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Abstract

Here we investigate elevated stable layers that frequently appeared at an altitude near

6 km in soundings obtained during the ORCESTRA field campaign. This observation

is in conflict with the existing literature, which suggests that tropical stable layers are

instead collocated with the 0◦C level at around 4-5 km. Our analysis demonstrates

a strong relationship between mid-level stability and the change in relative humidity

across the stable layer (decreasing upwards). Mechanism-denial tests with an infrared

radiative transfer model support the hypothesis that vertical changes in relative hu-

midity layer lead to differential radiative heating rates, thereby generating enhanced

mid-level stability. We compare the frequency and strength of these stable layers to

those in other ocean basins utilizing data from other field campaigns. These com-

parisons highlight the correlation between vertically decreasing relative humidity and

enhanced stable layers.
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Chapter 1

Introduction

Stable layers in the mid-troposphere are theorized to play a significant role in the tri-

modal distribution of tropical convective clouds by inhibiting the vertical growth of

convection and promoting high concentrations of cumulus congestus clouds (Lin and

Johnson, 1996; Johnson et al., 1996; Zuidema, 1998; Johnson et al., 1999; Posselt et al.,

2008; Spaulding-Astudillo and Mitchell, 2025). There are typically three layers of high

stability in the tropical troposphere: a trade wind inversion, usually located at an alti-

tude of 2 kilometers; a layer in the mid-levels, which has been documented to frequently

occur near the 0◦C level at altitudes around 5 km; and an inversion at the tropopause

(Lin and Johnson, 1996; Johnson et al., 1996, 1999; Posselt et al., 2008). This mid-level

stable layer is particularly intriguing because the mechanisms behind its formation are

not well understood, and its role in affecting the vertical distribution of convective

cloud-tops has been debated for decades (Mapes and Zuidema, 1996; Zuidema, 1998;

Johnson et al., 1999; Spaulding-Astudillo and Mitchell, 2025). Consequently, consid-

erable effort has been devoted to identifying the processes responsible for generating

and maintaining this layer, leading to multiple competing hypotheses.

Several possible explanations for the formation of a tropical mid-level stable layer

have been put forward. Johnson et al. (1996) propose that the direct thermal effects

of melting may be sufficient to generate stable layers centered on the 0◦C level. Ad-

ditionally, both Mapes and Houze (1995) and Johnson et al. (1996) propose melting-

driven convergence as one potential argument for the presence of a mid-level stable
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layer observed during the Tropical Ocean-Global Atmosphere-Coupled Ocean Atmo-

sphere Response Experiment (TOGA-COARE). Johnson et al. (1999) and Mapes and

Zuidema (1996) further develop this hypothesis. They suggest that “melting conver-

gence,” driven by subsidence, could both draw in very dry air from subtropical latitudes

and cool and moisten the column below the 0◦C level. The resulting mid-level dry-

ness could then lead to differential longwave cooling rates that act to further enhance

stability across this layer (Mapes and Zuidema, 1996; Johnson et al., 1999). During

TOGA-COARE, both the stable layer and the 0◦C level were observed to be collocated,

which supports this argument of melting-layer driven stability (Johnson et al., 1996,

1999). Strong dry layers have often been observed at similar altitudes, lending further

credence to the relationship between mid-level dryness and mid-level stability (Mapes

and Zuidema, 1996; Brown and Zhang, 1997; Zuidema, 1998; Johnson et al., 1999;

Randel et al., 2016). Numerical modeling studies provide further support, especially

to the potential role of longwave cooling gradients in helping to sustain a stable layer

once formed (Posselt et al., 2008).

A different argument for the existence of mid-level stability comes from Spaulding-

Astudillo and Mitchell (2025). They demonstrate that the number of longwave absorp-

tion lines in the water vapor spectral band decreases in the mid-troposphere, which

results in a decrease in clear-sky longwave cooling rate from about 5–7 km. They hy-

pothesize that this clear-sky cooling feature explains the prominence of congestus cloud

tops around these levels by favoring divergence in convective regions in the same layer.

Furthermore, they find that strong mid-level dryness enhances this longwave cooling

gradient, consistent with the arguments of past studies (Mapes and Houze, 1995; Lin

and Johnson, 1996; Johnson et al., 1996; Mapes and Zuidema, 1996; Johnson et al.,

1999).

While it has long been proposed that strong mid-level stability is linked to vertical

2



humidity structures, in situ observations confirming this relationship in the tropical

Atlantic remain limited, motivating targeted field measurements in this region. Obser-

vations from a recent field campaign enable us to revisit the governing mechanisms of

these mid-level stable layers.

The Organized Convection and EarthCARE Studies over the Tropical Atlantic (OR-

CESTRA) field campaign was conducted from 8 Aug–30 Sept 2024, with the primary

objectives of determining the drivers of mesoscale organization in the tropics and their

impact on other weather systems, as well as to serve as a benchmark for satellite

remote sensing and storm resolving models (Stevens et al., 2026). The campaign in-

cluded a basin-wide sounding network (Gloeckner et al., 2025; Winkler et al., 2026)

consisting of (1) radiosondes launched from ground stations on Cape Verde and Barba-

dos contributed by the Mesoscale Organization of Tropical Convection (MAESTRO),

Sub-Cloud Observations of Rain Evaporation (SCORE), Persistent EarthCARE Un-

derflight Studies of the ITCZ and Organized Convection (PERCUSION), and Process

Investigation of Clouds and Convective Organization over the atLantic Ocean (PIC-

COLO) sub-campaigns (Gloeckner et al., 2025; Stevens et al., 2026; Wing et al., 2026);

(2) radiosondes launched from the RV Meteor ship as it traversed the Atlantic be-

tween Cape Verde and Barbados as part of the Beobachtung von Ozean und Wolken

– Das Trans ITCZ Experiment (BOWTIE) and PICCOLO sub-campaigns (Klocke

et al., 2026; Wing et al., 2026); and (3) dropsondes launched by a high altitude aircraft

(HALO) (Stevens et al., 2026) both near Cape Verde and near Barbados in associ-

ation with the PERCUSION sub-campaign (Groß et al., 2026). The PICCOLO and

BOWTIE sub-campaigns were both primarily based on the R/V Meteor, which tra-

versed the tropical Atlantic from Cabo Verde to Barbados over the duration of the

campaign (Klocke et al., 2026).

Motivated by the prior literature, we hypothesize that there is an important positive
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feedback between mid-level humidity gradients and high static stability. Here we use

the ORCESTRA sounding dataset to investigate the structure and frequency of these

stable layers in the tropical Atlantic, to compare with other field campaigns in other

seasons and tropical ocean basins, and to revisit existing hypotheses concerning their

origin mechanisms. We will present Mechanism-denial experiments using calculated

radiative heating rates with and without this moisture gradient, which demonstrate

that the presence of such a gradient is sufficient to generate radiatively-induced mid-

level stable layers.
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Chapter 2

Data and Methods

The majority of data used in our analysis were collected during the ORCESTRA field

campaign. All ORCESTRA analysis in this paper is based on radiosondes and drop-

sondes launched from aircraft, ship, and island platforms, which are described in detail

by Gloeckner et al. (2025) and Winkler et al. (2026). We specifically leverage radioson-

des launched from the Barbados Cloud Observatory, the Ocean Science Center Mindelo

(OSCM) in Cabo Verde, and the R/V Meteor as part of the RAPSODI sounding collec-

tion. We include 141 soundings launched from the BCO, 156 from the OSCM, and 322

from the R/V Meteor, for a total of 619 radiosondes. We also utilize 976 dropsondes

released from the HALO aircraft, which operated out of both Cabo Verde and Barba-

dos as part of the PERCUSION sub-campaign (Gloeckner et al., 2025). This results

in a combined ORCESTRA dataset consisting of 1595 quality-controlled soundings.

We include further analysis on radiosonde and dropsonde datasets from other trop-

ical oceanic field campaigns for the purpose of comparing trends across other seasons

and ocean basins. Data from 1073 radiosondes launched during the Dynamics of the

Madden Julian Oscillation (DYNAMO) campaign are utilized, specifically from the

R/V Relleve the R/V Mirai, as well as from the islands of Gan and Diego Garcia

(Ciesielski et al., 2014). DYNAMO was conducted in the tropical Indian Ocean from

Oct 2011–Mar 2012. We also examine data from 647 dropsondes launched during the

Organization of Tropical East Pacific Convection (OTREC) campaign, which was con-

ducted from Aug–Sept 2019. OTREC took place in the tropical East Pacific, which
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thus provides us insight into how the occurrence of mid-level stable layers varies across

tropical ocean basins. Finally, we look at data collected from 1108 balloon soundings

and dropsondes during the ElUcidating the RolE of Clouds-Circulation Coupling in

ClimAte (EUREC4A) campaign Stevens et al. (2021); Vömel et al. (2021); Stephan

et al. (2021). The EUREC4A campaign occurred in a similar location to ORCESTRA,

with Barbados as its main base of operations. However, it was conducted from Jan–Feb

2020, providing a seasonal contrast to ORCESTRA.

In addition to the quality control that each of these datasets were already subjected

to (Gottschalck et al., 2013; Ciesielski et al., 2014; Stevens et al., 2021; Stone et al.,

2025; Gloeckner et al., 2025; Winkler et al., 2026), we undertook additional steps to

ensure that no soundings with significant amounts of missing values were included in

our analysis. Any sounding with more than 10% of mixing ratio or temperature values

missing below 10 km or that contained a streak of missing values 100 m or longer below

10 km was excluded from our analysis. For all sounding datasets, relative humidity

values were calculated from water vapor specific humidity with respect to ice, where

the temperature was less than 0◦C. For each sounding, a 100 m rolling mean smoother

was applied to θ, dθ/dz, and relative humidity to reduce noise.

In order to quantify the magnitude of mid-level stability events, we developed an

empirical stability index (ς). This index enables empirical comparisons between dif-

ferent soundings and datasets, and allows for statistical analysis of the relationship

between high stability and other variables of interest. ς in K km−1 for a given sound-

ing is defined as the difference between the maximum dθ/dz and the mean dθ/dz in the

4-8 km layer. According to Holton and Hakim (2013), dθ/dz is an established metric

for static stability, and the 4-8 km layer was chosen as it fully encompasses the layer

typically occupied by mid-level stable layers without including the trade wind inversion

or the tropopause (Johnson et al., 1999; Posselt et al., 2008).
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Chapter 3

Results

3.1 Initial Sounding Observations and CFADs

Scientists aboard the R/V Meteor during ORCESTRA noticed a higher prevalence of

congestus clouds and fewer cumulonimbus than expected, based on subjective visual

observations. Inspection of the sounding data revealed the frequent occurrence of

remarkably strong mid-level stable layers, with an example provided in Fig. 3.1a. The

trade wind inversions described in previous literature (Johnson et al., 1996, 1999) are

also visible at altitudes of ∼1.7 km and near a temperature of 17◦C.

Fig. 3.1b and Fig. 3.1c demonstrate that these mid-level stable layers maximize

around –5◦C and ∼6 km, instead of the 0◦C level located around 5 km described

previously. It is also apparent from both Fig. 3.1a and Fig. 3.1b that these layers

of strong mid-level stability are associated with rapid vertical drying. Notably, the

contoured frequency by altitude diagram (CFAD) of relative humidity (Fig. 3.1d) is

dominated by moist values below the 6.1 km line and a much broader distribution and

drier mean values above. This supports the hypothesis that there is a positive feedback

between mid-level humidity gradients and high static stability.
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Figure 3.1: a) Example Skew–T log–P diagram taken from the R/V Meteor during
ORCESTRA, showing a strong mid-level stable layer (inversion) and a rapid decrease
in humidity across that layer (∼6 km). b) CFAD of dθ/dz with temperature as the
vertical coordinate for all ORCESTRA soundings. The mean dθ/dz is shown in red.
c) Same as b), but with altitude as the vertical coordinate. d) CFAD of relative
humidity for all ORCESTRA soundings. The mean relative humidity profile is shown
in green. Dashed lines in the CFADs correspond to local maxima objectively identified,
a selection of which are incorporated into the Skew–T .

3.2 The Relationship with Humidity

As seen in Figure 3.1, the ORCESTRA-mean profile of relative humidity exhibits a

dramatic decrease in humidity that occurs at the same altitude and temperature as

the mid-level peak in stability. To quantify this relationship, we calculated both ς

and the relative humidity difference across the mid-level stable layer for each sounding

taken during ORCESTRA. Mapes and Zuidema (1996) refer to this concept of rapid

vertical drying as humidity drops, but we refer to our quantified version as the relative

humidity layer difference. To calculate this difference, we first identify the altitude of

maximum dθ/dz (zmax) within the 4-8 km layer. We then compute the mean relative

humidity in two layers. These layers are 330 meters deep, and are displaced by 50

meters above and below zmax. We then take the difference between these two mean
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values, with negative values indicating drier air above the stable layer.

Figure 3.2 visualizes the relationship between ς and the relative humidity layer dif-

ference using a scatter plot constructed from all available ORCESTRA soundings. Each

point represents an individual profile, and a linear least-squares regression was applied

to the paired values to quantify their covariability. The resulting fit indicates a statis-

tically robust inverse relationship (p < 0.0001), with increasing stability corresponding

to progressively more negative relative humidity layer differences. This behavior is

consistent with enhanced stratification coinciding with a sharper transition to drier air

above the stable layer. Furthermore, the most extreme stability events (with ς > 15 K

km−1) are exclusively associated with strongly negative relative humidity layer differ-

ences, reinforcing the interpretation that pronounced stability is systematically linked

to a substantial decrease of humidity across the sampled profiles. Some examples of

these soundings from the ORCESTRA campaign can be seen in Fig. 3.3. This strong

relationship between ς and negative relative humidity layer differences provides support

to the hypothesis of Johnson et al. (1999) and Mapes and Zuidema (1996) that strong

humidity gradients promote differential longwave cooling rates and thus the formation

and/or maintenance of mid-level stable layers.

The same scatterplots were also generated for the DYNAMO, OTREC, and EU-

REC4A field campaigns, with similar results (see Figs. 3.4 - 3.6). Despite some dif-

ferences in the shape of the distributions, all of the field campaigns exhibit the same

statistically robust inverse relationship between relative humidity layer differences and

high stability events (p < 0.0001 for all calculated slopes). The consistency of this

relationship across field campaigns indicates that the relationship is likely independent

of environmental conditions unique to any given ocean basin or time period, and is

instead a more fundamental attribute of mid-level stability across the tropical world.
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Figure 3.2: Scatter plot of the relationship between relative humidity layer difference
(%) and the stability index ς (in K/km) for ORCESTRA observations. Each green
point represents an individual measurement, with histograms along the margins show-
ing the distributions of both variables. Negative relative humidity layer difference
values indicate drier air above the stable layer. The “Example Sounding” denotes the
sounding used in Figs. 3.1 and 3.8.
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Figure 3.3: A selection of soundings with extremely strong mid-level stable layers from
the ORCESTRA campaign. All soundings featured have values of ς ≥ 15 K km−1. Note
the presence of mid-level rapid vertical drying collocated with strong static stability in
all soundings.
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Figure 3.4: Same as Fig. 3.2, but for the DYNAMO campaign and without an example
sounding.
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Figure 3.5: Same as Fig. 3.4, but for the EUREC4A campaign.
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Figure 3.6: Same as Fig. 3.4, but for the OTREC campaign.
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3.3 Comparison of Stable Layer Occurrence Across

Campaigns

To illustrate and quantify the vertical distribution of stable layers and compare across

the different field campaigns, we devised a modified categorical version of ς. Instead

of using the 4-8 km layer (as in Figure 3.2), we allow the altitude of the layer to vary

and restrict the width to 2 km. Stable layers are identified in a sounding by computing

this new stability index every 500 meters throughout the entire sounding. If this value

exceeds 8 K km−1, then a stable layer event is recorded in that sounding for that

altitude. This 8 K km−1 value was chosen based on the value of ς + 1σ = 8.93 K

km−1 for the set of all ς values in the ORCESTRA campaign, where ς and σ are the

mean and standard deviation, respectively. The frequency of stable layer events were

recorded for each altitude across all field campaigns and plotted in Fig. 3.7.

The ORCESTRA distribution exhibits high stable layer frequency within a few kilo-

meters of the surface, likely associated with the trade wind inversion (Fig. 3.7a). There

is also an expected peak in stable layer frequency centered around 6 km, supporting

the high occurrence of mid-level stable layer events for the campaign (Fig. 3.1). The

OTREC distribution has a similar structure to that of ORCESTRA, with the same

trade wind peak and a relatively well-defined peak in the mid-levels. DYNAMO also

features a strong mid-level stability feature, but it is noticeably displaced above the

other field campaigns. Interestingly, the EUREC4A distribution displays much higher

stable layer frequencies at all altitudes, while still displaying a roughly bimodal distri-

bution (likely trimodal if the tropopause was included). This could be related to the

difference in season between EUREC4A and ORCESTRA. As noted by Casey et al.

(2009), dry layers occur more frequently in the winter, potentially contributing to the

15



Figure 3.7: Vertical distribution of high-stability atmospheric layers across four field
campaigns. Horizontal bars show the occurrence frequency of stable layers at different
altitudes between 1–10 km, as occurrence normalized by total number of soundings
(shown as N). The vertical axis is limited to 10 km since dropsonde datasets frequently
lack data above this level.
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greater frequency of high stability events observed in EUREC4A. These differences

in the distributions between the four campaigns remain unexplained. There is likely

variability in the origin and strength of dry layers between tropical ocean basins, but

further research is required to uncover the nature of these differences.

All four field campaigns display significant populations of stable layers at altitudes

significantly above the 0◦C level. This indicates that latent-heating related processes

are not necessary for the development of these mid-level stable layers. While this does

not imply that phase changes are unimportant for either creating or maintaining stable

layers in some settings, it does require an alternative explanation in the case of the

observed stable layers. As shown below, rapid vertical drying likely plays a critical role

in their formation through interactions with longwave radiative heating rates.

3.4 Mechanism-Denial TestingWith a Radiative Trans-

fer Model

While the observed correspondence between relative humidity layer differences and high

mid-level stability has now been established, we next seek to test the hypothesis that

strong vertical humidity gradients alone are sufficient to produce mid-level stable layers

through clear-sky radiative forcing, without the need for latent-heat related effects.

To this end, we employ the Rapid Radiative Transfer Model for GCM Applications

(RRTMG) as a single-column model to test the impact of high relative humidity layer

differences on temperature, and hence dθ/dz, through longwave heating rates. The

RRTMG wrapper in the CLIMLAB Python package Rose (2018) was utilized for all

RRTMG calculations, with no clouds included in the calculations. We include the

shortwave heating rate in this analysis for completeness, although longwave cooling

highly dominates over shortwave in the mean.
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A mechanism-denial experiment was designed to explicitly demonstrate the rela-

tionship between the strength of the vertical humidity decrease and mid-level stability

using the radiative transfer model. This experiment is loosely based on methodologies

employed by Mapes and Zuidema (1996) and Fildier et al. (2023). However, we place

a greater emphasis on both the isolation of humidity and temperature effects and the

importance of gradients of these variables across the stable layer. First, we calculated

profiles of longwave and shortwave radiative heating rates for a representative sound-

ing with a well defined stable layer. We chose the sounding launched from the R/V

Meteor on September 4th at 13:50 UTC during the ORCESTRA campaign, which is

the sounding depicted in Fig. 3.1a. This sounding features a notable peak in mid-level

stability collocated with a rapid decrease in humidity with altitude across the stable

layer. The heating rates calculated directly from this sounding serve as a control case

against which the results of the mechanism-denial tests are directly compared.

We next conduct two tests to isolate the effects of the strong humidity gradient.

We specifically test the impact of removing either the rapid humidity decrease or the

existence of the stable layer, itself, by selectively smoothing either the temperature

profile or the mixing ratio profile across the stable layer and comparing the resulting

heating rate profiles for these two scenarios to the control. The temperature and mixing

ratio profiles were first heavily smoothed by applying a 1-km rolling mean smoother.

However, the part of the profile surrounding the stable layer was selectively preserved,

keeping only the sharp mixing ratio gradient for the first experiment (Fig. 3.8b), and

keeping the same part of the temperature profile for the second (Fig. 3.8c). The

radiative tendencies were then calculated from these profiles. This allows us to test

the effects of humidity versus temperature on longwave heating rates separately. Fig

3.8b also includes the effect of imposing the calculated net heating rate back on to the

potential temperature profile.
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Figure 3.8: Vertical profiles from mechanism denial experiments using the example R/V
Meteor sounding from Fig. 3.1a. The left column shows dθ/dz, the middle column
displays relative humidity in green and mixing ratio in blue, and the right column
shows longwave, shortwave, and net heating rates calculated by RRTMG. The solid
yellow line indicates the shortwave heating rate averaged over a 24 hour period of
solar angles. Row a) shows these values for the unaltered sounding profile. Row b)
shows these profiles for heavily smoothed temperature and humidity profiles, but with
the humidity structure near the stable layer preserved. It also shows the impact of
imposing the net heating rate onto the smoothed potential temperature profile. Row
c) is the same, but with the temperature structure preserved instead.
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It is immediately apparent from Fig. 3.8b that a strong humidity gradient is the

primary driver of enhanced longwave cooling near the region of enhanced stability. The

shape of the longwave heating rate profile is nearly identical to that in Fig. 3.8a, with

a well-defined peak coincident with the location of the stable layer. In contrast, the

peak in longwave cooling near the stable layer in Figure 3.8c is substantially dampened.

The same can be said of the peak in the shortwave heating rate: the magnitude of this

peak strongly depends on the magnitude of this humidity gradient.

Profiles with 3-, 6-, and 12-hour adjustments of dθ/dz were calculated and are shown

in Fig. 3.8b. To calculate these profiles, we first impose the net heating rate profile

(indicated by the dashed black line in the rightmost column) onto the heavily smoothed

temperature profile of the sounding, adjusted from K/day to K/hour and multiplied

accordingly. θ and dθ/dz were then recalculated from these adjusted temperature

profiles. The shape of these adjusted dθ/dz profiles strongly resemble the shape of

the dθ/dz profile in Fig. 3.8c, and indicates that the cooling rates induced by the

humidity gradient are sufficient to generate a strong mid-level stable layer over a sub-

daily timescale. Specifically, the humidity gradient we tested radiatively induced a

stable layer with ς ≥ 8 K km−1 in just ten hours.

The entirety of this experiment was repeated for other representative soundings

from the ORCESTRA dataset with similar results (not shown). This experiment con-

firms that the existence of a strong vertical humidity gradient associated with mid-level

dryness for less than a day is sufficient to induce a high mid-level stability event. Fur-

thermore, it shows that the presence of a stable layer is not sufficient to generate the

cooling rates required to sustain itself without the presence of a strong vertical humidity

gradient.
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Chapter 4

Summary and Conclusions

In this study, we document the frequent occurrence of mid-level stable layers near 6

km during the ORCESTRA campaign, which is in contrast to the typical picture of

stability maxima collocated with the 0◦C level. Analysis of radiosonde observations

demonstrates a consistent and statistically robust relationship between enhanced static

stability and negative relative humidity layer differences across the stable layer (drier

above), a result that is reproduced across multiple field campaigns spanning different

tropical ocean basins and is in agreement with prior studies (Mapes and Houze, 1995;

Lin and Johnson, 1996; Johnson et al., 1996; Mapes and Zuidema, 1996; Johnson et al.,

1999; Spaulding-Astudillo and Mitchell, 2025). This consistent relationship suggests

that the coupling between vertical moisture structure and enhanced static stability

represents a fundamental aspect of tropical atmospheric thermodynamics rather than

a regionally specific phenomenon.

Mechanism denial experiments using a single-column longwave radiative transfer

model (RRTMG) further indicate that sharp vertical humidity gradients observed dur-

ing ORCESTRA are sufficient to generate localized maxima in longwave cooling, pro-

viding a pathway for the development and maintenance of mid-level stable layers in

less than a day. Specifically, the presence of dry air aloft enhances radiative cooling

from the top of the moist layer, reinforcing vertical stratification and promoting the

formation of elevated stability maxima. Furthermore, comparison between ORCES-

TRA, DYNAMO, OTREC, and EUREC4A demonstrates that elevated stable layers
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are a more common feature of the tropical atmosphere than has been documented pre-

viously, occurring in each of these datasets and frequently at altitudes well above the

0◦C level.

Our results highlight the need for accurate representation of humidity gradients

and their influence on radiative heating in numerical weather models, to the extent

that these feedbacks strongly affect the depth and organization of tropical convection.

Horizontal advection of dry air from continental or subtropical regions has been hy-

pothesized as the source of these humidity gradients (Mapes and Houze, 1995; Johnson

et al., 1996; Mapes and Zuidema, 1996; Johnson et al., 1999), but the precise sources

and transport pathways of these air masses and their potential links to mid-level stable

layers remain uncertain. Parcel trajectory analyses could potentially help disentangle

these contributions and identify dominant source regions across different basins. Ad-

ditionally, there remains the question of if and how both congestus clouds and thin

layer-clouds feed back upon these mid-level stable layers. Radiatively driven stability

may favor detrainment at specific levels, promoting the persistence of congestus cloud

populations, which in turn reinforce the humidity gradients that initially generated

the stable layer through differential moistening and drying. Additional research on

such topics would help determine whether the observed trimodal cloud distribution

in the tropics emerges from this two-way interaction between clouds and radiatively

maintained stability structures.
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