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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



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



Bright band height superobservations 
for 28 days in Jaunuary 2010

2170037 original reduced to 47975 superobservtions 



Observing system experiments

• Reference: ALERA2 stream2008 

• modified LETKF to accept height level data 

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

• 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



AFES

• Atmospheric general 
circulation model 
for the Earth Simulator


• Spectral transform 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) 

• available from JAMSTEC



ALERA2 data flow
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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 6 UTC ±3 h window on 3 January 2010 



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



ALERA2 T bias against ERA-Interim at 500 hPa



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



Change in T RMSD against ERA-Interim  
at 500 hPa



Change in SLP RMSD against ERA-Interim



Change in T analysis increment at 500 hPa



Change in SLP analysis increment



Impact on precipitable water



Impact on precipitation



Reduction of precipitation ensemble spread



Summary

• Bright band heights are about 350 m below the 0 C 
height in ALERA2. 

• Bright band heights are assimilated using modified 
LETKF that accept height level data. 

• Warmer tropospheric middle troposphere  
with smaller analysis ensemble spread 

• Reduced bias against ERA-Interim 

• Improved guess implied from analysis increment




