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MOVEMENTS OF THE WATERS OF LOCH NESS, A3 INDICATELD
BY TEMPERATURE OBSERVATIONE
Ey B. R, WATEOHN, B.A., B.Sa.

The view thet the waters of the Beotilab [oche were at rest, spd that the
temperature change: were due ¢o the transmission of heat throogh the stagnani
waters, was long ago repdeced wotenable, In a paper® pablished fu the year 19638,
Hir John Murray showed that the distribution of temperature in the waters
of Looh Ness was very largely dependent on the foree and direction of the winds
blowing over the sorface of the loch. In counection with the Survey of the
Boottisk Lechs, which 1a being carrled on under the soperlntendsnce of Sir Jokn
Morray and br Lagrenee Fallar, it wns coosidered desirable to anderiske
dedailed atndy of the temperatare conditions of the waters of Loch Ness,

¥ Murray, ~ Cho the Efceis of Winds on the Distribation of Tempemture in the Sen
and Freah-walor Locle of the West of Reollnmd,” Saodl, Geogr. Mag., vol. iv, p, BE5, 1888,
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Apeordingly, I, together with Bir John Muwreay, Mro L AL Weddechurn,
aod other members of the Lake Survey Staff, eommenced in July, 1593, a
eystematic atudy of the temperatores of the differant slrata of water in Loch
Hess, As a first step, the temperatares wern taken ot the station wear Ford
Augustiss soveral times o dny for several daye Tomperature-depth curves
were drawn from thess okeorvations and examinsd. Fig 1 gives & fow of these
corvas.  Had the waters of he boch bien ab pest, there woald have been obesrved
congiderable regularity in the temperniure changes—a slesly seasonal rise of
tamperature compounded with a slight diurnal floetuation in the upper strata, and
the magnitude of the temperatane changes nlwoys smallse for the deaper strata than
for the upper strata, Thore was observed no such regularity in the temperature
changes, as will be soen by a glnes at Fig 1. Oo s ficet examinstion, it
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seemed that the bsmperature b any depth dowe to 300 fest was liable to lasge aud
#addan changes, by which it was either inereased o decreasad, apd there seemed
to be no relatbon or oo-ordination between the temperature changes ob different
depths.  The only conclosion which could be draws [rom such oheervations was
that the waters of the lake were continuslly movisg—ihat thers were conalderable
currents thronghoot the whole wolume of water from ihe eorface right down to
A0 foet st lensl, sod that the tempersture changes wers dae to thees curronts,
which were continuslly replacing the water at any owe point by water st some
other temparature.

The observatioas were now extended.  Oruises wepe made along the loch ina
ataann-laanch, and temparature serlea telon at four or five stations equally spaced
along the axis. It was Gound that thess largs and Lreegular temperature changes
wara ot confired 1o the statlon nesr Fort Angustus, but that changes equally lasge
noil irmegulnr oocamed st oll the stations.  Bat, at the same time, tke tam peratusea
n% any ona of the atatlons differed from those st the ciher statlong,
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In arder to study the observations made durisg cruises, n vectical loagitudinal
reation through ithe loch basin was made, nod vertical lines drawn a8 the observa-
tion aftatlons. The tsmperature chearvation: made were recorded ab the propar
distances balow the surface along these lines, anl feoihermal loes were dmwn
connecling the poinfs bavieg & eommon temperaturs, For cooveniends, the
isotberms 53°, 61°, 457, 47° Fahr, ete, were deawn, Swch s section i sbown
im Fig, 2.

It may bore be mentioned that Loch Neas is & long, narrow, strmight basin, and
it consequently it la possible, by menns of this voe vertical longitudinal seetion,
to give me almost pecfect repressatatlon of the distribation of beat throughowt

the loch,
By nn examinntion of o serieg of such dingrams, it was found that—
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(11 The dsdhrme are nesr horizoadal, bal ere declined of olf posile ougle,
sowme bidag, @8 o vule, sloping de the eppesile direction from oblers,

(2} Phe isodlerms ore condinwally aud quickly altering thelr fnclinations : the
changes are so great and raphkd that tho disgram drawn as the result of coe day’s
eruise woubd be found entirely different from that given by the precediog day®s
eTuise,

(%) The area between two cossecutlve isotherms remainsd practically conslant
from cme day to the next, although of course the shape of this area bad entirely
albered.

This Inst result wes of the greatest uss for s stedy of the corrents @ it mesnt
that the bulk of water ab any partbeulsr temperaturs remaioed practically constant,
although this water was belng contiouslly moved te and fro by currents, and that
if kb bad been poasible to replacs the lsothermal sucfnces by watardight Lat perfeetly
flexible membrands, then these membrunes would not bave affected the change:
oocurring in the loch, TBuab it b obwious that by wotching the movements of
such membrases we could have galned n great inaight into the current system of
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the loch—herse the atility of & study of the motioa of the isothirms, for they are
wothing but these hypothetical watertight partitions mada vhsible by temperature
observations,

An attempt was now made bo study the cause and methed of thess movements
of theisotherme—in other words, the current-system of the boch was pxamined.

It has loog biea beld by oceancgraphers that & wisd blowisg along the sacfce
of the ceasn will produce a surface-current in the same direction as itself, and such
d surfuea-surrent will necessarily produce consequent-currents.  Sir Jobm Murray
has shown the existence of sinilar curronts in several Spottish lochs,

By the use of thees suggestions it was found possible to make & short statemant
describing briofly, but accurately, the cause and mwods of movensent of the upper
isotherma, A wind Blowisg along the surface of the lock blows with it the bot
surfsce-wator, which is thus gatbered $o the Joo end of 1he basin, whilst colder waler
com#s £ Lhe sarfce at the windward end o take its place.  In terms of isotberms,
8 wind Llowing aleag the surfnce of the loch produces, of tends to produce, o slope
of the upper isctharma down towards the lee end of the loch, T say *tends to
produce,” becaisse the observations on Loch Nees show that n soath-west wind
producea Lhis efect much more easily than a north-cast wind, Thare seems to be
n predisposition on the part of the upper isotherms to slope down towards the
uorth-gast eod of the losh, This may be dus bo the hed-tefoot fow of the bodh,
which is from south-west £ north-cast,

But whilst the movements of the apper isotherms are thus eaaily sammarlzed,
those of the lower isotherma remained for o considerable time pomplets mystery.
It was matural to suppese that the deeper the lsotherm the less would 1t be
Influesoed by the winds, amd that pechags o strong wind would producs a slight
tilt in the deeper isotberms in the same direction as the tilt in the apper isctherms,
bt that, as n rula, the desper watera would remain uninfluencsd and at ret, and
that the deeper isotherms wonld e horizontal surfeces, This, bowevor, was found
to ke by oo means the state of alfaire. It was found that—

(o) Vary often the lower isctherms had s tilt in the opposite direction from the
upper isotherms 3

(51 There was pa mure approach to horizontality in the hewer isotherma than in
tho wpper

(e} Even after a protracted calm the isothorms were still not horisontal, snd
atill in mation,

To study these movements of the 1ower leotlerma, T mads use of ithe systsmalic
temperniure observations which have been dnken severnl times ndoy at the Fore
Augnstus stativn, begun July, 1903, sed continuwed rlght on ] the waters had
become of almost wniform temperature throughout. I drew curves giving the
changs with time of the tempersture at different depthe. Fig. & givea the
change with time of the temperature st 200 feet below the surfu-e.

Tho table on page 435 gives tho ohsorvationa from which Flg, 3 waa cow-
structed.

It will be seen that the tomperature st this depth at the Fort Angustas station
changed in a regulor periodic fashibon, the length of & perisd being about three days,
and the differenca of temperature between & maximam and s wisimum baing about
5% Fubr. By drwing similar curves for other depthe, T foapd that af greater depths
the tomperatase arhibited the sams periodic change, the length of the period belog
the sams and the phase the sme, whilst the amplitude got lesa snd lass the greator
the depth of the poict considered. Similarly, at lasa depshe than 200 feab the
change had the same pariodiclly and the sume phass, and agan smallar amplitads
than al 200 feet, bat hers the rogular nature of the change was somewhal obsecwred,
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apparently by olber changes oocarring st the mme time=—=thoss chonges due to the
wind which we bave alrowdy mentiooed.

Loca Ness, Fonr Avevates Stamion, TEMPERATURE oF WaTem AT 200 FEET
EELOW MURPADE,
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In terms of isotherme, thees obesrvations revesled & pesdulous swingiog of the
onda of the lseihermes, the nmplitude of the swing being greatest for the isotherm
in the region 200 feet below the surface, and dvlng off beth above and below ihis
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rogion. A fow oiher obeervations taken almullanesusly with theso at other parts
of the loch show that the isotherma are ewinging as & whole about 4 transverse
central axfs.

To what an this swinglog be dus?

If we take along rectanguolar trough with glae sides, and pat inta it a layer
af water, and above the water o bayer of lighter ofl, and then disturb the aresnge-
mient, coe of the movements chserved will be a ewinging of the interfacs between
the cil snd water. The longer the trough the slower will be the period of this
movemsent ; a lasge differencs of density botween the spper and lower liguids will
give a quick period, and a small diferencos of demsity & slow period, The time of
swing san be calowlated from the formula— ;

2t
[yl =p')

i=
PR
VAR
whare { = thme of swing,
t = lengih of n'u-ug'h,
# = denslty of upper layer,
¢ = demsity of lower layer,
' = depth of upper layer,
A4 = depth of lowar luyer,
7 = acealeration due bo gravity.

HMow, in the ook wo have warmer, aod therefore lighter, water Iying abowva
codder and heavier waler, aod, roughly speaking, the grestest temperature changs
cccurs abont 200 fest below the surfsce. 50 il sedma to me thei, after a suitable
dlaplacoment, the waters may swing with n movement similar o thal observed in
the trough, the warmer upper waters takiog the place of the oil, nnd the isotherm
in the rogion of most obrupt temperature change, @0 st sbout 205 feat, taking the
pace of the interfece batweon the ofl and water, Buoch & swinging would produece
ihe obeerved periodicity in the temperntures, would acecunt for the ohesrved fact
that somatimes the lower isctherms sre tilted im & diceotlon opposite from that of
the upper kBolhernss, and for the fecl that sven aftern protracted calm the isotherme
are @il in motion,  Toe ealeulate exoctly the period of sach a ewinging woeld be
o very diffiould msbier, bul we can oblalo an approzimate valee by asuming that
the waters above 200 fet are of n uniform wemperstore equsl te the mean, and
similocly for the waters below 200 feat.

Thus in Awgast we shonld hayve—

¢ = dansity of wnter ot 5075 Fahr. = ro0o704
p = deasity of water at £5° Fahr, = 0-5000ES
alao we have—

A = 30Ky feat

& = 400 feet

1 = 131,000 feot
From which we ealealate—

¢ = 08 hours

which is of the same arder aa the perisd observed,

Bince winds prodoce n tilé in the isstherms, aod the stronger the wind the
preater the dopth to whick lte effect la felt, it seome probable that these swlngiag
nre started by strong winds which are able to displace the isotherms ln the eritical

raglon.
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It is very important that the cheervations which have besn begun in Loch
Nema ghould be conticued and amplifisd, in order that we moy learn mors abont
this extraordinary phenomencn. Up to the present we have only routine obsarvs-
thoma &b oae atation, tnken at intorvals of several howrs,

During the mext season It will be possible to usn the eleotrical thermometers
which have now been mtisfectorily installed at Fort Augustas, scd thos o oheain
& continucns repord of the temperatnre change nt o saitable depth at the Foct
Augusins sfaticn. Besides this recard, it is very important that wo should have
simultaneons ohearvations st other statione, 2ay a4 the centro of the lock and at
the morth-sast end, in order thot the movemants of the isstherms thronghout their
while longth may be etndled, Thess chesrvations should extend over a oom-
sldarable period,

It meoms probable that similsr movements will exist in other lochs, asd
it woull be excesdingly ioteresting to dotormine the periods of amch  moye-
ments in basing of diferent dlmenslons, bat for the pressst i would be
preforable to sindy the phenomenon more thoroughly in Loch Ness, I may
mention, bowerer, that Prof, Forel balinves that esrtaln observations which be las
muaibe in Lake Geneva may pechapa ke explained by the existence of similar move-
munte in thie lake, and that he intends during the fortheoming season to look
farther into the matber,



