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fie object of $is paper is to characlerize the scale invarian! regimes of $e climatc with a few
exponenls. As long as we are inErested in lhe bchaviour of single moments (such as tle exponent of the
second order moments that characterizc the scaling of the spec0-a), a single exponent is sufficicnt. More
rcfined (muhifracol) analyses will be performed in fulurc. The data used hcte are lhree hourly or alaily
avemge lemperatures and daily accumulalions of precipitalion from rccording s@lions in Francc, Sarnl-
Pierre and Miquelon, New-Caledonia, and Antillcs. The work rcported here is an elaboradon of resulls
previously reported in t-adoy (1986) and in Ladoy el al. (1986).

2. METHODS FOR STUDYING SCALE DEPENDANCE

2.1. Simple scaling

A specific tne of scaling callcd "simple scaling" or "scaling of the increments" may be defined as follows.
For a function of a single variable X0) CIo for rcmperalure, R(t) for lhc rain rate), a particular type of scale
iovariance arises when fluctuaions (dx) at small scales (A[r , l>l) are related to thos€ at large scale (At)
via fte followins relation:
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and the sign ":" indicalcs cqua)ily in probrbility distributions. Ttre random variables are equal in tiis sense
when Pr(Dq) = Pr(Dq) for any thrcshold q. Pr" mcans probabilily. Thc paramctcr H is a constant2 called
the - unique - scaling parameter, and is 0<H<1.

2.2. Energy sp€ctra

The encrgy spcctrum E(o) of nuclualions dX whcrc cD is a frcqucnce is useful. The spcctrum is scaling
whcn it varies in a powcr law manner, i.e. it is of de form:

E(ro) 
- 

6y-0 (2.3)

When E(o) is of this form over a givcn frequency range, tiere is no characteristic time and hence wirhin the
range, lhe process is scale invariant ("scaling"). In simple scaling (and when dle variance <AX2> is finite),
the exponents H anal F are relatcd by fic following formula3i

I = 2H+l

For example, the familiar Kolmogorov spcctrum
fl ucluations implies H=l/3.

2.3. Probabiliry distributions

(2.1)

Al = t l - lO
t2 = ql+(t l -b) /  l "

(2.4)

E(cJ) = o r/r lor thc .pc.rum ol turbulcnt wind
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Fig. l: The probability distriburions of
Fruce for l]le period 1949-1979 (10,95? di
dat.). Positive ed n€galivc ditferences e
indicating tha! fie extreme flucruario$ cor
have r probabiliry level of =10'?0. The d
disphy€d by the extremes which de nedl)

This mctlod enables4 us !o cs!imaft
large AX in fig. l). Hyperbolic inrerr
follows:

PT(AX'>AX) 
- 

AX.A

Pr(AX>AX) is thc probabiliry of a nnd
arc of this t,De, the phcnomena is so in
the sample size is incrcascd, see Fell(
(Schertzer and Lovejoy 198?, Lavall€ ,
and hnerbolic intermittency are expccl
encrSy fluxes, temperaturc variance fluxe
large to small scales. Evcr since Richara
small scalcs has been cenlral 10 rheoric!
l94l o'5n encrgy specrrum). Exreme
infinity, rhe energy bccomes distribu
characErized by a hicrarchy of fracLd di
hiemrchy of exlnnents spfrifics $e yar
distributions). In such processcs, eqult
dimension) appl ies only to the exrr

(2.2)

The direct analysis of probability distributions is best accomplishcd by using loglog plots such as those
shown in fis. 1.

1 Eiths in $e ftmework of mo.oftactalily o. for the cxtrcme flucluations.
JThe fomula is a simplc consequencc of 2.1 and $e lacr filr fie cncrgy spccrum is lhe Fourier ransform of tbe
aubcorrcladon funcyion .

4 it also allows us to evaluare H, d *ell ar
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approxlmations, ftis pap€r will usc the simple scaling of eq. 2.1 ro study climatological dala over a lange
of time and space scalcs-

3. CLIMATOLOCICAL TEMPERATURES

3. 1 . Scale invariance of $e local tcmpcmrure

Figue 2 shows the energy spctrum of tempcmlure flucruations from the climablogical rccording starion
in Macon Fra.ncc ovcr the same period as for lhe dislributions shown in fig. l. At lie high frequency end
(6 hours)'r to about (2 we_eksf r, thc spccrum follows a slraigh! line on a log'log plor (fig. 2)
conesponding to E(o) 

- C0-1 7. Over thc mnge (2 days)_l to (6 hours) r, the spcctrum is dominared by tie
diumal pcak and various sub harmonics, espe.ially (12 hoursfl, ard (8 hours) l. This "rcd noise" is very
close !o the o_)/r spe(rum predickd for thc tempcratute fluctualions in a lurbulen! fluid when tle
@mprature acts as a "passive scalar".

Fi8. 2: The averagc of ten cons€culi!€ 3 yeds specra for $e rln@ hou.ly tempcrarure dala used in fig. l Note
the annual, diumal peatr as *ell as the sub hamon;cs of the lauer. The rwo sEaight lines .re fir !o rhc dara
conespondin8 to p€riods grearer and less than 14 days, aad concspond to r,.)'0 72 a:rd <o-173 respectively

The high frequency scaling regime clcarly brcaks down for o<(2 - 3 wecks)-l and the spectrum
becomes nearly flat. This "specEal platcau" , quasi "white noise" specrral region (Lovejoy and Schertzer
1986b) -is very roughly constant spcc[um al these timc scales. The smooth lransidon at (F(3 weeks)-l is
the'synoptic maximum" - see Kolesnikova and Monin (1965) , hese audors estimated the period of !h9
maximum !o bc between 1 and 3 weeks. I! is gencrally agreed lhat lhis is thc minimum lime scale for lhe
planclary sized fl ucluations.

Figures 3,4 and 5 display speclra oftcmperature variance for the three vcry climatologically differen!
recording stations lhose of Noumea in New Calcdonia, St. Picffc and Miquelon and (he historical
Paris-Montsouris station. We can see rhe same gencral shapc of lhe sp€cra, p varying from -1.45 to=l.8.
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Fi8.3: The NeraS€ of len cons..urjy
Caleno !" Norc rhe annu.l. diumd pesb i
to thc dala codespondiry ro periods gclrcr

Fig.4: The av€rage of ten coBaurivc
No@ the annual, diumal peaks as welt !l
con€spondnS to periods l€ss rhu 14 dryr I
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Fis 5: The averas€ of 5 consecuiive of 20 yeds (=7,200 days) sp.ctra lor the daily temperarure ar

Pdis-MonLsouis, (for fie tdt century:1873-19?2r. Noe the mual pcr-k (dd lack of I l.ycat p.ak). The lttaisht

lin€ is fir lo th€ data @Eespondins ro smaller pcriods lcss Lhm 20 daye ud corcsponds lo o l a

3.2 Regional temperatures

Tempemtue is of necessity a spatially avcragcd quanlily. As emperalures arc avgragcd ovcr Iatger tegions
(eventually covcring the cnlire globe, seo Jones et al. (1982)), lhc amplitude of AT for a fixed At wiu
decrease bccause averaging smootls out larSc local valialions. To sludy lhe effecl of such spatial
smoothing, we performed averages of 53 daily rccording stations over Fnnce (fig. 6), a scalc rofcred to as
regional. The gencral level of thc cnergy spcctrum is loss fian fial of $c local scries. Note thal the
synoptic maximum has advanced somewhat to higher frequcncies (lo about (lOdays)_l).

This ht9erbolic fall-off is quite diffcrent lhan thal of a gaussian disaibution. The fairly low value of
lhc cmpirical (absolule) slope (o=4.5) shows thal the inrcrmillcncy is very srong. In fi8urc 7 we plotted
the probability distribu(ion of thc rcgional AT. We nole that becausc of scaling. $e only difference with
tie local distribution is a conslant faclor a lincar shifl on a loglog plot. The spatial avcraging smooths
out lhe fluctuauon hence the ampliludc is dccrcased.

To illustrate the differencc trctwccn gaussian and hyperbolic hils, wc compuled tie relum probability
of a exfeme fluctuation.Over l95l-1980. the exticme (daily) nucluation in (daily) mean tempetatures was
found !o be l4oc. Wilh the hyperbolic law, thc cxLrcmc fluctualion predicted in a ccntury long rccord is
l7.8oc, whereas using the conventional Cumbcl law for rctum probabililies, the retum period for such a
large flucruadon is 237 years!

The critical metmrological situalion on January $c l2rh in 198? in France is also very illustrativc.
Indced, a seventeen days long cold wave had bccn scvere for 6 drys wi$ dayly average temPraturc less $an
-looc. The Loir€ river began to froze and threalen !o preven! de incoming of fresh water indispensible lo
cool down the nuclear core of the powcr plant Sain! Laurcn! des Eaux. h lums ou! dal Elcctricit6 de
France, lhe state owned agency who runs the power planl, didn'! forecast such a draslic event in
undereslimalins lhe occurcnces of extrcm fluctuationcs.

Fig.6: The sverase of !€n corue.udvt
aver&8ing ove. 53 mereoroloSicat m4un
lowards lower ener8ies. In pdticuld, UE
p€riods less ftal 22 days which corerFn
l.r8er fre4uencies (<4(day)-l) are d.rFd I

Fi8. 7: The probability distlibutid!
Maco[ Fruce (ri8hlrnosr curcs), ond rcr
pr iod I949-t979 ( t0.95? days).  Dai ty h. ;
and neSaNe differences are shown rs scp!
rhc eitreme fluduarios conespord ro mo
probabiliry levet of =10-20. BorI disribur,
on tlis lo8lo8 plol indicaring lhar rhey s
virtually idenrical excepr for a lefvrishr shj
expe.r if rhe remperature is s.alinS in timr I
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- 
Fig 8: The probabilitv dislriburions of thc fructuarions ot rhe daily rain accumurarion ar Nines-courbersac

:". 
49 

lry" 
(1949,1988 henc€ 14,24s days) in a lo8-los plor. ihis disr.ibL,rion displays an aymplouc

hyprbolic b€haviour, wilh exponenr q=2.6.

_. 
Fig9: The Nera€e ofsi{ conrccurve 4 years spcclra of rhc daily rain accumularion ar Nimes_courbessac.

ran8e. but with ! rmall stoDe B-.3.
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Fig.10ar Tolal mounl of daily p'aipiLr!,

Fi8.lob: Mondrly accumulatioB of F..i
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Fi8.10a: Tolal amolm of daily precipiradon (in mm) ovcr a pcriod of four yeaE.

Ft.10b: Monrhty accumulalions of preciritarion (rn mm) tbr lwo yeds

filf€g couR8F<sAC rgss t9s9
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4. PRECIPITANON

ln order ro sody the climatological behaviour of fie rain ficld, we study on the one fund rie probability
distribution Pr(AR'>AR) for day to day fluctuations ofdaily rain accumulalions, which shows a hypcrbolic
fal-offwilh d-3.5 (sce fi9. 8). On the other hand rvc analyse the spcctrum of this flucruations (see fig.9)
which is rather flat (p-.3), The exFeme fluclualions of themin field are oflen undereslimated. However, the
rather rEcent sudden flood which sEuck lhc town Nimes, in sourhem Francc, is one of$e many vivid Naur
manifestations: 420 mm of rain within a d:ly, including 228 mm within 6 hours ... and consequently
seveml casualties and 1.5 billion FF in danages. Somc pcople spcculalcd on retum pcriod for such a l,arge
fluctuation. According !o Hdmain (1989), this period is of the order of a cenlury, in opposirion io
oplimistic estimations of the order of thc l0 centurics! The hyperbolic law csrimared from ou, dala set
confirms the pessimisdc poin! vicw. Figs. 10a,b illustrale thc suong inlcrmittancy of p.ecipiadon on
both the daily and monlhly basis.
5. CONCLUSIONS

In this paper we characrerized tie scaling behaviour of lhe climatological flucruarions of tcmperature and
min iales witl the help two fundamenlal exponcnls (H,d). Thc former inalicares how thc amplilude of the
fluctualions depend on scale, tle latler characterizes thc bchaviourof the probability dislriburion, hcnce the
exrcme flucluations. We find (hat quantitalivcly similar bchaviour from different climatologically
reFeentativo locations. It is important 10 rcalize that rhese findings could not bc oblained by means of
standard stltistical Drocedurcs,
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theory lo study climate. We revie,* d
dimension of the rEconsFucted arrld

I. INIRODUCTION
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