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Questions

nHow can process signatures of aerosol-cloud-precipitation 
interaction be identified in satellite observations?
nWhat (combination of) observables? In what statistics?
nHow can the statistics serve as metrics for process “fingerprint”?

nHow can these metrics be applied to evaluate/constrain global 
models (GCMs/GSRMs)?

nHow do the process signatures link to macroscopic/large-scale 
climate forcing?

nHow can new capabilities of EarthCARE add information to 
these metrics for model constraints?



Statistic #1 - Frequency of CPR reflectivity

n Cloud: Zmax < -15dBZ
n Drizzle: -15dBZ < Zmax < 0dBZ
n Rain: Zmax > 0dBZ
Zmax: column maximum reflectivity
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Jing et al. (JGR ʼ17)

clouds in GFDL_CLUBB, which are better represented by GFDL_AM4
(Figure 1d, left). These interesting differences imply that the
dependencies of precipitation on subgrid variabilities of clouds and
turbulences differ between subtropical eastern and midlatitude oceans.

On the other hand, the alteration of autoconversion schemes in NICAM
also remarkably affects simulated fcloud, fdrizzle, and frain as shown in
Figures 1h and 1i. The increase of midlatitude and subtropical eastern
oceanic clouds and the corresponding decrease of drizzle and rain in
NICAM_KK are favorable. These features of NICAM_KK are quite similar
to those of ECHAM_HAM (Figure 1e), which also uses the KK00 scheme
to form warm precipitation.

As the definition of cloud, drizzle, and rain are based on radar reflectivity
(Zmax), we compare the simulated and observed PDFs of subcolumn
Zmax in Figure 3. The systematic overestimation of Zmax is found for all
models. The A-Train Zmax peaks at around !25 dBZ (in the nonprecipi-
tating cloud category), while those of models commonly peak at around
0 dBZ (in the drizzle or rain category). Even considering the uncertainty
of radar reflectivity calculated by radar simulator to be up to 4–5 dBZ
(Di Michele et al., 2012), the overestimation of radar reflectivity by
GCMs is still robust.

3.2. Precipitation Occurrence Against Cloud Microphysics

The too-frequent occurrence of precipitation underlines that the water transition processes (i.e., the transition
from cloud water to precipitation water) may not be correctly represented in GCMs. To evaluate the modeled
water transition processes against observations, we computed fractional occurrences of different precipita-
tion categories as a function of LWP (Kawamoto & Suzuki, 2012; Lebsock et al., 2008; L’Ecuyer et al., 2009;
Suzuki et al., 2015), for both models and satellite observations. The observational LWP is calculated from
MODIS Reff and τc following Suzuki et al. (2015) as

LWP ¼ 2
3
ρwReffτc; (4)

where ρw is the liquid water density.

The results are shown in Figure 4. The A-Train results (Figures 4a and 4b)
demonstrate that (1) the cloud-to-precipitation transition occurs more
readily with increasing LWP, with the percentage of nonprecipitating
clouds (rain) having its maximum (minimum) at the smallest LWP and
decreasing (increasing) with increasing LWP, and (2) drizzle (which fea-
tures smaller precipitating drop sizes) is responsible for most of the
water transition over LWP below about 200 g m!2, while rain (which fea-
tures larger precipitating drop sizes) becomes dominant with further
increase in LWP.

These observed characteristics are not properly captured by the GCMs
as shown in Figures 4b–4h. The too small occurrence of nonprecipitat-
ing clouds and too large occurrence of precipitation at small LWP, com-
pared to satellite observations, are found for all the models. This means
that precipitation is triggered to form too easily in cloud development
characterized by smaller LWP values. This, at least in part, explains why
simulated precipitation is overly frequent, as shown in Figure 1. For
GFDL_AM4 (Figure 4d) and ECHAM-HAMMOZ (Figure 4e), the magni-
tude and trend of the rain fraction (blue lines) with regard to LWP are
more reasonably represented than those of other models. This implies
that the drizzle to rain transition (represented primarily by accretion)

Figure 2. Relative frequency of cloud (fcloud), drizzle (fdrizzle), and rain (frain)
averaged between 60°S and 60°N for A-Train observations and model simu-
lations. The observational results are calculated upon the original A-Train
data set (A-Train), upon the subset A-Train data set averaged every 14 km
along track (A-Train(14 km)), and from the grid-size (1.25° latitude along
track) view by considering the precipitation fraction effect (A-Train(gs)).

Figure 3. Probability density functions of subcolumn maximum radar
reflectivity (Zmax) for A-Train observations and model simulations. A-Train
represents the original satellite data, and A-Train(14 km) represents the
subset data averaged every 14 km along track.
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Statistic #2 - Radar profile combined with imager variables

BR68:
b = -1.0

TC89:
b = -0.3

LD04:
b = -1.0

KK00:
b = -1.79

BH94:
b = -3.3

Jing et al. (JCLI ʼ19)

Satellite

relatively small, mostly within the uncertainty range of
the IPCC AR5 judgement. Both DLWP (Fig. 11b) and
DCDNC (Fig. 11c) are substantially suppressed for
KK00 and BH94 when a small b is used. One exception
is LD04, which gives anAIE as large as;1.9Wm22 with
b 5 21/3. One major difference between the LD04
scheme and others is the use of aRe threshold that varies
withLc andNc. If theRe threshold is eliminated from the
default LD04 formulation, it yields the AIE (with
b521) much closer to BR68 which also has b5;21,
implying that the appropriate use of warm rain onset
threshold can mitigate the effect of the b used.
The BR68 and TC80 schemes both show a relatively

larger AIE sensitivity to the increase of b (more nega-
tive): a small increase in b (BR68: from ;21 to ;21.2,
TC80: from 21/3 to 22/3) takes the magnitudes of AIE
comparable to those of the schemes with larger b. These
are largely related to the high sensitivity of DCDNC to
b of the two schemes (Fig. 11c).
These results suggest that b, which largely determines

the susceptibility of warm rain formation to aerosol
perturbations in the first place, significantly influences
the AIE via its modulation to cloud property responses.
Meanwhile, the choice of rain onset threshold can po-
tentially mitigate the effect of b.

c. Effect of wet scavenging feedback

This subsection extends the exploration of the wet
scavenging feedback on AIE found by JS18 to multiple
autoconversion schemes. The discrepancies in Swscv as
shown in Fig. 5 result in significantly different PD 2 PI

AOD differences (DAOD; Fig. 12) among the various
autoconversion schemes. These differences inDAOD feed
back onto and contribute partly to cloud water (Figs. 7 and
8) and AIE (Fig. 6): larger aerosol loadings provide extra
cloud condensation nuclei (CCN), which further inhibit
rain formation and enlarge DLWP, DCDNC, andAIE. As
described in section 2c, the experiments of ‘‘fixed Nc for
wet scavenging 1 interactive Nc for cloud microphysics’’
are conducted to estimate the contribution of the wet
scavenging feedback onto DLWP and AIE.
The resultant global-mean AIEs that exclude wet

scavenging feedbacks are shown in Fig. 9 (grid fill);
similarly, the global-meanDLWP andDAODare shown
in Fig. 13. The AIEs for the fixed-Nc experiments (de-
noted as ‘‘_FN’’) are all smaller than the corresponding
default experiments, implying that the amplification
effect of wet scavenging feedback pointed out by JS18
applies to all the autoconversion schemes examined.
BH94 shows the largest differences in AIE between the
default and the fixed-Nc experiments, while TC80 shows
the smallest; this is also consistent with the finding of
JS18 that schemes that represent both nonprecipitating
and precipitating RR profiles in CFODDs (e.g., BH94,
KK00, and LD04; Fig. 2) closer to satellite observations
tend to have larger wet scavenging feedback. The
scheme-dependent importance of wet scavenging feed-
back is also clearly shown in Fig. 13: the DLWPs and
DAOD values for the BH94_FN, KK00_FN, and LD04_
FN experiments are generally reduced from their de-
fault experiments to an extent larger than the other two
schemes. The wet scavenging feedback is thus a critical
pathway through which the precipitation schemes can
influence the simulated Earth energy budget, particu-
larly for those that feature impeded (observation-like)
rain formation at small droplet sizes.

FIG. 9. Global-mean PD2 PI differences in AIE for the default
(colored solid fill) and the fixedNC (grid fill) simulations, as well as
for expert judgement of IPCC AR5 (gray solid fill). The error bars
indicate the maximum and minimum annual mean values during
the 11-yr simulations and the uncertainty range of IPCC AR5
judgment.

FIG. 10. Climate sensitivities of the MIROC5.2 model with the
various autoconversion schemes derived with the method of Cess
et al. (1990). The error bars indicate the maximum and minimum
annual mean values during the 6-yr runs.

4424 JOURNAL OF CL IMATE VOLUME 32

Sensitivity to 
parameterization 
in MIROC5

Wet scavenging 
effect



Linkage of the process realism to climate forcing
How do rain processes link to radiative forcing?

Mülmenstädt et al., Sci. Adv. 2020; 6 : eaaz6433     29 May 2020
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Inhibiting drizzle at one effective radius threshold causes the model 
clouds to build up condensate until they reach the higher effective 
radius threshold, because precipitation is such a strong sink process 
for cloud condensate in the model. At the higher effective radius 
threshold, the cloud liquid water content is more sensitive to changes 
in Nd—and thus, the liquid water path adjustment is stronger—because 
cloud liquid water content is linked to Nd via the mean droplet radius 
to the third power (text S4 and eqs. S4.1 to S4.3).

Parameterized precipitation initiation depends on liquid water 
content and Nd (see Methods). The dependence of the process rate 
on Nd results in process susceptibility to aerosol. Note that the range of 

adjustment simulated by these model configurations is large (90 % < 
FL/FNd < 125%, corresponding to −0.65 W m−2 < FL < − 0.47 W m−2), 
even though we have only changed parameters affecting the base pro-
cess behavior, not the Nd-dependent factor that explicitly encodes the 
susceptibility to aerosol (text S5). Similarly, a large range of normal-
ized adjustment results from varying the parameter controlling the 
dependence of rain initiation on cloud liquid water content (fig. S5); 
this is also a modification of the base process behavior. On the other 
hand, varying the parameter controlling the rain initiation susceptibility 
to aerosol-induced Nd change (fig. S6) results in a comparatively 
small change in the normalized adjustment. This underscores that 

Fig. 2. Change in model bias in warm precipitation fraction relative to the reference configuration. The reduced scale factor strongly decreases the warm rain frac-
tion but leaves warm drizzle largely unaffected, whereas the re threshold decreases warm drizzle but leaves warm rain largely unaffected.

Fig. 3. The relationship between the (observable) bias in warm rain fraction and the (emergent) rapid adjustment under scale factor and effective radius thresh-
old tuning strategies. The relationship between warm rain fraction (fwarm) and normalized rapid adjustment (FL/FNd) is multivalued, which presents an apparent obstacle 
to an observational constraint. Distinguishing between rain (solid line), which responds strongly to the Qaut scale factor tuning but weakly to the re threshold tuning, and 
drizzle (dashed line), with the opposite responses, breaks the degeneracy and removes the obstacle to formulating an observational constraint.
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Mulmenstadt et al. (Sci. Adv. ʼ20)

n Simultaneous measurement of rain/drizzle is critical for model precipitation processes
n Process-sensitive information is required for reliable estimates of radiative forcing

Rain

Drizzle

Precip. frequency bias

More cooling

Less cooling

Radiative forcing:

n Simultaneous measurement of rain/drizzle is critical for model precipitation processes
n Process-sensitive obs information is required for reliable estimates of radiative forcing
n How can EarthCARE Doppler add a “dynamical context” to this?

Warm rain fraction

Model

Satellite



How could dynamics-microphysics coupling be seen in satellite obs?

Takahashi et al. (QJRMS ʼ17)

Can EarthCARE Doppler help test this?

Land-Ocean Differences in Warm Rain 1807

Figure 2. A schematic illustration describing the warm-rain formation process over (a) weaker (i.e. ocean) and (b) stronger (i.e. land) updraughts. [Colour figure can
be viewed at wileyonlinelibrary.com].

an interval of 5 µm for grouping CFODDs, similar to Suzuki
et al. (2015); however, since re = 10–15 µm is a critical range
of droplet size to start the coalescence process, we further split
re = 10–15 µm into two groups: 10–12.5 and 12.5−15 µm. The
re = 5–10 µm CFODD distributions over land and ocean are
similar, while the distributions for re > 10 µm are different.
Specifically:

1. For re = 10−15 µm, over ocean (first row), the peak in the
CFODDs shifts downward into the cloud as the reflectivity
increases with optical depth (τ d), which indicates a
downward growth of drizzle particles (−15 to 0 dBZ)
by coalescence occurs from the cloud top (τ d = 0–10) to
bottom (τ d = 40–50) as highlighted by downward arrows.
Over land, on the other hand, the CFODDs exhibits a
maximum nearer the cloud top, and the particles are still
gaining height as they grow (as emphasized by the upward
arrow) in clouds.

2. For re = 15−20 µm, both continental and oceanic clouds
evolve from cloud to drizzle and drizzle to rain as radar
reflectivity moves from −25 dBZ near the cloud top to
∼10 dBZ near the cloud base; however, more drizzle (−15
to 0 dBZ) is apparent in oceanic than continental clouds.
Oceanic clouds exhibit a more continuous transition
from cloud to drizzle and drizzle to rain, in contrast to
continental clouds that appear more bimodal with peaks
separated into near the cloud top and near the cloud
base. The drizzle mode reflectivity gap from −15 to 0 dBZ
between near the cloud top and near the cloud base is a
unique feature of continental clouds and is highlighted as
a black oval. Moreover, reflectivity >−10 dBZ can be seen
near the cloud top over land but not over ocean, implying
that larger particles over land remain lofted near the cloud
top before falling and growing.

3. Land–ocean differences are also significant for the
re = 20−25 µm category of clouds. Oceanic clouds again
produce a continuous transition from cloud to drizzle to
rain, whereas continental clouds are again characterized
by a more pronounced bimodal distribution with the
reflectivity gap in drizzle mode (again highlighted as a
black oval).

4. The reflectivity gap in drizzle mode makes it looks like the
drizzle is missing in the continental clouds. However, the
reflectivity gap is not due to the absence of drizzle, but due
to the wide distributions of particle size (illustrated by white
dotted lines), which disrupt the drizzle signal. The result
suggests that warm clouds have much greater variability in
both particle size and in strength of coalescence process
(Beard and Ochs, 1993) over land than ocean.

The observed land–ocean differences in CFODDs could be
still due to the leftover aerosol effect after binning into the same
ranges of re (i.e. the distribution of re between land and ocean can
be different within the interval of 2.5 or 5 µm). To test this, the
probability distribution functions (PDFs) of re over land (green)
and ocean (blue) are also grouped into five categories and shown
in Figure 1 (third row). For re > 10 µm, greater concentration
of aerosols over land makes continental particles slightly smaller
than oceanic particles. However, the land–ocean differences in
PDFs are very small, suggesting that the land–ocean difference
in CFODDs still cannot be fully explained by aerosol effects. A
difference in cloud liquid water content (LWC) can also influence
the CFODD structures since coalescence is sensitive to LWC.
However, the land–ocean difference in LWC near cloud top
(τ d ≤ 10) is also small (∼0.015 gm−3 in median values).

Many previous studies showed that updraught velocities are
stronger over land than ocean in deep convection (Zipser and
LeMone, 1980; Lucas et al., 1994), as well as in warm clouds (Gao
et al., 2014). We hypothesize that the land–ocean differences in
CFODDs (Figure 1) are explained by the land–ocean differences
in updraught strengths in warm clouds. Figure 2 is a schematic
depiction of how vertical velocity affects the warm-rain formation
process. The coalescence process is the downward particle-growth
process, as larger particles fall and grow further by colliding with
smaller droplets lying in their paths. In stronger updraughts
as occur in continental clouds, particles are lifted to higher
altitude than in weaker updraughts (i.e. over ocean). In stronger
updraughts, it is harder for relatively small particles to fall since
particles have to be large enough to fall against the convective
updraughts (i.e. the terminal velocity of the particles should
exceed the updraught speeds). Therefore, it is reasonable to think
that the updraught strengths affect the height at which collisions
between different-sized droplets occur. In weaker updraughts,
relatively smaller particles are able to fall and monotonically grow
as drizzle or as rain through the coalescence process deeper down
in clouds (Figure 2(a)). This is the reason why oceanic CFODDs
exhibit a continuous transition from cloud to drizzle and drizzle
to rain in Figure 1 (first row). By contrast, the stronger updraughts
can loft larger particles. Relatively smaller particles are forced to
stay aloft near the cloud top to grow as drizzle or even rain before
falling against the updraught, and once they become large enough
to fall they grow rapidly into larger precipitation in the clouds
(Figure 2(b)). Nakajima et al. (2010) pointed out that drizzle and
rain modes tended to develop nearer the tops of continental
clouds, while drizzle and rain appear deeper down in oceanic
clouds, which supports our hypothesis.

The distribution of drizzle-sized particles tends to be more
affected than cloud- or rain-sized particles by updraught speeds.
Stronger updraughts loft drizzle particles until they become large

c© 2017 Royal Meteorological Society
California Institute of Technology. U.S. Government sponsorship acknowledged. Q. J. R. Meteorol. Soc. 143: 1804–1815 (2017)



Aerosol-Cloud Interaction in a global storm-resolving model
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MIROC-SPRINTARS
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Sato et al. (Nat. Comm. ʼ18)

LWP susceptibility

nHow realistic are key process representations in NICAM?

itation fields. The implementation of SPRINTARS leads to
a representation of aerosol effects on all the resolved liquid
clouds including convective clouds as well as stratiform
clouds without a cumulus parameterization. A global
simulation is performed using NICAM-SPRINTARS with
horizontal resolution of 7 km as described in section 1 of
the auxiliary material1. This resolution with aerosols
makes the best use of the state-of-the-art computational
resource due to extra needs of machine memory for aerosol
tracers.

3. Results

[6] Simulated results using the model are compared with
MODerate resolution Imaging Spectroradiometer (MODIS)
satellite observations. The procedures of analyses are de-
scribed in section 2 of the auxiliary material.

3.1. Global Distributions of Aerosol and Cloud

[7] Global distributions of aerosol optical thickness
(AOT) and CDR are shown in Figure 1 in comparison with
MODIS for AOT at 550 nm [e.g., Remer et al., 2005, 2008]
and for CDR retrieved with the algorithm of Nakajima and
Nakajima [1995] and Kawamoto et al. [2001]. Simulated
aerosol plumes prevail over the Saharan region as well as
over central-southern Africa, Middle East, Europe and East
Asia, consistent with MODIS observations (Figures 1a and

1c). Simulated AOTs are, however, smaller than MODIS-
retrieved values over North American region, possibly due
to insufficient emissions of anthropogenic SO2 and gas-to-
particle production of sulfate aerosols in SPRINTARS.
Larger AOTs simulated over Australia are a result of
unrealistic dust emissions associated with drier soil mois-
ture. Simulated AOTs are systematically smaller than
MODIS values over remote oceans. This is a common bias
with traditional GCMs although MODIS also may overes-
timate AOTs of sea salt due to possible cloud contamination
[Kaufman et al., 2005].
[8] A remarkable feature of Figure 1d is the detailed

spatial structure of CDR simulated especially over the
Tropics. This includes the mixture of large and small
particle sizes over central Africa, the north-south contrast
over Amazon basin, and the large values zonally found
along the ITCZ and the SPCZ. These features have been
difficult to simulate with traditional GCMs [e.g., Suzuki et
al., 2004]. The model shows, however, larger CDRs than
MODIS over Siberia where simulated AOTs are smaller
than MODIS values. These differences clearly point to the
need for an improved emission inventory and gas-to-particle
conversion processes. The simulated CDRs are also smaller
than MODIS at mid-to-high latitudes especially over remote
oceans. This difference could be reduced by improving rain
formation parameterization although satellite retrievals also
suffer from various errors [Kawamoto et al., 2001]. It is
noteworthy that the MODIS CDRs shown here are retrieved
from 3.7 mm radiances [Nakajima and Nakajima, 1995] and
are systematically smaller than those retrieved from 2.2 mm

Figure 1. Global distributions of (a and c) AOT and (b and d) CDR in mm obtained from MODIS observations
(Figures 1a and 1b) and NICAM-SPRINTARS model (Figures 1c and 1d) for averages during July 1–8, 2006.

1Auxiliary materials are available in the HTML. doi:10.1029/
2008GL035449.
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itation fields. The implementation of SPRINTARS leads to
a representation of aerosol effects on all the resolved liquid
clouds including convective clouds as well as stratiform
clouds without a cumulus parameterization. A global
simulation is performed using NICAM-SPRINTARS with
horizontal resolution of 7 km as described in section 1 of
the auxiliary material1. This resolution with aerosols
makes the best use of the state-of-the-art computational
resource due to extra needs of machine memory for aerosol
tracers.

3. Results

[6] Simulated results using the model are compared with
MODerate resolution Imaging Spectroradiometer (MODIS)
satellite observations. The procedures of analyses are de-
scribed in section 2 of the auxiliary material.

3.1. Global Distributions of Aerosol and Cloud

[7] Global distributions of aerosol optical thickness
(AOT) and CDR are shown in Figure 1 in comparison with
MODIS for AOT at 550 nm [e.g., Remer et al., 2005, 2008]
and for CDR retrieved with the algorithm of Nakajima and
Nakajima [1995] and Kawamoto et al. [2001]. Simulated
aerosol plumes prevail over the Saharan region as well as
over central-southern Africa, Middle East, Europe and East
Asia, consistent with MODIS observations (Figures 1a and

1c). Simulated AOTs are, however, smaller than MODIS-
retrieved values over North American region, possibly due
to insufficient emissions of anthropogenic SO2 and gas-to-
particle production of sulfate aerosols in SPRINTARS.
Larger AOTs simulated over Australia are a result of
unrealistic dust emissions associated with drier soil mois-
ture. Simulated AOTs are systematically smaller than
MODIS values over remote oceans. This is a common bias
with traditional GCMs although MODIS also may overes-
timate AOTs of sea salt due to possible cloud contamination
[Kaufman et al., 2005].
[8] A remarkable feature of Figure 1d is the detailed

spatial structure of CDR simulated especially over the
Tropics. This includes the mixture of large and small
particle sizes over central Africa, the north-south contrast
over Amazon basin, and the large values zonally found
along the ITCZ and the SPCZ. These features have been
difficult to simulate with traditional GCMs [e.g., Suzuki et
al., 2004]. The model shows, however, larger CDRs than
MODIS over Siberia where simulated AOTs are smaller
than MODIS values. These differences clearly point to the
need for an improved emission inventory and gas-to-particle
conversion processes. The simulated CDRs are also smaller
than MODIS at mid-to-high latitudes especially over remote
oceans. This difference could be reduced by improving rain
formation parameterization although satellite retrievals also
suffer from various errors [Kawamoto et al., 2001]. It is
noteworthy that the MODIS CDRs shown here are retrieved
from 3.7 mm radiances [Nakajima and Nakajima, 1995] and
are systematically smaller than those retrieved from 2.2 mm

Figure 1. Global distributions of (a and c) AOT and (b and d) CDR in mm obtained from MODIS observations
(Figures 1a and 1b) and NICAM-SPRINTARS model (Figures 1c and 1d) for averages during July 1–8, 2006.

1Auxiliary materials are available in the HTML. doi:10.1029/
2008GL035449.
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The rain process realism in NICAM ‒ Statistic #3

降雨特性の評価
CloudSatレーダーを用いて降雨特性を評価した。 

カラム最大の反射強度  (dbze)を用いて水雲を雲・ドリズル・雨に分類、 

それぞれのLWP毎の相対的出現率（Suzuki et al. 2011）
Z

雲(  < -15)  

ドリズル (-15 <   <0)  

雨 (0 < )

Z
Z

Z

NSW6は少ないLWPで雨が生じるバイアス。 

NDW6は観測と整合的な降雨特性。
Sensitivity of NSW6 
to some parameters

NSW6感度実験の降雨特性評価

衛星観測

標準　　 　　　　　　　小さな雨水　　　　　　遅い雨水落下　　　

NSW6は雲→ドリズル→雨の 

遷移を上手に表現できない。 

LWPごとのconversion rateを書くと、 

何が起こっているかの説明ができる 雲(  < -15)  

ドリズル (-15 <   <0)  

雨 (0 < )

Z
Z

Z

No precipitation: Z < -15dBZ
Drizzle: -15dBZ < Z < 0dBZ
Rain: Z > 0dBZ

1-moment 2-moment

Smaller raindrop size Slower raindrop falling 

Hotta & Suzuki (in prep.)

Cloud Water

Pr
ec

ip
.



Summary & Some thoughts for EarthCARE
nThere exist some metrics that can “probe” some aspects of 

key cloud-precipitation processes
nThe process realism depicted in them is found to correlate 

with ACI radiative forcing
nThe dynamical context would be added by ECARE with 

Doppler capability to the existing metrics
nHow can we do this specifically?

nHow about HSRL?
nDistinguishing aerosols of differing colors (absorbing/scattering)
nDetailed characterization of hydrometeors (ice crystal habits)

nHow to exploit new ECARE capabilities for extending the 
existing metrics and devising new ones?



Metrics based on CPR reflectivity 2 - Vertical profiles
Michibata & Suzuki (GRL ʼ20)

A-Train

Old MIROC
(DIAG precip)

New MIROC
(PROG precip)

manuscript submitted to Geophysical Research Letters
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Figure 2. Global annual mean ERFaci estimated from observation-based studies (black; Chen

et al., 2014; Christensen et al., 2016, 2017; Douglas & L’Ecuyer, 2020) and their probable range

calculated by correcting the e↵ect of retrieval limitations (box-whisker), and that simulated by

MIROC6 with various precipitation and autoconversion schemes (colors). Symbols and error

bars for MIROC6 represent the mean and standard deviation of the interannual variability, re-

spectively. The shaded area represents the uncertainty range of ERFaci estimated from IPCC

AR5 (Boucher et al., 2013; Myhre et al., 2013), and the horizontal dashed line indicates the best

estimate of IPCC AR5 (�0.45 Wm
�2

).

manuscript submitted to Geophysical Research Letters
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Figure 3. Relationship between the change in annual mean CLWP and that in annual mean

accretion rate from the change in aerosols from the PI to PD conditions, simulated by (a) the

DIAG model, (b) the PROG model, and (c) the PROG accretion-limited experiment. Box-

whisker plots represent the 10th, 25th, 50th (black “+”), 75th, and 90th percentiles of the data

within each bin. Plots in red show the mean.
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n A particular statistics of CloudSat+MODIS “fingerprints” the rain formation process
n This offers a direct constraint on model cloud physics, which is linked to ACI forcing
n Recent MIROC development was guided by this to produce new estimates of ACI forcing

5 < Re < 12µm 12 < Re < 18µm 18 < Re < 35µm



Evaluation of water conversion process

Non-precip: Zsfc < -15dBZ
Drizzle: -15dBZ < Zsfc < 0dBZ
Rain: 0dBZ < Zsfc

Precipitation Category:

Zsfc: Surface radar reflectivity

1-moment 2-moment

Suzuki et al. (JAS ʼ11)

nNICAM forms rain too fast
nCommon bias with GCMs
nNot solved by resolution alone

n Issue of cloud physics

Liquid Water Path

Probability of Precipitation


