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FOREWORD

I

At itw fourth session (Brussels, 1965) the Commission for derology (now
Commission for Atmospheric Sciences) noted the desire expressed previously at the
third IQSY Assembly that regular observations of noctilucent clouds should he con-
tinued aftei the IQSY and adopted a recommendation on this subject. This recom-
mendation, which was subsequently approved by the seventeenth session of the WMO
Executive Committee, required that observations of noctilucent clouds be carried
out and recorded in conformity with a uﬁiform set of instructions to be published
by WMO, The outcome of this recommendation is the International ¥ectilucent Cloud

Observation Manual, which is contained in the present publication.

This manual is the result of an internationalicollective effort. At the
International Fockilucent Cloud Symposium held in Talllnn, Bstonia in March 1966,
a working group was formed to plan & single standard international manual +to be
used by all NLC observers. The decision was made to prepare a provisional version
of this manual based on the'second version of the Fogle (1965) manual, which con-
tained many of the features of earlier manuals by Grishin (1957), Fogle and Gotaas

- (1963), Paton (1965), and Khvostikov, Willmann, and Grishin (1964). This provi-

sional manual, published in late 1966 by the Special World Geophysical Centre for
Noctilucent Clouds at Tartu, Estonia undex the edltorshlp of Dr, Ch. Willmann, \was
revised by Drs. Christie, Willmann and Fogle . at the Noctilucent Cloud Working -
Group Meeting in Prague (May 1969). Dr. Fogle was assigned, responsibility for
making the agreed revisions to the manual and preparing the final ver31on for pub-

lication by WMC in 1969. The nomograms and rhotographs in this =manual‘ were pro-

‘vided by Dr. Fogle of the National Centre for Atmospheric Research in Boulder,

Colorado,

On behalf of the Organization I should like to thank 8ll those scientists

who heve contributed to this publication and - particularly Dr. Pogle. I am sure

that this manuel will succeed in improving both the quality and quantity of obser-

vations of these very interesting clouds.,

D. A. Davies
Secretary-General
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I. SUMMARY OF NLC CBARACTERISTICS

I.1 Introduction

Noctilucent clouds (abbreviated NLC), situated high in the atmosphere, are seen
against the background of a dark sky while they are still illuminated by sunlight when
the sun is well below the horizon. They frequently resemble cirrus or cirrostratus,

‘often having a delicate filigree pattern, with marked wave sirvciure. They -have a
. considerable range of brightness and extent. :

These clouds began to attract the attention of scientists-in 18855 the first
recorded observation, recognizing that they were an unusual and remarkable phenomenon,
was made by T. W. Backhouse (1885) at Bad Kissingen, Germany, on June 8 of that year.
Many other observations +were made at . about that time (B, Hartwig at Partu;

V. X. Tserasky in Moscow; O. Jesse in Berlin); in later years the number reported
rose and fell, partly depending on the attention given 1o them by interested observers.
The visual observation of noctilucent clouds is now being done on a routine basis at
many of the meteorological stations in the northern and southern hemispheres between 45°
and $50° latitude, and the observational data are collected at ihree centres—Edinburgh,
Scotland; Tartu, Estonia, and Toronto, Ontario. These data are used to obtain 2 better
understanding of the climatology of NIG. Over a thousand ocourrences of NIC are on
record so far, and while many of their characteristics have been studied, much remains
to be learned. In the following seotions of Part I the current descriptive and analy-
tical information on NLC are reviewed, and in Part II instructions for their wmiform
observation and recording are given. : ’ ’

I.2 . Colouxr
The colour of NIC is uswally bluish—white. The spectrum of these clouds is

similar to that of daylight with the Fraunhofer lines clearly present and no emission
lines (StSymer, 1933; Grishin, 1956). This indicates that the light from NIC is

" scatiered sunligh+t and that the cloud particles scatter better in the blue than in the
-red. TPolarization measurements (Witt, 1960; Willmann, 1962) show that the light from
“NEC is polarized. : . : : . :

The clouds are usually tenuous and of low trightness. However, they are
ocoasicnally - bright enough to cas® shadows and permit the reading of printed matter
cutdoors. : . . : .

I.3° Structﬁre, morphblogical forms

The structure present in N¥IC may be divided inte the following five different
forms: wveils, bands, billows, whirls and amorphous., 4 detailed desocription of these
forms is given in section II.8.

I.4 Height

Over the past 80 years, hundreds of height measurements have been made {Jesse,
1896; - StSrmer, 1935; Witt, 1962; Paton, 1949; Khvostikov, 1952; Burov, 1959, '1966;
Dirikis, Bvdokimenko, Franzmen, 1966)., The values range from 74 to 92 km, the average
being 82 (Burov, 1959; Fogle and Haurwitz, 1966). The 82 km level agrees closely with
that of the mesopause where the air temperature has its second minimum value.

-
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The method generally used in determining the heighi of NIC is that of parallactic
photography. In this method, simul taneous photographs of NLC are taken from the end
points of a base line of about 40 Xm. The parallax between identical points in corre-
sponding prhotographs is measured and from this the height is obtained. This method of
height determination is described in detail by St8rmer (1935), Burov (1959) and Witt
(1962). A considerable improvement and simplificafion of this method hags recently been
made by Keening and Brandy (1965).

The recently . developed opiical radar which utilizes a laser beam may greatly
simplify the measurement of the thickness and height of NIC (Fiocco and Smullin, 1963).

1.5 Observing conditions

¥hile NIC are generally observed during the twilight periods when the sun is

between 6° and 16° below the observer's horizon, the optimum solar depression angle
(sba) for iheir visibility is around 10° (Fogle, 1968). When the SDA is less than 6°,
the sky background is too bright for a moderate display to be observed, and when the
SDA is greater than 16°, the 82 km level where the clouds are formed is no longer

- 31luminated by the sun's rays. Bright NLC are detectable when the SDA is between 2°
and 6%, but it is difficult to distinguish them from high cirrus at such times. Below
£0° latiiude there is an interval of time every day- of the year when the SDA is greater
than 6%, but as one proceeds polewards of this latitude, there are periods when the sun
does not sink below this value, and NLC cannot be seen.

I.6 Latitudes of ohservation

In the northern hemisphere, the lowest and highest latitude sightings of NIC
were made from 45°¥ and 80°N respectively, but most of the observations have been made
over the latitude range of SO°N to 65°N. DBased on the observational data from the
U.S.5.R. and North America, the fregquency of occurrence of NIC as a function of latitude
shows that the optimum latitude for seeing the clouds is around 58° (Pavlova, 1960;
Pogle, 1968).

Tn the southern hemisphere, the latitude for observing FLC appears %o be
similar to that in the northern hemisphere. Reliable reports of southerm hemisphere
NLC have been made over the latitude range of 51°5S to 70°3 {Fogle and Haurwitsz, 1966).
Bowever, southern hemisphere reports are far fewer in number than for the northern

. hemisphere, owing to the relative gearcity of land and people and the poor observing
conditions in the 50°5-70°8 zone. ‘

Wo reliable reports of naturally occcurring WLC from places below 45° have been
received* and it seems likely that these clouds do not extend to such low latitudes.
Astapovie (1958) reported that a wateh for NLC during 700 cloudless summer nights from
Askbabad, Russia (37.5°N, 58.3°E) gave no sightings. A careful waich kept at Hanover,

-

* Artificial noctilucent clouds

Over the past few years there have been over a dozen sightings of artificial NIC
(Meinel et al., 1963) at latitudes below 45°. Thege clouds have been associated with
rocket launchings from the Point Magu Missile Range at 34°N, 118°H. Most of the sight-
ings have been correlated with leunchings of the SCOUT missile, which has a solid pro-—
pellant and burns high into the atmosphere. The exhaust products of the SCOUT missile

are rich in water vapour and solid particles, and it appears that these substances are
introduced into the mescpause Tregion in sufficient amount to create artificial Nig.

When the winds are toward the east, the clouds drifi over ATizona where Meinel has ob-
served them.
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New Hampshire (43.7°W, 72,3°N) ‘during the summers of 1963 and 1964 also resulted in no

- sightings, although a number of displays were observed from higher latitudes during the

same period (Pogle and Haurwitz, 1966). These resulis, along with an analysis of <the
aree over which NLC hdve been seen, indicate that the zone of oceurrence of NLC ig
symmetric about the geographic rather than the geomagnetic pole, If the clouds were
symwetrical sbout the geomagnetic pole, then they would have been observed at lower
geographic latitudes in North America than in the U.5.5.R. ¥ore information on this
feature is, however, desirable, .

- .

The data obtained at Edinburgh, Scotland (56°N) over the rast 15 years show
that NLC have been observed there later than August 2 on only one occasion (Paton, 1967),
while they have often been observed from Torsta, Sweden (63.3°N) and College, Alasks
(65°N) in late August. These results, along with the apparent latitude dependence of
the peek of NIC activity (Fogle, 1968), suggest that the clouds recede rolewards in late
summer, but more dats frop the neétworks of observing stations will be needed before this
can be established with certainty. Complicating the determination of the 4rue variation
of NLC activity with latitude is the marked variation of observing time with latitude
(see section II.5), ‘ : :

I.7 Season for observation

L]

In the northem hemisphere, NLC have been reported as early as March and as late
as October, but they khave been observed most frequently during the summer months of June,
July and August, The frequency distribution of recorded NIC sightings (from 1885 1o
1964) as a funotion’of_season shows that the majority of sightings were made after the
summer solstice with the peak of activity occurring during the first half of July
(Bessonova, 19633 Fogle and Bohols, 1965; Fogle, 1968), :

'Based on the limited available data (around twelve reiiable reports), southern
kemigphere NIC also appear to occur predominantly during the (austral) summer months of
December, Fanuary ang February with the peak of actividty ocourring in early January,
shortly after the austral summer solstice {Fogle and Haurwitz, 1966),

I.8 Spatial extent

4% an altitude of 82 km a cireular area of about 1,000 km in radius is theore—
tically wvisible from the ground, but only a part of this can be illuminated by sunlight
against a dark sky. In the case of small NIC displays covering an area of a few tens
of thousands of km? the whole boundary may. be visible from 2 station, Occasionnlly
extensive NIC displays occour and are cobserved from many stations over a wide range . of
lati tudes and longitudes. 'The spatial extent of these widespread displays are sometimes
in excess of two million km2, This does not mean, however, that there is & continuous
sheet of NLC over such areas. In general during NIC displays there are areas of clear,
sky separating discrete patches of NIC, and even in g given patch, rarticularly one

containing bends, there is often a considerable range of brighiness. It is possible

that NLC might at times cover all longitudes arouwnd the pole and have an area of the
order of 10%m?; but this if true would be difficult to establish by.observations of
the kind so far available, because they are restricted to twilight, and only stations
in a sector of about 120° in longitude can see them at +the same time, Spatial extent
studies could be extended by satellite observations from an appropriate orbit.

1.9 Duration

The observed duration of NIC varies from a Ffew tens of minutes 4o more than 5
hours. BSometimes extensive NLC are Seen on two or more successive nights, but whether
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they are perts of a distribution that is coniinuous throughout the intervening day-times
is uncertain. Since observations of these clouds are confined to the twilight hours, it
is not possible at present to determine whether they form or disappear during day-time.

I.10 Drift motion

The evidence now suggests that fthe drift motion of WNLC may only be estimated
from measuring successive posiiions of the cloud envelope rather than by tracking local
high-intensity areas which more 1ikely represent wave motions. FEowever, information
obtained from studies of internal structure may have dirvect applicaetion to the under-
standing of intermal graviiy waves. ' '

Drift motion studies show that, in the northern hemisphere, NLC displays as a
whole generally d&rift toward the south-west at average speeds of 40 m/sec, and that the
band and pillow structure often move at speeds and in directions different from the
whole display (Witt, 1962; Fogle and Haurwitz, 1966). Studies of the limited southexn
hemisphere data show that NLC displays there generally move toward the north-west at
gpeeds similar to that in the northern hemisphere (Fogle, 1964, 1965; TFogle and
HauTwitz, 1966). Time-lapse photography of NLC is very useful in studying the motion
and morphology of NLC.

]

I.11 Particle size and numbexr densij[

Polarization measurements (Witt, 19603 Willmann, 1962) have shown that the
average diameter of NIC particles is abvout 0.3 microns and that the particles‘probably
consist of stony dust of meteoric origin or of ice-coated dust particles. Efforts to
obtain more detailed information on the size, distribution, number density and composi-
tion of NIC particles using rocket-—boine sampling technigues have been underway since
1962, but as yet these experiments have not produced definitive and unambiguous resulis
(Witt, Henemway and Soberman, 19643 Soberman, Chrest and Carnevale, 1969).

1.12  Theory

A satisfactory theory oif NLC must explain why they occur at or near the meso-
pause, apparently only in summer and in latitudes above 45°, how they are formed, why
they are present only on some nights and not on others, why they are thin and why they
generally last for some hours. ’ : ‘ .

The earliest sightings (1885) came when dust from the great volcanic eruption
at Krakatoa had become dispersed over the globe, producing sunsets of unusual bright—
ness and splendour, This led to the sky being more widely observed at that time, Dbui
statistics show that there is no apparent correlation of NIC occurrence with volcanic
activity, comets, meteor shows (Vestine, 1934) or the sunspot cycle {Fogle and Haurwitz,
1966). A series of iemperature measuremenis-of the high latitude mesopause during
winter and summer months and during the présence and absence of NLC have shown thati the
high latitude mesopause {emperature is much lower in summer then in winter, tut there
is no appreciable difference during the presence and absence of NLC in summexr mon ths
(Theon et al, 1967). These results suggest that while a low meszopause temperaturs may
be a necessary condition for NLC formation, it is not a sufficient condition, and some
other factors probably influence cloud formation. ’

The low mesopause temperature when N¥1C are present along with the results of
some of the particle sampling experiments support the view that the clouds consists of
ice—coated exiraterresirial dust particles and that the conditions for their formation
are a low temperature and the presence of adequate water vapour and dust nuclei at the
mesopause. '
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Several hypotheses of NIC formation based on the above considerations have been
made. One of these, widely keld by many authors (Wedb, 1965; Charlson, 1966;
Hesstvedt, 1969), is that vertical motions of around 20 cm/éec, which is considerably
higher than the average value of 1 cm/sec determined by Murgatroyd and Singleton (1961),
ocour near the high-latitude mesopause on occasion during summer, and that these up-
drafts (1) impede the descent of dust particles and possibly carry such particles up-
wards from below, thereby causing increased particle concentration at the mesopause
and (2) they transport to the mesopause sufficient water vapour to supersaturate the

layer and produce ice-coated dust particles. A somewhat different view advanced by

Chapman and Kendall (1965) assumes that: (1) the inereased rarticle concentration at

the mesopause is caused by the turbopause descending from about 110 km down to the
mesopause; and {2) if ice coating of particles occurs, the supersaturation at the meso-
pause is due to sufficient water vapour being transported from below by updrafts of
about 1 cm/seq, as determined by Murgatrqyd and Singleton. A more recent suggestion by
Christie (1969) is that NIC are caused by local increases in the vertical turbulent
transfer near the high-latitude mescpause in summer. These increases in vertical tup-
bulent transfer, assumed to be generated by internal graviiy waves originating in the
tropospheric jet siream, could produce a supersaturated mesopause and cause FLC., Further
data on NLC and the region where they form is required %o test the validity of these
views, '

Most of the band and billow structure frequently observed in NIGC is indicative
of wave motion. Theoretical comsiderations suggest that NLC bands are produced by in-
ternal gravity waves and that NLC billows may also be produced in this way (Hines, 19593
Haurwitz, 1964; Fogle and Haurwitz, 1969). However, moxre data are neecded on' the
temperature and wind distribution near the mesopause when NLC are present before the
causative mechanism for NIC wave structure can be established with certainty.

T.13 Reéearch on relzted problems

In order to achieve a better un&érstanding of the nature of #Hoctilucent clouds
and how they form, more information is required on related problems such as: (1) wind
and temperature distribution at the NIC level; (2) the source and concentration of water
vapour at the heights; (3) the mechanism causing the dust concentration at the meso-
pause to increase on some oocasions ‘and not on others, and (4} the height of the turbo-
pause when NIC are present. Also useful would be additional information on: {1) photo-
chemical processes at the mesopause; (2) condensation processes at low temperatures;

{3) OH rotational temperature studies, and (4) the sodium layer,

i




TT., INSTRUCTIONS FOR NOCTILUCENT CLOUD OBSERVATIONS

II.1 Purpose of world-wide observations of NIC

The main objectives of the world-wide observations of NLC are to: (1) deter—
mine the diuwrnal, seasonal, geographical , spatial and temporal distribution of NLC;
(2) search for periodicities in their occurrences; (3) examine the geographic disiribu-
tion of billow and band morphological forms in relation to features of the underlying
terrain and wind shear, and (4) compare NIC occurrence witk other upper-atmospheric
phenomena., ' -

IiI.2 Months of observations

In the northern hemisphere, NILC observations should be made each nighf from the
beginning of March to the end of October. In the southern hemisphere, the observation
period is from the beginning of September To Tne end or mMay. A&ltnough no well-docu-
mented NIC sightings have been made during the winter, observers are urged to coniinue
their watch during this period to ensure that no display, however improbable, is ignored,

1I.3 Selection of observing post

) The observing post selected should: {1) have an unobsiructed view of the
horizon ioward the twilight sector of the sky (that is, SE through N through SW in ‘the
norithern hemisphere and NE through S through NW in the southern hemisphere); (2) ve
away from bright lights, and (3) be the same for the entire period of observation.

II.4  Dotection end identification of NIG

When bright, well—developed ¥LC displays aTe observed under clear-sky condi-

tions, identification is easy, even by an inexperienced observer.

Difficulties arise in identifying NLC when they are faint and lack s tructural

detail. The identification problem is made moTe difficult when much of the sky is

obscured by tropospheric clouds.

To avoid mistaken identifiéation, the observer should in doubtful cases check
to make sure that the object is not an aurora or a sunlit or moonlit tropospheric cloud

or contrail.

The following comments will serve as useful aids in identifying NLC: (1) N1C
are always brighter than the twilight sky, therefore clouds which stand out as dark
silhouette against the sky background cannot be NIC. (2) Tropospheric clouds when
illuminated by the moon, c¢ity lights, or light scattered from the bright part of the
sky may appear brighter than the sky background when the latter is fairly dark. These
clouds can usuelly be distinguished from NLC by their colour and form. They are milky-
white whereas NLC are bluish-white, and unlike NLO these clouds will continue to be
visible during civil twilight and after sunrise. (3) Cirrus clouds illuminated by the
sun when it is below the horizon are usually coloured yellow, orange and pink. Clouds
having these colours usually are net WIC.
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To gain familiarity with the colour and form of NLC, the observer should study
carefully the photographs at the end of this manual. If the station personnel includes
a person who has seen NLC, and he happens to sight them, it is imporiant that he gathers
all the other observers to show ihem NLC urider natural conditions.

II.5 ' Visual observations

NLC observations should be made at 15-minute intervals throughout %he part of
the twilight when the sun is between 6° and 16° below the observer's horizon. The
times when the SDA is within this Tange varies markedly with time of year and sta<ion
latitude (see Figure 1). Observers in the northern hemisphere may determine for theirp
stations the approximaie times for SDA — 6° to 16° — from the accompanying nomograms.
(see Figures 2-17). Observers in +the southern hemisphere will need to change these
. nomograms so that January reads July, February reads August, ete. {that is, a six-month
shift of the time axis)} in order to determine the observation times for their stations.
The nomograms of NIC observation times are given in local mean time (D) *,

Observations are made in standard meridian time (SMT)*, or tniversal time (UD) =
which is the standard meridian time at 0° longitude, : '

To convert LMT to standard meridian time (SMT).use the foilowing équation.

SMT = IMT * (D

where C
i

4 minutes per degree of 'longitude,

Difference in degrees of longitude of
station and standard meridian, D ig
always positive, The. plus sign is
used before CD when the station is
west of the standard meridian and the
" minus sign when it is east.

Alternatively to convert LMT to UT use the expressions

UT = LMT + CD
where C = 4 minutes per degree of longitude,
D = Difference in degrees of station longitude

and 0° longitude. The plus sign is used
‘before CD when the station is west of 00
longitude and the minus slgn when it is
east,

Example: Find SMT and UT for station FORT SMITH, NORTH WEST TERRITORIES

(60°01'N, 111°58'%W) when the EMT of the initial observation as obtained from

the nomogram for the appropriate latitude (Figure 9)and date is 2100 IMP,
Longitude = '111°58'K = 1050 4 o5

SMT (105) + LMT + (6 + g%) «4 = 21 hours + 27,9 min = 2128,

LMT + (111 + gg) .4 = 21 hrs + 7 brs 27,9 min = 0428
LMT + (111 + g%) +4 =03 hrs + 7 hrs 27,9 min = 1028

6° increasing SDA: UD
60 decreasing SDA:. UT

e T

* Locel mean time is the time defined so that the mean sun is due north relative to
that particular obgerving location at logal midnight,

~
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Beginning at the quarter-hour directly preceeding the 6° solar depression angle
time for the particular station and date when converted to SMT or UT as shown above
and at 15-minute intervals thereafter, the observer should carefully scan the twilight
seotor to determine the presence or absence of NLC, 'and to estimate the amount of tro-
pospheric clouds obsouring the twilight sector {see section I1I.5.8), In the example
shown above this would imply that observations would be taken at the following. times:

0415 universal time
043 O n "
0445 n "

10i5 n fl
, . 1030 It "

; . Observaitions should be recorded in a special log similar to form 1 of this
? manual as itemised below by columns,

1I.5.1 - 5.11 Instructions how to complete form 1

IT.5.1 Column 1, Date (local time). Enter the dates of the evening and morning twi~

lights that represent a local overnight observation pericd: e.g. July 25/26.

If more than one night's observations are recorded on the same form, the
observer must leave two lines blank, and enter the next date couplet in the next co-
Jumn 1 position, _ \ ) '

11,5.2 Column 2. Time {universal time). Enter the time of observation in universal
time beginning with the quarter-hour directly preceeding the time that the solar de-
pression angle (SDA)} increases to 6 degrees. (In the case of stations where the sian-
dard meridian time differs from universal time by more than half the interval between
the 6° SDA increasing and the 6° SDA decreasing times, all observations recorded will
occeur in a sequence from only one day of the date couplet. BSee example above.)

If another time system (e.g. local standard time or local mean time) is pre-
ferred, this shoiuld be clearly noted in the log.

JI.5.3 Column 3. Presence of noctilucent clouds. Enter "No" if the observer can see
no NLC after carefully scanning the twilight sector of the sky. Enter "Yes" if NLC ie
detected and clearly identifiable, and "Yes? if a luminous area resembling NLG, but
which camnot be positively identified as such, is noted., In the latter case the obser—
ver s?oul& comment on his doubts about identification in the remarks column 12 (see
below). '

I1,5.4 Columns 4 to 9. These columns will be left blank when NLC has not been detected
and "No" has been entered in column 3,

A o 80

* Sitandard meridian -time is equivaleni 1o local mean time only ai the meridian, and

since the same standard meridian time is used for convenience for 15-degree longitude
H belts, and there exist SMT values for 0, 15, 30 degrees longitudes and upwards at 15-
degree intervals, a correction is necessary to express the LMT at any point between
these meridians in %erms of the station longitude.




OBSERVATIONS 9

I1.5.5 Columns 4 to 7. Delineation of cloud area, - Golumns 4 and 5 represent the
azimuth of the left and right borders of the observed NLC., If a theodolite or transit
is not available for measuring angles, the observer should use easily recognisable land-
marks 0 estimate the direction, and these are recorded in degrees measured clockwise
from geographic north, . - . | AU . . o

Columns 6 and 7 represent the elevation, measured upwards from the horizon, of
the lower and upper horders respectively of the observed illuminated NLC, These may be
estimated by using a clinometer or a stick notched such that when held at arm's length,

" the distance between successive notches corresponds to §e,

II1.5.6 Column 8, Brightness, . Enier the value indicating the brlghtness of the NLC
(see photographs for examples) accordlng to the follow1ng 5~p01nt scale.,

'(1) Very weak NLG barely v131ble against the background of . the twnllght sky,
detected only through very careful examlnatlon of the sky,

(2) NILC easily detected but having low brighiness;

(3) NLC clearly v1s1ble, standing out sharply against the twilight sky;

(4) NLC very bright and attract attention; .

~{5) NLC extremely bright and noticeably illuminate objects facing them.

II1.5.7 Column 9, Morphological forms. Enter the type(s) and group(s) of cloud struc—

ture observed in the NWLC uslng the classification system shown below (see photdgraphs
for examples). . :

Type I, Veils: These are very tenuous, lack well-defined structure and are
often’ prSent-as a: background to other forms. They resemble cirrus clouds,
occasionally contain faintly fibrous structure, and often exhibit a flickering
; . "~ luminosity., Veils are the simplest form of NLC and often precede (by about

| ‘ half an hour) the appearance of NLC with well-defined structure,

Type II._ Bands: These are long streaks, often occurring in groups arranged

roughly parallel %o each other or interwoven at small angles, but occasionally
an 1solated band’ is observed Two groups of this type occurs

If.a, are comprlsed of streaks with diffuse, blurred edges,

II.b, have sharply defined edges,

Bands show little change in location at- Low elevation angles, but changes in
‘Prightuess can occur in periods of 20 to 50 minutes within the general stucture,
Blurred bands with little mobility are often the predominant "structure in the

NLC field, particularly when the brighiness is low., Smaller streaks with twists .
or bends may lie across’ the bands or branch out from them, Distances of 10 to -
60 km separating successive bands are common (Haurwitz and Fogle, 1969} and
values of over 100 km have been reporied,
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Type III, Billows: These are arrangemenis of closely spaced, roughly parallel

' short streaks, The distance separating adjacent pillows ranges from about 1 1o
10 km., Billows sometimes lie across the long bands, giving the appearance of a
comd or feather, At other times they appear alone against the veil background,
The billows may change their form and arrangement, or appear and disappear with-

' in several minutes or tens of minutes, much more rapidly and freguently than the

long bands. This NLC type algo may be divided into two groups:
IIT.a, are comprised of short, straight and narrow sireaks; ' i
ITI.b, exhibit a wave—like structure wiith undulaiions,

Tvpe_IV. Whirls: These are partial or, on rare occasions, complete rings of
cloud with dark centres, and may indicate the presence of turbulence near the

MeSOPAUSE o They are sometimes seen in veil, band and billow forms, Three sub- i
groups may be observed:

IV.a, are comprised of whirls of small radius of curvature (0.1 to 0,5°), and
may appear as small bright crests looking somewhat like light ripples on
a water surfaces

iv,b, have the form of a simple bend of one or several bands with a radius of
curvature of 3-5°; 5 i

IV.e, have a large-scale ring structure. ‘ ' ;

Type V. Amorphoust These are similav o veils in that they have no well-defined
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In cbmplex displays, two oT more forms may be seen simulteneously, and it is
not unmusual for two intersecting groups of long bands to ocour, and these give rise to
bright knots where the waves cross,

11.5.8 Column 10, Tropospheric cloud cover of the twilight sectoe, BEnter the amount

oF cloud cover in the direction of the twilight sector of the sky according to the fol-
lowing classification:

{a) The twilight sector is completely clear of tropospheric clouds;

(v) The twilight sector contains scattered cloud or thin, high transpareni cloud
such as cirrostratua:

{e) Only part of the twilight sector is visible through breaks in tropospheric
cloudssy ’
() Twilight sector completely oversast or obsecured by fog. ‘ ~§

11.5.2 Column 11, Total amount of ¢lowd nndl types preseni, Bnter, in tenths of the
Eisig—sky, the amounis and iypes of sach laysr of clouds occurring in ascending order,
fn determining %ae amount of slond in layers above the lowest, enter only the amount
actually seen, noi what is esiimated to be hidden by the lower layers. In this way the

tot2l cloud amount will never exceed 10/10,

o e S
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T
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Cloud types will be entered using the appropriate abbreviation as listed below.,
When two or more types of cloud are observed at the same level, enter only the one
which has the greatest amount.

+

- Clouds - ADdbr. . Clouds Abbr,
Alﬁocumulus - AC * Cumulus | Cy
Altocumﬁlus castellanus ACC : Cumulus congestus CU+
Altostratus AS - Cumlus fractus o CF
Cirrocumilus cc ' Stratus fractus SF
Cirrostratus | cs : ‘Nirbostratus : NS
Cirrus g CI - Stratocumlus - 5S¢
Cumulonimbus . CB . Stratus ' ST

(The cloud classification is that described in The International Cloud Atlas.)

I11.5.10 Column 12, Remarks, Bnter comments ragquired when "Yes?" has been entered in
column 3, BSee following examples: : :

(1) Possible fog (or low cloud) over bright ligﬁting;

(2) Possible aurocra;

(3) Possible moonlight (or sunlight) on cirrus;

(4)  Only small patches of twilight sector visible, identification ﬁok'ciear;
(5) * Observation outside expected times of suitable illumination, )

Y

I1I1,5.11 An example of a completed day's report is shown below(page 12).

¥ M =

I1.6  NLC photography
FPhotographs of NLC are a valuable supplement to visual observations and should

be taken whenever possible. If a camera is not available to the observer, skeiches of
. the NLC should be made, Details on the photography of NLC are given in Appendix 2,

IT.7T  Aircrafi observations

Ground-tased observations of NLC are often hampered by considerable tropospheric
cloud cover, but observers -in high-flying aireraft do not have this problem, Thus, air-
berne observaiions of NLC are of greal value, and pilots flying during the twilight
hours are strongly urged to keep watoh for these clouds and report their results using
the standard log form or a form similar to that shown below. At the end of the flight,
the reports should be sent to one of the NLC data centres or given %o the meteorological
officer for forwarding to one of the centres. ’ :

A AT
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Alternate form fqr reporting aircrafi observations of NLC

Time 2345 ur
Latitude  58°N
L’ongi tude 24°W
Height 35,000 f%
NLC brightness

.Pime 0030 UT

Latitude 5geN
Longitude  26°W
deight 33,500 £t
NLC brightness . 1

Time 0100
Latitude 60N
Longitude  29°W
Height 35,000 ft
NLC brighiness 3

ZENITH
ZENITH ZENITH
‘1\5‘5\'6
40 M \
. < Bnrvb& :
3 —h"‘\_____
N N

13

“.,.m.ﬁ..-
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" IIT. INSTRUCTIONS FOR INTERNATIONAL DATA EXCHANGE

11I.1 Procedure for gubmission of data to collection centres

ons and institutions should send the monthly logs

(form 1) or the panch-cards of thelr observations to one of the data collection centres
not later than two months after the observations were conducted, Forms may be repro-
duced locally. Results of observations conducted on expeditions to remote regions
should be reported as soon. as posgible afier the expedition returns,

A1l participating stati

I11,2 Coliection centres for NLC data

The collection centres for HNLC ohgservational data are:

(1) The Special World Geophysical Centre (swac),
Attn, Dr. Ch, Willmamn,
¥. Struve Astrophysical Observatory of Tartun,
hcademy of Sciences, Estonian 5.5,Ray
U-SoSnR-

(5 NTHOSPIRE, EVRONHENT SERVE

4905 DUFFERIN STREET.
DOWNSVIEW, ONTARIO :

- M3H 574 :
CANADA g
Attn: Dr. A, D. Christie :

{(3) Department of Meteorology,
Attn, Professor J. Paton,
University of Edinburgh,
Edinburgk 8, Scotland.

IIT.3 Exchange of data o ;?

The centres will exchange raw data on request, preferably using punch-cards of
magnetic tape. They will also publish anmal summaries of the data received from their
respective areas of responsibility not later than June 1 of the year following that in
which the observations were made. These summaries will be distrituted to all interested

seientists.
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Figure 7 - NLC observation periods for 569K
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28 NOCTILUCENT CLOUD MANUAL

(A) NLC with Veil (Type 1), Band (Type IL.b), and Billow (Type I1.a)
forms. Intensity 4.

BILLOWS

(C) NLC with Veil (Type I) and Billow (Type ITI.b) forms. Intensity 1.

Figure 19 - (A and C) Selected noctilucent cloud displays
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(B) NLC with Veil (Type I) and Band- (Type II.b) forms. Intensity 4.

(D) NLC with Veil (Type 1), Band(Types IIL.a and II.b), and Amorphou«
forms. Intensity 3.. ‘ “ ; ;

Figure 19 - (B andlD) Selected noctilucent cloud displays
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B3

(A) NLC with Veil(Type I), Band(Type II.b), Billow(Type III.b), and
Whirl(Type IV) forms. Intensity 3.

BILLOWS

(C) NLC with Veil (Type 1), Billow(Type III.a), Whirl (Type IV),
and Amorphous (Type V) forms. Intensity 3.

Figure 20 - (A and C) Selected noctilucent cloud displays

ot b



NLC PHOTOGRAPES Bl

WHIRLS
S

AMORPHOUS

(B) NLC with Veil(Type I), Band{Type II.b), Billow(Type III.b),
Whirl {Type IV), and Amorphous (Type V) forms. Intensity 4.

(D) NLC with Whirl (Type IV) and Amorphous (Type V) forms. Intensity 5.

Figure 20 - (B and D) Selected noctilucent cloud displays
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APPEFDIX 1: INSTRUCTIONS FOR RECORDING NLC OBSERVATIONS ON PUNCH-CARDS

A,1.,1 Iniroduction

A major advantage of using punch-cards instead of the log for recording NLC
data is that the daia can be fed directly into computers for anélyéis at the data
centres thereby saving time and reducing errors by eliminating the need to transcribe
data from log forms io punch-cards.

Two types of punch-cards are needed to record NLC observational data. The
first type (Fig. Al, A2), labelled "Presence of NLC", is used %o record whether NLC
are present or absent and information on the iropospheric c¢loud cover. The second
type (Fig. AS), labelled "WLC Information", contains columns for recording the angular .
extent, brighiness, and morphological forms of NLC and has to De filled cut only when
NLC are obsexrved, These two cards together correspond to the log, and the same rules
of recording the data apply to both the loz and the cards. Since the punch-cards are
processed by a computer, a soft graphite (number 2 or 3 B) pencil should be used in
f£illing out the cards, and care should be exercised in handling and in mailing to avoid
damage to or loss of the cards.

The meihod used in filling out the punch-cards is to strike out, using a soft
graphite pencil, the oval(s) containing the answer that one wants to record, For
example, if at one of the observing iimes NLC are not present and the tropospheric
cloud cover is A, then one would cross out "No" under the NLC column and "A" under the

" twilight segment column. Other examples, given below, are shown on the sample cards in

Figures AL, A2, A3,

Exemples

(1) "Presence of NILC"
Month - July
Date — 13

Start - 21hl5nm
Presence of NLC:
1 NLC - no
Twilight segment — A |
Tropospheric cloud: +types — Ci; amount - 1;
2 FLC - no

Twilight segment — A
Tropospheric cloud: types - ; amount —

Observation omitted;

4 WLC - yer
Twilight segment - B _
Tropospheric cloud: types - Ci; amount - 2;
5 TWLC - yes )
Twilight segment - B
Tropospheric cloud: types — Ci, Cc; amount - 3;
6 NLC - yes
Twilight segmeni — B
Tropospheric cloud: +types - €i, Cci . amount — 3

+
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i 7 ¥LC - no
Twilight segment - B
Tropospheric cloud: Types — Giy amount - 23

8 ¥LC - no
Twilight segment - A
Tropospheric cloud: types — Ciy amount — 1i

feeE ot e

i _ g NLC - no

Twilight segment — A

| Tropospheric cloud: types - €13 amount — 13
1 10 -

11 -
No. of last observ, on card = 9 .

Card nmusber — .1
QObservation — ceaseé;

(2) "Noctilucent Cloud Information®

Year — 1965

Month - July

Date — 13

Stard - 22hl5m 5

Azimuths

right horder - 20°
left border — 345°

Blevation:

upper border — 15°
lower border - 5°
Brightness — 2

Morphological forms — I, IIa, IVa.

+
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APPENDIX 2: NLC PHOTOGRAPHY

Any camera which has provisions for time exposures can be used for NLC photo-
graphy. The best cameras for this purposge are those with relatively "fast! (£1: 1 to
f1: 2.8) lenses having a normal {approximately 35°) horizontal field of view. Cameras
using 35 mm £ilm are widely nsed in NLC photography and give good resultis, particularly
when colour film is used. Csmeras with largeT film size are recommended for black and
white photography of NLC. . .

Tt igs best to use relatively high speed film (ASA rating of 160-400, DIN rating
of 22-27, or 50-200 U.S.5.R. units) %o avoid long exposure times which cause altera-
tions in the colour balance of the film and also ‘introduce the problem of reciprocity
failure which requires even longer expdsures.. Experience in North America has shown
that the c¢dlour £ilm, High Speed Ektachrome (ASA 160, DIW 22), and the black and vhite .
film, PLUS X {ASA 160, DIN 22) are well suited for NLG photography. Colour photographs
are prefersble.

The camera.should be mounted on a sturdy tripod and a cable release should be
used %o trigger the camera. C o '

it is important for later analysis that all photographic observations be syn—
chronized and that the pictures contain part of the horizon., Before taking photographs,
the observer should firsi set his watch or elock to the correct time within an accuracy
of a few seconds. Synchronized exposures should begin exacily on the guarter hour, for
example:

nh OOm 00S Universal Time or Lccai Mean Time

" 15 00 : ' '

v 30 00

etc. ( \

Obzervers taking phoiographs of NLC sheuld record the pertinent data on a form
gimilar to that shown in form AZ2. ‘ . -

Typical exposure times - for NLC photogfaphy at different values of the solar
depression angle {corresponding to different sky background intensities) are given below
(Table A2) for several film speeds. '
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Form A2, Photographic Data Form

Date; 15 July 1968

Name and co-ordinates of observing station: Thowpson, Manitoka (55°48'N, 97951 {)

Photographer: John Tloe

Camera used: Canon F

Lens, focal length and speed: 50 mm f1:1.4

Film size and type: 35 mm High Speed Bktachrome (ASA 160) '

{Exposure Time Exposure ’ Direction Remarks )
No. (v
1 0g"15™ 2 sec @ £l.4 NNE
2 08h30m 4 sec @ £1.4 NNE aurora present
3 08"45™ 4sec @ £1.4 NNE
4 o9too™ 4 sec @ f1.4 NNE
ete. ) )

Table A2, Exposure Times for NLC Photography

: ;ilm speed ASA 50 ASA 100 ASA 200 ASA 400
SDA DIN 18 .DIN 21 DIN 23 PIN 27

6° 1/8 sec @ f2.8 1/15 sec @ f2.8 | 1/30 sec @ £2.8 ‘ 1/60 sec @ 2.8

g° 2 sec @ £2.8 lsec @ £2.8 | 1/2 sec @ £2.8 /4 sec @ £2.8

10° *15 sec @ 2.8 8 sec @ £2.8 4 sec @ £2,8 . 2 gec @ f2.8

12° %60 sec @ £2.8 %30 sec @ £2.8 *15 sec @ £2.8 8 sec @ £2.8

14° *240 gec @ £f2.8 %120 sec @ £2.8 fﬁO gec @ f2.8 ‘}*30 sec @ £2.8

6 | === ==~ - B I ) *240 gec @ f2.8. *12b sec @ fé.S

% When the colour film is used, it is necessary to increase these exposures by one to
three f-stops to correct for film speed changes at long exposures.,
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Information for Observers - Clarification of Manual

Procedural and other important changes
(1} p. 8 Para. 1 and II.5.2:

(a) An observation TDegins the guarter hour closest to
the expected time at which the solar depression
angle at the station is 6°.

~

(b) In the event of no NLC being observed, themn hourly
observations will suffice.

(C) In the event of NLC being observed, cobservations
shall be taken thereafter at L5 min. intervals.

(2) IT.5.1 Month and the dates of the evening and morning
twilights are entered in column 1.

{3) Form I:'Brief description of Onservation Site,' latitude,
longitude and elev. need only be written at the outset.
Any changes thereafter should be added in 'supplementary date'
spacel ~

(L) 'Billows' have replaced 'waves', and 'amorphous' morphological-
form is added.

(S) Number of letter forms to describe tropospheric cloud cover

in twilight sector is reduced to k.

IT Typographical errors and others requiring clarification:

1. p. 1.3 Reference II.8 should be II.S5.T

2. p. 7 {SMT)* Footnote is found on p. 8

3. p. 7 SMT (105) + LMT ...... should be SMT (105) = ILMT....... -
L, p. 8 II.5.2 UT and GMT are identical

5. p. 8 I1.5.3 "see below" refers to ITI.5.10

6. p. 8 1st line and II.5.2 2nd line Preceding

T. p. 1k IIT.2(2) 1st line to read Canadian Meteorological Service
8. p. 39 Manitoba

9. TLocal mean time is equiwvalent to solar mean time in the Interim

Manual.

Az




APPENDIX B

SPATIONS PARTICIPATING IN NOCTILUCENT CLOUD PROGRAM AND CORRESPONDING

CO-ORDINATES AND TIME CORRECTION TO GREENWICH TIME

I+ pND
Bagotville A, Que.
Cold Lake A, Alta.
Comox A, B.C.

2. HEADQUARTERS
Resolute A, N.W.T.

3. PpaAcIFIC
Iytton, B.C.
Prince George A, B.C.
Terrace A, B.C.
Vancouver Int,l A, B.C.
Williams Lake, B.C.

qr WESTERN
Calgary A, Alta.
Cambridge Bay A, N.W.T.
Cape Parry A, N.W.T.
Dawson, Y.T.
Edmonton Int 'l A, Alta
Edson, Alta.
Fort Chipewyan, Alta.
Fort MeMurray A, Alta.
Fort Nelson A, B.C.
Fort Reliance, N.W.T,.
Fort Simpson A, N.W.T.
Fort Smith A, N.W.T.
Grande Prairie A, Alta.
Lethbridge A, Alta.
Norman Wells A, N.W.T.
Peace River A, Alta.
Pincher Creek, Alta.

(12727)
(7h120)
(72893}

(72924,)

(72891)
(72896)
(72951)
(72892)
(7h10k)

(72877)
(72925)
(72948)
(72966)
(74123)
(72881.)
(72933}
(72932)
(72945)
(74073)
(726k6)
(7293k)
(729%0)
(7287k)
(Thok3)
(74068)
(72875)

Rocky Mountain House, Alta.(72928)

Wagner, Alta.

Watson Lake A, Y.T.
Whitehorse A, Y.T.
Yellovknife A, N.W.T.

(74069)
(72953)
(72964)
(72936)

LAT. N LONG. W TIME
deg. wmin. deg. min. CORRECTION
hrs. min.
Yo 20 T1 00 L Skl
54 25 110 1T 7 21
e L3 i2h 5L 8 20
Th 43 5k 59 6 20
50 ER 121 3k 8 66
53 53 122 h1 8 o7
54 28 128 35 8 3k
Lo 11 123 10 8 13
52 11 122 03 8 08
51 06 11k 01 7 36
69 06 105 o7 T 20
T0 10 124 L1 8 19
6k oh 139 26 9 18
53 19 113 35 7 3k
53 35 116 25 7 L6
58 43 111 09 7 25
56 39 111 13 T 25
58 50 122 35 8 10
62 ' k3 109 06 7 16
61 45 121 1k 8 05
60 01 111 58 T 28
55 11 118 53 7 56
4g 38 112 L8 T 31
65 17 126 L8 8 27
56 14 117 26 7 50
Lo 30 113 57 T 36
52 23 11k 55 7 Lo
55 21 11y 59 T 40
60 07 128 L9 8 35
60 43 135 ok 9 00
62 28 11k 27 T 38
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APPENDIX B (CONTD.)

STATIONS PARTICIPATING IN NOCTILUCERT CLOUD PROGRAMME AND CORRESPONDING

CO-ORDINATES AND TIME CORRECTION TO GREENWICH TIME

CENTRAL

Armstrong A, Ont.
Baker Lake, N.W.T.
Broadview, Sask.
Churchill A, Man.
Coral Harbour A, N.W.T.
Ennadai ILake, N.W.T.
Thunder Bay A, Ont.
Prince Albert A, Sask.
Regina A, Sask.
Saskatoon A, Sask.

The Pas A, Man.

Trout Lake, Ont.
Winnipeg Int'1 A, Man.
Wynyard, Sask.
Thompson A, Man.

Z [ ONTART O

PR
|

i
i
1

Mount Forest, Ont.

QUEBEC

Cape Dyer A, N.W.T,
Chapais, Que.

Fort Chimo A, Que.
Frobisher Bay A, N.W.T.
Hall Beach A, N.W.T.
Montreal Int'1l A, Que.
Nitcheguon, Que.

Poste-de~la-Baleine, Que.

Quebec A, Que.
Schefferville A, Que.
Val 4' Or, Que.

*ATLANTIC

Battle Harbour, Nfld.
Gander Int'1l A, Nfld.
Goose A, Nfla.

(728k1)
(712926)
(72861)
(72913)
(72915)
{72923)
{72749)
(72869)
(72863)
(72866)
(72867)
{(72848)
(72852)
(72856)
(7ho79)

(72631)

(Tho9lk)
{72822)
(72906)
(72909)
(7Tho81)
(72627)

(72826)

(72905)
{7271X%)
{(72828)
(TerT2es)

(72817)
(72803)
(72816)

LAT. N LONG. W TIME
deg. min. deg. min. CORRECTION
hrs. min.
50 17 88 5k 5 56
6h 18 96 00 6 2k
50 23 102 35 6 50
58 L5 9l ok 6 16
6L 1.2 83 22 5 33
61 08 100 55 6 kh
L8 22 89 19 5 57
53 13 105 L1 T 03
50 26 10k Lo 6 59°
52 10 106 b1 T 07
53 58 101 06 6 by
53 50 8g 52 6 00
Lo 5h 97 1L 6 29
51 k6 10k 12 6 57
55 L8 97 52 6 31
43 59 80 45 5 23
66 35 61 37 L 06
L9 b Th 52 4 59
58 06 68 26 L 3k
63 L5 68 33 L 34
68 L7 81 15 5 25
hs 28 73 ks L 55
53 32 70 54 L bl
55 17 TT L6 5 11
46 18 T1 23 L ke
5h L8 66 L9 h 27
- 48 03 TT b 5 11
52 15 55 36 3 ho
48 57 5L 34 .03 38
53 19 60 25 L 02




APPERDIX B (CONTD.)
STATTOES PARTICIPATING IN NOCTILUCERT CLOUD PROGRAM AND CORRESPONDING

CO-ORDINATES ARD TIME CORRECTIOR TO GREENWICH TIME

LAT. N LONG. W TIME
deg. min. deg. min.CORRECTION
hrs. min.
ATLASKA
Anchorage (to273) 61 10 150 01 10 00
Aniak (70232) 61 35 159 32 10 38
Annette (70398) 55 02 131 3L 8 L6
Barrow (7o026) 71 18 156 b7 10 27
Barter Island (70086) 70 08 1h3 38 g 3k
Bethel (70219} 60 L7 161 L8 10 hé
Bettles (7017h) 66 5h 151 31 10 06
Big Delta (70267) 6L 00 145 Lk 9 43
Cape Lisburne (7010%) 68 53 166 08 11 Ok
Cape Newenham (70305) 58 39 152 oL 10 08
Cape Romanzof {70212) 61 k7 166 02 11 0Ok
Cold Bay (70316) 55 12 162 k3 10 51
College 64 54 148 06 9 52
Cordova (70296) 60 30 1ks 30 9 40
Eielson (70265) 6l 37 1h7 oL 9 Lo
Elmendorf (70272) 61 15 1ho 48 10 00
Farewell (702L48) 62 32 153 5 10 16
Fort Yukon (7019Lk) 66 33 145 12. 9 L1
Galensa (70222) 6L ko 156 5h 10 28
Gulkana {70271) 62 09 1hs 27 9 ho
Gustavus (70367) 58 25 135 Lo 9 03
Homer (7Oo3k1) 59 38 151 30 10 06
Iliamna (70340} 59 Ll 154 57 10 20
Juneau (70381) 58 22 13k 35 8 58
Kenai (70259) 60 3k 151 15 10 05
Kotzebue (70133) 66 52 162 38 10 50
Livengood 65 30 148 30 9 54
MeGrath (70231) 62 58 155 37 10 292
Minchumina {(702k6) 63 53 152 17 10 09
Nenana (70260) 6h 33 1hg 05 9 56
Nome (70200) 6k 30 165 26 11 02
Northeast Cape (70206) 63 19 168 58 11 16
Northway (70291) 62 57 1k1 56 9 28 -
8t. Paul Island (70208) 57 09 170 13 11 21
Sitka {(70371) 57 oL 135 21 9 02
Sparrevohn (70235) 61 06 155 3k 10 22
Stevens Village 66 00 1k9 06 9 56
Summit (70264) 63 20 1Lo 09 9 56
Tanana (70178) 65 10 152 06 10 10
Talkeetna (70251) 62 18 150 06 10 02
King Salmon . (70362) 58 L1 156 39 10 27
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APPENDIX B (CONTD.)

STATIONS PARTICIPATING IN NOCTILUCENT CLOUD PROGRAMME AND CORRESPONDING

10

CO-ORDINATES AND TIME CORRECTIONR TO GREENWICH TIME

Tatalina
Tin City
Unalaﬁeet
Yakutat

GREENLAND
Egedesminde

Godhavn
Holsteinsborg

Prins Christian Sund

-ICELAND

Eyrarbakki
Graenas
Keflavik
Reykjavik

(70117)

- (70207)

(70361)

{ok220)
(ok218)
{0h230)
(0k390)

(0k0o38)

(oko18)
{oko30)

LAT. N LONG W TIME
deg. - min. deg. min CORRECTION
hrs. min.
62 5k 156 00 10 2l
65 3k 167 55 11 12
63 53 160 48 10 43
59 31 139 ho 9 19
£8 ko 52 45 3 31
69 1k 53 . "31 3 3k
66 55 53 Lo 3 35
60 02 L3 07 2 52
63 52 21 09 1 25
6L 00 22 36 1 3k
63 58 22 36 1 34
6h 08 21 56 1 28






