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Similar to Fig. 2, profiles originating from different

RTHs show non-overlapping manifolds at all levels ex-

cept for high RTH profiles around the BB region

(slightly below the 08C level,;4.8 km), where BB effects

dominate the reflectivity signal and the profiles converge

to similar peak reflectivity values. Nonetheless, above

and below the BB layer, the separation in reflectivity

between average profiles is generally retained.

The cold, mixed, and warm type profiles aremarked in

blue, magenta, and red, respectively. For cold stratiform

profiles, there is a relatively weak increase in reflectivity

with decreasing height until a sharp increase around

the258C level followed by the BB region. Below the BB

region (below ;3.5 km) slight interregional differences

are seen, where the oceanic region shows consistent in-

crease in reflectivity while the continental and island

regions show relatively constant reflectivity, varying from

weak decreases to weak increases. In addition, sufficient

statistics for cold stratiform profiles extend up to ;1km

higher over land (continental and island) regions. The

warm stratiform profiles show monotonic reflectivity in-

crease with decreasing height, with the magnitude of in-

crease highest at top and lowest at the bottom. Themixed

type profiles present a transition between cold type and

warm type behaviors, as RTH decreases. Also included

are histograms of RTH counts (Figs. 3d,e) showing a

unimodal (bimodal) shape with a peak at 5.5km (3.25 and

5.25km) for land (oceanic) regions.

The average convective profiles are shown in Fig. 4

and exhibit manifold separation at all levels and for all

regions. The cold convective profiles can be separated to

three main segments with respect to decreasing height:

FIG. 3. Case study comparison of stratiform rain type reflectivity profiles, sorted and averaged as a function of RTH, with vertical

binning resolution of 0.25 km. Case studies include (a) Atlantic (oceanic region), (b) Africa-West (continental region), and

(c) Madagascar (island region). Blue, magenta, and red colors refer to cold, mixed, and warm type profiles as classified in section 2c, with

horizontal dashed–dotted lines marking the transition between the different types. (d) Histogram of profiles per RTH for the case study

regions; (e) heights .10 km portion of the histogram is magnified.

TABLE 3. Percent of profiles per rain type. The percent is with

respect to total amount of nonintermittent profiles with positive

estimated surface rain. Rain types include stratiform cold (StC),

mixed (StM), and warm (StW); convective cold (ConC), mixed

(ConM), and warm (ConW); and other as defined in the TRMM

2A23 product.

Region

Rain type statistics (%)

StC StM StW ConC ConM ConW Other

Mid-Pacific 25.5 24.5 15.4 2.0 6.5 26.0 0.1

Atlantic 28.5 25.6 11.9 2.5 10.8 20.6 0.1

Indian Ocean 30.9 27.0 11.0 2.7 9.2 19.0 0.2

Warm Pool 32.4 23.7 11.8 3.3 9.7 19.1 ,0.1

Amazon-West 38.8 30.2 7.7 1.3 13.4 8.6 ,0.1

Amazon-East 35.3 29.2 8.4 1.6 14.5 10.9 ,0.1

Africa-West 44.6 24.0 2.2 5.9 19.9 3.4 ,0.1

Africa-East 42.2 35.0 2.2 2.0 15.9 2.7 ,0.1

Madagascar 36.6 28.8 6.6 2.5 15.7 9.8 ,0.1

Java–Sumatra 37.4 26.1 8.0 1.6 15.8 11.1 ,0.1

Borneo 37.7 30.2 7.0 1.2 15.0 8.9 ,0.1

New Guinea 41.6 29.0 6.6 1.3 13.7 7.8 ,0.1
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moderate reflectivity increase between the RTH and

the2208C height, strong increase between the2208 and
08C heights (that also incorporates smoothed BB effects

near the 08C height), and weak increase or decrease

below the 08C height. The warm convective profiles

have similar behavior to the warm stratiform ones (see

section 2c, nonisolated warm profiles are separated

to stratiform and convective types on the basis of

reflectivity magnitude), and again the mixed type pro-

files show a gradual transition from cold to warm.

The interregional differences for convective type

profiles are similar to those seen for stratiform type, but

are much more pronounced. The Africa-West and

Madagascar (land regions) show increased high RTH

statistics compared with the Atlantic (oceanic) region,

with average profiles reaching 4 km higher. The RTH

histograms (Figs. 4d,e) also show a transition from being

warm rain dominated in the oceanic region tomixed rain

dominated in the continental region. The island RTH

histogram appears to be a superposition of the other

two. As opposed to the oceanic cold convective profiles,

which show an increase in reflectivity with decreasing

height below the 08C height, the other regions show a

decrease in reflectivity for themajority of that section, as

found in other work (Hirose and Nakamura 2004; Liu

and Zipser 2013). Last, the mixed-phase transition re-

gion is much deeper (between the 2408 and 08C levels)

for the nonoceanic regions. All these differences are

consistent with stronger and deeper convection over

land areas (Rosenfeld and Lensky 1998;Williams E. and

Stanfill 2002; Zipser and Lutz 1994), which in turn can

deepen the mixed-phase region in the cloud. Convective

intensity over land can also be linked to higher effective

LCL heights and CAPE values (see Table 1). Higher

effective LCL heights imply higher cloud bases (Craven

et al. 2002; Meerkötter and Bugliaro 2009), which in turn

imply increased vertical velocities (Zheng and Rosenfeld

2015; Zheng et al. 2015).

It should be noted that both stratiform and convective

cold and mixed profiles show relatively rapid increase in

reflectivity for the first ;1 km below the RTH (seen

especially between 1 and 1.25 km below the RTH in

Figs. 3, 4) with a scale break to weaker reflectivity in-

crease below. As shown in the next section, the results

for the first ;1.25 km of the cold rain profiles may be

affected by a consistent artifact and should be treated

with caution.

b. Consistency of reflectivity slopes

The near-parallel average profile lines per specific rain

type in Figs. 2–4 give rise to the assumption that average

rain profiles follow similar hydrometeor growth path-

ways per rain type. On average, a population of hydro-

meteors initiated at a higher RTH will have more

distance (and hence more time) to fall, grow, and

eventually reach the surface with a higher reflectivity

signature. To test this assumption, we examine re-

flectivity slope (dBZkm21) profiles sorted by RTH at

FIG. 4. As in Fig. 3, but for convective rain type.

MARCH 2017 HE I BLUM ET AL . 599


