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ABSTRACT

A decade of extremes of astronomical seeing is stu4i~d"in
connection vlith atmospheric conditions. An attempt is made to.relate
seeing to turbulence parameters, especially those parame:t;~r.::l fav~:>uring

turbulence at tropopause levels. The gravity wave-vertical shear
, mechanism is found to be significantly related to poor seeing conditions,

suggesting that clear air turbulence is strongly involved in poor astro­
nomical seeing.
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CANADA - DEPARTMENT OF TRANSPORT - HETEOROLOGICAL BRANCH

ASTRONOMICAL SEEING COlIDITIONS AND CLEAR AIR TURBULENCE

by

Anthony vlankiewicz

INTRODUCTION

AstronOmical obserVations are h:i.ndered~n a'. cl,?~dl~~s:.atm~sphlare
in two ways, firstly, bYdusr'-smoke"and haze,,' Secondly, bad seeing conditions
are caused by shimmer and scintillation. This problem is considered in the paper.

Shimmer involves random changes in apparent direct~on (wandering
and dancing) and in size (pulsation) of heavenly bodies. ". Scinti~fltion. or
ntwinkling fl refers to brightness changes of point light sourcE;ls sucJ::l. as stars.
The higher frequency scintillation is thought to originate at tropopause
levels since it can only be obserVed in extraterrestrial bodies (3)" Slummer
and low frequency scintillation is attributed to nocturnal lower level (less
than 1000 ft) effects (see Stock and Keller, 1) and to observatory and instru­
ment convection (Winibush, 2) 0 These latter conclusions have resulted from
studies of observatory and telescope construction techniques (2), and from
observations of terrestrial objects" I, , ' '

It would seem reasonable to assume that the combined effect
of turbulence and inversion would be small-scale density gradients of a
substantial magnitude; these would give rise to variations of index of
refraction of the air and thus distortio~s of the light path" The importance
of the inversion-turbulence mechanism has been verified in studies of optical
scintillation over a snow surface (Rysnar, ,4) 0 The tropopause is the location
of a permanent 'inversion and the occasional moderate to severe clear air
turbulence situation and thus could be the region of the density fluctuations
which cause scintillation"

Therefore, the object of this investigation' is to compare nights
of good and bad seeing with respect to those parameters favourable to clear
air turbulence" The parameters considered in this connection are the gravity
wave-vertical shear mechanism which, according to' Clodman (5), is the principal
mechanism for building up clear air turbulence over lando .

The primary sources of turbulent energy in this mechanism are
standing gravity waves extending to the tropopause and vertical wind, shear in
the Vicinity of the jet stream" Heavy turbulence results from the Reynolds
stresses associated with t he interaction of the waves and vertical shear"
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... Go1unm one of table one is a list of twenty-one nights with
exyremes of good and bad seeing conditions 0 These observations were taken
at ~p.e.Day~d DllIl4p Observatory~ near Richmond Hill, during the period 1950-580
Tp.e.ayerl:l,ge duration of bad seeing is five hours with a standard deviation or
SP.9f three hourso Parametric values for the atmosphere above Richmond Hill
were interpolated f9r the a ppropriate dates from rawinsonde and radiosonde
reports of surrounding stationso Historical surface, ~OO-mb, and 3QO":'mb
charts were also usedo The seasonal distribution of twenty-one useful cases
is shown belowo .

SEEING

TABLE 2

Season Good .. Bad

~-

Aug- Nov 9 2
'.,

Dec - May 1 9

TOTAL 10 11
.

Because good seeing apparently predominates in autunm and bad seeing in winter~

spring, it is necessary to recognize that a: correlation .between seeing conditions
and some. parameters may not be causal in 'nature but merely due to the fact that
the parameters in question and the t rue causal influences may both have similar
seasonal fluctuationso ..

ANALYSIS OF DA'J.'4

The data were analyzed by the check list method shown in table
one o Each parameter (except jet distance) was given one check if it was present
on t he night of good or bad seeingo Because of the importance. of the jet stream
proximity to tropopause turbulence, one, two, or three checks were given depending
on distance from the jet streamo The ten parameters used in table one are
selected from those that give conditions favourable to clear air turbulence
according to the Glodman Gravity Wave - Vertical Shear Mechanismo All the
parameters were used that were readily available to this investigation, the first
six involve gravity-wave effects and the remainder are influential, at the site of
the turbulence. .
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Gravity Wave Parameters

Clodman states that "terrain with small obstacles is very
s~~ificant j,n high level clear air turbulence" 0 A hill, five miles· tq
th~ J:lorth of Richmond Hill, is shown on the contour map in figure one.
It has a rise. of 300 feet and a width of l6mileso This feature can be ..
viewed to more advantage when the North-8outh profile map through Richmond
HiJ:.l in figure two is compared with the East-West profile in figure threeo
It may be assumed t hat the influence on the airflot-l of this obstacle or
the more complex features of the surrounding terrain could ,result in
graVity waves.

.. Since the height of the dse to t he north of Richmond Hill
is 1040 ft HSL, the 1000 ft level vTaS chosen as the most significant in
relation to wind direction and speed for the check list. Most gravity
waves are found when the wind is within 30° of the normal to the ridge.
(Alaska, 6). This means in this instance, that the wind must come from
the north or the north-Hest 0 A check vIas entered in column two of the
checklist if the vrind blew from the directions most likely to result in·
gravity waves. These data are summarizedin.Table 3. .

:tABLE -2 . Wind Direction Favourable for Gravity Waves

~iind direction

... -.
favourable unfavourable

Good seeing .3 7

..
Bad seeing 7 4

Since those directioris favourable to gravitY.'Vlaves :t:'Gpres~~t ·only one-sL--dh
of all directions, one t-lould expect the wind to come mostly from the directions
less favourable to gravity waves. This distribution is seen in good seeing
nights but the reverse is the case for bad seeing nights.
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__ CQ11lll1!l three of the ehe<?k list was given a c heck if the 1000 ft
wind: spe~ wa~ not ~~ss than 15 mph (13 kts.) 0 An intermediate stable layer
(cQlo.4); _lQw l~v~l ~stable air (colo 5); increasing wiridspeed.with height
(col. 6); and little turning of wind vlith height (col. 7) ~ were ap' given
checks if· they were present on any of the nights listed.

:rhe results for the gravity wave parameters (eols o 2-q) are
shown below.

TABLE 4' Gravity Wave Parameters

NUMBER OF CHECKS 0 1 2 3 4 5 6 7

nights of good seeing 0 5 '5 0 0 0 0 0

nights of bad seeing 0 0 0 3 4 4 0 0

~~-~---=--

_. It' is noteworthy that all the good seeing nights have less than
three checks "lhile all the bad seeing nights have three or more checks. The
average number of checks on good nights is 1.5 with a standard deviation (SD)
of 0.5. The average number on bad nights is 401 checks (SD = 009)0 The
difference between these means is shown by the nstudent~s t" test to be'
significant at the 001% level

High Level Parameters Involved.J.n Clear Air Turbulen~

..
Tropopause Wind Speeds

Wind speeds rather than wind shears were' examined for two reasons.
Firstly, high wind,s imply high shears.' Secondly~ direct wind shear measurements
were hot readily available o The number.of occurrences in certain wind speed
intervals for good or bad seeing nights are shown in table fiveo .

TABLE 5 Wind Speed at t!:le Tropopause

KNOTS
Nights of 0-39 40 - 79 80 - 119 120.+

Good $eeing 8 2 0 0

Bad Seeing 1 7 2 1
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. '" _ ... ,. _.Th~ m~~fo~ g()od~eeing _night~ -=i-8._JQ JcrlQ'ljS. >:'1it~ a:- s.t.@q~d - ,
dt3viat~()l1_ (SD) of 10,:in ~on1:.rast,t.o , a ,_ ~9J..'~lal1.1:.!-uIlIl mC::l~n_ of. 50 1qlgi:.s. .c:>D.. ,:::,':).0) •
This difference betveen the two means is highly significant (001% level)o .
Qood seeing nights ~ tf1e~C::l:f'o;r."e,._ l:1av~.', tI"9popausewin~ .speeds muchbe;J..o~_1'!()~;to

. 'The. bad seeing nights v mean i's 65 knots (SD =' 25ras comPared"
vith a. winter-spring mean of 70 knots (SD =15) 0 The bad nights thus follow
the seasonal trend o

Distanc~ to the Jet Stream

This factor should haye a clearer relation~hip than tropop~use
wind speed for two reasonso (a) Nearnes~ to the jet stream, would imply a
high wind shear overhead, dUring some period of the nighto The ra~vinsonde

readings, on the other hand, may not be nepresentative of the whole night ..
(b) The jet stream is a well-kllown location of clear air turbulence associated
with its high winds and Shears ..

Figure four is a histogram of distances from Richmond Hill to
the nearest jet streaffi~ The average jet distance on'nights of bad seeing' is'
only 120' miles (SD =DO).. On nights of good seeing, the average distance is
600 miles (50 =120).. .

A population variance was ta..1{en from a list of fortY~:f.'iYt3 ".
random sample nights.. For' the random samples:> the mean jet ciisi:,a.ncewas, , ..
260 miles (SD = 190)0 Using this variance, the test of significanc~ for a
normal population showed that the jet stream distance was significantly less
for nights of bad seeing than for nights of good seeing (001% level). ,

. To determine the seasonal effect on this difference, the-au'j;um.n
and winter-spring averages (see Data, section two) were computed from the random
,samples.. The mean for autumn nights is 300 miles (SD = 23Q) and f or winter-spring
nights, 2.30 miles (SD =160).. The random samples indicate that seasonal
differences are relatively smallo

In s~"Y';

(a) Extremeiy bad ~eeing conditions seem to occur when the jet
stream is r~lativelY,closeo

(b) Very good seeing conditions are found when the jet stream
is further away than.:n9:J:'lIla:).o

The number of' checks' entered' in column eight of the -check list
depends on the type of horizontal shear and on the magnitude of the jet, q.:i~tanceo

0'0',/)
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For a core speed of 160 k!lots ja typic:al ~int~r Jet), the ha:Lf-f.3peed d:tstanqes
(distance from core ~9 where i!he ,speed.~al:Ls t() ()ne-ha1f) arelQO aJ:ld 30.0 miles
for the cyclonic and ~ticy~lo~c s~g.e~ of tJ:1~ j!3trespec~ively,,_. Th~s ~itl:l
cyclonic shear; . three, two, ()r..on~ .<?hE?c:k(s) v.rer,ea':1arded for, jet~d;istances of
0-30, 31-60, 61-100 miles respectively" . With anticyclonic-shear!) the respective
jet distance intervals for three, two or one check(s) are 0-:-100,7 101-200,
201-300 miles" -

Based on the findings of a number of jet stream investigations (5),
checks tvere also entered ;if th§l ma~ f.3J:10t:T~l:1 t.h~:t~.

(a) Richmond Hiltif;3.~ _0],1. the. cyglon.:lc side of a j13~'

(b) There was cyclonic9~?:~~e <;rverhgE,td at500 __I!l~, _..

(c) There was. a ll:i.gh lapse rate just below the tropopauseo

CheckList Results

The results of t~e:cQmplet~'chE:)ck. i~irt: i:m~ysis.- (t~'bie _on§l) are
summarized in figure ~ivl?0~p.e_c~9Sf3c.':'h.?-t/c4E?l:11?()~es... ar<? r4gh-t~.of very ~ad __
seeing and the white boxes ?-rethgsE:) of..ver'Y g()()d :3eei,pgo The bad night average
is 709 checks (3D =108)" The good night average is 2,,2 checks (3D = 0,,8)0 The
significance 6f this differencE? is. aboye."f:. he _() "l%.l~vE:ll~· ._

table sixo Th~ ~=:~ ~~di~~~/~'h;ll;et~~nt:i:m~;e~~o~():~~i~~~r:i.b-fg£:~nJ~hts
on which the parameter in question 'las present" The relative importance of each
parameter can be seen from this table"

_TABLE 6
r--...-----r--..~----------_:___---'r_------------_t

percentage ofCHECK
LIST
CQL".

PARAMETER
GOOD NIGHTS BAD NIGHTS

- ~, . . .. " "" _.
2 winds p~rpeJ,1d:i.9l.l1ar' t() :g;ill
3 strong :Low level ':1inds -
4 Intemediate stablE:) layer
5 low level unstable air
6 increasing wind w;ith height
7 little turning of wind with height
8 jet steani distarlCe .
9 cyclonic side of Jet

10 cyclonic curvature
II high lapse rate just below trop"

30% -. 64%
20 -. 73
60 100
10 55..

64'
.)

0
40 82

0 82
0 55

10 82
50 64

co~7
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.. . .. .. Extremely bad seeing conditions are well-correlated with a
14gh ...~v~<i .shear situa:tion (jet stream neighbourhood) and to a lesser extent
with.- c9.P4~tions .favourable to a gravity waveo In very good seeing
conditions, both these factors tend to be absent o Since the gravity
wave':'verlical sbBar mechani sm was found by Clodman to be likely t he major
cause qf high level t'urbulence mechanism over land'.? this suggests' that
clear a~.turbulence is frequently associated with ba~ astronomic~l seeing
conditionf?o It vl0uld appear likely that t he usual site of the stmospheric
cond~tio~s c;ausing the bad seeing would be just above the tropopause since
th.-is is~boi:.h a leyelof maximum occurrence of clear air turbulence and of
strong temp~attlI'e inversionso A corollary of the above is -that the
relat~oIlsh:i,p between bad seeing and t he wind shear-gravity wave parameters
can be considered as~upportive evidence for the importance of this mechanism
in clear air turbulence.~· .

Although low level turbulence and observatory convective
turbulence may also be important, their time scales 'would itend to be short o
This is especially true of low level turbulence since the turbulence would
soon destroy the nocturnal inversion necessary for bad seeingo The
mechanism under consideration above has a relatj,vely long time scale since
jet stream proximity and gravity waves may persist for several hours o

, I

. Since eveJjl modest obstacles p such as those found in Southern
Ontario p can cau~e gravity waves\) ~his may acyotint for the fact that
scintillation problems occur over much of the worldo The better seeing
conditions in equatorial regions could be due to the absence:of jet streams
or the high level of the tropopause in those areas. It Would appear
inadvisable to neglect consideration of clear air turbulence in the siting
of astronomical observatorieso
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FIG. 1 - CONTOUR MAP
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FIG. 2 - NORTH-SOUTH PROFILE
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. FIG. 4 - JET DISTANCE (miles)
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TABLE 1: CHECK LIST

GRAVITY WAVE PARAMETERS HIGH LEVEL PARAMETERS

1 2 3 4 5 6 7 8 9 10 11 12

1000 ft. 1000 ft. inter- low increas- little jet highlaspe total
wind mediate level °ng wind turning cyclonic~yclonic rate number

DATE 30° winds' speed of wind stream_ just checks
to hill stable unstable with _ with shear curvature below Ifor each

axis ~13 kts. layer air height height distance trop. night

25-26 AUG. 51 V 1
(,

15-16 OCT. 51 V V v 3z
H
~ 25-26, OCT. 51 v 1
,~

Cf.)

9-10 SEPT. 52 v V v 3
0
0 27-28 SEPT. 52 V v v 30
Co'

,~ 1-2 SEPT. 53 J V 2
0

9-10 OCT. 53 ./ V J 3
Cf.)
Eo-< 17-i8 NOV. 53' .; J 2::r::
Co'

17-18 SEPT. 55 V V 2H
z

18-19 APR. 58 v V 2

23-24 FEB. 50 J j J .; j j j J 8

2-3 FEB. 51 J J J V j vjj .; J /10
Co'z 8-9 FEB. 51 J J V V j V 6H
r.:l

13-14 FEB. 52 J V V .; ,Iv V .; 9~ VCf.)

0 16-17 APR. 52 ./ V V V V 5«
~ 30-31 MAR. 54 ./ J .; V jjv V J j 10
~

jj0 19-20 SEPT. 54 J J .; V V j 8
Cf.)

16-17 MAY 55 J J J j j 5Eo-<
::r::

j ,Iv jCo' 19-20 DEC. 55 ./ j J V V V 10
Hz

13-14 JAN. 56 ./ v v J j\/j .; 8

5-6 OCT.' 58 J V V jjJ j V 8
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