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ABSTRACT

Based on idealized numerical simulations, the impacts efittrnal cycle of solar radiation on the diurnal variatidn o
outer rainbands in a tropical cyclone are examined. It iadthat cold pools associated with precipitation-drivewxdrafts
are essential for the growth and propagation of spiral exids. The downdrafts result in surface outflows, which aet as
lifting mechanism to trigger the convection cell along teading edge of the cold pools. The diurnal cycle of solarataah
may modulate the diurnal behavior of the spiral rainbands.thke daytime, shortwave radiation will suppress the outer
convection and thus weaken the cold pools. Meanwhile, thigdd cold pool activity leads to a strong modification of the
moisture field, which in turn inhibits further convectionvééopment.
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1. Introduction Ge et al. (2014) found that the diurnal radiation cycle has

The diurnal cycle of tropical convection systems ha{gnpacts on storm intensification and structure. It is hypeth

been widely studied (Gray and Jacobson, 1977; Webster %Z(—E\Fdi;23;T§eﬁi20d;g-cicr:i;;r:g:/?:(l)vr?rr?:ﬁuggaaggvce%)“in
Stephens, 1980; Mapes and Houze, 1993; Chen and Ho y bre-g ping

1057 L and o, 1908, ang anc Singo, 2001 e o (SIS 4t 2. 2010 e rsuls avove nd
al., 2014). ltis realized that diurnal maxima and minimasexi Y y P b

that are associated with precipitation. Possible mechmisdynamlcs,_thusf&ctlng _storm_ structure and intensity. .
S The spiral rainband is an important element of TCs, since
have been put forward on the role of solar variation in mo% . : . A .
ulating tropical convection. First, the afternoon minimam e associated diabatic heating is a key driver of the sec-
) ' ondary circulation and thudtacts the transport of absolute

tropical convection is directly ascribed to the absorptién angular momentum (Fudeyasu and Wang, 2011). As such
shortwave radiation by the upper portion of the cloud anvilﬁw spiral rainband will impact TC size ané thus it's kinetic ,

which increases the static stability in the cloudy area.oim-c energy. Diferent storm sizes reflectftbrent extents of wind

trast, the longwave cooling at night weakens the StatloIsmpdamage, heavy rainfall and storm surges associated with TCs

ity and favors deep ponvect!op. Second,.the longwave.Og)O“IQecently, observations have increasingly focused on tlee fin
may enhgnce relative hu_m|d|ty (RH)fﬁn_|entIy to alleviate tructure of TC rainbands (Yu and Chen, 2011; Yu and Tsai
the entrainmentféect. Third, the dynamical consequence 13: Tang et al., 2014), revealing thaﬁd}ent ty,pes of spi- '
the diferential radiative heating between the convection ang ! N ' . !
the surrounding clear-sky area produces daily variatidhén ral rainbands may have markedyférent dynamic and ther-

: aing Y Pro y ._modynamic characteristics. Numerous studies have focused
horizontal divergence field, which influences the convectio - ; ) .

. : on the origins, structure and propagation of spiral railsan

Recently, the diurnal cycle of mature tropical cyclone% a TC (e.g., Barnes et al., 1983; May and Holland, 1999;
(TCs) has been documented (Dunion et al., 2014). The sal = nkdin ei :;I 2006 SaV\./:elda aﬁd Iwasaki. 2010: ,Li anci
lite imagery reveals cyclical pulses in the cloud field. Tisat - ' ' i

the diurnal pulses first occur in the inner core around thetirxvang’ 2012; Dunion et al., 2014). Theoretical and numer-

. .Ical studies suggest a number of important processes for the
of sunset, and then move outward overnight. Meanwml]%rmation of rainbands, which include cold pool dynamics

(Yamasaki, 1983, 1986), internal gravity waves (Willoughb
* Corresponding author: Xuyang GE 1978), and vortex Rossby waves (Montgomery and Kallen-
Email: xuyang@nuist.edu.cn bach, 1997). However, a thorough understanding of the mech-
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anisms involved in modulating the daily variation of spiralaindrops is excluded, which follows the method of Sawada
rainbands remains elusive. To this end, the impacts of thed lwasaki (2010). This experiment attempts to examine the
diurnal cycle of solar radiation on the TC rainbands are ekey role of the evaporativefect in the cold pool dynamics.
amined in the present study using idealized numerical simiill the experiments are integrated for a 9-day period.

lations. The major purpose is to examine the possible ingpact

of the diurnal cycle of solar radiation on the behavior ofesut )
rainbands in TCs. 3. Simulated results

The paper is organized as follows: In section 2, the model 1, ;o npare the evolution characteristics of spiral rain-

c.onﬁgu.ratlon and experimental d.eS|gn are introduced. TBﬁnds, Fig. 1 first displays time—radius cross sections -of az
simulation results are compared in section 3, followed by;, ;hally averaged radar reflectivity at the heightzaf 0.5
discussion of the possible underlying mechanisms in SBCtigy, i, 4| experiments. In CTL, while the simulated vortex
4. A short summary and further discussion is provided |8 5o, yp, active spiral rainbands begin to form. During the
section 5. simulation, four active episodes of spiral rainbands eiist
dicating clear diurnal pulses in the cloud field. For ins&nc

. : . atT = 36 h the active convection occurs around a radius of
2. Model configuration and experimental de 60 km from the TC center. Over time, this spiral rainband

sign propagates radially outward up to about 200 km with a speed

The model employed here is WRARW model (ver- Of nearly 6 ms!. Here, the spiral rainbands are classified
sion 3.1). It is triple-nested with two-way interactionshel as outer rainbands, since they form beyond the range of 2-3
model has 28 levels in the vertical direction and mesh sizé®es the radius of maximum wind. A22—26-h quasi-periodic
of 241x 241 grid points in all of the three domains, with horoutward-propagating feature of rainbands outsides the eye
izontal grid spacing of 27 km, 9 km and 3 km, respectivelyvall has been previously revealed by Li and Wang (2012).
The model physics parameter settings in the control experi- A similar evolution feature can also be found in NIGHT,
ment (CTL) are identical to those in Ge et al. (2014). Specgain indicating the presence of cyclical convective milse
ically, a weak axisymmetric cyclonic vortex is embedded dR the outer rainbands. In contrast, no cyclical spiral +ain
an f-plane (center at i) in a quiescent environment. Thisbands emanate in both NOEVP and DAY. For instance, in
embryo has a maximum surface wind speed (i.e., 151 s NOEVP, a rainband initially develops just outsides the eye-
and the radius of maximum wind is initially located at 128vall at T = 24-48 h. Thereafter, it moves radially away
km. It is embedded in a water plane with a constant SST §@m the center and eventually dissipates. Interestirthly,
29°C. Once the 3D dynamic fields and environmental soungpiral rainband does not occur periodically during the meatu
ing profile (Jordan, 1958) are given, the mass and thermo@j@ge of the TC. The absence of active outer spiral rainbands
namic fields can be obtained by solving the nonlinear balaniééder these conditions indicates that evaporation iatito
equation. the maintenance of outer rainbands, which agrees well with

Three sensitivity experiments (see Table 1) are conductég findings of Sawada and Iwasaki (2010). In DAY, the evo-
to investigate the impacts of the diurnal cycle of solar radition features are akin to NOEVP. Namely, no periodic outer
ation on the behavior of spiral rainbands. The strategies @nvective system occurs during the mature stage. In the
the nighttime-only (NIGHT) and daytime-only only (DAY) current study, the mature stage represents the periodgdurin
experiments are identical to those in Ge et al. (2014). $ipecihich the TC reaches the intensity of a strong TC and has
cally, in NIGHT, the local time is fixed at midnight, by whichwell-organized structures.
the shortwave radiation is excluded totally. On the cogtrar ~ T0 further illustrate the diurnal variation of outer rain-
the model local time is set to be noon during the whole if®ands activities, the temporal evolution of the horizoptet
tegration in DAY. This specification allows a constant shortern of simulated dB within a 24-h cycle (fronT = 60 h to
wave radiation extreme. The longwave radiation scheme&4 h) of spiral rainbands is presented in Fig. 2. For simiglici
the rapid radiative transfer model (Mlawer et al., 1997)e ThT = 60 h is taken as the reference time “0 h”, and thus84
shortwave radiation scheme is from Dudhia (1989). In therepresents “24 h”. In CTL, the radial distribution of deep
fourth experiment (NOEVP), the model configuration is theonvection fluctuates significantly with time. The outerabi

same as that in CTL, except that the evaporative cooling frgginbands initially form near the radius of 60 km, and inten-
sify as they propagate radially outward (i.e., local timeé O—

h). Later, convection in the outer spiral rainbands grdgiual
weakens (i.e., local time 6—18 h). Thereafter, the outenspi
Experiment Description rainbands re-initialize and outwardly propagate. Babkical
the spiral rainbands prevail at local nighttime. In NIGHTg t
activities of the spiral rainbands are very similar to those
CTL, but they have a wider horizontal coverage. In NOEVP,
the convection is isolated and can barely organize int@bpir
shapes. Itis also the case that no major outer spiral ragtghan

Table 1. Description of the experiments.

CTL Control run with a full solar radiation diurnal cycle
NOEVP As in CTL, but without evaporation from raindrops
NIGHT As in CTL, but with the local time fixed at midnight
DAY As in CTL, but with the local time fixed at noon
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Fig. 1. Time-radius cross section of azimuthally averaged radksctevity (units: dBZ) at the height of 0.5 km in (a) CTL, (b)
NOEVP, (c) NIGHT and (d) DAY.

develop in DAY. to examine the cold pool characteristics in the four experi-
The above comparisonsillustrate salierfetiences in the ments.
behavior of spiral rainbands in TCs. When shortwave so- Figure 3 displays the horizontal distribution of 0.5-km-
lar radiation is excluded (i.e., in NIGHT), the activitie§ oheight equivalent potential temperatufg)(at a specific time
spiral rainbands show a quasi-periodic outward-propagati(i.e., T = 63 h) over a domain that mainly covers the outer
feature. On the contrary, when shortwave solar radiationdenvection. In this study, the asymmetric componengof
strongest (i.e., in DAY), spiral rainbands are considgrabis first calculated. The negative values dflikely reflect
suppressed and thus no obvious radially outward propagatibe intensity of the cold pools. Meanwhile, the asymmet-
is identified. Therefore, the diurnal cycle of solar radiati ric component of the wind field and the associated horizontal
has significant impacts on the behavior of spiral rainbandsdivergence field are obtained. These fields help illustize t
TCs. Hence, some questions should be addressed in ordespatial relationship between the thermodynamic and dynami
reveal the impacts of solar radiation on the developmentdriables within the cold pools. The simulations indicéuatt
TC rainbands. the downdrafts induced by evaporative cooling result in the
formation of a cold pool near the surface. Once the down-
drafts reach the PBL and spread outward, a convergentregion
4. Possible mechanisms at the front of the cold pool forms that triggers convection
and the outer spiral rainbands. Meanwhile, wind anomalies
Numerous studies have focused on the formation meclaalvance at the front of the cold pool in the normal direction
nism of rainbands (Yamasaki, 1983, 1986; Guinn and Scho-cross-band propagation. This acts as a lifting mechanism
bert, 1993; Sawada and lwasaki, 2010; Li and Wang, 201%8;force the next convective cells therein. In this regasiy n
Moon and Nolan, 2015). As a result, it is widely recogeonvective cells are successively generated at the fraye ed
nized that surface cold pools induced by evaporative cgoliof a cold pool to form the outward-propagating rainbands.
from raindrops play a key role in the propagation of spiral To reveal the vertical structure of the cold pools, we se-
rainbands, since they trigger the convection cells alorg tlect one particular snapshot from CTL. Figure 4 shows the
edges of cold pools. Li and Wang (2012) related the quasertical-radius cross section of the cold pools shown in Fig
periodic behavior of outer rainbands to CAPE consumpti@®a. It is apparent that there are alternate neggqsitive po-
and convective downdraft cooling. Generally, the evaporgntial temperature values along the line. That is, jusbiel
tive cooling—driven downdrafts bring cold and dry air formhe melting level, there is diabatic cooling coincidentwtie
the middle troposphere to the PBL, which forms surface coltbwndrafts, while heating is collocated with the updratts a
pools beneath a precipitation cloud. To this end, we attempe outer edge of the cold pools. The height of precipitation
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Fig. 2. Temporal evolution of simulated radar reflectivity (colraded; units: dB) at the height of 0.5 kmin (a) CTL,
(b) NOEVP, (c) NIGHT, and (d) DAY. The red boxes illustrate flocations of the domains in Fig. 3. Here, the starting
“0 h” represents model hour 60, and thus “24 h” is the simatatime of 84 h.
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Fig. 3. Horizontal distribution of 0.5-km-height equivalent poti@l temperature (units: K) & =63 hin (a) CTL, (b)
NOEVP, (c) NIGHT and (d) DAY, over a domain covering the ounbands. The color-shaded areas depict the cold
pools. Contours show the horizontal divergence (units1a° s~1). Dashed lines are negative values. Vectors present
the asymmetric wind component. Dots denote radar refléctiveater than 20 dB
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Fig. 4. Vertical-radius cross section of the cold pool along line @&Bss band) in Fig. 3a at = 63 h: (a) diabatic
heating (color-shaded:; units: K*H) and (b) vertical motion (contours; units: m3 and equivalent potential tempera-
ture (color-shaded; units: K) departure from the azimiyreteraged temperature. The thick dashed line in each panel
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driven cooling is around the melting level, which is loweto be lifted upward at and immediately ahead of the leading
than the diabatic heating associated with the deep convedge of the low-level rear-to-front flow to form a rearward
tion. The temporal evolution of the intensity of the cold podilt of updrafts. This pattern bears many similarities tatth
moves in line with the temporal evolution of the rain rate. Ineported by Yu and Tsai (2013), in which a low-level rear-to-
other words, the production of stronger and deeper convéwnt flow encountering the inflow was observed.
tion is associated with bigger cold pools. Bding et al. 01  In order to demonstrate the daily variation of cold pools,
showed that higher precipitation rates are closely aswmtiaFig. 6 shows the temporal evolution of the negatfie
with cold pools, since the presence of cold pools promotasomaly at height = 0.5 km, which is averaged within in
deeper and more buoyant clouds. In other words, a poairing between a radius of 80 km and 240 km from the storm
tive feedback process appears in that, in an atmosphereémter. It is worthwhile mentioning that the anomalies are
which cloud and rain formation is facilitated, stronger aw obtained by extracting the averaged value of the inner do-
drafts will form. These stronger downdrafts lead to a stesngmain. As expected, the cold pool intensity shows a clear di-
modification of the moisture field, which in turn favors fururnal cycle in CTL and NIGHT, whereas there is no obvious
ther cloud development. The strong precipitation likebds cyclic period in DAY and NOEVP. Ge et al. (2014) found
to a wider cold pool. The interplay of moisture aggregatiaiat TC convection is significant during nighttime, since ra
and lifting eventually promotes the formation of wider alisu diation may modulate the static stability of the atmosphere
that are lessféected by entrainment and become deeper. Of particular interest is that clear diurnal variation ¢xim
the present study, cold pools prevail in outer rainbandd, aspiral rainbands in NIGHT, even though the diurnal cycle of
mainly result from embedded deep convective cells. Tiselar radiation is excluded. It has been hypothesized that
outer rainbands are more active in CTL and NIGHT, thus prtie periodic outward-propagating feature of rainbands out
ducing more and stronger cold pools. side the eyewall is related to the internal dynamic natuie (L
Figure 5 displays the kinetic structure of an outer spirahd Wang, 2012). In their model, TCM4, a simple Newtonian
rainband of interest. At this particular time, the rainbaras damping term was used to reflect the longwave radiation only.
oriented roughly parallel to the TC center. Here, the propklevertheless, a 22—26 h quasi-periodic outward-propagati
gating direction and speed of the selected entity is estichafeature of rainbands was also observed. Naturally, the-ques
to be 320 and 7.6 m s, respectively. Since the cross sectiotion arises here as to why there is no diurnal variation atspi
is obtained roughly perpendicular to the spiral band, itisada rainbands in DAY, in which the shortwave solar radiation is
flow is likely taken as the cross-band component. Thereafteet to an extreme.
the band-relative flow is obtained by subtracting the cross- Figure 7 depicts the simulated accumulated rainfall
band component at the radius of the spiral band. Interdgtingamount in all the experiments durifig= 60 h to 84 h. It
band-relative rear-to-front flow exists at low levels. Thgit is evident that there are salientffdrences in the precipita-
cal depth of this flow is about 1-3 km. The deep band-relatitien amount. Namely, the precipitation amount is largest in
inflow extending from the surface to the upper troposphereNSGHT, and weakest in DAY. Generally, tropical oceanic pre-
generally present ahead of the rainbands. The inflow appegpstation is largely suppressed during daytime (Webster a
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tenance of outer spiral rainbands.
According to Rotunno et al. (1988), the intensi€;) of
cold pools can be measured by

Hep
Ci=4(2 f (-B)dz,
0

whereB is the buoyancy, andlcp is obtained by first calcu-
lating the buoyancy field and then searching for the height
where its sign changes from negative to positive above the
cold pool region. As seen from the values in each panel of
Fig. 3, the cold pool intensity in NIGHT (9.96) is largest,
whereas it is weakest in DAY (4.03). This is consistent with
6 5 20 7o the simulated precipitation amounts, and represents a posi
Time(hour) tive feedback mechanism in that greater precipitationfall

vor stronger downdrafts and thus more intense cold pools.
Fig. 6. Temporal evolution of 0.5-km-height equivalent poten- Schlemmer and Hohenegger (2014) also found the formation
tial temperature (units: K) anomaly averaged between 80 kmg¢ \wider and deeper clouds is closely related to cold pool
and 240 km from the storm center in (a) CTL, (b) NOEVP, (€) gqynamics. That is, stronger precipitation-driven cold lsoo
NIGHT and (d) DAY. aid the development of wider and deeper clouds. It is ob-

_ served that an accumulation of moisture in moist patches oc-
Stephens, 1980; Tao et al., 1996). Moreover, the largef raifyrs around cold pools, which provides a favorable environ-

fall coverage in CTL and NIGHT implies the presence ghent for new convection. In turn, strong surface wind asso-
active outer spiral rainbands therein. Physically, thepevagjated with enhanced convection will result in an increase i

oration of raindrops together with the melting of snow ang{,face latent heat fluxes, which is favorable for more $igni
graupel cause the downdrafts. Given that the weakest Bre¢i nt moist patches.

itation amountis in DAY, itis reasonable that the evapeeti  Figyre 8 compares the horizontal distribution of moisture
cooling is also weakest in that experiment (Fig. 3). Sawad@omalies in all experiments. It is apparent that the moist
and Iwasaki (2010) pointed out that cold pools are the k&\iiches are generally located at the front of the cold pools,

process in the formation of rainbands. The countercloo&wign the intensity and size of moist patches are much larger in
and radially outward direction of propagations are clos&y \jGHT and CTL. This strong linkage between the rain rate

sociated with cold pools. In NOEVP, by tumning the éfect  5ng moist patches provides further confidence that the for-
of evaporation, no periodic spiral rainband appears. Recglation of new convection can be ascribed to the cold pool
that outer spiral ralnpands |n|t|aI_Iy form but are shovel in activity. This is because, in order to develop new convec-
DAY and NOEVP (Fig. 1). In this regard, the cold pool dysjgn there needs to be ficient moisture available. The in-

namics is likely not essential for the formation of outerapi terplay of moisture aggregation and lifting mutually prage
rainbands, which agrees with the results of Li et al. (2018} growth of wider and deeper clouds.

Nevertheless, the absence of active outer spiral rainbands 14 further determine the role of cold pools, the Sawyer—
dicates that evaporative cooling is indeed critical to tem gjiassen (SE) equation is applied. Detail regarding the SE
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Fig. 7. The simulated accumulated rainfall amount (units: mm) JrQ@L, (b) NOEVP, (c) NIGHT and (d) DAY, from 60 h to 84 h.
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(c) NIGHT and (d) DAY over a domain covering the outer rainflenThe color-shaded areas depict the cold pools.
Contours show moist patches.

equation in the radius—pseudoheight coordinates can Inelfomore pronounced in NIGHT and CTL, and weakest in NO-
in Hendricks et al. (2004). Briefly, the SE equation in thEVP because of the artificial exclusion of the evaporative ef
radius—pseudoheight coordinates can be written as fect. In DAY, cold pools still occur, but the radial coverage

is much smaller. The diabatic cooling will force downdrafts
Ady By C &p B dy 6(§F) aQ within the cold pools. Once the downdrafts reach the surface
ar (r a T 6z)+ 6z(r aztr 5r) o9z T ar  theythenturninto divergentoutflows, which act as therliti
mechanism for triggering new convection. Note that remark-
where the parameters ark:= N2 = (g/go)(ag/az) static sta- able diferences exist among the forced radial circulations in
bility; B =—£(dV;/d2), barocilinicity; andC = &n, inertial sta- the four experiments. Unsurprisingly, the larger and wider
bility; ¥, transverse streamfunctiofi= f + 2v/r, vortex in- cold pools lead to stronger secondary circulation. The abov
ertia parameterf, momentum forcingQ, heating forcing. results reasonably account for thé&eient evolution features
Other symbols are traditional for the variables they repri all the experiments.
sent; again, see Hendricks et al. (2004) for more informatio  Li and Wang (2012) suggested that the quasi-periodic
On the right-hand side of Eq. (1), there is momentiEjrgnd occurrence of outer spiral rainbands is associated with the
heating forcingQ), respectively. In the current study, the azboundary layer recovery from thefect of convective down-
imuthally mean diabatic coolingQ) is only taken into con- drafts and the consumption of CAPE by convection in the
sideration, which derives directly from the model outputgrevious outer spiral rainbands. To examine this possibili
Figure 9 displays the radius—height cross section of the &9. 10 displays the time-radius cross sections of azintiytha
imuthally averaged diabatic cooling and its forced secondsaveraged CAPE at the lowest level in all the experiments.
circulations. From the symmetric component, it is evideMotice that, in CTL and NIGHT, the CAPE exhibits a sim-
that the radial extension and intensity of cooling are mudiar outward propagation and subsequent boundary layer re-
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covery, leading to a quasi-periodic occurrence of outaaspi band.J. Atmos. Sci., 40, 2125-2137.

rainbands, which bear many similarities to those in Li andBoing, S. J., H. J. J. Jonker, A. P. Siebesma, and W. W. Grskipw

Wang (2012). That is, once convection is triggered and or-  2012: Influence_ of the subcloud Iayer_on the development of

ganized in the form of outer spiral rainbands, it will produc @ deep convective ensembleAtmos. &i., 69, 2682-2698.

strong downdrafts and consume CAPE. As the rainband proﬁ:-herl‘jf S- SIH af”g R. A. Houze Jr,, 1997: Dnural Vaf'at:i?n';a”d

agates farther outward, the boundary layer airflow near the tfe-cycle of deep convective systems over the tropicalfieac
ap . . . warm pool.Quart. J. Roy. Meteor. Soc., 123 357-388.

original location will recover by extracting energy frometh

. . Dudhia, J., 1989: Numerical study of convection observed du
underlying ocean. In contrast, in DAY and NOEVP, there ing the winter monsoon experiment using a mesoscale two-

consistently exists significant CAPE. This implies thatltee dimensional model). Atmos. Sci., 46, 3077—3107.

havior of outer rainbands cannot be primarily attributeth®  puynion, J. P., C. D. Thorncroft, and C. S. Velden, 2014: Thp-r
conditional instability. The result further supports tratian ical cyclone diurnal cycle of mature hurricanddon. Wea.
that cold pools act as a lifting mechanism to trigger convec-  Rev., 142 3900-39109.

tion. Franklin, C. N., G. J. Holland, and P. T. May, 2006: Mecharism

for the generation of mesoscale vorticity features in tapi
cyclone rainbandsvion. Wea. Rev., 134, 2649-2669.
5. Summary and discussion Fudeyasu, H., and Y. Q. Wang, 2011: Balanced contribution to
the intensification of a tropical cyclone simulated in TCM4:
In this study, the impacts of the diurnal cycle of solar ra- Outer-core spinup procesk.Atmos. Sci., 68, 430-449.
diation on TC spiral rainbands are examined through the usge, X. Y., Y. Ma, S. W. Zhou, and T. Li, 2014: Impacts of
of idealized numerical simulations. The model successfull the diurnal cycle of radiation on tropical cyclone intensifi
simulates the formation and outward-propagation of active  cation and structureAdv. Atmos. i., 31, 1377-1385, doi:
spiral rainbands. It is found that cold pools associateth wit ~ 10.1007s00376-014-4060-0.
precipitation-driven downdrafts are essential for therfar ~ Gray, W. M., and R. W. Jacobson, 1977: Diurnal variation afle
tion and propagation of spiral rainbands, which is consiste _ _cumulus convectiorMon. Wea. Rev., 105 1171-1188.

. . . Guinn, T. A., and W. H. Schubert, 1993: Hurricane spiral lzadd
with the widely-held consensus. The downdrafts resultin su Atmos. .. 50, 3380-3403.

face out.flows, which act as a lifting mechanism _to trigge.r thq-lendricks, E. A., M. T. Montgomery, and C. A. Davis, 2004: The

convection cell advanced cold pool front. During daytime, 5|6 of “yortical” hot towers in the formation of Tropical Cy

solar radiation may modulate the diurnal behavior of TC spi-  ¢jone Diana (1984)1. Atmos. Sci., 61, 1209-1232.

ral rainbands. That is, daytime shortwave radiation wi-su Jjordan, C. L., 1958: Mean soundings for the West Indies drea.

press convection and thus weaken precipitation. As a re- Atmos. ., 15, 91-97.

sult, cold pools become insignificant since the precipitati Li, Q. Q., and Y. Q. Wang, 2012: Formation and quasi-periodic

driven downdrafts are inhibited. Meanwhile, moist patches behavior of outer spiral rainbands in a numerically simedat

are weaker in the vicinity of cold pools, which is also unfa- tropical cycloneJ. Atmos. i, 69, 997-1020.

vorable for the development of new convection. Li, Q. Q., Y. Q. Wang, and Y. H. Duan, 2015: Impacts of evapora-
Admittedly, this is highly idealized numerical study, sinc tion of rainwater on tropical cyclone structure and intpei

environmental flows are not considered. In reality, enwiron . a revisit.J. Atmos. &i., 72, 1323__1345' .

. ] Liu, C. H., and M. W. Moncriéf, 1998: A numerical study of the
men_tal flows such as vertical She.ar. witfect cold pool dy-. diurnal cycle of tropical oceanic convectioh. Atmos. Ci.,
namics and TC structure. Also, it is known that TC spiral 55, 2329-2344.
rainbands can be classified intdfdrent types from dier-  \apes, B. E., and R. A. Houze, 1993: Cloud clusters and super-
ent viewpoints, and theseftirent types of spiral rainbands clusters over the oceanic warm poton. Wea. Rev., 121,
have diferent dynamic and thermodynamic characteristics.  1398-1415.

Therefore, more complicated environmental flows should b#lay, P. T., and G. J. Holland, 1999: The role of potential idtst

included in future work. generation in tropical cyclone rainbands.Atmos. <ci., 56,
1224-1228.
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