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ASSTRACT

We present a nev scheme of atmospher ic turbulence:
snal l  scales strr f , tures are cont inuously f lat tened at
larger and larger scales.  This cont inuous deforuat ion
may be character ised by def in ing an "  e l l ipt ical  d ioen-
sion "  D-. ,  .  We show both rheoret ical ly and enpir ical ly
that D-r--= 23/9 *  2.55, Atnospher ic nor ions are
therefdie never "  f lat  "  (  D.=2),  nor isotropic (  D "=
3).  er  e l

Intermit tency,  in rhe conr.exr of  th is "  e l l ipt ical
Eurbulence "  is  d iscussed: dimension of  the support  of
turbulence and divergence of  h igher stat ist ical  mot lents
of the di f ferent f ie lds.

INTRODUCTION

The classical  scheme of aEmospheric oot ions (  e.g.
Monin (1972)) ,  considers the large scale as rvo-dimen-
sionaL, and the smal l  scale as three-dimensional ,  a
transi t ion named, for  obvious reasons, a "  d iaensional
t ransi t ion" by Scherrzer and Lovejoy (1983),  is  expected
to occur in the meso-scale,  possibly in associal ion
with a "meso-scale gap" (  Van der l loven (1957)) .

This scheme favours the s inpl isr i .c idea that at
planetary scales the atmosphere look l ike a lh in enve-
1ope, whereas at  hr :man scales,  i t  looks more l ike an
' i  cnrrnni  a rral  tna

A dimensional  t ransi t ion,  i f  i t  were co occur,
would be 1ike1y to have fair ly drast ie consequences
because of  the s igni f icant qual i tat ive di f ference of
turbulence in t l 'o and three dinensions ( ! jor tof t  (1953),
Kraichnan (1967),  Barchelor (1969)) :  rhe al1 imporranr
streching and folding of  vortex tubes, in three dimen-
sior6 cannot occurs in two diaension.

Since the 50rs,  there has been a wide debate over
the ef fect ive dimension of  atmospher ic turbulence, due
in part icular to the extension of  tvo-dimensional .  resul ts
to che case of  quasi-geostrophy (  Charney (1971),  Herr ing
(1980)) .

Al though, a dimensional  r ransir ioo should be readi-
ly observable,  exper inents over the last  15 years have
fai led to decect i r  (Pinus (1968),  Vinnechenko (1959),
MoreI and LarchevEque (1974),  Macpherson and Issac(1977),
Gage (1979),  c i ler  er  A1. (1980),  Lovejoy (1982),  Larsen
et A1. (1982),  L i l iy  and Peterson (1983),  Nosr.rrn and
Gage (1983)) .  There is a large body of  evidence consis-
tent wi th a uni form scal ing on the hor izontaL up Eo, at
Ieast  1500 kn.

ScherEzer and Lovejoy (1983) have examined Ehe
di f ferent theoret ical .  ideas under ly ing these exper i -
nentals resul fs,  They pointe6 ouE rhar the prevalence

of th is uni forn scal ing should be connected with the
fact  that  many non- l inear equat ioos d.o not introd.uce
a characler ist ic length,  and thus admit  scal ine solu_

In pr inciple,  th is scal ing could be broken ei ther
by non-scal ing boundary condi t ionsor a non-scal ing for-
c ing.  ! {owever,  I " landelbrot  (1982) has found evidence tha!
the topography is scal ing up to planeeary scales,  and
di f ferent analys€s (  Gaut ier  (1982-personnal  comunica-
cion),  Lovejoy(1982),  Schertzer and Sinonin (1982),  and
Simonin (1982))  of  Ehe sources and sinks of  d iabat ic
heat ing indicate also a scal ing behaviour.

Because of  che non- l inear coupl ing beEueen the
di f ferent meteorological  f ie lds,  the exisence of  a
eharacter ist ic lengrh scale in one, is Likely co roani-
fest  icsel f  in the others,  I t  is  therefore l ikely chat
over a given range al l  f ie lds are scal ing.

We rnay add that our current underslanding of  inter-
mi- t tency (  e.g.  Batchelor (1969) or Curry et  Al , (1982))
as the f requent t ransi t ions between quiescence and chaos
lea&us to doubt the exisLence of  a wel l -def ined tran-
si t ion (  such as the "  oeso-scale gap")) ,

THE VERTICAI STRUCTI,JSE

Perhaps the most ser ious object ion to rhe hypothesis
of  a scal ing behaviour of  atmospher ic mot. ions ar ises
froo the special  5gle of  the vert ical  axis.  lndeed,there
has been a deluget 'papers based on non-scal ing Eechniques
rhich reject  inpl ic i te ly a pr ior i  any possibi l i ty  of
vert ical  scal ing (  

" .g.  
"  one poinE closures ") .  In

what fo l lows, i t  wi l l  be apparent that  th is reject ion
has had unfortunate consequences.

The vert ical  d i rect ion plays a key role for  the
fol lowing leasons:
i )  The gravi ty f ie ld def ines a direccion at  every Point .
i i )  The atmosphere is globa11y scrat i f ied.
i i i )  I t  has a wel l  def ined thickness (  exponent ia l
decrease of  the mean pressure).
iv)  The fundamental  sources of  d isturbances are the
vert ical  shear and the buoyancy force (e.g.  the Kelv in-
l le lmotz instab i . l i ty)  .

In the fo l lowing, we examine the possibi l i ty  Ehat
the atEosphere is in fact  scal ing in the vert ical  as
vel1 as in the hor izontal  d i rect ion,  To do so, we
examine ehe sind and temperature f ie lds,  at tempt ing to
capLure tvo basic and conceptual ly dist inct  propert ies
of these f ie lds:

Scal ing:  The scal ing relat ion relates the f lucEua-
t ions A x of  a f ie ld X for large scales)Az ()>>t)  to
the smal l  scales Az by:

x()Az) 9 lHox(Ar l

where H is the scal ing parameter and "d" oeans equaLi ty
in probabi l i ty  d istr ibut ions.  Note that the exponent of
the corresponding pover spectrum (-p) is relaled to H
by F = Zn +1, in the case of  f in i te var iance.
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Interni t tency:  This is direct ly connecEed with the
probabi l i ty  law. One is part icular ly inreresled in the
tai l  of  th is 1aw, s ince i t  controls the relacive f requen-
cy of  the extrene ( interroi t tent)  behaviour"  For instance,
i f  the distr ibur ion has an algebraic fa l l -of f  ar  large
f luctuat ions,  Ehen lhe degree of  intermit tency can be
characcer ised by the exponen! e(( the hyperbol ic i ty) :

?r(  A X'> AX) 
-  

A X-q;  Ax>>l

where "?r"  denotes "probabi l i ty" ,

Thi .s.  k ind of  d istr ibut ions have been invoked in
other f ie lds of  physics (e,g,  "  Hol tsaark distr ibur ion",
!e1ler (1971),  see Mandelbrot  (1982) for  oEher exaoples),
and are usualy cal led "  hyperbol ic distr ibut ions",  Beha-
viour of  th is sort  vas predicced for Ehe non- l i -near
f lux of  energy in turbulence according to a phenooenolo-
gical  model of  interni t tency (Mandelbror (  1 974) )  .

NoEe that,  in the case of  hyperbol ic disrr ibut ions,
al l  oomenEs of  orders(or higher diverge, a fact  that  that
has inportant consequences. Levy (1937) and Fel ler  (1971)
are standard texts,  in the case << 2,  (cf .  the Levy-
stable lavs vhich fona a convolut ion semi-group).

We shal l  pr i .Dal ly be intelested in the vert ical
f luctuat ions of  the hor izoncal  veloci ty f ie ld (  dv) and
in the buoyancy force per uni t  Bass acEing across a layer
of  th ickness dz :  df  = gd Ln 9,  where € is the porencial
temperature,  and g the accelarat ion of  gravi ty.  These
quant ic ies are related to two fundaoenlal  f requencies:
that  of  the vert ical  shear (  s )  aod the Brunt-Vaisala
€raa"--^-  l '  

-  
\ .

s = dy /dz .rrd ,r2 = gdLne /dz = d.f ldz

The rat io of  the squares of  these frequencies
def ines rhe dimensionless Richardson nrmber :

2,2
K].  = n /S

The shear f requeney character ises the dynamical
processes, and the Brunt-Vaisala f requency, Ehe stabi l i -
ty (and gravi ty waves).  The dominant process has the
highest f requency. To deteroine their  scal ing regine,
Four ier  aoalysis could be used. Here,  we analyse direct-
ly the scal i .ng of  the probabi l i ry law by measur ing
quant i t ies across atDospher ic layers of  lh ickness \2.
This has Ehe advantage that i t  enables Ehe scal ing para-
meters (H's)  and the hyperbol ic i t ies (  q, 's)  to be
obtained siuulEaneously.  I le therefore def ine;

2)) , )
s-(Az) -  v-(A z)/Az' ;  n ' ( .Az) = gALr$(Az)/Lz

t ,
Ri(A z) = n '  (a z) /  s ' ( \z)

DATA AI,IAI,YSIS

S, n,  Ri  were evalualed from the high resolut ion
radiosonde data obtained in the 1975 exper inent in
Landes, l rance. €,  I  and the hunidi ty were obtained
every second ( ,v3n in the vert ical)  and processed to
yiald lov noise dara every 5s (  15-2Oo, see Tardieu (1979)
for oore detai ls) .  A11 est isates of  n,  s,  Ri  were oade
over layers ac least  50m. th ick,  and froo the ground up
to the arbi t rary height of  6kn. The data examined are
fron 80 soundings laken at  3 hour intervals a!  Landes,

FroE the Log-Log plors shorm in Fig.  1,  Z,  3 Lt
can easi ly be ver i f ied rhar rhe probabi l i ry disrr ibut ions
of Av, { f  and Ri exhibi t  both scal ing and hyperbol ic
behaviour.  The easiest  l lav to see this,  is  to recal l
lhat  for  hyperbol ic disrr ibut ions :

Pr(d x '>AX) .  (  Axl4x*)-  
s(x

AX* is the "eidthtr  of  rhe distr ibut ion,  or  rhe anpl i tude
of the f lucruar ions.  Scal ing impl ies rhen rhar the v idrh
grows r , r i th the separal ion as :

{x*(Az).  AzH

this is observed by che conslant shi f t  H Loe2 for each

doubl ing of  the separar ion A z,  The value
slope of  the straight Line asymptoce.

we obtain:
H"!  3/5 tx--= 5

\ ' .  ; .  
g/ro ol"  

^-  
ro73

5;-- '  * ; i ' - '

( -{ )  is  Ehe

The Hrs and \ 's  are given ral ional  expressions, v
since, as explained be1ow, they can of ten be deduced by
ci ioensional  cons iderat ions.

Anocher quant i ty of  inrerest  is  the f lux of  non-
Linear t ransfer of  energy (e ) .  This is rhe funda.uenral
dynamical  quant iEy in a turbulent cascade of  energy f rom
large to sma11 scales.  We obtained a probabi l i ry distr i -
but ion by replot ing l lerceret 's aircrafr  daEa. The resulE,
see Fig.  4,  leads ro:

Pr( t '>€ )-  €-  - - i  <t5l3
I ' lerceret  (1976) obtainei  h!-s value of  i  by calcu-

lat ing averaged spectrum of hor izontal  wind f luctuaci .ons
every second ( ,w 10Om ).

We assume this average to have been t .aken over an
hor izontal  straighr Line (  the bar notar ion indicares
a one dimensional  spat ia l  average).

TIiE TT]RSIJLENT RICIIARDSON NTJ},IBER
The f luctuat ions fo rhe Richardson number are very

large, s ince <{ l1 l reven i ts mean may not converge i  i f
s(p- \< 1 ) ,  Thi i i ' fact  seems !o have been recognised since
a f6ng t ioe i f  one considers the ser ies of  "nodi f ied"
Richardson nr.mbers (  based on che racio of  two star ist ics
and not lhe rat io ot  the random var iables s and n),  for
instance the Richardson of  f lux Rr.

fhe errat ic nature of  Ri  is  h i recr ly related ro Ehe
phenomenon of  interoir tency,  s ince i t  concrols lhe onse!
of  turbulence. I ts law can be easi ly ulderstood since s
and n are weakl-y correlated (p = ,O+a j  .018) and have
a non-zero probabi l i ry densi t 'y  ar  Ehe or ig in (e.g.

Scudentts distr ibut ion) and thus lead Eo a Cauchy-type
1 ^- .

ELLr?TTCAL TITR3IILENCE __.

Consider ing Ehe veloci ty- f ie ld,  we f ind an exponent
of  the vert ical  scal ing:  H-" =3/5 .  This exponent is
conf i - rned by Adel fang (1971) up to 14 kn, and Endl ich et
A1.(1969) found p = 5/2 (  thus ,  H = 3/4) lp to 16 kn.
The sl ight  d iscrepancy of  the lar ter  resul !  seens due !o
considerable interpolat ion of  che data.  In any case, no
evidence of  character ist ic vert ieal  length scales is
found.

A sini lar  resul !  was predicted alnost 25 years ago
for the direct ionaly averaged specErum in the so-cal led
"buoyancy subrange",  by 0bukhov (1959),  and independenly
by Bogl iano (1959).  The vert ical  scal ing can be lhus

deduced by che saae der ivat ion or by consi .der ing direct ly
the physical ly neaningful  quant i ty S the f lux of  buoyan-
cy force var iance .  The lat ter  der iv i t ion has the advan-
tage that i t  does not depend on the Boussinesq approxi-
naE ion 3

f  t t " l=I-1taz) At2(6.)

where ?(Az) is a characEerist ic t ime for the t ransfer
process. Dinensional  analysis y ie lds :

Av(Az) g 
{ ,u i l1 lsaz3/s

While the qui te di f ferent Kol i t rdgorov scal ing is supposed
to hold in the hor izontal :

A v( A x) 4 i  t r r  i1 /3ax1 /3

Objects which scale in the saoe way in al l  d i rec-
t ions are ca11e{ sel f -s imi lar  f ractals because the large
scale can be sinply v iewed as a magnif ical ion of  the
smal1 scale,  In the atmosphere, we have argued that
scal ing,  a l though present in al l  d i rect ions,  and over a
wide range of  lengths,  is  qui te di f ferent in the vert ical
and hor izontal ,  Laree scale strucEures can no longer be

(1)

(2)
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f ig. l . r  The probabi l i !y  d isrr ibut ion of  f luctuar ionsrn_ Ene quancr-ty A v'({ d where v is the horizontalveloci ty,  for  d i f ferent vert ical  layerq as fo l lows :o:Az= 5OD, t :67= lOOn, Via, i= ZOO',
! :  az= 40oo, Q: 6z:  g00n, r ,  ar= i ioor,
x:  Az= 3200n.

l i t=r , .  The probabi l i ry disrr ibur ion of  f lucruar ionsor En Duoyancy force Same symbols as in Fig. t .

simply regarded as large-scale copies of  smal ler  ones. In
addi t ion to magnif icat ion,  we nusi  a lso streEch, This
can be expressed as fo l lows :

nr 3 l0 '  1o'  j
aLNe/Avt; t " '

{ ' ig. l :  The probabi l i . ry distr i -but ion of  f lucruar ions
rn the quar j . ry [Ln 9( \ )  /  Av.= niA { t  n i  Ueing
the Richardson aumber. Sane syrnbols as in the pre_
vious f igures.  The curves for 100, 4OO, 1600n
have been suppressed for c lar i ty l f  p.""" . ,a. t ioo.

Fig.4:  The probabi l i ty  d istr ibut ion of  i
as replorred from Merceret  (1976) Fig.  l4.
These values are averages over r ,  lOom
in the hor izontal .
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I t  introduces an el t ipt ical  g_eooetry,  futher exploi_
ted io Scherrzer es A1.(19g3) wi th lnore leneral  

"*pr l r_sion of  G_1, Herg 
.H,= 1 /3/3/}5/9aD,,=23/9,

!19. . )  shows hof i  a snal l  ver l ic5i ly or iented cross_
sect ion of  an eddy is t ransforned at  la iger scales.  The
nagni f icat ion and stretching process traisforns the ver_
t ical ly or iented "eonvecLivei '  type eddy inco a large
hor izontal ly or iented ' ,Had1ey" type eaay, Note that q
transfoms the star ist ical  propert ies of  rhe eddies. :

This thransforuat ion increases the volune of  an
eddy by the facto!  ,  

u n
) \ . )""  

-  )  
-er .  

;  D"r-  2+H,

Fe,h IOt 16'
€ m2i3

In an isotropic

-  o1
H--= 0 and D
i fr tne forn ?r

we are lead to

D..,  = t r (  dgr/d^ )
-4 \  - r

The nuober } .J(  (  )  of  eddies of  hor izonral  scale { .  mav
now be wri t ten :

three dinensional  turbulence, H_ = 1
the isotropic cvo-dimensional  c6se,

= 2.  I , l r i t t ing the above relacionship

Detg= )De1
the more general  def in i t ion of  D.. ,  :

n(t)  ,0-o"r

{ i9.5:  Isoconrours of  g ,  vhich nay be
lnterpreEed as the shapeiof  the verEical
cross-sect ionsof averaged eddies at  d i f ferent
scales.  "Hadley ce11 and "convect ive ce11' ,
are suggest ive labels for  very large, and
respect ively very sual l  struccures.



TIIE SPHERO-SCA.LE
The disr inct ion beEween isotropy and anisorropy

is profound. An hor izoncal  cross-see! ion wi l l  have
an area proporr i .onal  to {awhereas a vert j_cal  cross-
sect ion wi l l  have an area proport ional  ro{ ' ' " i  Th" i ,
rat io gives a quant i tat ive measure of  the vert i .calness
of Ehe vortex.

There therefore exisB a scale at  which th is rar io
is 1,  the turbulence appears the as i t t t ropic three-
dinensional  :  the hor izontal  and vert ical  f luctuat ions
have the same ampl i tude. This scale,  that  we caLl
"sphero-scale" for  obvious reasons, wi l l  depend on the
relaEive f luctuaEions of  Eand f  (due ro equat ions 1 and
2) both of  which show large f luctuat ions.  The size of
th is scale [ury_vary in an extremely errar ic nanner,
unress F and fare Eoraly dependenE.

STOCHASTIC STRATIFICATION

By the act ion of  Gy srraEif icat ion uay be seen
rather as ihe resul t  oE^a stochascic process, hence a
" stochast ic strar i f icat ion " ,  Fig.  6 i  shovs an iso-
tropic gaussian f ie ld wirh H = 1/2 and. D^, = 2,  Fig.6b
shows lhe corresponding f ie ld for  D^,= 

t t3/2 ( the-
sarne white noise f ie ld was used in U5tfr  cases co
generate v ia Four ier  Eransforns,  the random f ie lds).

Invest igar ions of  th is process for the logar i tho
of the pressur+nd the EemperaEure wi l l  be pursued
elsewhere. NoEe that the hydrosEat ic relat ion is reco_
vered by assuming that the vert ical  scal ing of  Log p
has Ehe parameter:  Hr(Log 

p) 
= 1,

INTERMITTENCY

InEerr i t lency expresses the facE, Ehat ,  roughly
speaking, rhe turbulenee doesn' t  f i l l  a l1 rhe volme
of the space avai lable to i t  ,  the "spotciness" of
turbulence (Batchelor and Townsend (1949) ,  Batchelor
( f95J)) .  This?related ro Leray's (1933) conjeclure on
the exi .stence of  a set  of  s ingular i t ies of  the Euler
equaE].ons.

Kolmogorov ( ' |952) and yaglom (1955) presenred a
corrected specEruo to lake into account intermit tencv.
by assurning a log-normal distr ibut ion of  i  .  Orszag
(1970),  l ' landelbroc (1974) have poinred out 'several
theor- . t ical  d i f f ieul t ies rr i th th is hypothesis .

In part icular,  Mandelbrot ,  bui ld ing uf lan ear l ier ,  expl i
c i t  model for  "  spotr iness "  (Novikov-and Sreward (19a4))
showed that log-rrornal i ty nay only be expected under
racher special  condi t ions,  vhereas hyperbol ic behaviour
wos l ikely.  This lat ter  possibi l i ry was unfortunacely
dropped in Kraichnan((1974) and Fr isch er A1 ( j97g),
and subsequent works which retained only the not ion of
the f ractal  d imension of  rhe support  of  turbulence. D .

Mandelbrot 's model is in fact  qui te general  and s
ean be div ided in tvo cases, The f i rst  is  "curdl ing",  i t
generates eddies str ict ly into ei ther completely "aead"
or uni fornly "act ive"regions at  each stage of  the eas-
cade. I t  is  of ten refered as lhe' ,p-oodel" ,  fh is is the
only case where no divergence of  obmenEs occuls rrhatever

rhe dimension of  the spat ia l  average. The second.
c-ase is "weighced curdl ing" where act ive regions Aa loaiaa
hqv0 uni foro intensi ty,  Scherrzer and Lovl joy(19g3):- '

who extended this nodel  to the case of  ' le l l ipt i ta l
turbulence",  stressed the fact  that  in th is case diver-
gence occurs for  any spat ia l  average of  d imension D.
suchas: D.-D <D

e! s A<D"1-D- 
-  A

where D6charactel ises the diroeosion of  the , 'very act ive
regions".  They proposed thar rhis lat ter  case could be
cal led "q -  node1",  because of  che hyperbol ic exponenr
i t  introduces"

Note that the var ious dimensior,s intervening in
the case of  the "d- nodei"  nay be inrerpret .ed in terrns
of a "oul t i - f ractalr '  (par is i ,  pr ivate cormunicat ion,
(1983))  composed of  d i f ferent f ractals ,  on each of
then the veloci ty f ie ld has a certain scal ing ( i .e.  a
certain -  s ingular i ty type, descr ibed by i ts
sca!r-ng paraoeterJ,

The exper imental  resul !s obcained indicace:

23/9 
-  D"r)  D, )  D"r-  I  ;  Dr,  D*

Fig.6a :  A random isotropic f ie ld er i rh H=
intensi ty of  the f ie ld is proport ional  ro
of the grey "

1 /2- ,  Ehe
Ehe shade

I ' ig.6b :  An example of  stochast ic strar i f icat ion.  This
f igure is lhe saEe as Fig.6a, except rhat D^.= 1,5 ,
instead of  2 (  both f igures are obrained by" raking
the saEe gaussian shi te noise) .  In one direct ion,  I i  =1
and in the direct ion perpendicular ,  H = 1 /Z ,  the
"sphero-sca1e" has a value of  +17 of .  the lensEh of
one side of  the f igure.

DIVERGENCE OF THE FIFTIT MOMENT OF T1IE VELOCIIY

Since we Day assrme, eicher on physical  argrmenEs
or only dinensional  arguments (  see equat ion 2t :

Ero*1 9lrr3(A*)/6*
hence: \ -  = { , ,  /3

thus our present resul !s based on radiosonde data and
Mercerr 's ones conf i rm ,  o. i  t  ,  Oi  z S/3;  *g- = t



This shows also that var ious f ie lds may be not onlyrelated by s inple algebraic equacions sat isf ipa hv rha.;_
scal ing exponenrg rhe saee should be . i "" ' i " . - . i l r r "" '
hyperbol ic exponents.

For,  instance relat ion between dynamics and rain_f ie ld- is urgent ly needed ,  beeause i t " is  a case rrhere
nr:merical  model ing is notor iously di f f icul t .  Indeed,
Lovejoy ( , l98'1) shows rharchanges of  rhe r ; re of  ra infrom isolated srorms havt an hlperbol ic faw ,(€L = 5/3 .b^! t .Ehis quanr iEy is a 2-D talrangian .a"air .B" , ' " "a '€ is a l -D euler ian one in oJr sfudv) ,

,  - ,Ar 
interegl ing feature of  hypertol ic distr ibut ions

!s that  they are presunably refatea Eo Ehe classicalphenomenology of  meteorological  f ie lds :  Mandelbrot  andI la l l is  ( ' t969) pointed our ihar rhey have i t re et fect  ofcausing-that the largest f luctuat i tns have an ovenhel_
Erng ef fect ,  which they cal led "Noah ef fectr , ,  fh is isinv&igated in detai l  for  lhe to. i "o.r i . i - ra in areasby Lovejoy (1981),  Lovejoy and Mandelbi . .  f fSg3) ,

Fig.7 shows an ' ,hyperbol ic f ractal  ani .ma1,,  obtainedby stochast ic s imulat ion in an anisotof i " - -"p. ."  ,  or ,"nain "aninalr '  dominates the smal ler  ones, I t  could
correspond to a vert ical  sect ion of  a rain_f ieLd.

I{YPERBOLIC RENORMALIZATION AND ELLIPTICAI TIJRBI]LENCE

The resulrs obtained here &r, ,w iuLd da6t rn"renormal izat ion procedures used in turbulence. Usual lycal led "specrral  c losures" (e.g.  Herr ing er l f  ( t9g2), ,
they have been developed in a q,!""i_g"""!iin framer^rork
which is.no longer renable i f  t i r "  iyp" i io l i "  b.h. . r iorrof  the di f ferenr f ie lds is conf i raed.

.  
Conversely,  p lacing renorroal izat ion procedures inan hyperbol ic contexr should be part icula; Iy rewarding ,s ince renormal izat ion_ has eneouoter"a ,  

- i r - t f r "  
qr .s i_

q111gian .conrexr ,  rhree closely l j .n ieJ-- fundaoenral
di . f f iculr ies :  random ga1l i lean' in" . ; i ; ; ; " - ,  renorraal i_
zat ion of  the vertex,  rntennl t tency.  Unt i l  oow, thetwo foroer have been overcome only by more or Iess
ad-hoc procedures.  By srat ing the pr;bIe;  of  interni t_tency as Ehe problen of  renormal iz ing in a hyperbol ic
: f : : : ] . .  ,  . i t  suggest!ro devetop whar one oight cal lnYPerbo I  rc renoroal  izat  ion".

on the oEher han4_ the " f ractal ly anisotropic, ,
f rame,work of  the "et l ipt ical  turbuf"rr"" i i - i - i . . .  

": : : l l "g.anisotropy)nay also be essenr ia l  ro overcooe
olr ! rcul t res encounEered in anisotropic cases where so
I i I  

o" , t  forrnal  nanipular ion of  . ""o.r"r i r i i ion schemeshave succeded (  e,g.  Kraichnan (1964)) , ,

CONCLUSION AND COMMSNTS

We have invest ieated the scal ing and the hyperbol icbehaviour of  rhe ver i ical  shear,  rh"-b; ; ; . ; ;y force andthe Richardson or:mber.
We think that  the hypothesis of  a.  d inensional  t ransi_t ion (2Dl3D) ber l reen large scales 

""a 
i r . i i - ' . "a les is noIonger tenable ei ther th iorecicer l lyro.  
"rpi . . i . . l fy .The observed structure.  of  the'atmosphere can be ex_plained by a s iupler hypothesis;  i t  is  anisotropic andscal ing throughout,  a. facc 

_that can l "  
" t , i i " " t " . ised 

bythe "el t ipt ical  d ioension:" :  D^,  = 23/g = 2,560
( i .e.  " two plus the scal ing oFtKolrogoro,  orr" .  the one
of Bogliano and Obcuklov ) .

On the other hand ,  interai t rency plays a key roleat the di f ferent scaleponenrs observed. r" ojJ.illi.:"":t :"JrYr:;:"l*j"-srat isr icat  monenr 
" f  

'Eh"; ; i ; ; i .y-r i i j#v 
diverge ,

, , ,o," ,orar,  even rhe srar isr ical  , . . . , -o i  rhe Richard_son n'EFer may diverge. This poincs out thaE use oftheory based on l in i red 
"*p.r , . ior , .  

in Ai  ie.g.  f , i f fy(1983) )  are !o be understoo.t  i "  ; ; ; r - r - . , ' : : :contexr : there t. ," ilil:* ::r:.::i:ltr:H:frt;$::
and tulbulent regimes.

This new scheme of acoospher ie turbulence introdu<essotne nelr  not ions which have been br ief ly discussed
!: :g: , .1:  

sphero-scate,  which is not a characre_rrst : 'c  scale) the "  gtochast ic strat i f icat ion, , )  .

Fig.  7:  An example of  a hyperbol ic f ractal  animal on
aa anisotropic spacg wirh dinension D-,=1.80. The 1og
intensi t ies are indi .cared by rhe intenEir ies of  grey.
This nodel  is  on an 800X800 point  gr id,  and lhe sphero-
scale has the value of  30 pixels.  The f ine structure
is therefore or iented perpendicular ly to the overal l
shape.

On the other hand ,  interni t tency plays a key role
at the di f ferenr scales ,  due to rhe low hyperbol ic ex_
ponents observed. In part icular as 4rt5,  the f i f th
stat ist ical  mooent of  the veloci ty f i .e ld nay divergq, ,
and aso{ pl ,  even the stat ist i " . l  , "an of  ihe Richard_
son numLer aay diverge. This points out that  use of
theory based on l in i red expansions in Ri  (e.g,  L i l ly
(198-1. , )  are to be undersLood in a widely intersr i t tent
context :  there is no uni forn separat ion between waves
and Eurbulent regimes.

This new scheme of atmospher ic turbulence introdu_
ces sooe new nocions which have been br ief ly discussed
(the "sphero-scale " ,  "stochast ic strat i f icat ion, , . . . )
We quest ioned the relevance of  certain of  the usual
assumptions of  exist ing renornal isat ion method.s i -n
the.case of  strongly interoi t tent  and anisotropic f lows.
I t . is .hoped rhat the phenonenonology of  che di f ferent
anr.Eals crouding the Deteorological  zoo (e.g.  f rontg
bands ,  dusr devi ls,  b locks etc l )  oay be undErstood
as the resul t  of  scal ing in an anist t ropic hyperbol ic_
a1ly interoi ! tent  conte*t  ( in part icular,  the , ,Noah

Alrhough' fa.r  more work i -s needed. to provide def in_
aEe ansvers E6lai f ferent quest iong we nay safely
conclude that atnospher ic turbulenee is f ractal ly
hooogeneous (highly interrai t tend, and fractal ly
anrsotropie (anisotropic seal ing)
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