Reviewing of the paper NPG80-2014-80
| performed a review with new eyes and | decide tohange a few things in the paper.

| changed the title, | added the word equilibrium kefore temperature, and so the new title
“Equilibrium temperature and Hadley cell in an axisymmetric model” explains better the

paper.

| removed the discussion about the old figure 4, did not address really the problem | wanted
to discuss and in my opinion it was misleading inosne respects. | also removed the former fig.
11. I changed also the representation of presengfires 5, 8 and 11 (former 6, 9 and 13)

There were too much “temperature” words where | meat “equilibrium temperature”,

although the temperature tries to adjust to the eqilibrium temperature, rarely they coincide.
| changed in according with | meant (I hope that dlbe coherent, now).

| addressed almost all the referees’ observationdly replies are in the following pages.



Reply to referee #1

| would like to thank the referee 1 for his doubtsand for his corrections. | want to thank him
even for making clearer the paper. | made his doulst mine and | will answer all questions,
however in a very few points | cannot understand ta referee.

This paper takes an idealized approach to undedstanthe relationship between the atmospheric
circulation and the atmosphere’s thermal structuide model is axisymmetric and there are
parameters that allow for varying both the meridabmand vertical structure of the equilibrium
temperature profile. The experimental design ised#nt from earlier studies in that the equator-
pole temperature contrast is held fixed throughduwt, the global mean temperature is allowed to
vary as the thermal profile is changed.

Overall, the approach taken in this paper is areresting one, but | have serious reservations
about the physical basis for using this model. demstand that the model is idealized, but there
should be some way of connecting phenomena ineatizéd model to the real atmosphere, and in
my view, this paper does not succeed in doing

this. One problem is that the "jets" in this modppear to be driven by completely different physics
than the jets in other models, or the jets in tkalratmosphere. In more realistic models, the
subtropical jets would form near the poleward eddehe Hadley Cell (HC), reflecting a strong
contribution from angular momentum conservationdAhe midlatitude jet would be located
beyond the HC edge. In this model the jets sit ®quard of the stream function maximum.

| cannot understand the statement of the refereerste it is very clear that the subtropical jets
are located near the poleward edge of the Hadley lteand poleward the maximum stream
function (cf. Table 1 -pag 1642 and Figure 3a -pai645 ).

So | am not sure what is generating the jet in thaglel and what it tells us about the midlatitude o
subtropical jets in the real atmosphere.

It is not clear to me what the referee means for ndiatitude jet since the model is not able to
produce midlatitude jets and so | cannot see how itan tell us something about midlatitude
jet.

More problematic is the discussion on p.1632 argl Bi which shows that the difference between
potential temperature and equilibrium potential marature(6 — 6;)is not conserved. This model
uses a "Newtonian cooling" scheme to mimic radéapivocesses, and in such a sche(@e; 65)

is directly proportional to the diabatic heatinghigh is in turn directly proportional to the verit
velocity (Held and Hou 1980, eg. 9c¢). So the fhaet 6 — 6)is not globally conserved implies
that the global integral of vertical velocity is maero, which implies that mass is not being
conserved. Unless there is some way of correctirgy t do not see a physical basis for using this
model at all, and | cannot consider this paper guteble.

The referee cites Held and Hou 1980, eq. 9C, pagd& but eq. 9C is a linear equation
obtained by approximating the thermodynamics equabtin, but we are working with a full
nonlinear version. Thus it is clear that we are ira breakdown situation of that approximation
since the model is able to reproduce well the Hadlecells and subtropical jets. The interesting
thing, in my opinion, is that the model produces abut the same behavior; a HC more or less
extended but with subtropical jets at the same poson (about 28°) for almost all the



experiments, even with different stratifications. Ifind also interesting the difference(6 — 6y)
when k is different from one (see new Fig. 4).

The parameter k is equivalent to change the vertidastability; Cessi (1998) showed in her
analytical solution that stratification plays a role of diffusivity that can be even negative for
unstable stratifications. However Cessi’s resultsa@ne from an approximation of the full
nonlinear model equations. | suppose that a negagvdiffusivity is present here when k=0.5
and strong positive diffusivity is present when k=3This latter case is intuitive enough, k=3
means that horizontal isotherms become closer andloser at upper levels making the
atmosphere very stable there, so the upward brancbf the HC has to do more work to go in
upper levels, and this also the reason the maximums located at lower levels, whereas it is
located at upper levels when k=0.5 (I added a newapagraph, discussing the new Fig. 4, to
explain this, the conservation of & — 6;), in the classic definition of Held and Hou is obtaed
for k=1, instead). Thus it appear quite interestingto me to analyze the model results changing
k even though the applications to the real world aald be questionable.

1623 L9: "have been" —> "have also been"

Thank you for the suggestion.

1624 L 15, "horizontal variable™ —> "horizontal coordinate"
Thank you for the correction. It is greatly appreciated.

1627 L20: It is interesting that you choose an agmh that allows the global mean temperature to
change as you vary n and k, and | think you shqustify this a bit more. Chen et al. (2013)

showed that for a uniform SST forcing there is ldgdCell expansion. Of course, uniform SST
warming does not necessarily mean that the warrointhe atmosphere is uniform. But it does
raise the possibility that some of the HC widenisgdue just to the increase of global mean
temperature, rather than changes in the temperatlistribution. Your discussion of HL92 on

p.1629 seems to hint at this, but you do not additesxplicitly

It is largely recognized that what drives the Hadlg circulation is mainly the horizontal

gradient, however in my opinion the role of the eqator-pole temperature gradient is
overstressed whereas what that has really importarcis the tropical gradient and | kept
constant the equator-pole equilibrium temperaturegradient, with n changing, to demonstrate
this. Moreover, as the referee can see the widenirgf Hadley circulation can be due to an
increase of temperature if this changes the tempetnare gradient at the equator. | hope that
the new version of the paper addresses the problem.

1630 L9: "Since the circulation intensity changesagly in our experiments, it is problematic to
define a width of the Hadley cell based on the hiteovalue of the circulation itself."” This is remt
issue in the real atmosphere because there is ar dero line, which is not the case in this
axisymmetric model. So this sentence is a bit adghg.

| meant that in the model there is not a clear edge changed the sentence.
1630: "The width of the cell will be defined moreless by isolines having 1/4 of the maximum
value of the stream function.” This is not a predgfinition. Was that intentional? "More or less"

is sloppy language.

As before, | wanted to define an edge in term of sgam function, | could chose ¥, but it is
absolutely an arbitrary choice, this is the reason used more or less. But | think that if it is



clear that the chosen value is arbitrary | would renove more or less.

1630: "Hence in general when n increases, anddake energy input is larger, the
stream function is weaker but poleward.” You shaoodghtion that this is in agreement
with Lu et al. (2008), Gastineau et al. (2008), drathdon et al. (2013).

Thank you for this suggestion.

1631: "Evidently for R = 0.121..." | don’t understdthis sentence. Please be clearer
about how the numerical and theoretical predictians different.

| removed the part containing this sentence. | dich review myself and | think this part is not
clear enough to me too, so it becomes difficult &xplain correctly what | really wanted to say.

1633: "Nevertheless the time-dependent solutiomermattain..." —> "The instantaneous HC never
resembles the symmetric circulation."?

Yes, | meant exactly that the referee wrote.

1633 L20: "by the" —> "when"

Thank you for the correction.

1633 L23: "weaker in " —> "weaker than"?

Thank you for the correction. It is really appreciaed

1635: "However, when we use the jet latitude tindethe edge of the Hadley cell..."

Here, you appear to be treating the jet in your elas analogous to the eddy-driven
midlatitude jet, and there is no basis for sucloeparison.

| agree completely with the referee, | did not mearthe mid-latitude jets, but the subtropical
jets are located at the edge of the Hadley cell, $a@an define here the edge of the cell by using
the location of the subtropical jets. The problem brelating subtropical jets and edge of the
Hadley cell in an axisymmetric model can be in soméhat problematic and here, in my
opinion, becomes also interesting since when forgnchanges the subtropical jet remains at
about 28° for most of the experiments. | changed thsentence in order to stress that jet
location remains almost constant for almost all the values.

Fig 4 caption: "Eq. (10)" —> "Eq. (11)

Thank you for the correction. However | removed Fig 4



Reply to referee #2

| would like to thank the referee for his careful reviewer and for all the questions arisen in
reviewing the paper.

To my viewpoint this paper is an interesting cdnition in the topic and can be published taking
into account some minor questions.

1 — In section 2 it is not necessary to explairttadl equations, altough some more explanations will
be wellcomed. But | have some concerns on the asgums. Specifically the step between equation
6 and 7 is not clear for me. Figure 1, helps touaiize the physical meaning of n and k. The
guestion is that the election of the experimentsvéen 0.5 and 3 is not well motivated. Why not
other interval or other step? This election deteres all the subsequent results and therefore must
be well motivatedinder physical assumption.

| wanted to parameterize the change of horizontal rad vertical distribution of temperature.
Since the parameters used to fit the “present” clirate aren=2 andk=1, it appeared as natural
to me to explore the parameters and k in the range of 2 and 1 respectively. In my opion a
step of 0.5 was sufficient to explore the space parameters. | motivated reasons | used the
parameterized Eqg. 7 from a physical point of view.l changed the organization of the
paragraphs close to Eq. 6 and Eq. 7. | added misgrinformation in Figure 1.

The location of maximum zonal wind is somewhat lprohtic. First of all is always located under
30°, but there is a transition when n=3. To my \pemt a discussion based on physical constraints
would be grateful. What does it means a planet witB? Is this a realistic scenario? Perhaps we
can see in the next future a situation like

that because of climate change.

A climate with n=3 would be defined as a equable planet (Farrell990) i.e. a planet with very
small temperature gradient, a situation that is redistic since the Earth has already
experimented this situation in the Cretaceous and @&cene, even though the equator-pole
temperature gradient was different the tropical tenperature gradient was flatter than the
present one (see Greenwood and Wing reference).dded a brief explanation of what happen
in terms of physics as suggested by the reviewerlsd other values ofn and k can have a
physical meaning. | addressed this meaning.



List of relevant changes

Section 2. | added the justification for Eq. 7, | &0 moved the paragraphs after Eq. 7 before of
Eq. 7.

Section 3. | removed the part that described the foner Fig. 4. | modify the former Fig. 5
(now Fig. 4) to show the difference§® — 0) after the model reaches the equilibrium for a few
simulations. | added a discussion for this Figurel added a discussion on the impact of the
different stratifications.

| added an explanation of the abrupt change of thewind speed observed for broad
equilibrium temperature distribution.
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the equator. The jet stream position does not silpwdependence withandk, except when
the temperatur@: distribution is very widgn=3) and in such a case the jet is located at the

mid-latitudelatitudes and the model temperature clatodsrcingde. Usingn=2 andk=1 we

have the formulation of the potential temperatutepded in classical literature. A comparison
with other works is performed and our results shtbat the model running in different
configurations (equinoctial, solstitial and timeepgndent) yields results similar to one

another.
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The earth’s atmosphere is driven by differentiehtmg of the earth’s surface. At the | rientrodi: 0,76 cm

equator, where the heating is larger than thatrerdatitudes, air rises and diverges poleward
in the upper troposphere, descending more or 1€s802 latitude{subtropies).. This

meridional circulation is known as Hadley celBecause—of-the—earth's—rotation.—this

cireulation—preduces—twoTwaubtropical jetsat the poleward edges of the Hadley form

because of earth rotation and the conservatiomefahgular momenturmA poleward shift

(Fu and Lin, 2011) and an enhanced wind speedesfetlets (Strong and Davis, 2007) are
associated with a possible Hadley cell widening stnengthening, which has been observed
in the last decades (Fu et al., 2006; Hu and FO728eidel et al., 2008; Johanson and Fu,

2009; Nguyen et al., 2013).

There are a few studies suggesting possible canisésese phenomena. One of the
theories postulates global warming as a possiblseaf Hadley cell widening (Lu et al.,
2009). However, the atmosphere is a complex syst#rtaining many subsystems interacting
with one another and the global warming might nettlbe only cause that is suggested to
explain the widening. Ozone depletion (Lu et adQ2, Polvani et al., 2011), SST warming

(Chen et al., 2013taten et al., 2011) and aerosol (Allen et al. 220thvealsobeen invoked

to explain the Hadley cell widening.

Climate models vary to some extent in their respaand the relationship between global
warming and Hadley cell is not straightforward. Festance, Lu et al. (2007) found a smaller
widening than the observed one. Gitelman et al.97)19showed that the meridional
temperature gradient decreases with increasingablolean temperature and the same result

can be found in recent modeling studies (Schatlat.2013).
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Much of our understanding on the Hadley cell cofmes theories using simple models
(Schneider 1977, Schneider and Lindzen 1977 and &fedl Hou 1980, hereafter HH80) and
such a simple model will be adopted here in orderubhderstand how temperature
distributions can change the Hadley circulationwHouch temperature change impacts the
real Hadley circulation is not clear yet, perhapscause of discrepancies between
observations, reanalysig¥gliserWaliseret al., 1999) and climate model outputs, although
these differences are becoming less marked beaafusewer observational datasets or
correction of the older ones (Sherwood 2008, Tikchet al., 2008, Santer et al., 2008).
Hence, it is critical to understand the possiblemaaisms behind the cell expansion starting

from a simple model.

The objective of this study is to analyze the #mtity of a model of the symmetric
circulation to the radiative-convective equilibriutemperature distribution. Our point of
departure is the symmetric model used by Cessi8)198hich is a bidimensional model
considering atmosphere as a thin spherical shieit model will be briefly described in Sect.
2. The model describes mainly a tropical atmosphleeace it does not allow for eddies.
Although eddies may play a central role in coninglithe strength and width of the Hadley
cell (e.g. Kim and Lee, 2001; Walker and Schnei@806), a symmetric circulation, driven
by latitudinal differential heating, can exist ewsithout eddies and it is a robust feature of
the atmospheric system (Dima and Wallace, 2003).t€mperature distributions used in this
study represent some paradigms of tropical atmesph&mong the possible causes that can
change temperature distributions there are El Nglobal warming and change of solar
activity. We will show, in Sect. 3, that the energyput is not as important as the

temperatureforcinglistribution. Our results are consistent with thabtained both by Hou
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and Lindzen (1992) (hereafter HL92), and recentiyTlndon et al. (2013) who performed

experiments similar to those described here. Thelasions will be drawn in Sect. 4.

«_ - — | Formattato: Struttura + Livello:1 +
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Comincia da:1 + Allineamento: A
sinistra + Allinea a: 0 cm + Imposta un

The model used in this study is a bidimensional ehad the axis-symmetric atmospheric | rientro di: 0,76 cm

circulation described in Cessi (1998). The horiabrbriablecoordinatés defined agy =

asing from which we have

c(y) = cos¢p =/ (1 —y?/a?) )
where a is the radius of a planet having a rotation r@tethe height of atmosphere is

prescribed to bél.

The model is similar to the Held and Hou model @9} butthe-difference-is-thatthe
medelit prescribes a horizontal diffusiom,other than the vertical diffusian. The
prognostic variables are the angular momentdidefined asM = Qac? + uc where u

represents the zonal velocity; the zonal vortigity with the meridional stream functiafp

defined by

p=wi—0, = w;

OAp=—ev0, ) = —cv
2)

and the potential temperatutethat is forced towards a radiative-convective eguiim
temperaturede. Starting from the dimensional equations of thgudar momentum, zonal
vorticity and potential temperature, we will obtairset of dimensionless equations. The new
equations are non-dimensionalized using a scafiagfollows Schneider and Lindzen (1977),
but the zonal velocity u is scaled witba. A detailed description can be found in Cessi

(1998).
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The non-dimensional model equations are:

My = 2 {M,, + ulc*(2m)y ] } -, M) (33)

1 _ 1 _ 1 1 -
Yygt = W—EZ)}’C Z(Mz)z - Csz(lp: c 21/Jzz) + (RE?¢-2) 931 + (Rc-2) [C 2l/)zzzz + l“/Jzzyy] (3b)

et :%{6224_”[6293/]3,4'a[eE(y,Z) _9]}_](1,0,6) (30)
The terny(4, B) = A, B, — A,B, is the Jacobian.

The thermal Rossby numbRr the Ekman numbek, the ratio of the horizontal to the vertical

viscosityu and the parameterare defined as
R=gHAy/(@%a®); E =vy/(QH?); p=H?/a®)vafve vy/vysa = H/(vy)—
4)
The terma is the ratio of the viscous timescale across ghdof the model atmosphere to

the relaxation time toward the radiative-convective equilibrium.

The boundary conditions for the set of Eq. 3 are:

MZZV(M_CZ)' Yyr =Yy
Yv=0,=0atz=0; (5)
M,=vy,,=¢y=0,=0atz=1.

Wherey = i—H is the ratio of the spin-down time due to the dmghe viscous timescale, the
\4

bottom drag relaxes the angular momentdnto the local planetary valu@ac? through a

drag coefficienC.

The model flow started from an isothermal stateeat and is maintained by a Newton

heating function where the heating rate is propaogi to the difference between the model
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potential temperature and a specified radiativereotive equilibrium temperature

distribution, which follows the HH80 one:

Equation 6 is used extensively in dry axisymmetnodels (e.g. HH80, Farrell, 1990, Cessi

1998) and it is related to the thermal forcing texiihe equation system. A statically stable

state as a vertical profile ot is also assumed by Eqg. 6. HH80 suggested thatrpact of

latent heat released by water vapor condensatinnbeaincorporated in _dry axisymmetric

models by modifying the meridional distribution @ HL92 followed the HH80 argument

and altered the concentration@efunder the constraint of equal energy input. Tiselteng e

distributions used by HL92 were peaked distribwtiom and off the equator resulting in a

stronger Hadley circulation with respect the ciation obtained applying Eq.@%

La® 2k ) (7
P T ég\“ %/. \')

Tandon et al. (2013) used narrow and wide therim@ing to mimic El Nifio or global

warming effect on a tropical circulation in a Glbl§zirculation ModeFrhe—valdesrandk

the opposite side, in fact, we can suppose thatwhrmer climate happens, especially in the

tropical regions, a very weak gradient of the ébriim temperaturé@e will be more extent in

latitude, expanding conseguently the tropical regidhis is already occurred in the past,

especially in the mid Cretaceous and Eocene wheltrdipics extended up to 60°. This is the

so called equable climate (e.g. Greenwood and Wih@95) where roughly equal
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temperatures are present throughout the world.nguhose geological ages the temperature

was generally higher everywhere, but adding a emtgb the temperature does not change

the response of this kind of models. The equatte-gemperature gradient was smaller than

the present situation, whereas we prescribe canstaface equator-polé: gradient. As we

shall show afterwards this is necessary to demmtestthat it is the tropical temperature

gradient drives the Hadley circulation. Thus, iderto study systematically these different

conditions we adopt the strategy to build forcimmdtions dependent on a parameter that

controls thede gradient in the tropical regions. Since, with eliffnt horizontal distributions of

Oe we can figure out that even the vertical distiitnitcould be affected by some physical

mechanisms that make the atmosphere more or sle shan the stratification described by

the z component of Eg. 6. The meridional and valrttbanges of equilibrium temperature can

be obtained by changing the exponents of y andEqirb transforming Eg. 6 in the following

equation:

The values andk control the horizontal distribution @k and its stratification respectively.

Small values ofn are associated with concentratéd distributions. Increasingn means
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increasing broadness of the distribution. Values ok larger than 1 mean more stable upper

levels, vice-versa smaller k values means loweel&are more stable than upper levels.

Thus, it comes quite natural to explore the respasfsHadley circulation by changing the

parametersn and k, which control the distribution off, in closest ranges of 2 and 1

respectively. Thus andk will change from 0.5 to 3 with a 0.5 step, in sactvay we have a

set of 36 simulationsWhen n=2 and k=1 Eq. (7) becomes the reference equilibrium

temperature given in Ec6 and the experiments performed with n=2 and k=l e

considered as the reference experiments.

A —1/2 A_— 1/9

=, =7 7

9—98%&1;:3 £ = 0005 o=t

L —Q ;Q%ﬁég =20 daals

a— C a2 =1 . — 1 Qf a2 =% g)
s ¥ T=ob=hRE \ )

‘B

Fhe—average—temperatua@ong the latitudes and heights are shown in EigHeating

functions withn value equal to 0.5 should not be regarded as Liireamerely as a simple

way to represent a specific state of the atmospfidre same assertion is valid for all other
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parameters. A% increases the average temperature increases gsbwethe meridional

gradient decreasesh

——With the prescribetemperaturé: asstated-inspecified biq. 7, theemperaturé:

valuesat the boundaries and its equator-pole differeeceperaturaemain invariant with

respect tm-and, for a giverk value The mean-temperatdreenergy inpsitnot constant here,

which differs from HL92, which analyzed the inflleanof concentration heating perturbing
the forcing functionfe (y,2) in such a way thalts—averagé: averagedover the domain
remained constant. It is easily visible in Fig. Highern values, keepinds invariant, have
higher mean—temperaturesaveragéd at all levels. The same is true fkr with higherk

values, forn constantthe-mean-temperature-fdiz at each level is always higher than that

with lower k values. The pole-equatemmperaturé: difference at upper and lower vertical

boundaries are the same for all the experiments having the samk, the meridional

{vertica)—temperature—gradient averagédchanges as a function éf for n {-constant. - {

~

Whether global warming makes tlarthequilibriumtemperature distribution narrower or \{
wider is beyond the aim of the paper. One can dxget global warming broadens the
temperature distribution, but at the same timeitid have an impact above all on ®8¥sea
surface temperature (SSBjinging more water in the upper atmosphere witichnges the

vertical distribution of the temperature in theertropical-convergence—zone.inter-tropical

convergence zone (ITCZ). It is supposed that, st fapproximation, oceans force the

atmosphere, so we have to allow for the possilitit increasing SST can change the forcing

distribution. Increasing uniformly SST might couldoleward expansion as showed by Chen

et al. (2013) with an aquaplanet model, but in tee the mechanism was supposed to be

related mainly to mid-latitude eddies rather thatrapical forcing.Since other causes can
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change the temperature distribution of a planet sas changes in the solar activity for

instance, we will focus on the temperature distrdruregardless of its cause. __ { Formattato: Inglese (Stati Uniti)

A - _____

—Altheugh—inin this model the atmosphere is dag in many other studies (e.g.

Schneider 1977, HH80, Caballero et #008), changing thetemperaturé: distribution

allows for a change in the static stability. Loakiat themean-temperatureaverafe along

the vertical direction, low values &fare related to low values of static stability, exsplly in
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Itis clear from Eq98 that the Brunt-Véiséla frequency does not deperulat the poles afid { e ot Glustifcato,

equator. On the contrarig,depends oi; large values ok imply a more stable atmosphere in
the upper levels, especially at poles, making tloglehatmosphere more similar to the real
one, simulating in some respects a sort of tropspaMoreover, this is equivalent to creating

a physical sponge layer in the upper levels ofrtizelel that will have some effects on the
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to have a set of numerical results.order to isolate the contribution of the distribution on
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g=98ms™? C =0.005ms™t

H=8x10%m 7 =20days

vy =5m?s7t vy = 1.86 m?s7! 0)

The parameters in Eq. 9 are the same as thosdougeelssi (1998).

3 Numerical Results
This section is divided into three subsections, ftrst showing the results of the model
applying the equinoctial condition, when the surassumed to be over the equator. The
solution is steady as already shown for instand€eassi (1998). The second subsection will
show the results of the model havingesnperatur@: distribution described by Eq. 7 but
moving following a seasonal cycle. The cas® andk=1 is discussed in the third subsection

in comparison with previous studies.

3.1 Equinoctial eonditionssimulations

The axially symmetric circulation is forced by abky symmetric heating as in HH80 and
many others and as prescribed by Eq. (7). The natdeled from an isothermal state and it
was run for 300 days, even though it reached itslibum approximately after 100 days, in

order to be sure that the model does not havehititizs in the long runThe stream function

values obtained when n=2 and k=1, the referencergrpnt are about the same of that

obtained by HH80. We will show the non-dimensiomalue, but to have the dimensional

values we need to multiply by, Re ™! = 484 m’s™.
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The absolute value of the maximum stream functiotensity at the equilibrium

conditions for the 36 experiments is shown in FRlg.Whenn=0.5, with k constant, the

- { Formattato: Tipo di carattere: Corsivo }

circulation is always the strongesthe-stream-function intensity is-inversely propmrtil to- -
n (Fig. 2a). Withn=0.5 the experiment resembles the one describadLB2 where they
concentrated the latitudinal extent of heating &imd led to a more intense circulation.
However, they imposed the forcing functiBp(x, y) in such a way that its average over the
domain remained the same as in the control expatjnie. without changing the energy
input. They found that concentration of the heatmgugh a redistribution of heat within the
Hadley cell led to a more intense circulation withaltering its meridional extent. Instead,
here, it is evident from Fig. 1 that the experimeith n=0.5 has an energy input lower than
the other cases. Nevertheless, the Hadley cironldad always more intense than the other
cases and contrary to highervalue experiments, the circulation is confinedseldo the
equator.-Thus the results of HL92 are extended to a moremgrase with a lower energy
input. It is worthretingnoticingthe constraint of an equal pole-equator gradiénmean

temperaturé: is assumed herghich-is-differentdifferentlyfrom HL92 (Fig. 1a).

The dependence dnis not as straightforward as the one mninstead. The stream
function reaches the highest value fe10.5 andk=3. With a highn values the Hadley cell
stream function intensity is lower and the dependeonk loses its importance. In other
words, in our model, the symmetric circulation sg#h is modulated bk only when the

equilibriumtemperature distribution is concentrated to theatmu

Figure 2b shows the maximum zonal wind speed astitn ofn andk, it is inversely
proportional ton, the dependence dais not as clear as the one mand whem=3 it almost

vanishes in accordance with the behavior of theimiam stream function. These results are
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concentrated at the equator.

Some studies define the border of a Hadley cethasby the zero line of the 500 hPa

stream function (e.g. Frierson et al., 206eeSince in this kind of model the zero stream

function is at the poles, it is problematic to defan edge of the Hadley cell based on the zero

stream function. Moreovethe circulation intensity changes greatly in operimentsso it

is problematic to define—widthan edgef the Hadley cell based dgheanabsolute value of

the circulation itselt:Meote

poles.Hence, we will define the position of the cell afjto the position of the maximum
value of stream function, in this way we will studypossible poleward shift of the cell as a
function of the two parametensandk. Thewidthedgeof the cellwillmight be definedwnere

orlesshy values ofisolineshaving-1/4-ofthat are relative with respecthie maximum value

for example 1/40f the stream functionit—is—werth-neting-thatFor the sake of claritlyis

definition is an operational one and does mamblefollowthe definition usedor example

by Dima andAfallaneeWallac€2003) or Frierson et al. (2007).

The latitude of the maximum stream function vadh®ws a general dependenceron
andk. It increases witlm and decreases with However, as shown in Fig. 3a, this dependence
is not straightforward or linear, although we havefew exceptions, for instance when
k=n=0.5. Hence in general whemnincreases, and the total energy input is larder stream

function is weakebutand the Hadley cell movemwleward. Thigesultis in agreement with

other model outcomes (Frierson et al, 2007, Lulet28008; Gastineau et al., 2008; and

Tandon et al., 2013). The model predicts a weakgnincirculation, incontrast with the

recent-observations-where-a-sligltengtheningand , together witwidening of the Hadley

Ciredlationcirculationfor the past three decadess-observed by Liu et al. (2012) ard
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poleward-expansion-was-alse-foundHby and Fu (2007). However, Liu et al. (2012) shdwe

that if the observations start from 1870, the Hadlell becomeshas becomsore narrow and

stronger.

- { Formattato: Tedesco (Germania)

The height of the maximum stream function valuecimfined for almost all the

simulations under 2200 m and the general rule & thhenn increases, the height of

maximum lowers, however a few experiments, thogh k0.5 andn=0.5, 1and 1.5 have

the maximum value between 4300 and 5600 m exhipiin increase in the height with

(Fig. 3b).

In general, the location of the maximum zonal wipked does not show any evident

relationship with the parametensandk. It is always confined between 26° and 29° off the

equator; however whem=3, there is an abrupt transition to about 48°, irshejently from the

k value. In Table 1, we show the latitude of the imaxn wind speed whek=1 for different

nvalues,
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A=k=0.5(Fig—6a)anch—k=3(Fig—6hThe difference betweel},_and 8, once the model

reaches the equilibrium, is quite interesting. Fégd shows meridional distributions 6f

and@ for n=3 andk=0.5, 1 and 3. In Fig. 48, is unde#, whenk=1 we find6; is over6 in a

region around the equator (Fig. 4b), wéth crossingf_at about 47°, finding again the equal
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area condition suggested by HH80 and that expimsoximately the jet location, whereas

in Fig.4c, withk=3, we can see hod; is overf. Despite these differences in the distributions

of 6; andf_the model produces with these differéntalues almost the same solution, in

terms of circulation strength and jet location. Btrer values of the results are similar, but

the differences betwedh._andf _are not so visible.

We can understand these findings in the light o63C€1998) results obtained by

expanding the variabled, 6 and i in power series dR. The termR? in nonlinear expansion

part, the meridional advection depends on the rdiffees betweefi andé, on the cube of the

meridional temperature gradient, and linearly om ithposed stratification deducing that for

unstable stratifications, this term would appeaaaseqgative diffusivity term (Cessi, 1998),

whereas it acts as a positive diffusion. This se@mbe the case, in our simulation when

k=0.5. The thermal energy obtained in the modelargdr than the imposed temperature

(Fig.4a). Although the stratification imposed by.Efjis stable, i.e%> 0, the second

derivative is negative wheke0.5 reducing the stability at upper levels, ss ituation can

be seen as a way to simulate the effect of thentlateeat released by water vapor

condensation. Whek=3 the air in upper levels is very stable and ibe fhas to do more

work, giving rise to a sort of implicit dissipatioNevertheless, the model acts to bring the

vertical temperature gradient in a more stable igordtion and the Hadley circulation is in

any case reproduced demonstrating the robustnéle afodel.

With n getting larger, thé,_distribution becomes flatter in the tropical regi@nd6_clamps

to 8g. In general, we expect that a vigorous circulatieours in a fast rotating planet unless

the thermal gradient becomes small in the trogdicssuch a case the angular momentum

homogenization is equivalent to a weakening ofrtfiation (Cessi, 1998). If the circulation is
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proportional to the cube of the meridional tempa&fgradient, it is quite evident that when

such a gradient has high values the circulatiomigerously driven by this term, whereas

HH8O found that the edge of the Hadley cell wathatmid-latitudes when the planetary | o e ren 008 o

SpazioPrima: 6 pt

rotation was lower than that of the earth. Sinég pihenomenon is here observed for a wider
temperatureforcinglistribution, this common result may be attributeda low efficiency in

the process of homogenization of momentum and teatyre.

In order to explain equable climates like thosepsged to be occurred in Cretaceous

and Eocene, Farrell (1990) formulated an axisymmaindel starting from the Held and Hou

model and a forcing with=2 andk=1 where the temperature gradients became flatuseca

of a dissipation term. For high valuesrothe 6 _distributions are similar to those obtained by

our forcing conditions. In some respects, flattgnaf forcing distributions is equivalent to

have the same dissipation term in the Farrell (1990del. The poleward shift of the

subtropical jets was also observed by HH80 whereasing the vertical diffusion.

Figure 5 shows the stream function and the zonaH vepeed for the experiments

n=k=0.5 (Fig. 5a) and=k=3 (Fig. 5H. The parameten controls the Hadley cell and jet

stream widthsThe results show that such withk=0.5 the Hadley cell and jet streams are
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quite narrow.As far as the vertical position of the maximumueabf the stream function is

concerned, the experiments wkh0.5, 1 and 1.5 exhibit particular behavior withpest to

the other experiments. The stream function hamdsimum at upper levelFhis is related to

the different stratification imposed by the paraendt. Stratification with low values of k

favor air to move to higher levels with respecexperiments with highdgvalues.

3.2 Time-dependent simulations

Since heating depends on solar irradiation, ibfisnterest to analyze the solutions
obtained by the annually periodic thermal forcimgl & compare it with the steady solutions
described previously in this paper. Starting from E7), we can formulatean equilibrium

temperature distribution having the maximum heatifighe equator at latitudg,-:

4 4 1
O =§_|y_}’0|n+ﬁ(zk—§)-

(210
wherey, in Eq. 010 is dependent on time according to
s Qo . 2nt
Yo (t) = s (E) s s (360days)
#31])

whereg, is the maximum latitude off the equator where ingais maximum. Equations211
andi312are the same used by Fang and Tung (1999) witbhbiee of maximum extension
of ¢, consistent with the choice of Lindzen and Hou @)98.e. ¢, = 62-°. A prescribed
equilibrium temperature varying seasonally makes #imulations more realistic. As

described previously, here we will focus on therage and maximum values, in absolute

19
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terms, of the stream function and zonal speed médaduring 360 days of simulations. The
averaged values are obtained in these cases bggivgithe outputs obtained every 30 days,
starting from the minimum corresponding to the swmniadley cell in the boreal

hemisphere.

The annual averages of the time-dependent andhatfial circulations shows that

maximum streanfunetion—sfunctionsand zonal wind speeds behave quite similarhthe

shapshotgFig. A—Even-therealearth-circulation-neverreachesiean6), nevertheless the

instantaneoudadley circulatiop-even-because—of-eddies—but-symmetric- Hadley eab

visible-in almost never resembléwe averagemodeledirculation (Fang and Tung, 1999) as

well as the real ongDima and Wallace, 2003).

The maximum stream function is obtained heyethewhenk=n=0.5 (Fig. #a63. In

general, fokn=0.5, we have stronger circulations and widtdsas-confirmed-the-tendeney to

a-weaker These simulations confirm the inversdiogiship betweestream functiorstrength

and wind-speed-whem-increases—However—the The circulation strength expressed as
annuallyaveraged value is weakethen compared with that obtainadthe time-dependent

selutionequinoctial experimentwhenn is low andk is high, otherwise it ignly slightly

stronger, but it is never twice as strong as tliahe equinoctial solution as found by Fang

and Tung (1999). When=2 andk=1 i#-appears-mereour results aensistent withtheresults

ofthose obtained byalker and Schneider (2005) as discussed in tHeset 3-3—TFhe

intensity—there-is—a—cleardependencencand3.3. For example, there is not an analog
maximum whem=0.5 andk=3 found in the steady solutiemd-thusfor-othdrvalues-where
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where-it-is-favered-instead. The annually averagedimum wind speed shows only a slight

dependence okwhenk is |OW.A - { Formattato: Inglese (Stati Uniti)

The meridional positiorand the heighof the maximum stream functionmaximum

shewsshovthat there is no clear dependencynandk (Fig. 87). The difference between the
time-dependent simulations and the average ofnthetime-dependent-simulations steady
solutionsis quite interesting-It is to be noticed that the latitude of the streamction
maximum in the time-dependent solution is in thegeof 12.5° and 16° (Fig§a7g, whereas

in the equinoctial solutions the correspondentudé is within alarger rangelt-is-prebable

that-this-narrow-interval-is-due-to-the-averagipgration.-The maximum stream function is

located at higher levels, between 4500 and 8860 when K is equal or less to one when and

nis less than 2.5. Otherwise the maximum is positianeder25603000m exceptvhenn=3

andk=0-5(Fig. 8b).7b). Although the averaged results seem irtiaggshey are impressively

similar to those obtained by the steady experimené&y are obtained by averaging snapshots

of the time-dependent simulations and thus a caaitionote should be made about these

results.

More than the steady solution, it is evident tha height of the maximum stream

function is lower whek=3. In the steady solution this phenomenon is Imat €vident. When

k=3, the vertical gradient ahepotential-temperati@;is higher in upper levelsnaking

those levels more stabéad it prevents, evidently more than the equiabsblution, air from

moving higher leaving circulation occurring at lawevels. The cask=3 is equivalent to
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imposing a “natural” sponge layer at the top of@del. Thus it does not come as a surprise
that the maximum stream function is lower than ¢hobserved in simulations with othler
values. This result is analogous to that of Walked Schneider (2005) that removed the
maximum stream function at higher levels found bgdzen and Hou (1988) adopting a
numerical sponge layer at the top of the model.ofgarison with previous works of the

simulations withn=2 andk=1 will be discussed in the Subsect. 8. the contrary, with low

k values, the presence of weakgrgradient at upper levels favors air to move higirat the

maximum_stream_function is_observed at upper levélsere are more time-dependent

simulations with respect to the steady solutiom &éxhibit this upper level maximum stream

function.

The position of the jet stream is almost simitathte one observed in the steady solution.
It is confined between 28° and 30°, with latitudexeeraged jet remaining almost at the same
place-er—moving—equatorward—witim, except whem=3 the jets are located at about 44°
confirming the abrupt transition of the jet streposition whenn=3 already found for the
equinoctial experiment. Fu and Lin (2011) suggkat the jets moved poleward of about 1°
per decade in the last several years but StrongDands (2007) observed that Northern
hemisphere subtropical jet shifted poleward overdhst Pacific, while an equatorward shift
of the subtropical jet was found over the Atlari#sin. Excluding the case3, all the other

subtropical jets in the different experiments h&we position of the maximum very close to

one another and the shifting range is very limitédwever—when-we-use-the-jet-latitude to

be-in-contrast-with-the Held-and-Houmedel. Thusenvh vigorous circulation occurs the jet

location must be located at about 30°, whereascieduoo much the tropical gradient the

process of homogenization becomes weaker like isloav rotating planet and this is
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confirmed in the time-dependent solutidoth Tandon et al. (2013) and Kang and Polvani

(2011) found a discrepancy in this area with ths feat do not follow the Hadley cell edge.

In an axisymmetric model, defining the Hadley edgea function of the stream function and

connecting it to the jet location is problematicéase of lacking of a zero value of the stream

function.

Figure 98 shows the annually averaged circulation for theesgases as shown in Fig.
65, which is obtained by annually averaged heatinig impressive how the steady and time-
dependent solutions resemble each other. As in RamigTung (1999) the annual mean
meridional circulation has the same extent, butedihtly from them the strength of the
annual mean circulation of the time-dependent sniuis almost the same of the steady

solution.

When the heating center is off the equator thenisity of the winter cell is stronger,
whereas the cell of the summer hemisphere is wadksametimes almost absent. Figutes
and-11-shoew9 showthe maxima of the stream function and zonal wipelesl at the winter
solstitial as a function af andk. The maximum stream function as a functiomafdk has
the same configuration of the steady solution. Haseexpected theaximumintensity of the

meridional circulation (Figt98a)9a) reached during the simulatisriwice as strong as that of

the steady solutienor the annually averaged time dependent soludiwh it has about the

same_strength of the observed circulation. Howelier winds are much _stronger too, in

contrast with observationsThe zonal wind has a different configuration iaste the

maximum zonal wingpeeds obtained when=1 (Fig A19h.

We can inspect a couple of simulations when theast function reaches its maximum

in the boreal hemisphere. Figut210 shows the stream function and the zonal wind speed
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whenn=2 andk=0.5 (Fig.22al10a, pandn=2 andk=3 (Fig.12-b10 c, )l Whenk=0.5 (upper
panels) the boreal (winter) circulation is muctosger wherk=0.5, with the austral (summer)
circulation almost absent. The vertical extenigér and the maximum is located at higher
levels. The summer and winter jets are both mdense than their counterparts fe13. The
tropical easterly winds are in this case strongantthose fok=3 (13.8 m& vs 11.4 m3) and

the easterly region is also wider. Whier, it is noted that theerealwintercell is located

closer to the equator than thestralsummecel{noteasihyvisible-inthe figure-whder0-5)..
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Whenn=2 andk=1, corresponding to the classic case discussedainy studies, we
found that the time-dependent solution is only hlig stronger than the steady solution.
Lindzen and Hou (1988) proposed a study of the éadirculation in which the maximum
heating was 6° off the equator. In their non-tinependent model, the solution showed an
average circulation much strondey-afacter15-forh=-6°with respect to the equinoctial
solution- Lindzen and Hou (1988) suggested that this exoeatistrength was due to a
nonlinear amplification of the annually averagedpanse to seasonally varying heating,
although Dima and Wallace (2003) in a study onstt@sonality of the Hadley circulation did

not observe any nonlinear amplification.

With the parameters used for equinoctial and titependent simulations we performed
an experiment like that of Lindzen and Hou (19&4}h ¢, = 6° that will be referred to as
solstitial experiment. We found that the wintercailation is stronger by a factor three with
respect to the steady solution obtained with tha@rexgtial heating consistent with the result
of the axisymmetric model in Walker and Schneid2006). However, the average

circulation obtained by averaging two solstit@tperimentswith -¢, = 6° and-¢, = —6%°
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respectivelyis only 1.5 times stronger than the steady satutiith ¢, = 0°_, and it has a
maximum in the upper levels of the model domaimadsndzen and Hou (1988). We suggest
that this maximum is due to a numerical effect eduby averaging the single solstitial
experiments rather than a spurious effect causetthéoyigid lid as suggested in Walker and
Schneider (2005), even though a sponge layer &ctli@hers thisthe maximum stream
function height and we can see the effects of angar vertical gradient in the upper levels
especially in the time-dependent solution (cf F&.and Fig.9)}—7). Single solstitial
experiments did not show a maximum in upper lexald so the equinoctial and time-

dependent experiments=i§—213Figs. 11a and 1)b Consequently the only operation

performed to produce Fig-3ellc, which exhibits the upper levels maxiwas to average

the two solstitial experiments, which causes thgimam at upper levels.

Finally, we notice that comparing a time-dependsuitition with ¢, = 6° with the
equivalent steady solution having the heating lndf équator is not properly correct, since for
the time-dependent moded, represents only the maximum extension of heatirmpce a
more correct comparison between time and no tinpedent solutions should be performed
with the time-dependent solution havipg = 3°. In such a case, the average solution is only
slightly weaker than the Hadley circulation drivienannually averaged heating or by a time-
dependent heating which does not show any maximutimei upper levels. Thus, the results of

equinoctial, time-dependent and solstitig} & 3°) experiments are mutually consistent.

. < — — | Formattato: Struttura + Livello:1 +
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The temperature—distributionforcin@f an Earth-like planet can change for several | rientrodi: 0,76 cm

reasons. For instance, a changetleftemperatureforcinglistribution can be caused by

different factors such as global warming or longrtevariation of solar activity.
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Under the assumption of an equal equator-poleerdiffceat the surfaceave used an
axisymmetric model to study the sensitivity of theopical atmosphere to different
temperatur@; distributions modulated by two parametarshat controls the broadness of the
distribution andck that modulates how themperaturdis distributed vertically. Equinoctial
and time-dependent solutions were simulated andpaosd. Moreover for the case2 and
k=1, corresponding to the classical distributiondusseliterature, a few solstitial experiments
were also run. When=2 andk=1, the annually averaged circulation of equindctiane-
dependent and solstitial experiments are quiteedo®ne another, consistent with the results
of Walker and Schneide906200%. However, the results differ from those of Lindzand
Hou (1988) and Fang and Tung (1999). As in all ¢hasrks the maximum of the stream
function of the solstitial experimenppears-to-heiat upper levels, but it seems to be related

to a spurious effect of the averaging operatiohaiathan a spurious effect due to the rigid lid.

The results provide evidence that concentratgdilibrium temperature distributions
enhance the meridional circulation and jet windesp@tensities, confirming findings of
Lindzen and Hou (1988) even though these authquesed the same energy input. However,

in the present study the concentrated distribudicthe equator has lower energy input.

The width of the Hadley cell is proportional ipbut when the cell width increases its

intensity decrease$hePoleward shift of the Hadley circulation withrweng is very robust

as it has been observéd many models and over large range of climatege($on et al.,

2007). Since thequator-pole gradient is the same for all the Brmnts—hence with the

samek; it isevident thathe gradientguator-subtropic-that in the tropical regimontrolsthe

circulation strength.Evenk—hence—thelapse—rate, The tekmcontrolling the imposed
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stratification has influence on the actual temperdistribution that can differ remarkably

from 65 _distribution.

Vertical stratificatioris importantin determining the position and intensity of thedidsy

cell and jetwhen n is low, i.e. when forwhereask loses its importance when the

temperatur8; distribution is wider. Thidatter result is consistent with results of Tandon et

al. (2013) who found that the Hadley cell expansamd jet shift had relatively little
sensitivity to the changeénof the lapse rate. Consequently, the subtropicalsjetam
intensities are controlled by the broadness ofzomtial equilibrium temperature rather than
the vertical-lapseratestratificatipmith higher values of the jet when the thermatifog is

concentrated to the equatblowever,results-showln the case of time depenst@ntion with

n=0.5 (concentrated heating) akdtakes the extreme values (0.5 and 3) the simulated

maximum stream function has the same magnitudea ofdée observed stream function, ten

times larger tharthattheobtained in HH80 and with the reference simatateven though

with stronger winds too.

The jet stream position does not show any dependeiittennandk, except when the /{

Formattato: Rientro: Prima riga: 0,85
cm

temperaturd cdistribution is the wideshE3); in such a case an abrupt change occurs and the

maximum of the zonal wind jet is located at midtlates (47° in steady solution and 44° in

annually averaged time-dependent solution). Thibab®r can explained by using the

analytic study of this model performed by Cessi9f)9claiming that when the meridional

gradient becomes too small the process of homoamiz of temperature and momentum

occurs_slowly and the circulation behaves as tHiaha glow rotating planet that exhibits

poleward shift of the subtropical jets.
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1 Table 1. Latitudes (in degrees) of the maximum wépeed for the equinoctial and time-

2 | dependent solutions wher k as a function of the parameter - { Formattato: Tipo di carattere: Non
Corsivo
3
n 0.5 1 15 2 25 3
Equinoctial 27.4 28.7 27.4 26.1 28.7 47.7

Time dependent  28.7 28.7 28.7 27.4 27.4 44.4
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Figure Captions

Figure 1. Meridional (a) and vertical (bBpreanaverage ohon-dimensional equilibrium
temperature as a function ofpanels_ withk=1(a) andb)k with n=0.5, landk{panetb)1.5

(b). Dimensional values are obtained multiplyingday300 K.

Figure 2. Maximum non-dimensional stream functiahdnd zonal wind speed [fs(b) as

function of parametera andk for the steady solutiorDimensional values of the stream - -{ Formattato: Tipo di carattere: Corsivo |

e e e ) e e s - e

function are obtained multiplying by,Re~* = 484 n¥s™.

Figure 3. Latitude [degree] (a) and Height [m] @f) maximum non-dimensional stream

function.

Figure 4.Re
FigwreE-Vertically averagegotentia-temperatureth (blue line) andd;_(red line)for the

simulatiensimulationsvith n=k=3 andk=0.5 (a) k=1 (b) andk=3 (c). Dimensional values are
obtained multiplying by,=300 K

Figure=6.Figure 5Non-dimensional stream functioa-&re-ccontoujsand zonal wind speed

{b-and-d[m3] (colorg for the steady cases0.5,k=0.5 (pperpaneldaandn=3, k=3 (ower
panels).b). Dimensional values of the stream fomctire obtained multiplying by, Re™* =

484 st

Figure—7Figure 6.Maximum of annually averaged non dimensional stréanction (a) and

zonal wind speed [M§ (b) as function of parameteps and k for the time—dependen:t/{ Formattato: Tipo di carattere: Corsivo |

simulations. Dimensional values of the stream function are iobth multiplying by
vyRe™! = 484 n’s’,

Figure 87. Latitude [degree] (a) and Height [m] (b) of maxim annually averaged non-

dimensional stream function for the time-dependefution.

Figure98. Annually averaged non-dimensional stream func{mmnrd-ccontoujsand zonal
wind speedb-and-d[mg] (colors for the steady cases0.5,k =0.5 (pperpaneldaandn=3,
k=3 (ewerpanels).b). Dimensional values of the stréamction are obtained multiplying by
vyRe™1 = 484 mfs™.
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Figure 9.Fgure10-Maximum of non-dimensional stream function (a) aodal wind speed

[ms?] (b) -as function of parameters n and k for the time-ddpat simulations.

Figure11Latitude{degree}l {a)-and-Height{m} (inensional valuesf maximum—nen-

dimensional thestream functiorferthe-time-dependent-selutionare obtained muiiig) by
vyRe™! = 484 n’s’,

Figure—12-Wintdrigure 10.Boreal wintercirculation, non-dimensional stream function (a
and c) and zonal wind speé@us’] (b and dywhen for the time-dependent simulation with
n=2, k=0.5 (upper panels) amt2, k=3 (lower panelsfor-the-time-dependent-simulation).

Dashed lines indicate negative values. Dimensivalales of the stream function are obtained

multiplying by vy Re~! = 484 m’s™.

Figure 4311 Non-dimensionabrnruaty-averagesgtream function&eecontoudsand zonal
wind speedb.d-fms'] (colory whenn=2 andk=1 for the steadysolution (a), annually
averaged for théime-dependensolution (b) andwith-theaveraged fomaximum heating 6°

off the equator (c).Dimensional values of the stream function are oleimultiplying by
vyRe ! = 484 n’s’,
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‘ Pagina 1: [1] Definizione stile Nazario 08/01/2015 08:51:00

Stile predefinito: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere:
Linea di base

‘ Pagina 1: [2] Definizione stile Nazario 08/01/2015 08:51:00

Soggetto commento: Non sillabare, Non regolare lo spazio tra testo asiatico e caratteri numerici,
Allineamento carattere: Linea di base

‘ Pagina 1: [3] Definizione stile Nazario 08/01/2015 08:51:00

Testo commento: Non sillabare, Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento
carattere: Linea di base

] Pagina 1: [4] Definizione stile Nazario 08/01/2015 08:51:00

Collegamento ipertestuale: Colore carattere: Blu

‘ Pagina 1: [5] Definizione stile Nazario 08/01/2015 08:51:00

Normale (Web): Non sillabare, Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento
carattere: Linea di base

‘ Pagina 1: [6] Definizione stile Nazario 08/01/2015 08:51:00

Testo fumetto: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea
di base

] Pagina 1: [7] Definizione stile Nazario 08/01/2015 08:51:00
Intestazione: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di
base

] Pagina 1: [8] Definizione stile Nazario 08/01/2015 08:51:00

Frame Contents: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere:
Linea di base

] Pagina 1: [9] Definizione stile Nazario 08/01/2015 08:51:00

Table Heading: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea
di base

‘ Pagina 1: [10] Definizione stile Nazario 08/01/2015 08:51:00

Table Contents: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea
di base

‘ Pagina 1: [11] Definizione stile Nazario 08/01/2015 08:51:00
Sottotitolo: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di
base

‘ Pagina 1: [12] Definizione stile Nazario 08/01/2015 08:51:00

Pie di pagina: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di
base



‘ Pagina 1: [13] Definizione stile Nazario 08/01/2015 08:51:00

Index: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di base

] Pagina 1: [14] Definizione stile Nazario 08/01/2015 08:51:00
Didascalia: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di
base

] Pagina 1: [15] Definizione stile Nazario 08/01/2015 08:51:00

Elenco: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di base

‘ Pagina 1: [16] Definizione stile Nazario 08/01/2015 08:51:00
Text Body: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di
base

‘ Pagina 1: [17] Definizione stile Nazario 08/01/2015 08:51:00
Heading: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di
base

] Pagina 1: [18] Definizione stile Nazario 08/01/2015 08:51:00
Default Style: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di
base

] Pagina 1: [19] Definizione stile Nazario 08/01/2015 08:51:00

Car. predefinito paragrafo

‘ Pagina 1: [20] Definizione stile Nazario 08/01/2015 08:51:00

Titolo 9: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di base

] Pagina 1: [21] Definizione stile Nazario 08/01/2015 08:51:00

Titolo 8: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di base

‘ Pagina 1: [22] Definizione stile Nazario 08/01/2015 08:51:00

Titolo 7: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di base

] Pagina 1: [23] Definizione stile Nazario 08/01/2015 08:51:00

Titolo 6: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di base

‘ Pagina 1: [24] Definizione stile Nazario 08/01/2015 08:51:00

Titolo 5: Non regolare lo spazio tra testo asiatico e caratteri numerici, Allineamento carattere: Linea di base

‘ Pagina 1: [25] Formattato Nazario 08/01/2015 08:51:00

Tipo di carattere: Non Corsivo



