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Abstract In this study, we investigate the role of cold pools in modulating convective organization
throughout the Madden‐Julian Oscillation (MJO) life cycle using a modeling approach that combines Eulerian
and Lagrangian techniques. First, we conduct a simulation using the soundings and forcing of the DYNAMO/
AMIE campaign. The simulation shows a lag of several days between the precipitation rate peak time associated
with MJO and the highest convective organization time. Second, to analyze the role of cold pools, we consider a
series of 2‐day simulations conducted at different stages of the MJO. The simulation results suggest that cold
pools are larger and last longer during the mature stages of the MJO, possibly because of decreased
environmental surface latent heat fluxes and stronger downdrafts. These lead to the formation of moist rings at
the leading edges of cold pools, facilitating the formation of more convective cores and increasing the degree of
convective organization.

Plain Language Summary Clouds typically exhibit some degree of organization and rarely exist as
isolated entities. When clouds become organized, small and short‐lived individual clouds can merge into larger
systems that persist for much longer periods of time. Cold pools, air currents that form beneath precipitating
clouds and propagate on the surface, are thought to play an important role in facilitating the formation of new
clouds. In this study, we investigate the role of cold pools in the organization of convection during a
phenomenon known as the Madden‐Julian Oscillation (MJO). Using numerical simulations and previously
defined metrics, we provide a quantitative description of cloud organization at different stages of the MJO. We
then argue that within a specific region of the central Indian Ocean, there are notable changes in cloud
organization and the life cycle of mesoscale convective systems. These changes occurred as the MJO
transitioned from an initial to a more mature stage. Finally, we show that the size and duration of cold pools are
strongly influenced by the MJO phase in which they form.

1. Introduction
The Madden‐Julian Oscillation (MJO) is an eastward propagating disturbance that originates in the Indian Ocean
and which repeats with a period of 30–90 days (Madden & Julian, 1971; Madden& Julian, 1972; C. Zhang, 2005).
The MJO has been shown to influence weather and climate phenomena worldwide (Jones & Carvalho, 2002;
Maloney & Hartmann, 2000). The envelope of the MJO is composed of mesoscale convective systems (MCSs),
which in turn are made of individual clouds that organize across space and time. This organization is influenced
by the environmental conditions in which clouds form, but it can also have significant effects on the larger‐scale
initiation and propagation of the MJO (C.‐C. Chen et al., 2021; B. Chen & Mapes, 2018; Moncrieff, 2019; B.
Wang et al., 2005; Yang et al., 2019). Thus, a better understanding of convective organization and its interaction
with the MJO is critical in the study of the tropical atmosphere.

The role of organization in atmospheric convection has been acknowledged for many years. For example, in-
teractions between deep convective clouds through collisions of their associated cold pools were invoked to
explain the formation of new convective cells that allowed the maintenance of thunderstorms (Jeevanjee &
Romps, 2015; Torri et al., 2015; Zuidema et al., 2017). Following these studies, the organization was also shown
to be a key ingredient in the transition from shallow to deep convection (M. Khairoutdinov & Randall, 2006; Y.
Zhang & Klein, 2010), in the life cycle of squall lines and other MCSs (Feng et al., 2012; Rotunno et al., 1988;
Schlemmer & Hohenegger, 2014), and a somewhat intrinsic tendency toward which deep convective systems
evolve (Wing & Emanuel, 2014). Recent evidence has shown that organization also occurs in the case of shallow
convection (Bretherton & Blossey, 2017; George et al., 2023; Stevens et al., 2020).

RESEARCH LETTER
10.1029/2023GL108050

Key Points:
• Enhanced Madden‐Julian Oscillation

(MJO) phases are associated with more
organized convection than suppressed
phases

• Changes in cold pool characteristics
during the MJO contribute to
explaining differences in convective
organization

• Lower latent heat fluxes and stronger
downdrafts during the active phase are
responsible for the changes in cold pool
characteristics

Supporting Information:
Supporting Information may be found in
the online version of this article.

Correspondence to:
M. Tang,
mingyue@hawaii.edu

Citation:
Tang, M., Torri, G., & Sakaeda, N. (2024).
The role of cold pools in modulating
convective organization during the MJO.
Geophysical Research Letters, 51,
e2023GL108050. https://doi.org/10.1029/
2023GL108050

Received 4 JAN 2024
Accepted 30 APR 2024

© 2024. The Author(s).
This is an open access article under the
terms of the Creative Commons
Attribution‐NonCommercial‐NoDerivs
License, which permits use and
distribution in any medium, provided the
original work is properly cited, the use is
non‐commercial and no modifications or
adaptations are made.

TANG ET AL. 1 of 9

https://orcid.org/0000-0002-8404-6342
https://orcid.org/0000-0002-8179-3035
https://orcid.org/0000-0003-2032-1808
mailto:mingyue@hawaii.edu
https://doi.org/10.1029/2023GL108050
https://doi.org/10.1029/2023GL108050
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1029%2F2023GL108050&domain=pdf&date_stamp=2024-07-06


Cold pools are one key component of deep convective systems. Formed when evaporatively cooled downdraft air
enters the boundary layer, cold pools are density currents that spread along the surface while recovering their
buoyancy (Droegemeier & Wilhelmson, 1985). Since the leading edge of the cold pools is characterized by
positive pressure anomalies (Houze, 1994), collisions between various cold pools, or the interaction between cold
pools and environmental wind shear, can lift air parcels to their level of free convection, thus facilitating the
formation of new convective cells. This mechanism, called mechanical forcing, has been contrasted with the
thermodynamic forcing, which is due to the thermodynamic advantage provided to parcels by the positive
moisture anomalies often found at the leading edge of old cold pools (Tompkins, 2001; Torri & Kuang, 2016b).
While these mechanisms, or a combination of them (Torri et al., 2015), have been invoked to explain the for-
mation of new convective cells, recent work has questioned the role of cold pools in the life cycle of MCSs over
tropical oceans (Grant et al., 2018; Lane & Moncrieff, 2015).

Convective organization has also been considered in the context of the MJO, where several authors highlighted its
role in triggering new convective cells (Feng et al., 2015; Sakaeda & Torri, 2023). Even though the indices
introduced to measure organization have some limitations and sometimes appear in conflict, there is evidence that
different phases of theMJO are characterized by different degrees of organization (Sakaeda & Torri, 2022). While
a number of factors have been hypothesized to play an important role in convective organization (Cheng
et al., 2020), cold pools are recognized as a key driver of organization at any phase of the MJO.

Relatively little is known about how convective organization evolves throughout the MJO lifecycle and how cold
pool properties evolve accordingly. In this work, we will address these points by exploring two questions:

• How does convective organization evolve during the MJO lifecycle?
• How do cold pools modulate convective organization during the MJO?

In Section 2, we will describe the numerical model and the simulations used for this work; in Section 3, we will
present the main results, and a discussion of their implications and the conclusions will be presented in Sections 4
and 5, respectively.

2. Methods and Data
2.1. Simulations and MJO Phases

The main results of this work are obtained using the System for Atmospheric Modeling (SAM), version 6.11.2.
This model solves the anelastic equations of motion and uses liquid‐water static energy, total nonprecipitating,
and precipitating water as thermodynamic prognostic variables (M. F. Khairoutdinov & Randall, 2003). Doubly
periodic boundary conditions are used in the horizontal directions. A sponge layer is used in the upper third part of
the domain to dampen gravity wave reflection. The model is run using the double‐momentMorrison microphysics
scheme (Morrison et al., 2005), the Smolarkiewicz’ MPDATA advection scheme, the CAM3 radiation scheme,
and a prognostic TKE 1.5‐order closure scheme to parameterize the sub‐grid effect. The model is forced using 3‐
hourly large‐scale tendencies obtained from the Dynamics of MJO/Cooperative Indian Ocean Experiment on
Intraseasonal Variability in the Year 2011 (DYNAMO/CINDY2011) northern sounding array (Johnson & Cie-
sielski, 2013) that this version of SAM comes equipped with. Horizontal Winds are nudged with a time scale of
3 hr, but no nudging is imposed on the temperature and moisture field.

In this paper, two kinds of simulations are used. The first encompasses the full duration of the DYNAMO
campaign, from 1 October 2011 to 31 December 2011. This simulation is used to investigate the evolution of
convective organization during different phases of the MJO. SAM is run with a domain measuring 256 × 256 km2

in the horizontal direction. The horizontal grid spacing is 1 km in both directions. The vertical grid spacing ranges
from 50 m near the surface to 500 m in the mid‐to‐upper troposphere, gradually becoming 1,000 m above a height
of 20 km. The time step of our simulation is set to 10 s.

The second type of simulation focuses specifically on the physical mechanisms involved in convection organi-
zation. SAM is coupled with the Lagrangian Particle Dispersion Model (LPDM; Nie & Kuang, 2012; Torri
et al., 2015), and three simulations are conducted, each lasting for 48 hr with a 48‐hr spin‐up period, which is then
discarded. These simulations are started on October 10, 15, and 23, corresponding, respectively, to suppressed,
growing, and enhanced phases of the MJO (Sakaeda & Torri, 2023). The simulations are initialized with 1,080
particles per model‐column, randomly distributed in the pressure coordinate (Torri & Kuang, 2016b). The
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horizontal grid spacing is 250 mwith a domain measuring 96 × 96 × 27.75 km3. The vertical grid spacing starts at
50 m near the surface and gradually increases to 250 m above a height of 5 km. The temporal interval is 10 s, and
three‐dimensional outputs and particle positions are saved every 60 s. The sub‐cloud layer is defined as the bottom
10 layers of the model, corresponding to a height of 618 m (Torri & Kuang, 2016a).

Since the simulations are conducted on a relatively small domain, we use a local MJO index instead of the more
commonly used indices (S. Wang et al., 2015). In the 92‐day simulation, a 30‐day low‐pass Butterworth filter
(Butterworth, 1930) is applied to the outgoing longwave radiation (OLR) anomalies. The result and its time
tendency are used to construct a local phase diagram similar to Riley et al. (2011) and Sakaeda et al. (2020) (see
Figure S1 in Supporting Information S1). Phase 5, characterized by the minimum OLR and null tendency,
represents the center of the MJO enhanced phase, while Phase 1 represents the center of the suppressed phase.
Thus, the three episodes occur during phase 1–2, phase 2–3, phase 5–6 of the first MJO event. While 3MJO cycles
are observed in the long simulations, a discrepancy between observations and the model for the third event leads
us to focus only on the first two (see Figure S2 in Supporting Information S1). A similar discrepancy was also
noticed by other authors (S. Wang et al., 2015).

2.2. Tracking Cold Pools

Cold pool tracking is done similarly to (Torri & Kuang, 2019). First, we select cold pool cores–which are related
to precipitating downdrafts–defined as regions of contiguous grid boxes in the sub‐cloud layer for which the total
precipitating water mixing ratio, qp, is greater than 1.0 g kg

− 1, and the density potential temperature anomaly with
respect to the horizontal mean, θ′ρ, is lower than − 1 K. Using a breadth‐first search (BFS) algorithm, we identify
all the cold pool cores, and assign an identity number to those that contain more than 250 grid boxes over the
entire duration of the core.

Whenever a particle injected in the sub‐cloud layer by a downdraft enters a cold pool core, the particle is assigned
the same identity number as the core itself. The particle maintains this identity number until it is in a grid box with
non‐negative buoyancy. Upon entrance into the cold pool core, each particle is also assigned a clock, and its initial
position is recorded. The clock is initialized at 0 and updated every time step the particle has negative buoyancy.
We then scan through each cold pool grid box that contains tracked particles and compute the distribution of clock
readings and distances traveled by the particles from their initial positions. From the latter, we subtract the
distance traveled because of the background winds to account for advection. Finally, the modes of these distri-
butions are taken as an estimate of the identity number, the radius, and the age of the cold pool grid box. A
representation of the evolution of the tracked cold pools is shown in Figure S3 in Supporting Information S1.

2.3. Quantifying Organization

As recently highlighted by previous studies (Biagioli & Tompkins, 2023; Cheng et al., 2018; Sakaeda &
Torri, 2022; Shamekh et al., 2023), many indices have been proposed to measure convective organization, each
with its strengths and limitations. In this work, we will use Iorg (Tompkins & Semie, 2017), which compares the
cumulative density function of nearest neighbor distances (NNCDF) from a cloud field with that of an equal
number of randomly distributed points (NNCDFrandom). The latter is given by a Weibull distribution:

NNCDFrandom = 1 − exp (− λπd2), (1)

where λ is the number of points per unit area, and d is the nearest neighbor distance between randomly distributed
points. Iorg is determined by integrating the area below the curve described by (see Figure 18 of Tompkins &
Semie, 2017):

Iorg =∑NNCDF(d)[NNCDFrandom(d + δd/2) − NNCDFrandom(d − δd/2)]. (2)

Iorg values range between 0 and 1, with 0.5 indicating that the clouds are randomly distributed, while larger values
indicate that clouds are more organized. Following (Tompkins & Semie, 2017), we will apply Iorg to convective
updrafts. These are defined here as clusters of grid boxes with vertical velocity, w, greater than 0.75 m s− 1 at an
altitude of 3,214 m. An area of connected grid boxes satisfying this condition is identified as a cluster. Each two‐
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dimensional cluster is then represented by its geometric centroid, which is used to calculate nearest neighbor
distances (NNDs) for Iorg.

To determine Iorg, we will consider two grid boxes as connected if they appear within a 3‐km radius of each other.
The reason for this choice is that, for high enough resolutions, the turbulent nature of convective updrafts may
make their two‐dimensional slice appear as an inhomogeneous mixture of grid boxes with opposing signs of
vertical velocity (see Figure S4 in Supporting Information S1). Thus, selecting only contiguous cells might lead us
to count as separate the various components of the same updraft.

3. Results
3.1. Simulated Evolution of Cloud Organization With the MJO

The lines in Figure 1a depict the median precipitation rate and Iorg values across different MJO phases. Shaded
regions represent the range 25th–75th percentile range. Precipitation rates increase after Phase 3, with 75th (25th)
percentile peaking during Phase 4 (5). Consistent with the observational analysis of Sakaeda and Torri (2022), the
simulated maximum in cloud organization lags behind the precipitation rate maxima by 1–2 phases. We also
examined the evolution of this quantity (Figure 1b). The plot shows that the number of convective clusters peaks
during Phase 4, ahead of the Iorg and precipitation rate maxima. Thus, convective clusters become less random
while their number decreases, which is consistent with previous observations (Cheng et al., 2018; Sakaeda
et al., 2020). While the selection thresholds for identifying convective points and the clustering methodology
exhibit sensitivity in computing the magnitude of Iorg, the trends of Iorg following precipitation rate maxima
demonstrate consistency.

Next, we analyze the distribution of convective clusters more closely and compute the distances between any two
identified updrafts (not just their nearest neighbors). We then group these distances according to the neighboring
order (e.g., nearest neighbors, next‐to‐nearest neighbors, next‐to‐next‐to‐nearest neighbors, etc.), and compute
the distribution of distances for each order. Figure 2a presents the difference between the distances during the
enhanced (Phases 5–6) and the suppressed (Phases 1–2) phases of the MJO as a function of distance (y‐axis) and
neighboring order (x‐axis). Each distribution has been normalized to 1 before subtracting. The figure shows that
the enhanced phase is associated with smaller distances between convective clusters. This is consistent with the
finding that this phase is more organized (Figure 1a), particularly at higher orders.

To better understand the reasons for the changes in cluster distances with the phases of the MJO, we next consider
the horizontal area of each convective cluster, a quantity that affects the minimumNND between clouds. The lines
in Figure 2b show the probability distribution functions of convective cluster areas for different MJO phases. As
the plot suggests, updrafts appear larger during the enhanced phases of the MJO.

Finally, as a consistency check on our findings of how MJO affects distances between updrafts, we consider the
distribution of distances between any two updrafts shown in Figure 2c, without restricting to any neighboring
orders. The black line represents the density function of distances in a random distribution of points and was
computed by randomly distributing 10,000 points on a plane. The distribution of distances in Phase 6 has the
largest departure from the random distribution, which we interpret as a sign of enhanced organization, especially

Figure 1. (a) The dash‐dotted lines represent the median values of precipitation rate and Iorg as a function of MJO phase, while the orange and blue shading represent the
range between the 25th and 75th percentile of Iorg and precipitation rate, respectively; (b) the same as (a), but representing the number of convective clusters.
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at distances below 75 km. This is consistent with the results from Figure 1a, and it is less sensitive to the behavior
of nearest neighbors, which can be a limited group to analyze.

3.2. Impacts of Cold Pools on Cloud Organization at Different MJO Phases

To examine the impact of the MJO on cold pools, we now concentrate on the 2‐day SAM‐LPDM simulations.
Figures 3a–3c show the average surface values of cold pool specific humidity anomaly (w.r.t. the horizontal
mean), q′v, as a function of cold pool radius and age. To facilitate the reading of the figure, for every value of cold
pool age, we plotted the values contributed to by the first 99.99% of points counted starting from the 0‐km radius.
This minimized the visual interference from a few spurious points at anomalously large distances from the cold
pool center that appeared at the early stages of cold pool propagation.

Results show that cold pools are much smaller during suppressed (Figure 3a) than in enhanced stages of the MJO
(Figures 3b and 3c). The slopes of the outer edges of the shaded areas also suggest that cold pools propagate much
more slowly during the suppressedMJO phase than the enhanced stages. Another difference between phases is the
presence of anomalously high q′v values near the leading edge of cold pools, a phenomenon often called moist
patch (Drager & van den Heever, 2017; Langhans & Romps, 2015; Schlemmer & Hohenegger, 2014; Tomp-
kins, 2001; Torri & Kuang, 2016b). This feature is particularly pronounced in the third episode, where it appears
between 1 and 2 hr of cold pool birth at a distance of 20–45 km. On the other hand, for the first episode, the moist
patch is much smaller and appears at earlier stages of the cold pool life cycle.

To explain the observed differences between cold pools at various MJO phases, we examine the surface fluxes. As
shown in Figure S5 in Supporting Information S1, sensible heat fluxes (SHF) are much smaller than latent heat
fluxes (LHF), so we will focus on the latter. Figures 4a–4c show a comparison between snapshots of surface LHF

Figure 2. (a) Difference of distribution of distances by neighboring order between Phases 5–6 and Phases 1–2. (b) PDFs of sizes of the convective clusters in different
MJO phases. (c) PDFs of all the distances between the cloud clusters in different MJO phases. The black line represents the distribution of 10,000 randomly distributed
points, whose distances and probabilities should be linearly proportional if boundary effects are neglected.

Figure 3. Cold pool‐averages of surface values of q′v during 2‐day episodes in the convective suppressed (a), growing (b), and enhanced phases (c), respectively.
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taken during the simulated 2‐day episodes. The suppressed phase (Figure 4a) shows significantly higher envi-
ronmental LHF values than the other two episodes.

These differences can be appreciated in a more systematic way in Figure 4d, which shows the probability density
function (PDF) of LHF at each surface spatial point for various 2‐day precipitation episodes. These values are
consistent with those reported by (Ruppert & Johnson, 2015). During the suppressed phase, the mode of the PDF
occurs at approximately 150 W m− 2, twice the magnitude of the modes during the growing/enhanced phases.
High LHFs above 180 W m− 2 at the downwind side of cold pools are modulated by the combination of the
background and gust winds (Figure S6 in Supporting Information S1), indicating that the asymmetric moist ring
prefers to organize clouds at a distance equal to its radius rather than its diameter (Figure 2c).

Figure 4e shows a comparison between CDFs of maximum cold pool core area–a proxy for downdraft size–for the
three simulated episodes. The lines in the plot show that cores in the growing (black) and enhanced (red) MJO
phases are considerably bigger than in the suppressed phase (blue). This is particularly true for the larger cold pool
cores in each simulation: for example, the values of the 80th percentile in the enhanced phase are almost three
times as large as those in the suppressed phase.

Finally, the curves in Figure 4f represent the CDFs of cold core duration, which were determined by counting the
time steps between the moment when a new cold core is identified and when no more grid cells of that cold core
are found in the domain. The plots suggest that growing/enhancedMJO phases are characterized by longer‐lasting
cores than the suppressed phase.

4. Discussion
Cold pools are key players in the organization of convection. Their role in the shallow‐to‐deep transition or the life
cycle of MCSs has long been acknowledged. However, less is known about their role in modulating convective
organization during the MJO, a question we addressed here using a series of high‐resolution numerical simu-
lations and Lagrangian diagnostics.

Figures 1 and 2c both show that the peak in convective organization associated with the MJO lags the peak in
precipitation rate. This is consistent with the findings of Sakaeda and Torri (2022), who showed similar findings
using observational data. We suppose it is because the convective clouds can continuously stimulate new

Figure 4. (a)–(c) Screenshots of surface LHFs during three 2‐day rainfall episodes in the convective suppressed (a), growing (b), and enhanced (c) phases of the MJO.
(d) The PDFs of surface latent heat fluxes. (e)–(f) The CDFs of the maximum size of cold pool cores related to precipitating downdrafts (e) and their duration (f). The
blue, black, and red curves represent the episodes in the convective suppressed, growing, and enhanced phases, respectively.
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convective development through specific mechanisms such as cold pool thermodynamics. Still, the establishment
of these spatial connections between clouds requires time, contributing to the observed lag and maintaining the
local convective system.

Our results suggest that cold pools are much larger and propagate at a higher speed during the growing and
enhanced phases of the MJO compared to suppressed phases (Figures 3a–3c). They also suggest that cold pools
develop stronger and wider moist patches at their edges than those in the suppressed phase. These anomalously
moist areas could lead to the formation of more closely spaced convective clouds in the vicinity of the parent
cloud. This could explain the increase in clustering during Phase 6 that we diagnosed using Iorg values (Figure 1)
and analysis of distances between clouds (Figure 2c). Note also that in the latter case, the relative maximum of
distances, especially at Phase 6, coincides with the location of the moist patch in Figure 3c.

We attribute the diagnosed cold pool differences to differences in latent heat fluxes and downdraft characteristics.
Figures 4a–4d show that there are substantial differences in LHF values across different phases of the MJO, with
larger values during the suppressed phase and smaller during the growing and the mature phase. Larger LHF
values likely lead to a much faster recovery of buoyancy and a significantly shorter cold pool life cycle. SHFs do
not exhibit significant variations and are much smaller than LHFs.

At the same time, Figures 4e and 4f show that downdrafts during the growing and enhanced phases are larger and
last longer than in the suppressed phase. The differences between MJO phases are particularly accentuated in the
higher percentiles of the distributions of downdraft sizes and duration (Figures 4e and 4f).

Our results agree with previous work that showed that cold pools are important for triggering new convective cells
for organizing convection (Sakaeda & Torri, 2022, 2023). At first, these findings might seem in apparent
contradiction with (Grant et al., 2018), who showed that weakening/removing cold pools in numerical simula-
tions bore no significant consequences on the propagation of MCSs over the tropical ocean. However, our results
merely suggest that cold pools play a role in modulating convective organization and do not exclude other players
such as gravity waves, and the impact of environmental conditions such as vertical wind shear and moisture.
Following the remarks of Grant et al. (2018), gravity waves might be a key ingredient in the propagation of MCSs,
while cold pools could shape convective organization at smaller spatial scales.

5. Conclusions
The organization of convective clouds is a widespread phenomenon in the Earth's atmosphere, and, through the
years, it has been shown to play a critical role in many different contexts, such as the development of deep
convection, the life cycle of MCSs, and even cloud‐radiative feedbacks.

This work mainly focused on the evolution of convective organization across MJO phases and the role played by
cold pools in modulating it. Simulations conducted using soundings and forcing collected during the DYNAMO/
AMIE observational campaign show a significant change in convective organization, with the largest values
during the mature stages and the lowest during the suppressed stages of the MJO. The peak in convective or-
ganization was observed to lag that in precipitation rate by one MJO phase. These findings were shown to be
robust when different metrics were used to evaluate convective organization.

In order to explore the role of cold pools in modulating convective organization, a series of high‐resolution 2‐day
simulations were conducted with an Eulerian model coupled with a Lagrangian particle model. Using a cold pool
tracking algorithm, it was shown that the location of moist rings at the cold pool edges coincides with the most
preferred distance between clouds. The cold pools exhibited significant differences in their characteristics, with
mature MJO phases featuring larger and longer‐lasting cold pools, while smaller cold pools were observed during
suppressed MJO phases. These differences were explained as due to variations in surface latent heat fluxes and in
downdraft characteristics. Considering these observed differences and the role of cold pools in triggering new
convective cells, it was hypothesized that variations in cold pool characteristics were largely responsible for the
modulation of convective organization.

Data Availability Statement
Data is available at Tang (2024) (https://doi.org/10.5281/zenodo.10939337).
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