
a three-layer soil model. T h e  radiation 
schell-ie nras that of blorcrette (1 1 ). [See 
Sllngo e t  ill. (1 2) for more detalls about thls 
moilel.] 

Three 126C-day nlns of tile inodel were 
performed, all 111 perpetual January mode. 
In  this n-iocle the  solar clecllnation does not 
varv, hut tl-iere IS a 1~111 iliurnal cycle; this 

The Impact of Solar Variability on Climate 
Joanna D. Haigh 

A general circulation model that simulated changes in solar irradiance and stratospheric 
ozone was used to investigate the response of the atmosphere to the 11 -year solar activity 
cycle. At solar maximum, a warming of the summer stratosphere was found to strengthen 
easterly winds, which penetrated into the equatorial uppertroposphere, causing poleward 
shifts in the positions of the subtropical westerly jets, broadening of the tropical Hadley 
circulations, and poleward shifts of the storm tracks. These effects are similar to, although 
generally smaller in magnitude than, those observed in nature. A simulation in which only 
solar irradiance was changed showed a much weaker response. 

allows for a detaileil study of January con- 
dltions ~ ~ ~ t h o ~ l t  the  need for several vears' 
integration. Such experiments Incorporate 
tl-ie "natural" variability of the  season but 
are looselv collstrailled bv the sea surface 
temperatures. A n  illitla1 period of 180 days 
was useil for ecluillbration of the  system; tile 
results mere averaged over tile reinallling 
108'2 days. Tlie first lnodel run, run I ,  rep- T i l e  idea that variation in solar activity -32% of the change (5). Therefore, solar 

variability can ~nfluence the  structure of the  
lniclclle atlnosvhere thro~1~1-i modification of 

may affect the  climate has been iliscusseil as 
early as 1795, ~ v h e n  Herscllel (1)  proposed 
such a possibility. Slnce that time, numer- 
ous studies l-iave sho~\rn statistical correla- 

resents collclitions prevalent when the  sun 
is at minimum activitv d u r i n ~  its 11-year 

c7 

p l ~ o t o c l ~ e m ~ c a l  ilissociatlon rates and the  
subseauent effect o n  the  cheinistrv of ozone 

c7 

cycle. T h e  seconil, n ln  IIa, represents solar 
lnaxiinuin in term; of increases 111 both solar 

tions between various meteorological pa- 
rameters and different lneasures of solar ac- 

and other gases (6 ) .  
Global ~noclelino stuilies of the  imt~act  of 

irradlance and stratospl-ieric ozone. In  nln  
IIb, the  solar irradiance was illcreased as 111 

tivity. T o  date ~t l-ias not  proved possible, 
however, to sirnulate these apparent chang- 
es with the use of atmospheric general cir- 
culation nloclels and realistic cllanges 111 

solar radlatlve forcing. Using a 36-year time 
series of Northern Henlisphere teinpera- 
tures derived from satellite data, Labitzlie 
and van Loon [henceforth LvL; ( 2 .  3)] 
showed siglnlflcant correlations bet~veen so- 
lar activity and 30-llectopascal (hPa)  geo- 
potential height, especially in mid-lati- 
tudes. Usil-ig temperature profiles from ra- 
diosonile data, LvL also found a consistent 

" 

solar variability have either used increases 
in U V  railiation to simulate the  lniddle 

nln  IIa, but the  ozone was inalntalned as in 
nln  I. Tile shortwave radiation scheme useil 

atinospl-iere ancl deduce suhseiluent dynam- 
ical effects o n  the  tropospl-iere (7. 8) or used 
spectrally flat increases 111 total solar irradi- 
ance to study the  impact of sucl-i a cl-iange 
111 radlatlve forcing o n  clilnate (9). None of 
these st~ldies inchldeil a modulat~on of 
stratospheric orone as part of the  solar im- 

111 the inoclel has tlvo spectral ~ntervals,  one 
covering the  U V  and visible ranee and one 

u 

covering the  near-infrareil range; it has 
heen ass~lrned that almost all the  variation 
occurs ~ ~ i t h i n  the  first spectral interval (13)  
(Table 1 ) .  Because absorption in tile first 
interval is only hv ozone. ~ t s  contribution 

pact [thus, they ~nisrepreseilted the  1.ertical 
anil latitudinal clistrih~~tion of the  chantre 111 

, , 

~,111 be almost entirely in the  stratosphere, 
!\,hereas ahsorution 111 the  second interval is 

u 

irradiance ( 1  ? ) I ,  and most of them used 
~~nrealistically large changes in racliatlve 
forcing. Nevertheless, these st~tdles have 
been successf~tl in simulating some aspects 

mainly by water vapor ancl carbon dioxide, 
which are more important in the trouo- 

\varmi~-ig of the miil-latitude troposphere at 
solar maximum relati1.e to solar m i n i ~ l n ~ m .  

sphere. It follorvs that the cl-ianges shovl~n in 
Table 1 will have little direct radiative im- 

Other  evlclence has concerned tile position- 
ing of the mid-latitude storm traclis. Bro\\'n 
and Jo11l-i (4)  suggested tl-iat as storlns cross- 
ing tile North  Atlantic reach land, tiley 
tend to follow one of tnTo routes-a nortl-i- 

u 

of the  observed phenomena, alnd theJ- have 
il lum~nated the  problein by suggesting that 
particular changes In the  hydrological cycle, 
in planetary Lvave acti\.ity, or in the lneail 
circulation of the atmosphere may play a 
role in enhancing the  initial direct radiative 
effects. 

pact o n  the  troposphere. A,foreover, al- 
though -551'0 of the  change In incident 
radiation hetween solar maxlinum and solar 
nlillinl~lin reaches the surface (884; for n ln  
IIb), the nlodel used here has fixed sea 

ern path across Scanilinavia or a southern 
uath across the hlecliterranean-all that 

s ~ ~ r f a c e  temperatures, such that the  poten- 
tial for anv lndlrect effect through heating 

these paths tend to converge a t  periods of 
l-iigher solar activity. 

In  the present study, a n  attempt was 
inade to siilnllate the impact o n  the lower 

of tl-ie surface is also snlall (es~ecia l ly  IX 
January, lvhen the  greatest effect of lanil 
surface temperatures is in the Southern 
Hemisphere, which has Ilttle land cover). 
T h e  change in total irradiance betlveen so- 

- 
T h e  \.ariation in the  ~ L I I I ' S  total energetic 

output, as determined over time scales for 
atinospl~ere of changes in solar radiation 
corresponcl~ng to extremes of the  11-year 
cycle, nrlth the  use of realistic assumptions 
concemlng the  magnitude of the change in 
~rradiance, a crude representation of the 
~vavelengtl-i dependence of the  solar vari- 
abilitv. and inclusion of the  lnod~llatloil of 

i\>hich reliable cliinatic data are available, is 
~ 0 . 1 %  (corresponding to a n  irradiance of 
-1 W m-' outside the atmosphere, or 2.2 
LV rn-' averaged over Earth's surface) he- 
tween neriods of maximum and minimum 

Table 1. Solar rradiance spec~f~ed 111 the two 
~vaveleligth niervas and totals for the model rulis 
at solar mltilmum (run  I )  and solar maxmuln (runs 
Ila and Ib) activity over tl-ie 11-year solar cycle. It is 

not clear ho\v such sinall c h a n ~ e s  can he 
lower stratospheric ozone. T h e  simulation 
inodel was based o n  the  European Centre 
for A,feclium Range Weather Forecasting 
spectral model, i\>hlch was developed n l th in  
the  UK Unir~ersities' Global Atmospl-ieric 
Moilelling Prograinrne (UGAAU'). A hori- 
zontal resolution of approximately 2.8" lat- 
itude hy 2.8" longituile ancl 19 vertlcal steps 
LIP to 10 hPa (-30 km) \Yere ~lsecl; the  time 

responsible for the apparent f l~~c tua t ions  In 
climate. T h e  l ~ l a e n i t ~ ~ d e  of the variation of 

Solar rradiance 0.25 0.68 Total 
to to 
0.68 4.00 

solar radiation is, however, a stroqg filnc- 
tion of ~vavelength, n i t h  the  highest ampli- 
tude 111 the  ~lltravlolet ( U V )  range. Wave- 
lengths shorter than 4C0 11111, which con- 
tribute -9% to the  total irradiance, provide 

Atsolarm~~iimum 607.75 768.25 1376.00 
(Wm 3 

At solar maxlmum 608.75 768.35 1377.1 0 
(W m-') 

Percent d~fferelice +0.164 +0.013 -0.080 

step was 30  min. Sea surface temperatures 
lvere fixed. ~\.hereas land surface teinvera- 

Space and Atniospher~c Phys~cs, Blackett Laboraton], 
lmpera College of Scence. Technolog)) and h,ledcne, 
London SWIi 2BZ. UK. tures and soil moisture were iletermlned hy 
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lar minilln~rn anil solar maximum is C.08'%, 
as measured by the  Earth Railiation Budget 
radioilleter o n  the Nimbus 7 satellite anil 
the  Active Cavity Radiometer o n  the  Solar 
h,Iaximum ;\?ission for solar cycle 21 (13) .  

Solar and longwave railiation that 
reaches the  troposphere is modulateil by 
changes in ozone concentration that occur 
in response to the solar cycle ( l J ) ;  the  
fractional ozone changes calculated in  (1 2) 
have been ~lsecl here (Table 2). T h e  chang- 
es 111 total cohlmn ozone ( n h l c h  inchlde 
those at higher altitudes not useil here) are 
consistent with the range of 1.4 to 2.Cl/o for 
the global average detecteil 111 data from the  
Total Ozone h,lapplng Spectrometer 
(TOMS)  (14) over solar cycles 21 and 22, 
althougl-i Inore recent analysis of o:one data 
from the Solar Bacliscatterecl Ultraviolet 
instrument (SBUV) (15) suggests that txo -  
i!~mensional moilels [like that used in ( 1  L?)] 
tend to underestimate the change helow 16 
hPa (by -25%) and to overestlixate the  
change above 16 hPa. Thus, the  changes in 
ozone specified here may he too lo\\.. 

T h e  model results were analyzed so as to 
enable colnparisoll with obser\.ations of ap- 
parent clilnate response to solar variahllity. 
First, an analysis of the  high-pass translent 
eddy kinetic energy (EKE) at 250 hPa was 
carried out (Fig. 1) .  This fielil gives an  
indication of the  strength anil positlo11 of 
the miil-latitude stor~nl tracks. I11 the  North- 
ern Hemisphere \ \ inter,  there are two dis- 
tinct traclis (Fig. 1 A ) ,  one across the  A t -  
lantic Ocean and one across the Paclflc 
estellcli~lg mto North  America, lvhereas in 
the  Southem Henlisphere summer, the  sit- 
uation 1s more zonally symmetric. These 
features correspolld well to observations 
( I  6) ,  although the  hi f~~rcat ion of the  track 
in the  eastern Atlantic noteil by Brown and 
John  (4)  LS not reproduced in the model 
track, which appears to correspond only to 
their southem route. T h e  zonal average of 
Fig. l A  is sho\vn in Fig. 1B. T h e  zonal 
a17erage difference in the  EKE b e t ~ e e n  runs 
I and IIa (solid line In Fig. 1 C )  sho\vs that 

Table 2. Percent change n ozone between runs I 
and la  as a funct~on of latit~lde and altitude. The 
change is zero elsewhere and is zonally symmetric 

Lattude and percent change In 
ozone 

Altt~rde 
(hPa) 90' 55" 30"N 11' 61' 

to to to to to 
55"N 30°N 1 l 0 S  61"s 90"s 

10 to 30 2.0 2 .3  2.2 2.3 2.0 
30 to 50 1 .8  1 .8  1 7 1.7 1 . A  

5 0 t o 7 3  1.4 1 4  1 . 1  1 . 3  1.2 
73 to103  1.1 1 .0  0.6 1.0 1.0 
103to141 0.8 0.6 0.2 0 2  0.9 
Total 1 .3  1 .4  1.7 1.4 1.2 

column 

the  Southern Henlisphere storm track has 
ilecreased o n  its northern side and ll-icreased 
o n  its soutl-iern side, that is, it has moved 
south\varil. T h e  magnltuile of the shift is 
slnall (-(2.7" latitude or 7C kin), but the 
overall Impact is spread over lnost of the  
miil-latitude region. In  the  Northern Hemi- 
sphere, the  effect 1s siualler (because it is 
longitudinally Inore variable), hut the 
tracks over the Atlantic anil eastern Pacific 
have moved north,  again by -70 km; this is 
consistent ivith the  results of Brown and 
J o h n  ( 4 ) ,  who shon.ec1 a polevl~ard shitt o t  

around 1" latitude in their southern route 
storm traclis at solar maximum. Because 
EKE IS a measure of tell-iporal variance, ~t is 
not easily amenable to the  tvve of estiinate , 
of statistical slg~lificance used to analyze 
differe~lces in the flelds cl~scussecl below. 
Holyever, when the ilifferences in EKE he- 
tween illfierent sections of run I are com- 
pared ivith the clifferellce het~veen rLllls I 
and IIa, the  prohahillty of the  peak chal-iges 
happening hy cha~ lce  is founil to he <5% 
for all section lengths tried (from 27 to 216 
clays). T h e  ditfere~-ice betiveen runs I and IIb 

- Q  - -A 
1 - 1  

0 20 40 60 80 100 120 -2 0 2 4 
EKE (m2 s 2 )  Difference in EKE (m2 S2)  

Fig. 1. Storm tracks a s  ~neas~lred by transient EKE (m2 s 2 i  at 250 hPa, hgh-pass filtered to include only 
features with a time scale of 5 3  days. (A) Latit~lde-ongtude plot froln r u n  I (solar minimum) NP, North 
Pole; ID. nternatona date line: G M .  Greenwich merdian; EQ, equator: SP, South Pole (Bi Zonal average 
of (A), (C) Zonal average of dfference between EKE at solar maxlmum and solar mnmum wth (sold Ine) 
and wthout (dotted line) change in ozone 

Fig. 2. Dfference between solar lnaxlnum r----- 
and solar mlnlmuln In area ntegrated 
mean sea level pressure ihPam'j w~tn (sol 

-I 
-- - 

d n e )  and w~~thout (dotted Ine) change n 50' I - -  - _ I 
ozone Values have been zonally ~ntegrat - - 

i? / 

ed In 2 79" lat~tude bands to reveal the ;L. 
relat~\le redstr~bilt~on of lnass (to consewe O _  1 
mass the globally ntegrated s~lrface pres- 5 

' I 
4 

sure must remaln constant) Bold ~ n e  por 3 I 

tons ~ndcate change that was s~gnf~cant 
at the 95'0 level as calc~llated w~th S ~ L I -  -50 ->I 

-- -- dent s t  test takng Into account the reduc- 
t~on n number of ndependent var~ables 

, 

resilltng from autocorrelat~on In the t ~ ~ n e  t L - - A , - - - 
-6 -4 -2 0 2 4 

i 
6 

serles (17), the number of result~ng de- Difference in mean sea level pressure (loi2 hpa*m2) 
grees of freedom depends on pos~tlon but 
was >I  00 In >94'0 of cases 
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(dotted line in Fig. 1C) shows effects that structure is given by the change in surface 
are generally smaller. pressure (Fig. 2). The difference between 

Another indication of the effect of the runs I and IIa is a decrease of -0.1 hPa (just 
increase in solar activity on atmospheric significant at the 95% level) in the zonally 

Latitude ("N) 

Fig. 3. Latitude-altitude plots (with altitude coordinates in hectopascals). (A) Zonal mean zonal wind (m s-l) 
at solar minimum, shown by contours. Regions of descending air are shaded. (B) Difference in zonal mean 
zonal wind (m s-l) between run Ila (solar maximum) and run I (solar minimum). (C) Difference in zonal mean 
temperature (kelvin) for the same runs as in (B); shaded areas are not significant at the 95% level. 

Fig. 4. Difference between solar maximum 
and solar minimum in temperature as a 
function of altitude (in hectopascals) from 
radiosonde data (3) at Lihue, Hawaii (22"N, 
159"W), for January-February (dotted line) - 
and November-December (dashed line) g 
between extremes of the three solar cycles 
occurring between 1959 and 1994. The $ 
modeled difference between run Ila (solar % 
maximum) and run I (solar minimum) at 
30°N, 145"W is shown for mid-January 
(solid line). The 95% confidence limits of 
the model results are about 50.25 K; un- 
certainty in observations is not available. 

-2 -1 0 1 2 3 
Temperature difference (K) 

averaged surface pressure in low latitudes 
and an increase of -0.5 hPa (clearly signif- 
icant at the 95% level) near 50°S, which 
indicates that air has moved from low to 
mid-latitudes. A similar increase at north- 
em mid-latitudes is not statistically signifi- 
cant on the basis of the length of runs 
currently completed, but there does appear 
to be a movement away from the North 
Pole. The differences between runs I and IIb 
are similar in sense to, but generally less 
than half the magnitude of, those between 
runs I and IIa in the Southern Hemisphere. 

Figure 3 shows the difference between 
runs I and IIa in zonal mean temperature 
(Fig. 3C) and zonal wind (Fig. 3B) as a 
function of latitude and altitude. Fieure 3A - 
shows zonal mean zonal wind for run I 
(contours) and regions of ascent and de- 
scent (by 'shadingr A comparison of A, B, 
and C of Fig. 3 suggests a cause for the 
changes in storm track position and surface 
pressure. The increases in solar UV radia- 
tion and ozone concentration cause heating 
in the Southern Hemisphere summer lower 
stratosphere (Fig. 3C). Through the ther- 
mal wind relation, this effect results in a 
strengthening of the summer stratosphere 
easterly winds, in particular of those that 
extend into the tropical upper troposphere, 
and these winds force the tropospheric 
westerly jets to move poleward (Fig. 3, A 
and B). The banding in Fig. 3B in the 
Southern Hemisphere is attributable to the 
double peak in the jet (Fig. 3A). A similar, 
though larger, effect is also seen in the 
(Northern Hemisphere only) zonal wind 
data analyses of Kodera (18). Contrary to 
previous theories of the response of the 
stratosphere-troposphere system to changes 
in solar activity (7, 19), which have con- 
centrated on changes in the propagation of 
planetary waves through the stratospheric 
winter westerly regime, these findings sug- 
gest that changes in the Southern Hemi- 
sphere summer easterlies are important, and 
that ignoring changes in stratospheric 
ozone will limit the success of any model 
simulation. 

The mean meridional circulation of the 
atmosphere is indicated by shading in Fig. 
3A; the circulations involving ascent near 
the eauator and descent in the subtro~ics 
are referred to as Hadley cells, and those in 
the opposite direction in mid-latitudes are 
called Ferrel cells. The position of the tro- 
pospheric westerly jets determines the lati- 
tudinal extent of the Hadley cells [see (1 6)]; 
hence, as the westerly jets move poleward at 
solar maximum, so do the descending por- 
tions of the Hadley cells. As a consequence, 
the mid-latitude storm tracks move  ole- 
ward. [The dynamical mechanisms underly- 
ing this process are discussed, in a different 
context, by Chang (20).] 

Vertical motion of air leads to changes 
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in temperature hecause of adiahatlc com- 
pression and expansion, nh lch  result in 
\varmlng iiuring descent anii cooll~lg during 
ascent, respecti~rely. Evidence for challges 
in the pattern of the mean lneriillollal cir- 
culatiiin call he seen hy comparing the tem- 
perature changes (Fig. 3 C )  with the posi- 
tions of the ascellding and Jescending air in 
the control run (shacllng in Fig. 3A).  In the 
middle troposphere, the coo1111g near 4C0S 
1s caused 17y the south\\,ard departure of the 
iiesce~liii~lg portlon o t  the Haiile\- cell, x l d  
the \varming arouncl 55"s is a result o t  hot11 
the arrival into thls reglon of the  iiescenii- 
111g air anii the southn.ard movement o t  the 
ascenii~ng portlon of the Ferrel cell. T h e  
latter then causes the extra coolillg see11 
near 7C0S. 

From these results, ~t is e ~ ~ i d e n t  that the  
vertical protiles of temperature change 
vary strongly \vith geographical position. 
Tlie LvL ( 2 )  raciiosonde data have also ~, 

sho\vn (tor the  boreal summer) increases 
a t  solar maximum 111 tropospheric temper- 
ature a t  l o n  and mici-latitudes hut decreas- 
es a t  siirne hlgli-latituiie stations. T h e  tem- 
perature challges estimateii by LvL ( 3 )  for 
Llhue, Ha~va l i  (32"N, 159"V;I), averaged 
over November-Decemher anLi January- 
February 17et~veen estrenles of the  three 
solar cycles occurring he tneen  1959 and 
1994 ne re  c o ~ n p a r e J  1vlt11 those calculated 
tor a near position (30°N,  145"W) in  Jan-  
uary in tlie present ~vork  (Fig. 4 ) .  Relatlve 
to the  o17servational iiata, the  model Lxo- 
file has a very similar structure but 1s 
smaller in maenltude. Gi\.en that  the  
model has fixed sea surface temperatures 
(such that  the  extra solar energy reaching 
the  surface is "lost") anti that the  specified 
ozone changes may be too Ion- (15) )  a n  
~lllderestunate o t  the  solar ettects is not  
surprising. T h e  only other statLon tor 
\vhich LvL s h o ~ v  data tor the  boreal \vinter 
is Trult Island (7 .S0N,  152"E); a t  this slte, 
t he  observations in the  t r o ~ o s u h e r e  

L L 

shoxved I ~ L I C ~  smaller changes in response 
to  the  solar cycle, and the  model results 
lllte\vlse are not  slgniflcantly cllftere~lt 
from :em. 111 the  stratospliere, 170th the  
ohservatlons and the    nod el s h o ~ v  nlore 
warlllillg than a t  Lihne. [LvL (3) also con- 
cluded that  the  shape of the  temperature 
change profiles is co~lsistellt with changes 
111 I~ertical motion.1 

T h e  model results suggest that  increas- 
es in stratospheric temperature in response 
to ellhallceii solar ~rraii iance result In 
stronger summer easterly \\rinds, \vhich 
penetrate into the  tropical upper tropo- 
spllere a n ~ i  force tropospheric circulation 
patterns pole\\-ard. T h e  ~noi ie l  sl~o\\,s 
changes in temperature, :anal \vind, anii 
storm track oosition that  are similar to. 
although generally slnaller tllan, tliose oh- 
served. T h e  solar-induced increase in 

stratospheric c o n e  is ~rnportant  in deter- 
in i~l lng the  change 111 lolver stratospheric 
temperatures and thus the  suhseil~ient cll- 
mate respome. There  is n o  quasi-hie~lnial 
oscillation ( Q R O )  in  the  rnociel (111 etfect, 
~t 1s permanently In the  easterly phase); 
hence, the  claim by LvL that  the  QBO 
p laysa  role in  modulating the  lnlpact of 
solar varlahillty o n  the  winter loiver 
stratosphere callnot be tested. Hon.e\~er,  lt 
the  strenet11 o t  the  zonal a in i i  in the  
tropical loner  stratosphere plays a n  impor- 
tant  role in trallsinittille the  solar effects 
trom stratosphere to troposphere, as sug- 
gested hy the  present results, t hen  ~t is 
clear that  modulation by the  QRO is proh- 
ahle. T h e  results of the  lnodel also implv 

L ,  

that  c h a ~ ~ g e s  in stratospheric oziine 
brought ahout hy any other lllealls inay 
have a n  ~ m p a c t  o n  troyosplierlc cllmate. 
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Universality Classes of Optimal 
Channel Networks 
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Energy minimization of both homogeneous and heterogeneous river networks shows that, 
over a range of parameter values, there are only three d~stinct universality classes. The 
exponents for all three classes of behavior are calculated. 

River net\vorks retlect kactal properties in 
a 17o~ver ia\v distribution of various quantl- 
tles ( 1  ). T h e  striliing generality o t  Horton's 
la\\- o t  stream numbers ( 2 )  motlvateii 
Shreve (3 )  to suggest that channel net- 
works iieveloped 111 the absence of geologic 
controls are esse~ltially topologically ran- 
ilom. Key-ertheless, nollra~ldoln river net- 
\vorlis have bee11 consistently ohser\wd. 
Their existence has prompted tlie Je \~elop-  
ment of models ( 2 ,  4, 5) of drainage net- 
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\vork optimization based o n  the concept of 
energy m~nimi :a t io~~  and optimal chai l~le l  
net\vorlis (OCNs)  (6. 7). Computer simu- 
lations o t  homogeneous O C N s  (6 )  have 
res~~l te i l  in optimal n e t ~ o r l t s  \vltll a striking 
similarltv to those ohser\.ed in nature. 
These results have raised the cluestloll as to 
\vhether some form of global energy mlnl- 
miratlon uniierlies the existence of fractal 
structures. Here, nre solve the O C K  tor a 
range of parameters for lloth homogeneous 
; ~ n d  heterogeneous hasill$. .4lthough n.e do 
obtain fractals, our exact results tc~r the 
power Ian exponents do not agree with 
elther the observational data or the com- 
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