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1. INTRODUCTION

The Tropical Rainfall Measuring Mission (TRMM)
satellite has been in operation for more than 7 years
and providing distribution of rainfall throughout the
Tropics using microwave observation from the Pre-
cipitation Radar (PR) and the TRMM Microwave
Imager (TMI). PR, the first space-borne precipita-
tion radar, provides height information based upon
the time delay of the precipitation-backscattered re-
turn power, and has enabled us to directly ob-
tain vertical profiles of precipitation over the global
Tropics (Okamoto 2003). On the other hand, the
TMI measures radiances that are the end prod-
uct of the integrated effects of electromagnetic ab-
sorption/emission and scattering through a precip-
itating cloud along the sensor viewpath. Although
differences in global averaged rainfall between the
two sensors have been reducing from Version 4 to
Version 5, a comparisons of tropical mean rainfall
time series indicates that there are still large dis-
crepancies in the 1998 El Nino-Southern Oscillation
(ENSO) event (Robertson et al., 2003).

Several improvements have been implemented to
create the most recent algorithm, the TRMM Version
6 algorithms. Preliminary indications are that the
overall bias is being drastically reduced in version
6 of the products, but certain evidences to support
the claim that the TRMM version-6 rain estimates
are better than version-5 estimates has not yet be
obtained. The most common method of satellite-
retrieved rain estimates is to directly compare to
ground validation measurements (ground truth) de-
rived from rain gauge networks, ground weather
radar, or a combination of the two. However, it has
pr oven to be extremely difficult to make accurate
ground-based measurement of precipitation. More-
over, the sparse nature of ground based validation
campaigns does not provide sufficient information
about changing cloud characteristics leading to al-
gorithm errors.

In this paper, we validate TRMM version-5 and -6
rain estimates using a radiative transfer model. Com-
parisons between TMI-observed brightness tem-
peratures and those simulated from PR2A25 and
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TMI2A12 rain profiles are performed for ITCZ rain
systems during the 1998 EI Nino event.

2. TRMM RAINFALL PRODUCTS

The basis of TMI 2A12 algorithm is the estimated
expected value or “Bayesian” calculation, in which
retrieved precipitation are constructed from those
cloud-resolving model (CRM)-generated profiles that
are radiatively consistent with the observation (Kum-
merow and Coauthors, 2001). The improvements
have been made to the CRMs that make up the a-
priori database. In addition to using new simula-
tions, the version 6 also explicitly includes melting
layer model developed by Olson et al. (2001). On the
other hand, PR 2A25 algorithm uses a “hybrid” of the
Hitschfeld-Bordan method and the surface reference
technique (Iguchi et al., 2000). Attenuation by cloud
water, water vapor and O2 is taken into accounts by
the version 6.

(a) TMI2A12 V.6 (PR swath) — PR2A25 V.6: FEB1998

.l’f“.._ o ) \JZ:

J00E 120 140E 160E 180  160W

-0 -75 -5 -25 25 5 75 10

mm /day
(b) 140-150 deg. W, 0—10 deg. S

2 F PR 2A25v5

s PR 2A25v6 ]
£ T™MI 2A12v5 -
- ™I 2A12v6 E
§ 3 E
£t E
N 7
< /\.k E
§

€ JAN JUL JAN JUuL JAN JUL

1998 1999 2000

Figure 1. (a) Differences of rainfall estimates (mm
day~!) between TMI2A12 Version 6 and PR2A25
Version 6 for February of 1998; (b) Time series of
monthly mean rainfall estimates (mm day—!) from
TMI and PR for the selected area extending from 0°
to 10°S latitude and from 140° to 150°E longitude
indicated by a box in (a). Only TMI data matched
within PR swath are used.

Figure la indicates that PR Version 6-derived rain-



fall is still smaller than rainfall estimated by TMI Ver-
sion 6 over a well-defined ITCZ (associated with
heavy precipitation) which is present in the central
and eastern Pacific between the equator and 10°S.
It is nevertheless obvious from Fig. 1b that the dif-
ference between TMI and PR estimates for February
1998 is drastically narrowing in Version 6 (1.8 mm
day—!, or 11 %) compared with Version 5 (7.5 mm
day~—!, or 46 %) for the area from 0° to 10°S latitude
and from 140° to 150°E longtitude where larger dif-
ferences are found in Fig. la.

3. APPROACH

In this study, we investigate the consistency in
observed and simulated brightness temperature at
10.65 GHz channels (~2.8 cm), which provide total
liquid water path estimates since most rain drops are
Rayleigh with respect to X-band wavelength. Here,
the simulated brightness temperature are derived
from not only PR2A25 precipitation profiles but also
TMI2A12 ones. One might consider that the simu-
lated brightness temperature from TMI2A12 precip-
itation profiles should be identical to the observed
one from which TMI2A12 precipitation profiles are
derived. This may be true for algorithms which itera-
tively modify the profiles to minimize the differences
between observed and simulated rightness temper-
atures (e.g. Smith et al. 1994), but not necessarily
for TMI2A12 algorithm based on the Bayesian calcu-
lation.
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Figure 2: Diagram showing the procedure for vali-
dating the TRMM rainfall products. The “?” means
to compare brightness temperature (TB) simulated
from the TRMM rainfall products with the observed
TB from TMI1B11.

The radiative transfer model (RTM) developed by
Liu (1998) is used to calculate brightness temper-
atures. The upwelling microwave radiances over
ocean depend on the sea surface characteristics and
atmospheric constitutes. In this study, the sea sur-
face temperature retrieved from TMI brightness tem-
perature at 10.65 GHz by Wentz et al. (2000) is used.

The salinity is set to a constant value of 35000 ppm.
Mean atmospheric temperature and relative humid-
ity profiles, and surface winds for the selected region
from the 6-hourly ERA40 reanalysis data with min-
imum time difference with the TRMM observations
are employed. ERA40 reanalysis is a repeat reanal-
ysis performed by the European Center for Medium-
Range Weather Forecasts (ECMWF). The slant-path
approximation in which the actual three dimensional
structure of the cloud is taken into account is used,
following Bauer et al. (1998). The antenna pattern for
10.65 GHz is approximated by a Gaussian weighting
function with the same 3-dB beamwidth as the actual
antenna pattern.

For PR data, we used two DSD models of a
gamma distribution corresponding to convective and
stratiform rain assumed in PR algorithm (Kozu et al.,
1999). A change in the DSD due to the “alpha-
adjustment method” accommodating the SRT of PIA
is also taken into account. For TMI data, we used
Marshall and Palmer (1948) distribution assumed
in the Goddard Cumulus Ensemble (GCE) model
which is one of CRMs that make up the TMI2A12
database..

4. RESULTS AND DISCUSSIONS

4.1. Consistency check

The procedures described in the previous section
are applied to 6 months of TRMM data, from January
to June 1998, in a region from 140° to 150°E longi-
tude. There are 132 TRMM orbits with TMI footprints
of which 80% are coverd with PR rain pixels in this
datasets.

Frequency plots of simulated brightness for 10
GHz-V from PR2A25 rain profiles, as a function of
TMI1B11 observed brightness temperature for 10
GHz-V are presented in Fig. 3a,b for versions 5 and
6. Only the TMI footprint of which 80% are coverd
with PR rain pixels are shown. T'B, from PR2A25 V5
is much smaller than T'B,, especially for the higher
range (i.e. heavy rainfall). The difference between
T B, from PR2A25 V5 and T'B, is about 20 K for T'B,,
of 240 K. Olson et al. (2001) reported that at TMI
resolution, the maximum radiance increase due to
the inclusion of a melting-layer is 16 K at 10.65 GHz.
Thus, the difference between T B, from PR2A25 V5
and T B, is due to PR algorithms rather than the im-
pact of melting on radiances that are not considered
in the calculations. This is consistent with Masunaga
et al. (2002) who suggested that PR measurements
are liable to suffer from ambiguity in the attenuation
correction in heavy precipitation around the tropical
rainfall maximum. T B, from PR2A25 V6 is higher
than that from PR2A25 V5, and exhibits better agree-
ment with T'B,,, especially for higher values (associ-



ated heavy rainfall). This is probably explained by
the fact that the attenuation due to cloud water that
increases as rainfall rate is taken into account in the
Version 6. Also, the spread in T B, from PR2A25
V6 is reduced than that from PR2A25 V5.These
results indicates the improvement of PR2A25 esti-
mates from Version 5 to Version 6. It is nevertheless
obvious that T'B, from PR2A25 V6 is too low. If the
effects of cloud water and melting layer that increase
brightness temperature are taken into account in the
calculation, the better agreement between T B, from
PR2A25 V6 and T B, may be achieved.
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Figure 3: Frequency plots of simulated brightness
temperature for 10 GHz-V, as a function of TMI1B11
observed brightness temperature for 10 GHz-V. A
dashed lines indicating “perfect” agreement is indi-
cated for reference.

Although T'B, from TMI 2A12 V6 also exhibit bet-
ter agreement with 7'B,, than that from TMI2A12 V5
does, there is an excess of T'B, from TMI 2A12 V6
over T B,, especially for the higher range (Fig. 3c,d).
Contrary to PR, the agreement between T'B, from
TMI2A12 V6 and T'B, decreases, if the effects of
cloud water and melting layer are taken into ac-
count in the calculation. T B, from TMI2A12 V6 ex-
hibit more scatter against higher T'B,, than that from
PR2A25 V6, although T'B, is used in TMI rain re-
trieval and is not used in PR rain retrieval.

Cold brightness temperature at 85-GHz channels,
which are mainly sensitive to ice scattering, play
a significant role in matching ice phase hydrom-
eteor profiles in the CRM database, thus, affect-
ing the rainfall retrievals. Frequency plots of simu-
lated brightness for 10.65 GHz-V from PR2A25 and

TMI2A12 rain profiles, as a function of TMI1B11 ob-
served brightness temperature for 85 GHz-V are pre-
sented in Fig. 3. The lack of T B, from PR V5 and
V6 does not depends on 85-GHz brightness temper-
ature. On the other hand, the excesses of T'B, from
TMI2A12 V5 over T B, rapidly increase as 85-GHz
brightness temperature decreases. This is consis-
tent with Kim et al. (2004) who suggested that the
TMI2A12 V5 overestimated surface rainfall with re-
spect to the KR because of strong ice scattering (85
GHz), which is not strongly correlated to surface rain-
fall. The TMI2A12 V6 have a much better perfor-
mance than the TMI2A12 V5 because the database
is updated, but the excesses of T'B, from TMI2A12
V6 over T'B, still depends on 85-GHz brightness
temperature. Results suggest that efforts to improve
the data base will be required.
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Figure 4: Frequency plots of differences between
TMI observed brightness temperature for 10 GHz-V
and simulated brightness temperature for 10 GHz-V,
as a function of TMI observed brightness tempera-
ture for 85 GHz-V.

5. SUMMARY

The difference between TMI and PR estimates
is drastically narrowing in Version 6 compared with
Version 5. However, certain evidences to support
the claim that the TRMM version-6 rain estimates
are better than version-5 estimates has not yet be
obtained. In this study, consistency between TMI-
observed brightness temperatures and those simu-
lated from PR2A25 and TMI2A12 rain profiles are



investigated for ITCZ rain systems during the 1998
ENSO event, using a radiative transfer model. We
focus on brightness temperature at 10.65 GHz chan-
nels which provide total liquid water path estimates.

The better agreement between the observed and
simulated brightness temperatures is obtained for
PR 2A25 and TMI 2A12 version 6 than those for
version 5. Simulated brightness temperature (7' B;)
from PR2A25 V6 is higher than that from PR2A25
V5, and exhibits better agreement with observed
brightness temperature (T'B,), especially for higher
values (associated heavy rainfall). This is proba-
bly explained by the fact that the attenuation due to
cloud water that increases as rainfall rate is taken
into account in the Version 6. It is nevertheless ob-
vious that T'B, from PR2A25 V6 is low. If the ef-
fects of cloud water and melting layer that increase
brightness temperature are taken into account in the
calculation, the better agreement between T B, from
PR2A25 V6 and T'B, may be achieved. Although
T B, from TMI 2A12 V6 also exhibit better agreement
with T'B,, than that from TMI2A12 V5 does, there is
an excess of T B, from TMI 2A12 V6 over T'B,, es-
pecially for the higher range. The excesses of T'B,
from TMI2A12 V6 over T' B, are due to strong ice
scattering (85-GHz), which is not strongly correlated
to surface rainfall. These results suggest that efforts
to improve both PR 2A25 and TMI 1B11 will be re-
quired.
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