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by
a \ Robert F. Dill ,}
1 On wany occasions and in differeni aress a phsnomcion here dessribed

as ‘shimmerin'* hos been ovsserved during diving cporations in water messec
é =4 &

thrt have sharp ithermal beunderises. Observaiions of this phencmenon have

1
|
besn wade in the waters off gouthern Celifornia and Tlorida by the writsr.
1 Limbavgh, (psrzonal communication) has obasrved s similar effect in the
Batewns that was so strong that undorwaisr photographic work had to be
dolayod. ¥Snimwering" o3 defined in this memorandum is the distortion of
light rays as they pass through or reflect from & turbulent thermal boundery.
Visual distoriien is often sessn on land when hot air rise® from a hut pave-
went surface, *Shimm»ring‘ has a similar visual affect in that there is
, algo & diztortion of the shape of objects viewed in tre viecinity of the i
|
|
thermocling.
’ 1 E
¥ . + - . s . i
' '7h*ﬂws«‘§ﬁ” has not bsen cbssived when thermal gradisnts are less than :
=0 . S o # 2 3 * i
3F. cver a distence of 5 feet of water depth. It, {tlorefors, appears that i
i
ths thermonling mudt be sharp for the phenomencn to teke place. In wany !'
instsnses whove "shimmering® has been observed there lhas &lso been a surrent !'
- !
shsar assaciated with the theormoclina. That is, therec is a change in current 1
s e P e . s T o e T it i e " o i i A N o . G Sl ) e, e i
o ; H
This memoraadur has beon propared bocauss 1t is belicved that the existence
b of
of this phsnomsnon may ba/aonside:able importance ir the {transmission |
L} i |
' scoustic eneorgy through the thermocline., Distribution ‘s intended
- iaterasied porgons at NEL, The Morine Physics Laboretory, and the Soripps |
w !
s 1
Institvtion of Oceunography. H
|
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veloolty which %akes place at the boundary hsiweon the water mass above and
belew the tharwocline. This ghesar at the thermooline has been measured by
welding vertiocal dye sivoalrs in the walter column end obsarving their distortion
; with time (Dill and LoFend, 1986).
In southsern (alifornia “shimmering® hss besn observed on differsni
:‘ occasions in ths coastal watsrs from the Mexicen border in ths south to as
{ far north as Point Concevtion. In general, the zone of "shiwmering" is only
6 inanes tec one foot thick and gsesms Lo be dependent on ths intensity of ths
thermocling {Figure 1). In southern Celifornia "shimmering" is resiricted
to the vicinity of the therucoline and is not found at any other plass in
the water column.
In contrast to the observations off southern Californis "shimmering®,

obgsarved in the Paname City, Ploride area, took place within the entirs

water moss ebove the thermocline (Figure 2). On this oscasion the visual

distortion was obsorved from the surface tc & depth of 30 {est which was the

depin eof a very sharp thermacline. AL this depth there wvas elso & sharp

boundary batween water curronts which developed e strong current sheer; the

water above the thermocline had & velooity of approximately one-half a knot |

and the water below had & veloeity that was too slow to measure. Wetor |

vigibility in the Panama City region was exceptionally geod during the obser-

vationsg having a horlzonlal visibility of approximetely 60 feet alvve the 19

thermecline ard 20 feot below tho thormocline.

ne oi' the immediate guostions that arises after ssolng tiie distortion

light reys underwater in the vicinity of strong thermal gradients is, what
i the effect on sound waves ag they pass through this sone of “shimmering®?

i { It may woell de that some of the losses in acoustic enerzy observed during

2 |
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oparaticns in the rield {farscle, Diil, wnacher end Volberg, 1956) ere

results of multiole rsfructionz and scatioring of scund energy by sush a
phenomani,
One possible explangaticon of the phenowsnon i3 the turbulence sst up
1 . 8t the thereal boundery. Swall pockets or cells of relatively cold or warm
‘ water would breel off into tne adjacont water mwaus Lorming streamiines of
! ; different density. IYf this is the case the dagres of turbulence might bs
detsrminad from the thickness of "shimmoering®. The acoustical effest would

likewiss hs relatad tc ths cell size. Anproximetions of zons of lighi distor-

»

tion appear to be 2 to & inches elthough actusl measursments have not as yel
besn made

It is planned that more infermabtion will ke gathared in ths future as
te slze, shepe, thermal faatures and effect on acoustic trensmission where
"shiomeoring" takes place.
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WATER MASS A

MODERATE SHIMMERING

SHARP ~—=s—= -
THERMOCLINE
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INTENSE SHIMMERING
3°F OVER LESS THAN
5 FEET OF WATER DEPTH

N

WATER MASS B

SEA FLOOR

GENERALIZED CONDITIONS COMMONLY FOUND WHEN “SHIMMERING" IS
OBSERVED IN THE SOUTHERN CALIFORNIA REGION.
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THERMOCLINE
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CONDITIONS PREVAILING WHEN "SHIMMERING” WAS OBSERVED IN AN
AREA OFFSHORE FROM PANAMA CITY, FLORIDA. IN THIS CASE THE
ENTIRE WATER MASS ABOVE THE THERMOCLINE EXHIBITS THE
*SHIMMERING” EFFECT.

FIG. 2




