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Early insight into dynamics-microphysics coupling 
inferred from EarthCARE cloud measurement
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What can Doppler velocity tell us about?
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n DV varies regionally with ‘cloud type’ defined with 
reflectivity (e.g. precipitating/non-precipitating)

n Joint Ze-Vd analysis offers a new insight into a coupling 
between dynamics and microphysics

n This is highlighted for deep convection and warm rain
in this presentation

ü Vd = w – Vt (Ze-weighted)
w: Dynamics
Vt: Microphysics

ü Ze: Microphysics
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one searches the highest level of 10 dBZ and 0 dBZ from cloud
top downward; for deep convective clouds, these high ETHs
are usually found near cloud top well above the melting levels.
The second proxy is called overshooting distance (OSD),
defined as the difference between CTH (which roughly corre-
sponds to the ETH of about –30 dBZ) and LNB. OSD de-
scribes the extra distance by which a deep convective plume

overshoots the corresponding LNB. Intuitively, it is indicative
of the convective strength or intensity since stronger convec-
tive plumes overshoot higher. Extremely strong deep convec-
tion can penetrate directly into the stratosphere, much higher
than the LNB [e.g., Luo et al., 2008]. The third proxy is called
cloud top-echo top distance (CTETD), which is defined as the
distance between CTH and ETH of 0 dBZ and 10 dBZ. When
convection is strong, both small and large particles are lofted
to higher altitude, so CTH and ETH are similar (thus, small
CTETD). On the other hand, if convection is weak, large par-
ticles fall short of the cloud top resulting in large CTETD.
Figure 2 uses schematics to illustrate these different proxies.

2.4. Definition of Convective Life Stage
[13] ISCCP-CT database gives CloudSat snapshots the miss-

ing time dimension so that we are able to identify the life stage
of CSs in which ODC is embedded. Following Futyan and Del
Genio [2007], we use two independent variables, coldest IR
brightness temperature (TBIR) and radius size (R) of the CS,
to determine the life stages of the convective system.We define
it as the “developing stage” if the system has not reached the
minimum TBIR (i.e., highest CTH) of its lifetime and as the
“dissipating stage” if the system has already passed its maxi-
mum size. The life stage between the developing stage and
the dissipating stage is defined as the “mature stage.” The ratio-
nale for the life stage classification is that CSs are expected to
develop vertically first and then expand horizontally. To
smooth out abrupt changes in TBIR and R, we apply a polyno-
mial curve fitting and use F test to determine the best order fit.
Due to the temporal and spatial resolutions of the ISCCP-CT
data (3 h and 30 km, respectively), only CSs whose lifetimes
are longer than 6 h (i.e., a minimum of three geostationary
images) and whose radiuses are larger than 90 km have been
used (section 3.3). Three-hourly CT data are interpolated when
there is only one missing image between the consecutive
images and then further interpolated to hourly intervals. But it
should be noted that the deep convective clouds analyzed in
sections 3.1 and 3.2 are not constrained by the large system
condition; they include all CloudSat observations.
[14] Depending on the time at which CloudSat-observed

ODC intercepts the ISCCP-CT data, it is assigned a given life

Figure 2. Schematics showing the three proxies of convective strength (ETH, OSD, and CTETD) for
strong and weak updrafts.

Figure 1. Example of overshooting features from different
satellite view. (top) MODIS provides the plan view of the
brightness temperature (a proxy of cloud top temperature),
while (bottom) CloudSat provides vertical distribution of radar
refractivity and cloud properties. The dotted line (Figure 1,
top) indicates that CloudSat footprint. The black line
(Figure 1, bottom) is the height of LNB, and the arrows point
to the locations of the selected ODC.
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n Strong updraft likely produces high Echo-Top Height (ETH): large particles lofted higher
n ETH has been proposed as an indirect proxy for convective intensity (e.g. Luo et al. ’08)
n EarthCARE/Doppler offers a direct insight into this picture

Dynamics-microphysics link in convection
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How vertical structure varies with Doppler velocity?

NonSU SU EU

l Non-Strong Updraft (NonSU): Vd,max < 2.0m/s
l Strong Updraft (SU): Vd,max > 2.0m/s
l Extreme Updraft (EU) candidate: Folded Doppler profiles

n Vertical reflectivity profiles differ systematically among Doppler-based convection regimes
n More intensive-updraft clouds tend to have larger reflectivity in upper layer

Hotta et al. (ACP revised)

30S-30N
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How echo-top heights vary with Doppler velocity? 

one searches the highest level of 10 dBZ and 0 dBZ from cloud
top downward; for deep convective clouds, these high ETHs
are usually found near cloud top well above the melting levels.
The second proxy is called overshooting distance (OSD),
defined as the difference between CTH (which roughly corre-
sponds to the ETH of about –30 dBZ) and LNB. OSD de-
scribes the extra distance by which a deep convective plume

overshoots the corresponding LNB. Intuitively, it is indicative
of the convective strength or intensity since stronger convec-
tive plumes overshoot higher. Extremely strong deep convec-
tion can penetrate directly into the stratosphere, much higher
than the LNB [e.g., Luo et al., 2008]. The third proxy is called
cloud top-echo top distance (CTETD), which is defined as the
distance between CTH and ETH of 0 dBZ and 10 dBZ. When
convection is strong, both small and large particles are lofted
to higher altitude, so CTH and ETH are similar (thus, small
CTETD). On the other hand, if convection is weak, large par-
ticles fall short of the cloud top resulting in large CTETD.
Figure 2 uses schematics to illustrate these different proxies.

2.4. Definition of Convective Life Stage
[13] ISCCP-CT database gives CloudSat snapshots the miss-

ing time dimension so that we are able to identify the life stage
of CSs in which ODC is embedded. Following Futyan and Del
Genio [2007], we use two independent variables, coldest IR
brightness temperature (TBIR) and radius size (R) of the CS,
to determine the life stages of the convective system.We define
it as the “developing stage” if the system has not reached the
minimum TBIR (i.e., highest CTH) of its lifetime and as the
“dissipating stage” if the system has already passed its maxi-
mum size. The life stage between the developing stage and
the dissipating stage is defined as the “mature stage.” The ratio-
nale for the life stage classification is that CSs are expected to
develop vertically first and then expand horizontally. To
smooth out abrupt changes in TBIR and R, we apply a polyno-
mial curve fitting and use F test to determine the best order fit.
Due to the temporal and spatial resolutions of the ISCCP-CT
data (3 h and 30 km, respectively), only CSs whose lifetimes
are longer than 6 h (i.e., a minimum of three geostationary
images) and whose radiuses are larger than 90 km have been
used (section 3.3). Three-hourly CT data are interpolated when
there is only one missing image between the consecutive
images and then further interpolated to hourly intervals. But it
should be noted that the deep convective clouds analyzed in
sections 3.1 and 3.2 are not constrained by the large system
condition; they include all CloudSat observations.
[14] Depending on the time at which CloudSat-observed

ODC intercepts the ISCCP-CT data, it is assigned a given life

Figure 2. Schematics showing the three proxies of convective strength (ETH, OSD, and CTETD) for
strong and weak updrafts.

Figure 1. Example of overshooting features from different
satellite view. (top) MODIS provides the plan view of the
brightness temperature (a proxy of cloud top temperature),
while (bottom) CloudSat provides vertical distribution of radar
refractivity and cloud properties. The dotted line (Figure 1,
top) indicates that CloudSat footprint. The black line
(Figure 1, bottom) is the height of LNB, and the arrows point
to the locations of the selected ODC.
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Hotta et al. (ACP revised)

n Clouds with more intense upward velocity have systematically higher echo-top heights
n This characteristic is more pronounced for ETH with larger reflectivity threshold

30S-30N

NonSU SU          EU NonSU SU          EU
NonSU SU          EU

CTH ETH 
(0dBZ)

ETH 
(10dBZ)

l NonSU: Vd,max < 2.0m/s
l SU: Vd,max > 2.0m/s
l EU: Folded Doppler profiles
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n Echo-top heights differ b/w updraft & non-updraft clouds in global km-scale models
n Qualitatively consistent with EarthCARE, providing a quantitative constraint on the model

Echo-top heights in global km-scale models

Updraft Clouds

Non-updraft Clouds

Takahashi et al. (JGR ’25)

Cloud-top height

Echo-top height (0dBZ) Echo-top height (10dBZ)

DYAMOND models

studied. As expected, DCCs are more concentrated over the three 'chimney zones' being over the region of the
Amazon, Africa and the tropical west Pacific (TWP) than over the eastern Pacific ITCZ. It is interesting to
point out that the area close to Madagascar also becomes a regional hotspot. This region is recognized for
experiencing intense tropical depressions during January and February that sometimes escalate into tropical
cyclones (Mavume et al., 2009; Rapolaki & Reason, 2018), a phenomenon linked to the high values of lowm
level moist static energy (MSE) in the area (Hart et al., 2019).

For each DCC, we compute four proxies for convective strength used in previous studies (e.g., Takahashi
et al., 2017; Takahashi & Luo, 2014). The first proxy is the ETH of large radar echoes. Specifically, ETH at 0 dBZ
and 10 dBZ represents the highest altitude at which 0 dBZ and 10 dBZ radar echoes, respectively, are detected. A
strong updraft tends to produce high ETH values, indicating that large particles are being lofted to greater alti-
tudes. It is important to note that the attenuation of radar reflectivity is negligible when identifying the highest
levels of 10 dBZ and 0 dBZ echoes from the cloud top downward; for deep convective clouds, these high ETH
values are typically found near the cloud top, well above the melting levels. The second proxy, cloud topmecho top
distance (CTETD), is defined as the vertical distance between the cloud top height (CTH) and ETH of either
0 dBZ or 10 dBZ, where CTH closely corresponds to ETH of →30 dBZ. Strong convection results in small
CTETD values because both small and large particles are together lofted to higher altitudes, making CTH and
ETH similar. Conversely, weak convection leads to large CTETD values as large particles do not reach the cloud
top. Since existing satellites, including CloudSat observations, have no direct measurement of convective
strength, we use these four proxies (ETH0dBZ, ETH10dBZ, CTETD0dBZ, and CTETD10dBZ) to explore the
dynamics of DCCs.

Figure 1. Distribution of sample size (total number) for DCCs based on CloudSat observations and DYAMOND simulations in 10° ↑ 10° boxes over the whole tropics
(30°S–30°N). Magenta solid boxes define the three selected regions discussed in the text: Tropical Africa (5°–40°E, 15°S–15°N), Tropical Amazonia (80°–35°W,
25°S–5°N), and the Tropical Warm Pool (TWP, 90°–180°E, 15°S–15°N).

Table 2
Total Number of DCC Over the Three Regions

CloudSat GEOSm1km GEOSm3km SHiELDm3km IFSm4km
Tropical Africa 1,524 2,196 1,691 694 1,834
Tropical Amazonia 3,402 3,993 2,778 1,907 3,338
TWP 6,080 5,903 3,774 4,311 6,956

Journal of Geophysical Research: Atmospheres 10.1029/2025JD044688
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Updraft clouds
Non-updraft 
clouds
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Column-max reflectivity Column-min Doppler velocity

How about warm rain process?

nSynergistic analysis of CPR observables (Ze, Vd) & MSI retrievals (CER, LWP)
n ”Dynamical context” added to the warm rain process fingerprint

- Cloud-to-rain transition occurs systematically with CER & LWP
- Precipitating clouds are associated with larger negative Vd

Hotta & Suzuki (In prep.)
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Solid curve： !!-contour
Dashed curve： ""-contour
Color shade： Δ"" [m/s]
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Insight into dynamics-microphysics link in warm rain

!"# 20-25µm !"# > 25µm

nSmall LWP (< 30g/m2): DVd is 
negative overall

nModerate to Large LWP:
n DVd > 0 in upper layer
n DVd < 0 in lower layer

n The positive-DVd layer is thicker for 
large CER: Active condensation 
growth with strong updraft?

Hotta & Suzuki (In prep.)

Updraft

Falling/
Downdraft?

DVd = Vd – Vd,median (Ze)
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Suzuki et al. (In prep.)
Measured by EarthCARE

(Assuming spherical particles)

Supersaturation: Crosspoint b/w dynamics & 
microphysics
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Summary

n EarthCARE cloud measurements have started to be used to explore dynamics-
microphysics coupling for deep convection and warm rain processes

n Deep convection:
n Echo-tops are found to be higher with stronger updraft, implying that 

precipitation-sized particles are lofted higher by intense updraft
n Traditional proxy for convective intensity is ‘validated’ with Doppler velocity

n Warm rain process:
n Rain with larger negative Vd occurs with increasing CER & LWP
n Detailed Vd variability hints at particle growth process coupled with dynamics

n The dynamics-microphysics interaction may also be manifested as supersaturation


