
This scheme improves rainfall estimation over the entire Asian region. 

Overestimation and false-positive for global application (Caveat for 
Use of GPM-GSMaP).


➡Taniguchi et al. (2013) determined the thresholds of orographic 
rainfall condition as w > 0.1 m s-1 and Q > 0.5 10-6 s-1 for JCDAS 
data. For global application, the thresholds is moderated as w > 0.01 
m s-1 and Q > 0.3 10-6 s-1.
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Introduction
The orographic/non-orographic rainfall classification scheme 
has been implemented in the latest GSMaP algorithm for passive 
microwave radiometers (Yamamoto and Shige, 2015). The scheme is 
switched off for regions (e.g. the Sierra Madre Mountains in the 
United States and Mexico) where strong lightning activity occurs in 
the rainfall type database because deep convective systems for the 
regions are detected from the scheme involved in the orographic rain 
condition. The scheme improves rainfall estimation over the entire 
Asian region, particularly over the Asian region dominating shallow 
orographic rainfall. However, overestimation and false-positive of 
orographic rainfall remain. This is because the orographic rainfall 
conditions have moderate thresholds for global application. We 
examine to resolve their problems (Caveat for Use of GPM-GSMaP).

Orographic/nonorographic rainfall 
classification scheme

The orographic/nonorographic rainfall classification scheme has been 
implemented since this standard version of GSMaP algorithm for passive 
microwave radiometers (Yamamoto and Shige, 2015).

• This is a revised scheme developed by Shige et al. (2013), Taniguchi et al. (2013), and 

Shige et al. (2015).

• LUT switches from the original rain type to an orographic one when 

both of the conditions (orographically forced upward motion w (> 0.01 
m s-1) and moisture flux convergence Q ( > 0.3 10-6 s-1)) are satisfied.

• Precipitation-size ice particle density for orographic rainfall is set at 

100 kg m-3 and that for non-orographic rainfall is 400 kg m-3.

• The scheme is switched off for regions where strong 

lightning activity occurs in the rainfall type database.


- Orographically forced upward motion


- Convergence of surface moisture flux

Yamamoto and Shige (2015): 
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Summaries
The orographic/non-orographic rainfall classification scheme has been 
implemented in the latest GSMaP algorithm for passive microwave 
radiometers (Yamamoto and Shige, 2015). However, overestimation and false-
positive of orographic rainfall remain. This is because the orographic rainfall 
conditions have moderate thresholds for global application.


The scheme is improved and will be implemented for the next revision.

- The input wind in w and Q is used not only at the surface but also upper 

level.

- The threshold of w become variable depending on mean U.

- A new index, static stability of the lower atmosphere, is introduced.

- The thresholds are changed and exclusion of high lightning rain types is 

abolished.

- Rainorog adjusting weight in Rain37 is changed.

the GSMaP_MWR algorithm using sounding channels
(Shige et al. 2009) is applied to AMSU, whereas the
GSMaP_MWR algorithm using imaging channels
(Aonashi et al. 2009) is applied to SSMIS.
High temporal resolution interpolation for the original

GSMaP_MWR products and the revised GSMaP_MWR
products with the orographic/nonorographic rainfall
classification scheme is obtained by cloud-top motion
derived from two successive IR images and a Kalman
filter (Ushio et al. 2009). Figure 7 shows the time sequence
comparison of surface rainfall estimates from the TMPA
3B42RT, the original GSMaP_MVK, and the revised
GSMaP_MVK over Taiwan from 1800 UTC 8 August
2009 to 0300UTC 9August 2009. Because the temporal
resolution of the TMPA 3B42RT product is 3 h, the
GSMaP_MVKproducts with 1-h resolution are averaged
over the subsequent 3 h from the data time for compari-
son. As shown in Fig. 4, the interaction of southwesterly
flow with the topography leads to upward motion during
this period, which is consistent with previous studies
(Ge et al. 2010; Tao et al. 2011), and thereby the revised
GSMaP_MWR estimates heavy rainfall using the LUTs
calculated from orographic precipitation profiles. There-
fore, the revised GSMaP_MVK derived from the revised
GSMaP_MWR products estimates continuous heavy
rainfall over themountain area, whereas 3B42RT and the
original GSMaP_MVK do not estimate such heavy rain.
Rainfall enhancement in the revised GSMaP_MVK

occurs on the eastern side of the mountains (Fig. 7l).
Observations derived from a TRMM satellite overpass
over Taiwan on 0315 UTC 9 August 2009 (TRMM orbit
66836) indicate that this is an overestimation by the

revised GSMaP_MWR due to misclassifying nonoro-
graphic rain pixels. One of main reasons for the mis-
classification is the coarse resolution of JCDAS (1.258
latitude/longitude and 6 hourly).
Rainfall estimates from ground rain gauge observa-

tions, the TMPA 3B42RT, the original GSMaP_MVK,
and the revised GSMaP_MVK have been accumu-
lated from 0000 UTC 6 August 2009 to 2400 UTC 10
August 2009 to yield a 5-day total rainfall, as shown in
Fig. 8, together with the geographical distribution of
rain gauge stations over Taiwan. For quantitative
comparison, ground rain gauge observations and satel-
lite products were interpolated into a 0.088 latitude and
longitude grid.
Both the TMPA 3B42RT and the original GSMaP_

MVK products underestimate the enormous amount of
rainfall observed by rain gauges for that period.However,
the revised GSMaP_MVK estimated successfully such
heavy rainfall and its distribution pattern is in good
agreement with that of the rain gauge observations,
although it is difficult to compare themover themountain
area where there are few rain gauge stations (see Fig. 8f).
Conversely, this supports the advantage of satellite ob-
servation in detecting heavy rainfall over mountain areas
where an observation network is sparse.
Figure 9 shows the comparison of the probability of

detection (POD), false alarm ratio (FAR), and the criti-
cal success index (CSI). All three products have similar
POD, FAR, andCSI values for rainfall thresholds of 100–
500mm. The TMPA 3B42RT has zero values of POD
and CSI for rainfall thresholds greater than 800mm be-
cause it does not have rainfall estimates that exceed that
threshold (Fig. 8b). The original GSMaP_MVK have
rainfall estimates greater than 800mm (Fig. 8c), but the
areas with rainfall estimates greater than 800mm do not
correspond to those observed by rain gauges, resulting in
large FAR values, particularly at thresholds of 900 and
1000mm. The FAR value of the revised GSMaP_MVK
increases with threshold, demonstrating that the revised
GSMaP_MVK overpredicts the intense rainfall area.
However, its FARvalues at thresholds of 900 and 1000mm
are lower than those of the original GSMaP_MVK. The
revised GSMaP_MVK has much higher CSI values than
both the TMPA 3B42RT and the original GSMaP_MVK
for rainfall thresholds greater than 1000mm, demon-
strating that the revised GSMaP_MVK has better ability
to capture heavy rainfall.
Chen et al. (2013) showed that the CMORPH product

(Joyce et al. 2004), as well as the TMPA 3B42RT, poorly
estimated the heavy rainfall associated with Typhoon
Morakot. The high temporal resolution interpolation of
the rainfall estimated using data from MWRs and IR
data for the CMORPH product is closer to that for the

FIG. 6. As in Fig. 1d, but for surface rain rate estimated by the
GSMaP_MWR algorithm with the orographic/nonorographic rain-
fall classification scheme from the TMI data.
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Points of improvement
Orographic rainfall detection

• The input wind in w and Q is used not only at the surface but also upper level.


- Orographically forced upward motion (w)


- Convergence of surface moisture flux (Q)


• The threshold of w become variable depending on mean U.


• A new index, static stability of the lower atmosphere (Shige and Kummerow 2014), 
is introduced.


• The thresholds are changed and exclusion of high lightning rain types is abolished. 
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Orographic rainfall estimation

• Rainorog adjusting weight in Rain37 is changed.

weight = (rain85 - 1.0) / (10.0 - 1.0), 0 ≤ weight ≤ 1 0.25
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2012.07.20 Beijing extreme rainfall

with radar echoes of less than 35 dBZ, due likely to the pres-
ence of much lower-θe air to the north of the wind-shift line.
Similarly, a large coverage of mixed convective-
stratiformclouds took place over the western high
mountains, as denoted by the 1000 m contour, which resulted
from the topographical lifting and then advection of the
southerly flows into a lower-θe high-mountain region (cf.
Figures 2b and 4a).
[10] By 1400 BST, part of Beijing began to experience mod-

erate rainfall with heavier amount occurring in the vicinity of
Mengtougou (cf. Figures 1b and 4b). Note the development
of two northwest-southeast–oriented rainbands that appeared
to be associated with the wind-shift line where pronounced
convergence was present (cf. Figures 2a and 4b). As the
wind-shift line and the associated convectionmoved to northern
Beijing (Figure 4c), the low-level flow became more southerly
(Figure 3b). The extremely moist PBL with an LFC of 200–
300 m and large CAPE explains well the development of deep
convection in central Beijing with little needed lifting.
Meanwhile, convective cells were seen being spawned by
Mt. Taihang near 39!N (Figures 4a–4c) and then propagating
northeastward along the same path into Beijing. These
scenarios are very similar in heavy rainfall production to the
backbuilding and echo-training processes associated with
another torrential rainfall event in East China [Zhang and
Zhang, 2012], and the heavy rainfall climatology in North
America [Schumacher and Johnson, 2005], except for the
topographical triggering mechanism. Although the linear
MCS had a trailing stratiform precipitation region during the
earlier stages (Figures 4b and 4c), it gradually transformed into
a convective line-parallel statiform configuration at the later
stages [Parker and Johnson, 2004], as the wind-shift line
moved northward (cf. Figures 2a, 4c, and 4d).
[11] At 1700 BST, the cold front has moved 100–120 km to

the west of Beijing, but with little rainfall associated with it due

likely to its location in the wake of theMCS (Figure 4c). In con-
trast, the linear MCS became well developed at this time and
remained quasi-stationary during the past few hours due to the
presence of weak larger-scale westerly flow in the warm sector.
As compared to weaker echoes over the western high moun-
tains at the earlier stages (Figure 4a), rainfall intensity was
now seen being increased by a deep layer of southerly moisture
supply, with increasing width northeastward, as convective
cells were “training” along the leading line from their spawning
region. Clearly, this echo-training process accounted for the
generation of more than 50 mm h"1 rainfall rates at Fangshan,
Mengtougou (cf. Figures 1b and 4c) and several other
stations, and this quasi-stationary MCS stage appeared to be
the most critical one contributing to the extreme rainfall.
[12] Subsequently, the linear MCS began to propagate

southeastward out of Beijing. As a result, rainfall rates at
stations from the southwest to northeast of Beijing decreased
rapidly after 2000 BST (cf. Figures 1b and 4d). On the other
hand, some new convective cells were initiated along the cold
front (Figure 4d), and their subsequent growth accounted for
pronounced rainfall after 0100 BST 22 July (Figure 1b). A
surface analysis indicates the roles of convectively generated
cold pools in displacing the MCS, which is typical during the
later stages of the backbuilding and echo-training processes
[Schumacher and Johnson, 2005, 2008].
[13] When comparing the rain gauge to radar observations

(Figures 1b and 4), we can see three rainfall generation stages.
Rainfall began at 1100 BST in southwestern Beijing and
reached the first peak at 1500 BST, which was likely caused
by the northward movement of the wind-shift line. This was
followed by a 1.5 h weakening stage, and then a second rainfall
peak occurred at 1800–1900 BST as a result of echo-training
convective cells in the linear MCS. Rainfall decreased rapidly
after 2000 BST as the MCS moved out of Beijing. The passage
of the cold front accounted for the third heavy rainfall period
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Figure 4. Composite radar reflectivity (dBZ) based on radar data at sites Beijing and Tianjin at (a) 1100, (b) 1400, (c) 1700,
and (d) 2000 BST 21 July 2012. The surface frontal position and the terrain height of 1000 m (dotted) are also shown. Letters
“F” and “M” denote the locations of heavy rainfall received at Fangshan and Mengtougou, respectively.
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with radar echoes of less than 35 dBZ, due likely to the pres-
ence of much lower-θe air to the north of the wind-shift line.
Similarly, a large coverage of mixed convective-
stratiformclouds took place over the western high
mountains, as denoted by the 1000 m contour, which resulted
from the topographical lifting and then advection of the
southerly flows into a lower-θe high-mountain region (cf.
Figures 2b and 4a).
[10] By 1400 BST, part of Beijing began to experience mod-

erate rainfall with heavier amount occurring in the vicinity of
Mengtougou (cf. Figures 1b and 4b). Note the development
of two northwest-southeast–oriented rainbands that appeared
to be associated with the wind-shift line where pronounced
convergence was present (cf. Figures 2a and 4b). As the
wind-shift line and the associated convectionmoved to northern
Beijing (Figure 4c), the low-level flow became more southerly
(Figure 3b). The extremely moist PBL with an LFC of 200–
300 m and large CAPE explains well the development of deep
convection in central Beijing with little needed lifting.
Meanwhile, convective cells were seen being spawned by
Mt. Taihang near 39!N (Figures 4a–4c) and then propagating
northeastward along the same path into Beijing. These
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backbuilding and echo-training processes associated with
another torrential rainfall event in East China [Zhang and
Zhang, 2012], and the heavy rainfall climatology in North
America [Schumacher and Johnson, 2005], except for the
topographical triggering mechanism. Although the linear
MCS had a trailing stratiform precipitation region during the
earlier stages (Figures 4b and 4c), it gradually transformed into
a convective line-parallel statiform configuration at the later
stages [Parker and Johnson, 2004], as the wind-shift line
moved northward (cf. Figures 2a, 4c, and 4d).
[11] At 1700 BST, the cold front has moved 100–120 km to

the west of Beijing, but with little rainfall associated with it due

likely to its location in the wake of theMCS (Figure 4c). In con-
trast, the linear MCS became well developed at this time and
remained quasi-stationary during the past few hours due to the
presence of weak larger-scale westerly flow in the warm sector.
As compared to weaker echoes over the western high moun-
tains at the earlier stages (Figure 4a), rainfall intensity was
now seen being increased by a deep layer of southerly moisture
supply, with increasing width northeastward, as convective
cells were “training” along the leading line from their spawning
region. Clearly, this echo-training process accounted for the
generation of more than 50 mm h"1 rainfall rates at Fangshan,
Mengtougou (cf. Figures 1b and 4c) and several other
stations, and this quasi-stationary MCS stage appeared to be
the most critical one contributing to the extreme rainfall.
[12] Subsequently, the linear MCS began to propagate

southeastward out of Beijing. As a result, rainfall rates at
stations from the southwest to northeast of Beijing decreased
rapidly after 2000 BST (cf. Figures 1b and 4d). On the other
hand, some new convective cells were initiated along the cold
front (Figure 4d), and their subsequent growth accounted for
pronounced rainfall after 0100 BST 22 July (Figure 1b). A
surface analysis indicates the roles of convectively generated
cold pools in displacing the MCS, which is typical during the
later stages of the backbuilding and echo-training processes
[Schumacher and Johnson, 2005, 2008].
[13] When comparing the rain gauge to radar observations

(Figures 1b and 4), we can see three rainfall generation stages.
Rainfall began at 1100 BST in southwestern Beijing and
reached the first peak at 1500 BST, which was likely caused
by the northward movement of the wind-shift line. This was
followed by a 1.5 h weakening stage, and then a second rainfall
peak occurred at 1800–1900 BST as a result of echo-training
convective cells in the linear MCS. Rainfall decreased rapidly
after 2000 BST as the MCS moved out of Beijing. The passage
of the cold front accounted for the third heavy rainfall period
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Figure 4. Composite radar reflectivity (dBZ) based on radar data at sites Beijing and Tianjin at (a) 1100, (b) 1400, (c) 1700,
and (d) 2000 BST 21 July 2012. The surface frontal position and the terrain height of 1000 m (dotted) are also shown. Letters
“F” and “M” denote the locations of heavy rainfall received at Fangshan and Mengtougou, respectively.
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with radar echoes of less than 35 dBZ, due likely to the pres-
ence of much lower-θe air to the north of the wind-shift line.
Similarly, a large coverage of mixed convective-
stratiformclouds took place over the western high
mountains, as denoted by the 1000 m contour, which resulted
from the topographical lifting and then advection of the
southerly flows into a lower-θe high-mountain region (cf.
Figures 2b and 4a).
[10] By 1400 BST, part of Beijing began to experience mod-

erate rainfall with heavier amount occurring in the vicinity of
Mengtougou (cf. Figures 1b and 4b). Note the development
of two northwest-southeast–oriented rainbands that appeared
to be associated with the wind-shift line where pronounced
convergence was present (cf. Figures 2a and 4b). As the
wind-shift line and the associated convectionmoved to northern
Beijing (Figure 4c), the low-level flow became more southerly
(Figure 3b). The extremely moist PBL with an LFC of 200–
300 m and large CAPE explains well the development of deep
convection in central Beijing with little needed lifting.
Meanwhile, convective cells were seen being spawned by
Mt. Taihang near 39!N (Figures 4a–4c) and then propagating
northeastward along the same path into Beijing. These
scenarios are very similar in heavy rainfall production to the
backbuilding and echo-training processes associated with
another torrential rainfall event in East China [Zhang and
Zhang, 2012], and the heavy rainfall climatology in North
America [Schumacher and Johnson, 2005], except for the
topographical triggering mechanism. Although the linear
MCS had a trailing stratiform precipitation region during the
earlier stages (Figures 4b and 4c), it gradually transformed into
a convective line-parallel statiform configuration at the later
stages [Parker and Johnson, 2004], as the wind-shift line
moved northward (cf. Figures 2a, 4c, and 4d).
[11] At 1700 BST, the cold front has moved 100–120 km to

the west of Beijing, but with little rainfall associated with it due

likely to its location in the wake of theMCS (Figure 4c). In con-
trast, the linear MCS became well developed at this time and
remained quasi-stationary during the past few hours due to the
presence of weak larger-scale westerly flow in the warm sector.
As compared to weaker echoes over the western high moun-
tains at the earlier stages (Figure 4a), rainfall intensity was
now seen being increased by a deep layer of southerly moisture
supply, with increasing width northeastward, as convective
cells were “training” along the leading line from their spawning
region. Clearly, this echo-training process accounted for the
generation of more than 50 mm h"1 rainfall rates at Fangshan,
Mengtougou (cf. Figures 1b and 4c) and several other
stations, and this quasi-stationary MCS stage appeared to be
the most critical one contributing to the extreme rainfall.
[12] Subsequently, the linear MCS began to propagate

southeastward out of Beijing. As a result, rainfall rates at
stations from the southwest to northeast of Beijing decreased
rapidly after 2000 BST (cf. Figures 1b and 4d). On the other
hand, some new convective cells were initiated along the cold
front (Figure 4d), and their subsequent growth accounted for
pronounced rainfall after 0100 BST 22 July (Figure 1b). A
surface analysis indicates the roles of convectively generated
cold pools in displacing the MCS, which is typical during the
later stages of the backbuilding and echo-training processes
[Schumacher and Johnson, 2005, 2008].
[13] When comparing the rain gauge to radar observations

(Figures 1b and 4), we can see three rainfall generation stages.
Rainfall began at 1100 BST in southwestern Beijing and
reached the first peak at 1500 BST, which was likely caused
by the northward movement of the wind-shift line. This was
followed by a 1.5 h weakening stage, and then a second rainfall
peak occurred at 1800–1900 BST as a result of echo-training
convective cells in the linear MCS. Rainfall decreased rapidly
after 2000 BST as the MCS moved out of Beijing. The passage
of the cold front accounted for the third heavy rainfall period
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Figure 4. Composite radar reflectivity (dBZ) based on radar data at sites Beijing and Tianjin at (a) 1100, (b) 1400, (c) 1700,
and (d) 2000 BST 21 July 2012. The surface frontal position and the terrain height of 1000 m (dotted) are also shown. Letters
“F” and “M” denote the locations of heavy rainfall received at Fangshan and Mengtougou, respectively.
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ence of much lower-θe air to the north of the wind-shift line.
Similarly, a large coverage of mixed convective-
stratiformclouds took place over the western high
mountains, as denoted by the 1000 m contour, which resulted
from the topographical lifting and then advection of the
southerly flows into a lower-θe high-mountain region (cf.
Figures 2b and 4a).
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likely to its location in the wake of theMCS (Figure 4c). In con-
trast, the linear MCS became well developed at this time and
remained quasi-stationary during the past few hours due to the
presence of weak larger-scale westerly flow in the warm sector.
As compared to weaker echoes over the western high moun-
tains at the earlier stages (Figure 4a), rainfall intensity was
now seen being increased by a deep layer of southerly moisture
supply, with increasing width northeastward, as convective
cells were “training” along the leading line from their spawning
region. Clearly, this echo-training process accounted for the
generation of more than 50 mm h"1 rainfall rates at Fangshan,
Mengtougou (cf. Figures 1b and 4c) and several other
stations, and this quasi-stationary MCS stage appeared to be
the most critical one contributing to the extreme rainfall.
[12] Subsequently, the linear MCS began to propagate

southeastward out of Beijing. As a result, rainfall rates at
stations from the southwest to northeast of Beijing decreased
rapidly after 2000 BST (cf. Figures 1b and 4d). On the other
hand, some new convective cells were initiated along the cold
front (Figure 4d), and their subsequent growth accounted for
pronounced rainfall after 0100 BST 22 July (Figure 1b). A
surface analysis indicates the roles of convectively generated
cold pools in displacing the MCS, which is typical during the
later stages of the backbuilding and echo-training processes
[Schumacher and Johnson, 2005, 2008].
[13] When comparing the rain gauge to radar observations

(Figures 1b and 4), we can see three rainfall generation stages.
Rainfall began at 1100 BST in southwestern Beijing and
reached the first peak at 1500 BST, which was likely caused
by the northward movement of the wind-shift line. This was
followed by a 1.5 h weakening stage, and then a second rainfall
peak occurred at 1800–1900 BST as a result of echo-training
convective cells in the linear MCS. Rainfall decreased rapidly
after 2000 BST as the MCS moved out of Beijing. The passage
of the cold front accounted for the third heavy rainfall period
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Figure 4. Composite radar reflectivity (dBZ) based on radar data at sites Beijing and Tianjin at (a) 1100, (b) 1400, (c) 1700,
and (d) 2000 BST 21 July 2012. The surface frontal position and the terrain height of 1000 m (dotted) are also shown. Letters
“F” and “M” denote the locations of heavy rainfall received at Fangshan and Mengtougou, respectively.
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“The observed rainfall was mostly generated by convective cells that were 
triggered by local topography and then propagated along a quasi-stationary 
linear convective system into Beijing.”


