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1. INTRODUCTION

The TRMM Microwave Imager (TMI) and Precipi-
tation Radar (PR) have been providing distribution of
rainfall throughout the Tropics and contributed signif-
icantly towards reducing uncertainty in satellite esti-
mates of rainfall. Although differences in global av-
eraged rainfall between the two sensors have been
reducing, regional and seasonal differences still ex-
ist (Berg et al., 2002). Possible error sources static
model assumptions involved with individual retrieval
algorithm. For TMI rain retrieval (Kummerow et al.,
1996), the database of cloud/radiative model simu-
lations is very important. On the other hand, for PR
rain algorithm (Iguchi et al., 2000), the appropriate
selection of drop size distribution (DSD) is very im-
portant because observed radar reflectivities Z de-
pend strongly upon the size of water drops.

Here, the consistency in observed and simu-
lated brightness temperature is investigated, where
the simulated brightness temperature are derived
from PR precipitation profiles, similar to Viltard
et al. (2000), but for a case over the South China
Sea Monsoon Experiment (SCSMEX). We exam-
ine whether or not the DSD model assumed by the
PR algorithm produces good or poor agreement be-
tween observed and simulated brightness tempera-
ture.

2. DATA DESCRIPTIONS

We use two of TRMM standard data products,
referenced as PR rain rate/PR-corrected reflectiv-
ity (2A25) and TMI brightness temperature (1B11).
Both standard products here are version 5. The re-
sults reported in this short paper are based on a
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scene observed on a subset of orbit 2719 on 19 May
1998 from the SCSMEX region.

Figure 1: TRMM Z-R

Here we introduce a brief summary of Z-R re-
lations, or, equivalently, the drop size distribution
(DSD) for 2A25. The “globally” averaged Z-R rela-
tion used in version 5 of 2A25 are as follows

Z = 185R1.43(convective), (1)

and
Z = 300R1.38(stratiform). (2)

The Z-R relations are obtained from a collection of Z-
R relations measured near the oceanic from widely
distributed locations around the world (Kozu et al.,
1999). As shown in Fig. 1, the same Z translates to
R smaller in stratiform compared to convective rain-
fall. This is because the presence of a few very large
drop (formed from the melting large aggregates) in
the stratiform drop spectra increases the radar re-
flectivity much more than it increases the rain volume
(Rosenfeld and Ulbrich, 2003).



For each model, the Z-R relationships are con-
verted into an N0 − Λ relationship, where N0 and Λ
are parameters in the size distribution:

N(D) = N0D
µexp(−ΛD). (3)

Here, D is drop diameter. It is assumed that µ is
constant and taken a value of µ = 3.

3. RESULTS AND DISCUSSIONS

In this study, the radiative transfer model (RTM)
developed by Liu (1998) is used to calculate bright-
ness temperatures. TMI brightness temperature at
10.65 GHz where absorption is the dominant effect
are less sensitive to DSD or the effect of ice scatter-
ing. Because it is very difficult ice phase precipitation
derived from PR data, we focus on brightness tem-
perature at 10.65 GHz.

3.1. Sensitivity tests

Figure 2: Drop Size distribution for µ = 0 (solid),
3 (dashed), and 6 (dotted) derived TRMM PR Z-
R relations (upper panels) and the 10.65 GHz
V-polarization brightness temperature for homoge-
neous rain with µ = 0 (black), 3 (red), and 6 (blue).

To understand the effects of the DSD model, we
first calculate brightness temperatures for an atmo-
sphere with homogeneous rain extending from the
surface to 3.0 km, with different values of µ (= 0, 3, 6)
in Eq. (3), for convective and stratiform rain, respec-
tively. Even though different values of µ give seem-
ingly different size distribution as shown in the upper
panels of Fig. 2, the selection of µ does not affect

the 10.65 GHz vertically polarized brightness tem-
peratures as shown in the bottom panels of Fig. 2.
This is because the selection of µ does not affect
water content. Hereafter, µ is taken a value of µ = 3,
following the PR DSD model.

3.2. Brightness temperature simulations

As input data for the RTM, we use the atmo-
spheric temperature, surface wind and specific hu-
midity from SCSMEX NESA (Northern Enhanced
Sounding Array) averaged dataset (Johnson and
Ciesielski, 2002). Sea surface temperature data de-
rived from the TMI data (Shibata et al., 1999) is also
used.

To take into account the antenna pattern, a
weighted average of the brightness temperature at
the radar resolution is performed as follows:

Y =
∑

j

gjX

/∑
j
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gj = exp
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is a Gaussian weighting factor. Here x and y are
the distance in kilometers between a PR footprint
(index by j) and the specified TMI footprint, in the
cross-track and down-track directions, respectively.
The summation Eq.(4) is over all PR footprints within
2.5(x2/σ2

x +y2/σ2
y)0.5 of the TMI footprint where σx =

36.8 km and σy = 63.2 km. Here X is the simulated
TB from PR.

Figure 3 illustrates the brightness temperature
simulations that the antenna patterns affects. Al-
though the general spatial patterns are very well re-
produced, the lack of emission at 10 GHz-V is obvi-
ous. This result is consistent with the results of Vil-
tard et al. (2000) for a case in the central Pacific. Fol-
lowing Olson et al. (2001b), a weighted average of
PR-derived convective and stratiform area fractions
in the neighborhood of a given TMI footprint are per-
formed by substituting the PRCj and PRSj for X in
Eq. 4, respectively. Here

PRCj =
{

1, convective PR classification
0, otherwise

(6)

and

PRSj =
{

1, stratiform PR classification
0, otherwise

(7)

are based upon Awaka et al. (1998) PR classifica-
tion, respectively. One may notice that the regions
with lack of emission roughly correspond to the re-
gions of large convective area fractions.



Figure 3: Imagery of mesoscale systems occur-
ring over the SCSMEX region on 19 May 1998,
(a) Simulated brightness temperatures for 10 GHz-
V obtained from PR rain profiles, (b) TMI observed
brightness temperatures for 10 GHz-V, (c) simulated
brightness temperatures minus observed brightness
temperatures, (d) PR-derived convective area frac-
tions at a resolution comparable to the TMI, and (d)
PR-derived stratiform area fractions at a resolution
comparable to the TMI.

Figure 4 illustrates the height-zonal cross sections
of PR observed radar reflectivities for ray number of
46 where the lack of emission is noticed in Fig. 3.
For more direct comparison, a weighted average of
the PR radar reflectivities in the neighborhood of a
given TMI footprint is performed, by substituting the
PR radar reflectivities for Xj in Eq. 4. The regions
with lack of emission roughly correspond to those of
large PR-derived stratiform area fractions. These re-
gion of large stratiform area fractions are very close
to the region with large convective area fractions.

In contrast, the region of large PR-derived strati-
form area fractions in ray number of 54 shows very
good agreement between simulated and observed
TBs (Fig. 3). The radar reflectivities in this region
has typical stratiform characteristics because they
still shows the bright band even if a weighted aver-
age is performed.

Part of poor agreement between simulated and
observed TBs in the stratiform region near the con-
vective region may be due to selection of the Z-R
relation in 2A25. In convective-stratiform classifica-
tion, the same Z translates to R smaller in stratiform
compared to convective rainfall (Eqs. (1), (2)). This
is based on the presence of a few large drops in the
stratiform drop spectra. The dominant growth pro-
cesses of stratiform precipitation are vapor deposi-
tion onto existing ice particles and the collection of

snow generated by the mesoscale updraft that de-
velops in the upper levels in the stratiform regions
(Rosenfeld and Ulbrich, 2003). In the stratiform re-
gion near the convective region, the passage of the
particles through the region of mesoscale updraft
may be not enough for the growth of large drops.
Hence, the selection of the Z-R relation, or, equiv-
alently the DSD for stratiform (Eq. (2)) may be inap-
propriate.

Figure 4: Vertical cross section of PR observed
radar reflectivity at a resolution comparable to the
TMI for ray number of 46. (a) total, (b) convective,
and (c) stratiform. (d) Simulated brightness tem-
peratures minus observed brightness temperatures,
and (e) PR-derived convective (solid) and stratiform
(dashed) area fractions at a resolution comparable
to the TMI.

Figure 5: Same as Fig. 4, but for ray number of 54.



4. SUMMARY AND FUTURE WORKS

In this study, the consistency in observed and sim-
ulated brightness temperature (TB) is investigated,
where the simulated TB is derived from PR precipi-
tation profiles, similar to Viltard et al. (2000), but for
a case over the South China Sea Monsoon Experi-
ment (SCSMEX).

Simulated TB is lower than observed one in the
stratiform region near the convective region, espe-
cially the region of a stratiform subcategory with no
bright band. This may be due to the selection of Z-R
relationship in PR2A25 where the same Z translates
to R smaller in stratiform compared to convective
rainfall. The stratiform Z-R relation assuming large
rain drops melted from large aggregates may be in-
appropriate for the stratiform region near the convec-
tive region.

Finally, it should be noted conclusions are tenta-
tive. The dependence of rain rate on the altitude
was not yet taken into account in the RTM calcula-
tions. The rain rate at different altitude is corrected
for the difference of the terminal velocity with altitude
in the 2A25 algorithm. This is because the rain rate
is a function of the raindrop fall speeds, which, in
turn, are determined by raindrop sizes and air den-
sity (Foote and du Toit, 1969). This dependence of
rain rate on the altitude will be taken into account.
The impact of melting particles on radiances also
needs to be considered (Olson et al., 2001a). As
mean size distributions of raindrops are measured
in SCSMEX by dual-polarized radar (Bringi et al.,
2003), conclusions might be verified more directly.
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