having identified the bright band .is to correct the observed . i o b

reflectivity using an assumed vertical reflectivity profile (Smith; 1983).

i The accuracy of the corrective procedure will be a strong function of the
model bright band profile used and thus a more detailed knowledge of bright

band climatology (Smith, 1983) and a thorough understanding of relevant

microphysical processes are required to enable improvements to be made in

current corrections.

vian:  ennlis0l loy i 2! b . ’

The interaction of microphysical processes within the melting layer is
complex and many important facets of the transformation between solid and

Particle aggregation and

liquid hydrometeorg are not well documented.
breakup and the mechanics of particle melting and collapse are not well

understood. The relative importance of these proeesses varies with
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well understood (Seliga and Bringi, 1976) but as with reflectivity this 13

not the case in the melting layer.

In this hote we discuss aircraft and dual polarisation radar
observations of the melting layer. The Meteorological Office's C130
aircraft flew to the ﬂest of the Chilbolton radar and simultaneous dual
polarisation and 1n-siéu microphysical measurements were made in light
stratiform precipitation. Opservations above the melting layer from the

same flight were presented by Bader et al (1986). The main aim of this

study is to report and interpret changes of the raggr¥prorile*1n:the;bﬁight’;;

band as precipitation rate and type vary.

In 1983 the Maypol experiments provided some important observatiqns of




do not allow a firm conclusi&i’. It seems likely that the lattor approach

)
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is correct since microphysical studies (Ono, 1969. Cho et al, 1981"Hagonoilz
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and Nakamura., 1965) have shown ‘that both single crystals and asymnetric

aggregates are likely to fall in a stable configuration with their largest

i

axis horizontal. We present here images of melting particles which also
support the interpretation of Atlas. In this study we identify three
different bright band archetypes. Using the Atlas model we are able to
interpret the observed structure of the bright bands in terms of
hydrometeor type and melting behaviour.

i

In section 2 we describe the experiment and observations. In section 3 we

- e

present our results and attempt to account for variations in terns of

relevant physical processes. Finally in section 4 conclusions are drawn.

2. Instrumentation and Experiment




2-D Knollenberg image probe observations, Johnson ﬁ;lliéﬁﬁfiiq;id .
water contents and temperature data are available from the girqrhft: ‘Théhﬁ
cloud (2D-C) and precipitation probes (2D<P) were both used_(Knoliénbeﬁg;*ﬁi;
1970). The former samples particlesjpassing through 2 0,8mnm window acrst
the flight track with nominal resolution of ésum whilst the latter has '
6.4mm window with 200um resolution. The 2D data and subsequent analysis
provide 2 dimensional images, spectra and bulk parameters suehJas Eéinfall

rate, which are derived through the application of Cunningham's, (1978)

rbrmulae for a chosen precipitation type; Due to the sensitivity of bulklc;

parameters to assumptions of habit and density they should best be regarded

as semi-quantitative.

e %

During the flight the aircraft made 10 level ruﬁs”aiong’a;h&diéiéiﬁaéiiff1“'

to the West of Chilbolton. The stratiform precipitation observed was
uniforaly light (< 1mm/hr) and lasted throughout the period of the
oy

experiment. Wind information is available from the nearby Larknil
radiosonde ascent, and also the’aircrart'5%3uﬁp55§§§§§$13§8- !
indicate that the winds above the melting layer

South Easterly with approximately unidirect

pax

westerly direction during the da
details are available |
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3 Results

X% Radar and Aircraft Observations of -the Brggpt

In this section we present results from the 2 aircraft runs above the
melting layer together with appropriate radar'data. The’firgt‘run is atfan'
average temperature of -2°C and the second run $87at - ~0,590 " In'érdeé”ﬁé} ‘
directly compare hydrometeors observed above the melting layer with radar
observations of the meitlng layer itself, range corrections aré>appliedjto
take account of the hydrometeor trajectory_ln the relevéntllayer; ‘
Additionally a fufther correction must be made to account foh'ﬁhe.moveﬁeﬁt

of the system as a whole in the short period between radar and

-

microphysical observations. Numerous radar 'hits' pinpélnt‘théfpoéftiéﬁﬂﬁt5'

the aircraft to within 300m so that whén the appropriate correétions are

applied to the two runs, radar observations of the bright band and




to 1.4 km height) are shown. The precipitation rates given by 2D data feﬁf,
both examples are roughly 50% lower than those predicted=bivthe;seee
khon-Srivastava (1970) Z-R relationship.for snow, a result which seems

acceptable considering the semi-quanﬁitative nature of bulk parameters and

TN T e

their sensitivity to universal assumptions concerning particle;type and

density. In example 1. two precipitation maxima can be seen, one at 35 km_ ; ~" ,7 i
and a second at 46 km corresponding to the 2 fallstreaks which are clearly‘

derined in the radar reflectivity at upper levela. The rainfall rate in

example 2 exhibits an extended maximum suggesting 2 merging fallstreaks

though with no further information firm conclusions cannot be drawn. : i 2 e

‘wanemeﬁée Rike ey 3 MGan Particle distributions for both examples show that larger, faster falling

o elements have a downshear bias, probably resulting from a shear sorting :

gﬁﬁhéjfféﬁq‘eﬁ; e o process (Gunn and Marshall, 195‘3)t The largest particles in both exalples

are small aggregates of several crystals only. 3 

.

Theoretical studies of the bright band%(egfnissanéwake etjel.f1983)'l

predict a strong positive correlation between precipitation rate and}peak

reflectivity. ue compared the pnecip&tabien ratas,nbtainedv

system with the peak'hright:hand»neflecttyixywnff‘

This averaging preeeos redwgaa ‘some eﬁ@m

brisml.m%pmmw.ﬁmmmmmuf,'



In comparing the precipitation rate with bright band profile we

observe 3 types of bright band and define each archetype as follows:~

Observed in precipitation ~ 0.3 mm/hr.

Peak in ZDR lower than peak Z.

- 9,1\: .,jtﬁuga_,-’_
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Figure 6 shows images of h&drométeors observed within tne”hslging
region during the third and fourth passes. Bulk parameters obtained by the
2D system are unreliable in the melting region so the preciplta?ion rates |
of each sample have been inferred using the regression relationsﬁip betwgeq

peak reflectivity and precipitation (figure 3). We have chosen samples

: pnled Khag ooo having similar precipitation rates so that the differences betﬁeen each are

probably due to the melting process rather than any initial diversity of
precipitation type and size. In the first sample at +0.7°C the rounded
form of single crystals and aggregates suggests that smaller elements are

already water coated. No elements larger than 200um are entirely water,

>

o

though by +1.1°C droplets of 600um can be seen and remaining ice elements

are virtually indistinguishable . Finally at +3.1°C the only surviving

solid elements are large smooth edged aggregates.

surprising.

Firstly, the groar._er‘ thernal capacity of 1large

B



than identical elements.

III. Microphysical Interpretation of Bright Band profiles

Type 1

This archetype was observed in light precipitation (<0;35 m-/ﬁr) ahd it

and ZDR peaks occur at the same height.
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j: predicted. This weak bright band characteristic of singie ebystals'can.bé' 

seen in figure 7. Peak ZDR values are theoretically greatest when planar
crystals of high density (Dissanayake et al, 1983) are present though the
1 pb dependence of the reflectivity factors Zy and Zy 1mplies that observed?

ZDR values tend to be dominated by the largest elements present. Below peak

reflectivity the decreasing axial ratio and consequently increasing bRl g

fallspeed of melting elements reduces Z and ZDR simultanéausiy;>

The various height regions depietad 1n rigure«u ean be

of physical processes as follows:

yLBile



C-D Z continues to increase as larger hydrométeors'becone"“*’

electromagnetically wgt, though single crystals begin ;o’eoxlapae'and

the reduction in axial ratio gives the observed fall in ZDR to 0.8 dB.

The increasing reflectivity of aggregates with axial ratios nearer to

1 will also dilute ZDR values.

Z decreases as the ice structure of hydvometeors begins towcollapse.
Small crystals fully melt to droplets likely to have zere zn& (see

figures 8, 9). As aggregates melt Fukuta et al (1983) obaenve ehe
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Type 3 This archetype was observed in heavier precipitation "

(0.35 mm/hr+0.5 mm/hr) and has a single peak in ZDR below the peak

reflectivity (eg figure l4ec).

“*
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Archetype 3 can be explained using Similarrarguments to archetype 2.
-‘The upper peak in ZDR.is not visible in the type 3 brigﬂt band, probably
because the relative contribution to the reflectivity by smallvaligned
hydrometeors is reduced in heavier preeipitation, ie larger aggregate ' Qx;.;
particles mask expected high ZDR returns. In hoavier precipitation (- 0 3 :

mm/hr) aggregates become more eoauon. !okoyaua and Tanaka (1981) calcula&e

that reflectivity may increase by up to 15 dB as they melt due to the vaat

>

change in the rerractive index of the low-dehsityziee-air stpnctureiaégi.

becomes water coated. As precipitation rate and the number or aggresate

particles increases the dirrerence betueen -axiuuu reflectivity and the

"reflectivity of the ice preeipitation nay thus exceed 7dB. Groater

S Py
_3;;} e S
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melting region, in heavier precipitation a wider épeetrunrofigeltﬁng_

particles which will deepen the bright band will also tend t°*8aparaee'z‘(7f

and ZDR peaks.

4, Conclusions ‘ RN T
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The main aim of this study was to report and interpret variations of';{f,'

the dual polarisation radar profiles (Z, ZDR) in the bright béndvas' : f 7

precipitation rate and character change. In order to do tﬁiavdﬁal :;ﬂ

polarisation radar measurements and simultaneous aireraztxabéééiitiéasea@ﬁei

made and observations were compared“onikiiametre@écales;;fkﬁétﬁisftiﬁéfﬁéi

are limited specifically to bright band mmmgamn in

In this study we observe three characteristic

profiles in the melting layer. In very light precipita

the peaks n Z and ZDR are similtaneous be

o2
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_ice/water structure late in the melting process.

As the precipitation rate and width of partlcle speetrum increases the

level of maximum reflectivity is lower-ed. 'me reduction in height is

~ presumably due to real depression of the melting layer and the presence"b"f..?'

increasingly large elements which become electromagnetically wet at loﬁerl

g

levels. A second peak in ZDR is observed below the level of naiimn_

frerlectivity because 61’ th_e collapse of melting hydrometeors to an oblate

This is the second

_archetype.

In heavier precipitation (> 0.35 mm/hr) the upper peak 4:1',71&;1,3;“ Jost

' because the relative contribution to ZDR of single crystals 1a

reduced by more reflective quasi-sphet:ical aggregat,es. ~ The J;nird‘arehetgpe
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RHI Reflectivity scan for the aireraft run at a temperature of -2°¢

RHI Differential Reflectivity scan for the aireraft run at a

temperature of -2°C.

RHI Reflectivity scan for the aircraft run at a temperature of

—Ov 5°C'

RHI Differential Reflectivity scan for the airecraft run at a

temperature of -0.5°C.

Precipitation Rates along both runs diagnosed from the 2D

Knollenberg probe data.

Precipitation Rate vs peak reflectivity; least squares regression

line.

Precipitation Rate vs height of bright band; least squares

reqression line.

Illustrations of bright band archetypes.

Distribution of the archetypes along the two runs studied.

Images of melting hydrometeors; precipitation rate =0.3 mm/hrt
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