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ABSTRACT
The occurrence of a bright band, a layer of enhanced reflectivity due to melting of aggregated snow,
increases uncertainties in radar-based quantitative precipitation estimation (QPE). The height of the brightband layer is an indication of 0°C isotherm and can be useful in identifying areas of potential icing for
aviation and in the data assimilation for numerical weather prediction (NWP). Extensive analysis of vertical
profiles of reflectivity (VPRs) derived from the Weather Surveillance Radar-1988 Doppler (WSR-88D)
base level data showed that the brightband signature could be easily identified from the VPRs. As a result,
an automated brightband identification (BBID) scheme has been developed. The BBID algorithm can
determine from a volume scan mean VPR and a background freezing level height from a numerical weather
prediction model whether a bright band exists and the height of the brightband layer. The paper presents
a description of the BBID scheme and evaluation results from a large dataset from WSR-88D radars in
different geographical regions and seasons.

1. Introduction
The term “bright band” used in radar meteorology
refers to a layer of locally high reflectivity observations
associated with the melting of aggregated snow. The
phenomenon has been recognized since the very early
ages of radar meteorology (e.g., Ryde 1946; Austin and
Bemis 1950; Wexler and Atlas 1956; Lhermitte and Atlas 1963). The locally high reflectivity causes significant
overestimation in radar precipitation estimates if an appropriate correction is not applied (e.g., Koistinen 1991;
Joss and Lee 1995; Andrieu and Creutin 1995; Kitchen
et al. 1994; Smyth and Illingworth 1998; Westrick et al.
1999; Vignal et al. 1999, 2000; Seo et al. 2000; Vignal
and Krajewski 2001; Germann and Joss 2002; Bellon et
al. 2005; and references therein). Thus it is important to
identify those areas of radar observations that are af-
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fected by the brightband layer. Knowledge of the
brightband layer can also provide information about
microphysical processes in the precipitation (e.g.,
Takeda and Fujiyoshi 1978; Stewart et al. 1984; Willis
and Heymsfield 1989) and can lead to more accurate
rainfall estimation by using appropriate Z–R relationships (e.g., Smith 1986; Huggel et al. 1996). Further, the
height of the brightband layer is an indication of 0°C
isotherm and can be useful in identifying areas of potential icing for aviation and in the data assimilation for
numerical weather prediction (NWP).
Various techniques have been developed for automated identification of brightband layer from radar observations. Fabry and Zawadzki (1995) studied brightband structure using a vertically pointing radar with
very high temporal (2 s) and spatial (15 m) resolution.
They analyzed reflectivity profiles from five different
precipitation regimes in the area of Montreal, Canada,
and found that the melting of ice particles is not the
only mechanism for bright band. The shape, density,
and fall speed of the ice particles also play important
roles for the existence of a bright band. SánchezDiezma et al. (2000) examined impacts of radar volume
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scan sampling strategies on the observed brightband
peak intensity and depth using simulated data, and,
based on the simulation results, they developed a
brightband identification (BBID) algorithm. Gourley
and Calvert (2003) developed an automated BBID
scheme for the base-level reflectivity data from
Weather Surveillance Radar–1988 Doppler (WSR88D) radars and compared the brightband top and bottom heights obtained from the BBID scheme with
model 0°C temperature height and with observations
from a vertically pointing radar. The BBID scheme by
Gourley and Calvert (2003) applies to each bin column
of the base-level reflectivity data and then averages the
bin-by-bin brightband information (e.g., bottom and
top heights) over space and time. The current paper
presents an alternative BBID scheme for volumetric
radar observations that is based on the mean vertical
profiles of reflectivity (VPRs). By using the VPRs instead of the base data, the scheme is largely simplified
and more computationally efficient. The new BBID
scheme is similar to that proposed in Sánchez-Diezma
et al. (2000) but is adapted to WSR-88D scan strategies
and was initially evaluated using the radars in the conterminous United States (CONUS).
Section 2 provides details of the new automated
BBID algorithm. Evaluation results from several radars
and two precipitation events are shown in section 3,
statistics of the BBID results from 134 radars in
CONUS for a 7-month period in 2007 are presented in
section 4, and a summary is provided in section 5.

2. Algorithm description
The automated BBID algorithm presented here comprises the following three steps:
1) convective and stratiform precipitation segregation;
2) computation of volume scan mean VPRs for different precipitation groups; and
3) brightband identification from stratiform VPRs.
A detailed description of each step is provided below.

a. Convective and stratiform precipitation
segregation
The occurrence of the bright band is most often associated with stratiform precipitation (e.g., Stewart et
al. 1984; Willis and Heymsfield 1989; Fabry and
Zawadzki 1995). In the meantime, not all the stratiform
precipitation systems contain a bright band (e.g., White
et al. 2003). To obtain an accurate estimate of the
brightband layer, the observed precipitation is segregated into convective and stratiform areas based on
vertical reflectivity structure. A radar bin column is
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identified as convective if one of the following conditions is met: a) a reflectivity at any height in the column
is greater than 50 dBZ (adaptable parameter) or b) a
reflectivity is greater than 30 dBZ at ⫺10°C height or
above (Smyth and Illingworth 1998). Temperature
soundings are obtained from hourly analyses of the
Rapid Update Cycle (RUC; Benjamin et al. 2004)
model. All of the radar bin columns that are not identified as convective are classified as stratiform. The first
of the two criteria in the current scheme is similar to the
“intensity” criteria in Steiner et al. (1995) except for the
actual threshold [50 dBZ in the current scheme, 40 dBZ
in Steiner et al. (1995)]. A higher threshold was used
here because the current scheme is applied to raw reflectivity data, while the Steiner et al. (1995) scheme
was applied on the interpolated/smoothed data. Further, the threshold is an adaptive parameter and can be
easily adjusted. The second criterion is similar to that
proposed by Smyth and Illingworth (1998). The current
scheme directly applies to each pixel column and does
not require searching and repetitive computations in a
moving window surrounding each pixel for the “peakness” criteria in Steiner et al. (1995), and it is therefore
more computationally efficient. The computational efficiency is critical in operational environments because
of the large size of the radar data volume and numerous
algorithms that need to be run simultaneously (e.g.,
velocity dealiasing, hail, downburst, tornado, and precipitation algorithms, etc).
Figure 1 shows an example of precipitation type and
the associated composite reflectivity field for a squall
line event that occurred on 24 May 2007 across Oklahoma and Kansas. The composite reflectivity at any
given location represents the maximum reflectivity
within the vertical column at the location. The red and
purple areas are identified as being convective precipitation in the leading edge of the squall line, with the
purple being a potential hail region. The light blue areas are associated with the trailing stratiform precipitation region (Fig. 1b), and the yellow areas indicate
where the bottom of radar echoes is above the freezing
level (e.g., RUC 0°C height). The consistency between
the two fields indicates that the simple convective/
stratiform segregation scheme is physically reasonable.

b. Volume scan mean VPR computation
Two mean VPRs are computed for each radar volume scan, one for convective and another for stratiform
precipitation. A volume scan of reflectivity data is quality controlled to remove nonprecipitation targets. The
quality control scheme (Lakshmanan et al. 2007) uses a
neural network approach that is based on horizontal
and vertical reflectivity structure, in addition to pre-
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FIG. 1. (a) Composite reflectivity and (b) precipitation type field, valid at 1200 UTC 24 May
2007. The white circles in (a) represent the bounds of the annular region where VPRs are
computed.

and postprocessing. The pre- and postprocessing utilize
spatial and temporal reflectivity filters and heuristic
rules based on radar scan mode and environmental data
to remove specific nonprecipitation echoes such as
speckles, sun strobes, biological returns, and anomalous
propagations due to nocturnal radiation cooling near

the surface. Details of the quality control scheme can be
found in Lakshmanan et al. (2007).
After the quality control (QC), reflectivity observations from all tilts in an annular region between two
predefined ranges (r1 and r2; see Fig. 2) are divided into
two groups based on precipitation types (see section
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FIG. 2. WSR-88D beam propagation path in volume scan pattern (VCP) 21 under standard
atmospheric refractive conditions and an illustration of brightband layer observations in VCP
21. Note that for the lowest 4–5 tilts, the top of each lower tilt is overlaid by the bottom of the
adjacent upper tilt. The bold gray vertical lines indicate the ranges between which volume scan
reflectivity data are used to derive vertical profiles of reflectivity. The solid gray area indicates
the brightband layer as if it is observed by very high-resolution vertically pointing radar. The
hatched area indicates the areas where WSR-88D observations in VCP 21 may be affected by
the bright band. The height of hm represents the peak reflectivity height of the brightband
layer, and ha and hb represent the brightband top and bottom heights that are determined by
the current BBID scheme (see text).

2a). The annular region is chosen to be sufficiently
close to the radar so that high vertical resolution of
reflectivity can be obtained in the final VPRs. And the
region needs to be away from the radar to avoid the
cone of silence in the immediate vicinity of the radar. In
addition, the number of data samples within a 20-km
radius of the radar is limited because of a terrain clearance rule in the QC scheme, whereby any radar bin
whose bottom is within 50 m of the ground is removed.
Empirical values of 20 and 80 km are currently used for
r1 and r2, which will give 194 400 data points, assuming
a volume scan of 9 tilts and 360 radials. The gate spacing of the reflectivity data used in this study is 1 km.
Reflectivity data for each precipitation type are further grouped into evenly spaced vertical layers according to the central height of the reflectivity bins. The
height of each vertical layer h(k) is defined as the following:
h共k兲 ⫽ h0 ⫹ k⌬h;

k ⫽ 0,

N ⫺ 1.

共1兲

Here k is the layer index, ⌬h (default ⫽ 200 m) is the
thickness of each layer, N (default ⫽ 98) is the number
of vertical layers, and h0 (default ⫽ 0.5 km above radar

level) is the height of the lowest level. Within each layer
the mean and standard deviation of all the reflectivity
observations (in dBZ ) are computed as follows:
Z共k兲 ⫽

Z共k兲 ⫽

1
M

M

兺 Z共i兲;

冑兺

1
M

k ⫽ 0, N ⫺ 1;

共2兲

i⫽1

M

关Z共i兲 ⫺ Z兴2;

k ⫽ 0, N ⫺ 1.

共3兲

i⫽1

Here Z(k) (in dBZ ) is the mean log-scale reflectivity in
the kth layer, Z(k) is the standard deviation, M is the
total number of reflectivity observations in the kth
layer, i is the index of reflectivity observations, and Z(i)
is an observed reflectivity value in log scale (dBZ )
within the kth layer. Note that all the reflectivities referred to in this paper are in dBZ, all the empirical
parameters have been adapted to reflectivity data that
were averaged in log units, and the use of vertical profiles of reflectivity for quantitative purposes (e.g., for
extrapolating reflectivities below the lowest radar
beam) is not warranted.
Two rules are applied to assure a representative and
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FIG. 3. Example volume scan mean VPRs valid at 1200 UTC 24 May 2007: stratiform VPRs from the (a) KTWX and (b) KICT radars,
and convective VPRs from the (c) KTLX and (d) KFDR radars. The bold horizontal gray lines represent the heights of 20°, 10°, 0°,
⫺10°, and ⫺20°C temperatures at the radar sites. The thin gray bars represent standard deviations of reflectivity values that went into
the mean VPRs.

robust VPR: (i) only reflectivities higher than a threshold (Z0) are included in VPR, and (ii) a minimum number (M0) of reflectivity observations with Z(i) ⱖ Z0 are
required within each height layer to get a valid mean
reflectivity for the VPR. Both Z0 and M0 are adaptable
parameters (defaults are 10 dBZ and 10, respectively).
If at any given layer a valid Z(k) cannot be obtained,
then a linear interpolation using valid Z values from
layers above and below is applied to get an alternative
Z(k). The interpolation is limited within a depth of
⌬hintp ⫽ ⫾1 km (adaptable). A three-point running
mean is applied to the final VPR to reduce random
fluctuations.
Figure 3 shows example VPRs from the same squall
line event as shown in Fig. 1. The stratiform VPRs
(Figs. 3a,b) are different from the convective VPRs
(Figs. 3c,d) because of the different microphysical processes in the two precipitation regimes. The brightband
feature is apparent in the stratiform VPRs (Figs. 3a,b),
while there is no brightband feature in the convective

VPRs (Figs. 3c,d). The automated BBID algorithm is
developed based on the mean stratiform VPRs. The
details of the algorithm are presented in the next section.

c. Brightband identification
Brightband identification is based on the volume
mean stratiform VPRs and a temperature profile at the
radar site. The VPRs are not averaged in time over
multiple volume scans. The single-volume-scan VPRs,
instead of temporally averaged VPRs, are used for the
brightband identification because the former is more
closely related to the instantaneous rain-rate field than
is the latter. The brightband layer identified in the current work will be used to delineate regions of potential
brightband contaminations in the rain-rate field. Figure
4 shows a simplified conceptual model of bright bands
that was proposed in previous studies such as Fabry and
Zawadzki (1995) and Sánchez-Diezma et al. (2000).
Above the freezing level (i.e., 0°C height), the cloud
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FIG. 4. A schematic illustration of the conceptual model of the
brightband layer in a vertical profile of reflectivity.

contains mostly snow. When snowflakes fall and enter
an environment warmer than 0°C they start to melt (ha,
Fig. 4). With the wet surface, the snowflakes become
sticky and easily aggregate into larger pieces. These
large snowflakes with wet surfaces are highly reflective
objects to centimeter- (and longer) wavelength radars
and result in a level of maximum reflectivity (hm,
Fig. 4). When the ice completely melts, the volume of
each hydrometeor becomes smaller, and large raindrops break and shed. Therefore, reflectivity decreases
quickly below the maximum level until the raindrop
size distribution reaches a balance (hb, Fig. 4). The automated BBID builds upon this conceptual model and
encompasses three objectives:
1) Find the local maximum in the VPR that is near the
background freezing level.
2) Check for the existence of a bright band.
3) If a bright band exists, find the bottom and top
heights of the brightband layer.
The search for the local maximum in the VPR starts
from 500 m above the model analysis 0°C height at the
radar site and continues downward. A 500-m cushion is
used to account for uncertainties in the model 0°C
height due to infrequent and sparse upper-air sounding
observations. Once the local maximum is identified, the
algorithm finds the height above (below) the maximum
level where reflectivity monotonically decreases by a
given percentage (default ⫽ 10%) of the maximum reflectivity (in dBZ ). A bright band exists if the following
criteria are met:
ha ⫺ hb ⱕ D0;

共4兲

ha ⫺ hm ⱕ D1;

共5兲

hm ⫺ hb ⱕ D1.

共6兲

VOLUME 25

Here hm is the height of the maximum reflectivity; ha
(hb) is the height above (below) the maximum reflectivity level where the reflectivity decreases by 10% of
the maximum; and D0 and D1 are adaptable parameters
that are constrained by the depth and symmetry of the
brightband layer. The parameter D1 is equivalent to the
parameter ⌬H in Fabry and Zawadzki (1995). Based on
their simulation results and our studies of several thousands of VPRs from the WSR-88Ds, an empirical value
of 1.0 km is used for D1, and 1.5 km is used for D0. Note
that these values are dependent on radar scan strategies
and the vertical resolution of reflectivity observations.
The D0 and D1 parameters will require tuning if the
algorithm is used on radars other than the WSR-88Ds.
If a bright band exists, its top and bottom heights are
defined according to the following:
BBtop ⫽

BBbottom ⫽

再
再

ha,

if

ha ⫺ hm ⱕ Dt ;

hm ⫹ Dt,

if

ha ⫺ hm ⬎ Dt ;

hb,

if

hm ⫺ hb ⱕ Db;

hm ⫺ Db,

if

hm ⫺ hb ⬎ Db.

共7兲

共8兲

Here Dt and Db serve as caps on the brightband (BB)
top and bottom, and the default values for Dt and Db
are 500 and 700 m, respectively. Different values are
used for Dt and Db to account for the different slopes of
VPRs above and below the brightband peak level (Fig.
4). The increasing rate of reflectivity above the brightband peak is usually larger than the decreasing rate of
reflectivity below (Fabry and Zawadzki 1995).
Previous studies with very high-resolution vertically
pointing radar data showed that the brightband layer
thickness is usually less than a few hundred meters
(Fabry and Zawadzki 1995). However, simulation results from Sánchez-Diezma et al. (2000) using a 10-cm
radar with 1° beamwidth showed that the impact of the
brightband layer on radar observations can be as thick
as 2 km. This brightband expanding effect due to the
radar beam spreading with range is illustrated in Fig. 2.
When the radar is operating in volume scan pattern
(VCP) 21, a brightband layer thickness of 500 m can
impact radar bins over a depth of 1 to 1.5 km within the
range of 80 km (see Fig. 2). Because of the beamspreading effect, radar-observed BB tops could start a
few hundred meters above the 0°C height (Figs. 3a,b)
instead of right at (or slightly below) the 0°C height as
the conceptual model (Fig. 4) indicated. Beyond the
range of 100 km, the expansion of the brightband influence is even larger (Fig. 2). Meanwhile the peak intensity will decrease with range because of the smoothing effect of the radar power density function (SánchezDiezma 2000).
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FIG. 5. Composite reflectivity for a winter precipitation event that occurred
in the south Texas region at (a) 0000 UTC 24 Jan 2007, (b) 1200 UTC 24 Jan
2007, and (c) 0000 UTC 25 Jan 2007.
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FIG. 6. Time series of the brightband top height (dark gray
squares) identified from the BBID algorithm and RUC analysis
0°C height (light gray line segments) from the (a) KEWX, (b)
KHGX, and (c) KLCH radars in Texas on 24 Jan 2007.

Since the current BBID scheme uses reflectivities
near the radar to identify the brightband layer, the resultant depth of the bright band will be smaller than the
depth influenced by the bright band at the far range
(Fig. 2). In addition, if a brightband layer is not distributed evenly in space and only exists outside the annular
region where the VPRs are computed, the current
BBID scheme would not identify it. If the freezing level
is near the radar horizon, and the radar only observes

VOLUME 25

FIG. 7. Time series of the brightband top (dark gray squares),
bottom (light gray triangles), and peak reflectivity (light gray
circles) heights identified from the BBID algorithm from the (a)
KEWX, (b) KHGX, and (c) KLCH radars in Texas on 24 Jan
2007.

the brightband top and perhaps the peak, but not the
bottom, then the current scheme would not be able to
identify the bright band. Therefore, the brightband existence and depth information should be used with caution when applied at far ranges. Note that the values of
Dt and Db are also adaptive parameters depending on
the radar data resolution and need to be retuned for
different radars.
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FIG. 8. (a) Hybrid scan reflectivity at 1230 UTC and (b) bias of the hourly radar precipitation estimates against collocated hourly rain gauge observations ending at 1300 UTC 24 May
2007.

3. Case studies
Figures 5 and 6 show BBID results from a widespread wintertime stratiform precipitation event that
occurred on 24 January 2007 in the south Texas area
(Fig. 5). The brightband layer was detected at three
radars (KHGX, KEWX, and KLCH) in the region over

a 24-h period (Fig. 6). The brightband top heights from
radar data are available every 5 min, while the model
analysis is only available every hour, and the upper-air
data are even less frequent (every 12 h). The brightband top height identified from the KHGX site showed
similar trend to the brightband top from the KEWX
site, and both time series had physically realistic
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FIG. 9. Brightband top (dark gray triangles), bottom (light gray triangles), peak (light gray circles), and RUC 0°C
heights (black line segments) from the (a) KTWX, (b) KEAX, (c) KICT, and (d) KVNX radars on 24 May 2007.

smooth transitions over time. However, the model’s
0°C height near the KHGX site showed some large
temporal variations at times around 0300 UTC and
1100 UTC, and after 1600 UTC. These variations appeared to be less physically realistic than those in the
brightband top time series. Therefore the brightband
top height identified from radar data could potentially
be used to improve the model temperature and cloud
analysis.
Figure 7 shows time series of brightband top, bottom,
and peak-level heights from the same event as in Fig. 6.
The average difference between brightband top and
bottom heights is around 1 km, indicating that the constraint for brightband depth (i.e., Dt ⫹ Db ⫽ 1.2 km) is
sufficient to encompass the BB layer with the 10%
drop-off of the peak reflectivity. The top and bottom
heights delineate areas where radar reflectivities are
potentially inflated. Radar precipitation estimation is
usually based on the reflectivity observations in the
lowest tilt. If the lowest radar tilt intersects this layer,
then an adjustment (reduction) is necessary to mitigate
the potential overestimation when the data are used for
precipitation estimation.
Figure 8 shows a squall line that passed across Oklahoma and Kansas on 24 May 2007 (Fig. 8a) and the

associated ratio bias map of the hourly radar precipitation estimation against rain gauge observations (Fig.
8b). Overestimations of 50%–100% occurred within
the trailing stratiform region as outlined by the red
polygon in Figs. 9a and 9b. The BBID results from four
different radars (Fig. 9) showed that a brightband layer
was detected in the stratiform region. The brightband
bottom height ranges from around 3.1 km (Fig. 9b)
above mean sea level in the northern part of the squall
line to 3.5 km (Figs. 9c,d) in the southern part. The
center of the polygon region is on the average about
125 km away from the surrounding radars. At this distance, the top of the lowest tilt is ⬃3 km above radar
level (Fig. 2), or ⬃3.4 km above mean sea level (the
average terrain height is about 400 m in the area).
Therefore, the lowest tilts from the surrounding radars
were affected by the brightband layer, and the subsequent radar precipitation estimates were inflated due to
the bright band’s high reflectivity values. This case
demonstrates the importance of the brightband information and the value of the BBID scheme in diagnosing areas of low radar quantitative precipitation estimation (QPE) quality.
All the brightband depths derived from the four radars in the squall line case are plotted in Fig. 10. Among
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discussed in section 2c, these BB depths are based on
radar observations in the close ranges where the VPRs
are computed. At far ranges, the depth of radar observations being potentially affected by the bright band
will be larger.

4. Long-term statistics of BBID results

FIG. 10. (a) BB depths derived from the four radars in the squall
line case as shown in Fig. 9. (b) A histogram of the BB depths in
(a).

118 volume scans in which a bright band was identified,
only three BB depths reached the upper limit of 1.2 km
(Fig. 10a). Most of the BB depths are between 800 and
900 m (Fig. 10b), and the total average is 925 m. As

The BBID scheme has been tested on 134 radars
(Table 1) in the CONUS domain for a period of 7
months from March to September 2007. Figure 11
shows the monthly averaged brightband top and bottom heights, height of the peak reflectivity in VPR, and
the RUC 0°C level. All the heights had a minimum
in April, which is likely associated with an unusual
cold wave that occurred across much of the central
plains, Midwest, and into the southeast United States
(more information available from the National Climatic
Data Center at http://www.ncdc.noaa.gov/oa/climate/
research/2007/apr/apr-cold-event.php) in early April
2007. The heights increased after April and reached a
maximum in August. The peak reflectivity was below
the RUC 0°C height for all months with an average
distance of ⬃100 m, and the root-mean-square difference between the two heights was 386 m. The brightband top appeared to be always higher than the RUC
0°C level because of the beam-spreading effect. The
brightband top and bottom heights were slightly nonsymmetric with respect to the peak reflectivity level,
and the BB top was a little closer to the peak than was
the bottom (the average height difference between BB
top and peak is 376 m, and the average difference between BB peak and bottom is 443 m).
The BBID results were further stratified based on
latitude zones, as listed in Table 1. Numbers of volume

TABLE 1. List of radars in the CONUS domain for BBID evaluations.
Latitude
zone

No. of
radars

25°–30°N
30°–35°N

9
36

35°–40°N

39

40°–45°N

36

45°–50°N

14

Total

Radars
KAMX, KBRO, KBYX, KCRP, KDFX, KEWX, KHGX, KMLB, KTBW
KBMX, KCAE, KCLX, KDGX, KDYX, KEMX, KEPZ, KEVX, KFDR, KFDX, KFFC, KFSX, KFWS,
KGRK, KGSP, KGWX, KHDX, KHTX, KIWA, KJAX, KJGX, KLBB, KLCH, KLIX, KLTX, KLZK,
KMAF, KMHX, KMOB, KNKX, KSHV, KSJT, KSOX, KTLH, KVTX, KYUX
KABX, KAKQ, KAMA, KBBX, KDAX, KDDC, KDIX, KDOX, KEAX, KESX, KFCX, KFTG, KGJX,
KGLD, KHNX, KICT, KICX, KILN, KIND, KINX, KJKL, KLSX, KLVX, KLWX, KMRX, KMUX,
KNQA, KOHX, KPAH, KPUX, KRAX, KRGX, KRLX, KSGF, KSRX, KTLX, KTWX, KVNX,
KVWX
KAPX, KARX, KBGM, KBHX, KBOX, KBUF, KCBX, KCCX, KCLE, KCXX, KCYS, KDMX, KDTX,
KDVN, KENX, KFSD, KGRB, KGRR, KGYX, KILX, KIWX, KLNX, KLOT, KLRX, KMAX,
KMKX, KMPX, KMTX, KOAX, KOKX, KPBZ, KRIW, KSFX, KTYX, KUDX, KUEX
KABR, KATX, KBIS, KBLX, KCBW, KDLH, KGGW, KMQT, KMSX, KMVX, KOTX, KPDT, KRTX,
KTFX

134
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TABLE 2. Number of volume scans that had a brightband identification for different latitude zones and for different months in
2007.
Lat/time 25°–30°N 30°–35°N 35°–40°N 40°–45°N 45°–50°N
Mar
Apr
May
Jun
Jul
Aug
Sep

FIG. 11. Average heights of BB top, bottom, peak reflectivity in
VPR, and the RUC 0°C level for 7 months from March to September 2007. The BBID results are from 134 radars over the
7-month period.

scans that had brightband identifications for each latitude zone and for each month are listed in Table 2.
Figure 12 shows average BB top heights derived from
radars located in different latitude zones. The variations of the BB top heights in each latitude zone were
similar to those in the CONUS domain average (Fig.
12), except that the BB top height for the highest latitude zone (45°–50°N) reached maximum in July instead
of August. These results are consistent with the surface
temperature records (assuming that the higher the surface temperature, the higher the freezing level) in the
National Climatic Data Center’s U.S. National Overview Reports (available online at http://www.ncdc.
noaa.gov/oa/climate/research/2007/aug/national.html),
which show that the average August temperatures set
new high records in eight central and southeastern
states. In July, the average temperatures set new
records in three of the northern mountain states
(Idaho, Montana, and Wyoming), while much of the
nation, from the Deep South to the Northeast, remained cool (http://www.ncdc.noaa.gov/oa/climate/
research/2007/jul/national.html). The BB top height for
the lowest latitude zone (20°–25°N) had small changes
from month to month, indicating relatively small seasonal variations of freezing level in this zone. The largest change of BB top height occurred in the midlatitude
zone (35°–40°N), where the monthly mean BB top varied from 3 km (MSL) in April to 5 km (MSL) in August.
The brightband layer depths derived from the BBID
scheme for the whole CONUS domain and for different

1383
2117
4090
6518
10 393
5968
8323

6752
6947
15 624
20 645
28 692
20 830
18 456

13 317
13 137
24 318
25 154
19 389
15 895
15 341

11 310
11 369
15 746
15 661
19 976
21 317
13 034

4893
3703
7731
9762
6950
6307
7439

latitude zones are shown in Fig. 13. On the CONUS
average, the monthly mean BB layer depth was ⬃820
m, and it changed little from month to month (Fig. 13a).
The standard deviation of the BB depth was ⬃200 m
and was slightly larger in the summer (June, July, and
August) than in other months. The small variability of
the monthly mean BB depth may be due to two factors:
1) the BB information is derived from a prespecified
annular region, and it is constrained by the radar sampling geometry in addition to the 10% reflectivity dropoff criteria, all of which are independent of time; and 2)
vertical distributions of the microphysical processes
(i.e., melting of aggregated snow) that define the BB
depth do not have significant time dependency, so the
monthly average BB depth remains similar. The small
variations of the mean BB layer depth are also shown
for different latitude zones (Fig. 13b), except for the
lowest latitude zone (25°–30°N). The relatively large
variations of BB layer thickness for that zone were
probably due to the fact that the majority of precipita-

FIG. 12. Average BB top heights derived from 134 radars located
in different latitude zones from March to September 2007.
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of WSR-88D data in the CONUS domain. The results
indicate that the BBID algorithm can provide physically realistic BB layer information that is consistent
with the conceptual model and matches the background
freezing level field from a model analysis. The brightband layer can provide information for identifying potential icing hazards for aviation and for NWP model
data assimilation. The bright band is also closely related
to the microphysical processes in precipitation and is a
very important factor for creating accurate radar QPEs.
The new automated BBID algorithm is stand-alone
and computationally efficient (average CPU for VPR
computation and BBID is ⬃0.5 s for processing one
volume scan data on a Dell PC with a 700-Mhz processor and 3.6 GB RAM). Forthcoming studies using the
BBID information include quantifying and mitigating
overestimation of radar QPEs due to the bright band
and rain/snow delineation in complex terrain.
Acknowledgments. Major funding for this research
was provided under the Federal Aviation Administration (FAA) Aviation Weather Research Program Advanced Weather Radar Technologies Product Development Team MOU, and partial funding was provided
under NOAA–University of Oklahoma Cooperative
Agreement NA17RJ1227, U.S. Department of Commerce, and through collaboration with the Central
Weather Bureau of Taiwan, Republic of China.
This research is in response to requirements and
funding by the FAA. The views expressed are those of
the authors and do not necessarily represent the official
policy or position of the FAA.
FIG. 13. (a) Monthly mean and standard deviation of BB layer
depth from 134 radars in the CONUS domain and (b) monthly
mean BB layer depth for different latitude zones from March to
September 2007.

tion systems in the region are convective or warm rain
processes, which do not have persistent brightband features.

5. Summary
A new automated brightband identification technique has been developed and evaluated across seasons
and geographical regions. The new technique is based
on vertical profiles of reflectivity from WSR-88D radar
data and a background atmospheric temperature profile. The VPRs are derived from volumetric data from
WSR-88Ds and are segregated for convective and
stratiform precipitation, and the brightband layer information is derived from stratiform VPRs only. The new
BBID scheme has been evaluated using about 7 months
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