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Bright band heights



Bright band height superobservations 
for 28 days in Jaunuary 2010

2170037 original reduced to 47975 superobservtions 



Bright band height superobservations 
for a day in Jaunuary 2010

82133 original reduced to 1767 superobservtions 
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Figure 0-1.  Observation concept of the PR. 
 

 
 
The IFOV is about 5.0 km and the swath width is about 250 km after the boost of 
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of rain (e.g., Battan 1973; Meneghini and Kozu 1990), 
the outputs of 2A23 are used by algorithm 2A25, 
where rainfall rate is calculated (Iguchi et al. 2000).

Table 1 lists the TRMM PR characteristics relevant 
to 2A23. The TRMM satellite altitude was boosted 
from 350 km to a more air-drag free altitude of 400 
km in August 2001 (Takahashi and Iguchi 2004) to 
conserve fuel and hence extend TRMM’s period of 
service. Hereafter, we simply call this altitude change 
the boost. The PR is a pulsed single-frequency radar 
operating at 13.8 GHz (Kozu et al. 2001). The normal 
range resolution is 250 m, but over-sampled data with 
a 125 m range interval are also available near nadir 
angle bins. The angle bin specifies the antenna scan 
angle; angle-bin number 25 corresponds to the nadir 
direction, and the angle-bin numbers 1 and 49 to the 
scan edges. At the scan edges, each antenna scan an-
gle, i.e., the off-nadir angle, is about ± 17°. The hori-
zontal resolution of PR on the surface, that is the foot-
print of the PR antenna beam, was 4.3 km before the 
boost and is 5.0 km after the boost. The remaining 
items in Table 1 are self-explanatory.

TRMM PR can classify rain type by examining a 
three-dimensionally observed radar-reflectivity fac-
tor (Z). Amitai (1999) proposed a TRMM PR rain 
type classification scheme that examines the storm 
height and horizontal gradient of Z at several heights. 
Algorithm 2A23 classifies rain type by examining Z 
both vertically and horizontally (Okamoto et al. 1998; 
Awaka et al. 2007).

Figure 1 depicts a flow diagram of 2A23 V6. The 
input data to 2A23 are from a level 1 TRMM PR al-
gorithm called 1C21 (Okamoto et al. 1998), where the 
received power is converted to Z, which includes the 
effect of attenuation due to precipitation, atmospheric 
gases, and water vapor.

Two different rain type classification methods are 
implemented in 2A23: a vertical profiling method 
(V-method) (Okamoto et al. 1998; Awaka et al. 2007) 
and a horizontal pattern method (H-method), which 
is based on the University of Washington convective/
stratiform separation method (Steiner et al. 1995).

In both methods, rain type is determined so that the 
rain type along a given antenna beam is the same. In 
other words, rain type is determined two-dimension-
ally in the horizontal directions. In such a case we can 
use a two-dimensional concept and say that the both 
methods classify rain type on a ‘pixel’ basis.

In the V-method, BB detection plays an essen-
tial part. When BB is detected along a given antenna 
beam, rain type for the beam is always stratiform by 
the V-method of 2A23 V6. (In the V-method of 2A23 
V5, however, rain type can be classified as convective 
even when BB is detected along the antenna beam 
if the observed Z at a height well below BB is very 
strong.)

Rain types by the two methods are unified, and 
2A23 outputs the unified rain type, which consists 
of three major categories: stratiform, convective, and 
other. The unified rain type is also determined on a 
pixel basis.

Algorithm 2A23 V6 also detects shallow rain, 
where ‘shallow’ means that the storm height is 1 km 
or more lower than the estimated 0°C height. There 
are two categories of shallow rain: shallow isolated 
and shallow non-isolated. Shallow isolated rain is in-
dicated when a single shallow rain pixel or connected 
shallow rain pixels are separated from the rain certain 
region (which is not shallow). Shallow non-isolated 
is indicated when the shallow rain is not shallow iso-
lated. (The flow diagram of 2A23 V5 is the same as 
in Fig. 1 except for the part of detecting shallow rain. 
Only shallow isolated is detected in 2A23 V5, where-
as both shallow isolated and shallow non-isolated are 
detected in 2A23 V6.)

The main categories of rain classified by 2A23 V6 
(stratiform, convective, and other) are characterized 
as follows.
(1) Rain type is stratiform (1a) when BB is detected or 
(1b) when Z of the rain pixel is not strong enough to 
be convective. This characterization means that most 

Satellite altitude 350 km (before boost) 
400 km (after boost) 

Frequency 13.8 GHz 
Range resolution 250 m (normal sample) 

125 m (over sample) 
Scan angles -17° to +17° (49 angle bins) 
Angle bin number: 

Normal sample 1-49 
Over sample 11-39 (for surface) 
Over sample 20-30 (for rain) 

Horizontal resolution 4.3 km (before boost) 
5.0 km (after boost) 

Observable range 15 km above mean sea level 
Swath width 215 km (before boost) 

245 km (after boost) 
Altitude change was conducted in August 2001. 

Table 1.   Characteristics of TRMM PR. 

Awaka et al. 2009



Bright band and the melting layer
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FIG. 1. Schematic cross section through tropical convection showing the altitude of the 08C
isotherm and the melting layer (bright band) in the stratiform rain region (after Leary and Houze
1979).

Stewart et al. (1984) found the bright band to be about
300 m lower than the freezing level in stratiform pre-
cipitation in a maritime-type system in California. In
studying five tropical thunderstorm cases during the
Global Atmospheric Research Program (GARP) Atlan-
tic Tropical Experiment (GATE), Leary and Houze
(1979) found a mean H0 of 4.5 km, and a difference
ranging from 2500 to 2900 m. Thus, the identification
of H0 in radar data is an indirect measure, with some
difference expected due to the melting time, of the al-
titude of Z0.
In order to have H 0 estimates for parts of the TMI

swath not coincident with the PR, and for passive mi-
crowave instruments on other platforms, Shin et al.
(2000, hereafter SNB) produced a climatology of PR
profiles and brightband altitudes for all PR nadir pro-
files that contain a distinct bright band. SNB examined
13 months of PR data from January 1998 to January
1999.
In order to evaluate global patterns of brightband al-

titudes and verify the relationship between brightband
altitude and temperature, this study compares the
TRMM melting-layer altitude estimates of Shin et al.
with the altitude of the 08C isotherm in the National
Centers for Environmental Prediction (NCEP) reanal-
ysis dataset. Because the NCEP reanalysis does not use
any TRMM data, the NCEP temperature profiles can be
used as an independent, consistency check on the
TRMM reflectivity profiles. Conversely, the TRMM ra-
dar has high vertical resolution, and the brightband al-
titude is essentially an absolute measurement. That is,
it depends primarily on timing accuracy within the radar
and relative (not absolute) reflectivity measurements.
Thus, the TRMM brightband altitudes can provide a

cross-check of NCEP temperature measurements over
large regions of the tropical oceans where temperature
is not measured directly. It is important to remember,
however, that Z0 and H0 are not the same physical quan-
tity. In addition to the difference between Z0 and H0
due to the time required for frozen precipitation particles
to melt while falling, the PR melting-layer altitudes are
local measurements within a single PR field of view,
while the NCEP freezing-level altitude is an average
over a 2.58 3 2.58 longitude–latitude box. If the TRMM
data can be shown to correspond closely to the NCEP
temperature analyses, then the much longer record of
NCEP data can be used to estimate certain climate sta-
tistics, such as interannual variability of the brightband
altitude. This study provides a cross-validation of the
TRMM precipitation profiles and the NCEP global tem-
perature analysis, and a look at interannual variability
in the tropical temperature field.

2. Data and methods

a. NCEP freezing-level data

NCEP reanalysis data are used to calculate the freez-
ing-level climatology presented in this study. We use
the 20-yr period from 1979 to 1998. The reanalysis
methods and data are described in Kalnay et al. (1996).
The data are archived every 6 h on a 144 3 73 (2.58
3 2.58) latitude–longitude grid, with 17 pressure levels
in the vertical (Dp ; 100 kPa in the region of interest).
Here Z0 is determined for each 6-h snapshot by re-

verse interpolation of the temperature profile at each
horizontal grid point to find the geopotential height of
the 08C isotherm. Both temperature and geopotential

Harris et al. 2009



Detection of bright bands
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BB near the scan edges after the boost due to the in-
creased smearing of the BB peak profile.
I4 Enhancement of impact I3 because of the increased 
footprint size after the boost.
I5 A slightly increased ZmaxBB after the boost in a 
statistical sense because of the overlapped footprints 
along the satellite track.

The stratiform count decreased after the boost be-
cause of impacts I1, I2, I3, and I4. The convective 
count decreased after the boost because of impacts I2, 
I3, and I4. However, impacts I3 and I4 mainly affect 
shallow isolated rain, which is classified as convective 
in 2A23 V6. The BB count decreased after the boost 
because of impacts I2, I3, and I4. The effect of the 
boost on the data is small, but discernible.

The zonal mean of ZmaxBB over water is almost 
constant in latitude, but the zonal mean of ZmaxBB 
over land is slightly lower in regions above 20 degrees 
latitude in the northern hemisphere.

BBwidth at nadir increases as ZmaxBB increases. 
The zonal mean of BBwidth at nadir is almost con-
stant in the latitude between 15°S and 15°N, but 
when the latitude becomes higher than 15°S or 15°N, 
BBwidth at nadir decreases very slightly but almost 
linearly with respect to latitude.
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Appendix A
Definition of BBwidth 

The width of BB (BBwidth) was computed from the 
upper and lower boundaries of BB, which are defined 
as follows (see Fig. A1).

The lower boundary of BB (BBbottom) is defined 
as the range at which the greatest change in the slope 
of Z occurs in the lower part of BB. This definition is 
very close to that by Fabry and Zawadzki (1995).

To determine the upper boundary of BB (BBtop), a 
quantity called Zrain is introduced. Zrain is defined as 
the value of Z 125 m below BBbottom because over-
sampled data with a 125 m resolution is used in the 
computation.

The upper boundary of BB (BBtop) is determined 
by finding the following two Points.
P1: The range at which the greatest in the slope of Z 
occurs in the region above the height of the BB peak, 
HBB. This search is made upward starting from the 
range corresponding to HBB.
P2: The range at which Z becomes less than Zrain for 
the first time when Z is examined upward in the upper 
part of BB starting from the range corresponding to 
HBB.

When P1 and P2 are the same, BBtop is defined as 
the range of P1 (which is the same as that of P2 in this 
case). When P1 and P2 differ, however, the point clos-
er to HBB is selected between P1 and P2, and BBtop 
is defined as the range of the selected point.

The above definition of BBtop differs from but some-
where between that given by Fabry and Zawadzki 
(1995) and by Klaassen (1988).

BBwidth at the nadir angle bin is computed simply 
by the following equation.

 

).(

)(

BBtopofrange

BBbottomofrangeBBwidth

−

=
 (A1)

Though not used in this paper, we give the formula 
for computing BBwidth at angle bins other than the 
nadir angle bin for the sake of completeness of discus-
sion. When the antenna beam points in other than the 
nadir direction, the upper and lower boundaries are 
determined in the same manner as in the case of nadir 
angle bin, but the effect of oblique incidence is sub-
tracted by using the following empirical formula:

Fig. A1.   Schematic illustration of BBtop, 
BBbottom, ZmaxBB, and Zrain. 
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of the stratiform rain is widespread because BB ap-
pears in a widespread area and because the second 
characterization means that stratiform rain is not con-
vective rain, which is localized. In the above, Z of the 
rain pixel means the maximum value of Z in the rain 
region along the beam, that is, the maximum value of 
Z in the height region that is lower than HBB when 
BB is detected, or lower than the estimated 0°C height 
when BB is not detected, by about 1 km.
(2) Rain type is convective when BB is not detected 
and when one of the following conditions is satisfied. 
(2a) Z of the rain pixel is very strong, or Z of the rain 
pixel stands out against the surrounding area (Steiner 
et al. 1995). (2b) Shallow isolated rain is detected. The 
data show that the observed Z of shallow isolated rain 
is small but well above the noise level.
(3) Rain type is other (3a) when there are clouds only 
or (3b) when the echo probably is not real but just 
noise although 1C21 marks it as rain certain.

In (3a) above, cloud only means that the precipita-
tion echo exists only in a region above the estimated 
0°C height by 1 km or more when the radar echo is 
examined along a given antenna beam.

All shallow isolated rain is convective in 2A23 V6, 
which is based on the discussion by Schumacher and 
Houze (2003), but the shallow non-isolated rain can 
be either stratiform or convective depending on the 
strength of Z. Most shallow non-isolated rain is strati-
form in 2A23 V6. (Algorithm 2A23 V5 has only the 
shallow isolated rain category, and most of the shal-
low isolated rain is classified as stratiform simply be-
cause Z is not strong enough to be convective.)

2.2   BB detection in 2A23
The V-method of 2A23 detects the melting layer 

(i.e., bright band (BB)). The algorithm applies a spa-
tial filter method (Awaka et al. 2007) and searches for 
the BB peak in the following BB height window.

[Hfreeze − 2.5, Hfreeze + 2.5]   (km). (1) 

Here, Hfreeze is the estimated 0°C height, which is 
computed by 

Hfreeze = (Ts − 273.13)/6.0, (2)

and Ts [K] is a climatological temperature at SL. The 
lapse rate of the atmospheric temperature is assumed 
to be 6.0 [K/km]. (In the previous 2A23 V5, BB 
was detected in the narrower BB height window of 
Hfreeze ± 1.5 km. However, testing of 2A23 V5 indi-
cated some BB outside of this height window. Hence, 
a wider window is used in 2A23 V6.) The climatologi-
cal data of temperature at SL is a static and consists 
of 12 months of data. This climatological temperature 
data was provided by NASA just before the launch of 
the TRMM satellite and has not been updated since.

The Z profile peak is judged to belong to BB when 
it satisfies certain conditions, which means that BB is 
detected.

When BB is detected, the width of BB is calculat-
ed in 2A23 V6 by determining the upper and lower 
boundaries of BB. Details are given in Appendix A.

3.   Statistical results

3.1   BB count
Since the TRMM PR scans the antenna perpendic-

ular to the satellite movement, the statistics of the PR 
products are angle-bin dependent. Though the main 
topic of this Subsection is the BB count, rain type 
counts are also discussed because BB is closely relat-
ed to rain type classification.

Fig. 1.   Algorithm flow diagram of 2A23 
V6. Rain type is classified into stratiform 
(stra), convective (conv), and other by two 
independent methods: the V-method and 
the H-method. The results of these are 
unified, and 2A23 V6 outputs the unified 
rain type, whose major category consists 
of stratiform, convective, and other. BB 
detection plays an important role in the 
V-method. 2A23 V6 also detects shallow 
isolated rain and shallow non-isolated 
rain. 

Awaka et al. 2009



Bright band heights

• TRMM PR 2A23 (Awaka et al. 2009) 

• strong echo from the melting layer 

• several hundred m below 0C height (Harris et al. 2000) 

• directly measured, cloudy area data in the middle to 
lower troposphere 

• complementary to conventional, radiance and 
GPS RO observations



Bright band heights and 0C height in reanalysis
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relation between HBB and HfreezeNCEP2. To ex-
amine the effect of the boost, a longer-term statistic 
is preferable for reducing the effect of fluctuations. 
One year data for each are used in Fig. 5, that is, one 
year data from February 1998 to January 1999 before 
the boost and one year data from February 2002 to 
January 2003 after the boost.

Figure 5 presents scatterplots of HBB versus 
HfreezeNCEP2 before and after the boost; for sim-
plicity, the figure shows only the case of using all the 
data (over water+land). Each panel of Fig. 5 presents 
a two-dimensional histogram of the percentage of the 

BB count. In each panel, a line with a 45° inclination 
is drawn in order to facilitate comparing HBB and 
HfreezeNCEP2. 

In the one-year scatterplot of Fig. 5, the outliers 
in the percentage range of 99% to 100% are distrib-
uted in a wider area than in Fig. 4, which shows a 
one-month scatterplot. This occurs because the data 
points are additive so that the data-occupied area in 
the scatterplot only increases as the size of the dataset 
increases. We should focus our attention on the shape 
of the scatterplot for percentages below 99%.

The upper left panel, Fig. 5a1, presents the scatter-

Fig. 4.   Scatterplot of HBB versus NCEP2 derived 0°C height (HfreezeNCEP2) in February 1998. Upper 
panels depict the original case, and lower panels, the case after applying the simple filter explained in 
the text. Panels (a) and (d) present scatterplots using all the data (over water+land); panels (b) and (e), 
the scatterplots using the data over water; and panels (c) and (f), the scatterplots using the data over 
land. Data points were prepared in the form of a two-dimensional histogram with a grid interval of 
0.02 km × 0.02 km.

Awaka et al. 2009
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FIG. 1. Schematic cross section through tropical convection showing the altitude of the 08C
isotherm and the melting layer (bright band) in the stratiform rain region (after Leary and Houze
1979).

Stewart et al. (1984) found the bright band to be about
300 m lower than the freezing level in stratiform pre-
cipitation in a maritime-type system in California. In
studying five tropical thunderstorm cases during the
Global Atmospheric Research Program (GARP) Atlan-
tic Tropical Experiment (GATE), Leary and Houze
(1979) found a mean H0 of 4.5 km, and a difference
ranging from 2500 to 2900 m. Thus, the identification
of H0 in radar data is an indirect measure, with some
difference expected due to the melting time, of the al-
titude of Z0.
In order to have H 0 estimates for parts of the TMI

swath not coincident with the PR, and for passive mi-
crowave instruments on other platforms, Shin et al.
(2000, hereafter SNB) produced a climatology of PR
profiles and brightband altitudes for all PR nadir pro-
files that contain a distinct bright band. SNB examined
13 months of PR data from January 1998 to January
1999.
In order to evaluate global patterns of brightband al-

titudes and verify the relationship between brightband
altitude and temperature, this study compares the
TRMM melting-layer altitude estimates of Shin et al.
with the altitude of the 08C isotherm in the National
Centers for Environmental Prediction (NCEP) reanal-
ysis dataset. Because the NCEP reanalysis does not use
any TRMM data, the NCEP temperature profiles can be
used as an independent, consistency check on the
TRMM reflectivity profiles. Conversely, the TRMM ra-
dar has high vertical resolution, and the brightband al-
titude is essentially an absolute measurement. That is,
it depends primarily on timing accuracy within the radar
and relative (not absolute) reflectivity measurements.
Thus, the TRMM brightband altitudes can provide a

cross-check of NCEP temperature measurements over
large regions of the tropical oceans where temperature
is not measured directly. It is important to remember,
however, that Z0 and H0 are not the same physical quan-
tity. In addition to the difference between Z0 and H0
due to the time required for frozen precipitation particles
to melt while falling, the PR melting-layer altitudes are
local measurements within a single PR field of view,
while the NCEP freezing-level altitude is an average
over a 2.58 3 2.58 longitude–latitude box. If the TRMM
data can be shown to correspond closely to the NCEP
temperature analyses, then the much longer record of
NCEP data can be used to estimate certain climate sta-
tistics, such as interannual variability of the brightband
altitude. This study provides a cross-validation of the
TRMM precipitation profiles and the NCEP global tem-
perature analysis, and a look at interannual variability
in the tropical temperature field.

2. Data and methods

a. NCEP freezing-level data

NCEP reanalysis data are used to calculate the freez-
ing-level climatology presented in this study. We use
the 20-yr period from 1979 to 1998. The reanalysis
methods and data are described in Kalnay et al. (1996).
The data are archived every 6 h on a 144 3 73 (2.58
3 2.58) latitude–longitude grid, with 17 pressure levels
in the vertical (Dp ; 100 kPa in the region of interest).
Here Z0 is determined for each 6-h snapshot by re-

verse interpolation of the temperature profile at each
horizontal grid point to find the geopotential height of
the 08C isotherm. Both temperature and geopotential

Bright band heights as 0°C temperature observations

• TRMM PR 2A23 (Awaka et al. 2009) 

• 0°C observations with 0.5 K error  
at hbb+362 m 

• Superobservations with 
a radius of 0.5° 

• modified LETKF to accept  
height level data

T=273.15K
hbb

 hbb+362 m



Global atmospheric ensemble reanalysis ALERA2



AFES

• Atmospheric general 
circulation model 
for the Earth Simulator


• Spectral transfrom Eulerian 
advection (Numaguchi et al. 
1997; Ohfuchi et al. 2004; 
Enomoto et al. 2008)


• Emanuel convective scheme


• Improved PDF cloud scheme  
(Kuwano-Yoshida et al. 2010)



LETKF

• Local ensemble transform 
Kalman filter


• Hunt et al. 2007; 
Miyoshi and Yamane 2007


• Highly efficient on parallel 
computers


• Assimilate observations into 
the ensemble mean


• Time evolution of forecast 
covariance matrix


• Localization and inflation



ALERA2: 
AFES–LETKF experimental ensemble reanalysis 2

• stream 2008: 6 UTC 1 January 2008—0 UTC 30 August 2010 

• stream 2010: 6 UTC 1 August 2010—0 UTC 5 January 2013 

• AFES 3.6 T119L48（1°x1°, 48 levels）63 + 1 members 

• Covariance localization: 400 km/0.4 ln p 

• 10 % multiplicative spread inflation 

• NCEP PREPBUFR archived at UCAR 

• daily OISST (Reynolds et al. 2007)



ALERA2 data flow

AFES restartIC

t-3
t-2
t-1
t
t+1
t+2
t+3

merge

split

analysis

guess

LETKF

BC obs
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Observing system experiments

• Reference: ALERA2 stream2008 

• modified LETKF to accept height level data 

• grouped by 6 hourly analysis time with ±3 h window and 
rounded to the hour 

• superobservations of bright band heights 

• from 0 UTC 3 January to 0 UTC 31 January 2010



Bright band height superobservations



ALERA2 0C height and bright band heights: 
	 statistics for January 2010

z0c ALERA2

hbb z0c–hbb≃350 m



ALERA2 0C height and bright band heights 
	 in 12 UTC ±3 h window on 15 January 2010 



ALERA2 0C height and bright band heights 
	 in 12 UTC ±3 h window on 15 January 2010 near Japan



ALERA2 0C height and bright band heights 
	 in 6 UTC ±3 h window on 3 January 2010 



Impact of added observations



Initial impact on the freezing level height



Impact on the freezing level height



Impact on ensemble mean sea-level pressure



Reduction of SLP analysis ensemble spread



Impact on ensemble mean temperature



Reduction in T analysis ensemble spread



Impact on ensemble mean zonal wind



Reduction in U analysis ensemble spread



Bias agains ERA-Interim



ALERA2 T bias against ERA-Interim at 500 hPa



ALERA2 with bright band heights 
T bias against ERA-Interim at 500 hPa



ALERA2 zonal mean T bias against ERA-Interim



ALERA2 with bright band heights 
zonal mean T bias against ERA-Interim



Changes in analysis increment



Change in T analysis increment at 500 hPa



Change in SLP analysis increment



Impact on hydrological cycle



Impact on Q at 700 hPa



Reduction of Q700 analysis ensemble spread



Impact on ensemble mean humidity



Reduction in Q analysis ensemble spread



Impact on precipitable water



Impact on precipitation



Reduction of precipitation ensemble spread



Verification agains radio-sondes



Comparison against radio sondes (global T)

OSE ALERA2

|bias| RMSD

OSE–ALERA2

RMSDbias



Comparison against radio sondes (NH T)

OSE–ALERA2OSE ALERA2

RMSDbias |bias| RMSD



Comparison against radio sondes (tropical T)

OSE–ALERA2OSE ALERA2

RMSDbias |bias| RMSD



Comparison against radio sondes (SH T)

OSE–ALERA2OSE ALERA2

RMSDbias |bias| RMSD



Forecast verification against JRA-55



Forecast verification against JRA-55



Forecast verification against JRA-55



Forecast verification against JRA-55



Summary

• Bright band heights can be used as 0 C observations. 

• Warmer tropospheric middle troposphere  
with smaller analysis ensemble spread 

• Improved guess implied from analysis increment 

• Reduced bias against ERA-Interim 

• Room for improvement of AFES implied by forecast 
verification


