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Sunsetat theParanalObservatory in Chile, siteof
theVeryLargeTelescopes.Consideredby many to
the bestlocationon Earthfor high resolutionAs-
tronomy. (CourtesyESO.)

An observer, be they at a mountaintop observatory, or in their own backyard must,at all times
contendwith theEarth’s atmosphere.It is a notoriouslyunpredictableandlimiting factorin obtaining
fine views of the Planets,andclosebinary stars. Many often comment,that seeingis all too often
mediocreon mostnights,but whatarethe factorsthat contribute to this?. Are therewaysandsigns,
which indicatewhethertheatmosphere,will bestableor turbulentonagivennight?.

1. TheCauseof seeing.

So what exactly is atmosphericseeing? It is high frequency temperaturefluctuationsof the
atmosphere,andthemixing of air parcelsof differenttemperatures/densities.This behaviour of
the atmosphereis seenat the eyepieceasa blurred,moving, or scintillating image. Thereare
roughly3 mainareaswhereAtmosphericturbulenceoccurs.Neargroundseeing(0 – 100metres
or so.) centraltroposphere(100m– 2km), andHigh troposphere(6-12km.) Eachareaexhibits
differentcharacteristics,whichareexplainedin moredetailbelow.

2. LowerAltitude effects.

Theair nearthegroundis wherethegreatmajorityof turbulentairflow of theatmosphereoccurs,
whichof coursehappensto betheareawherethegreatmajorityof amateurobserversarelocated!
This is causedmainly by areas(houses,other building etc) of varying densityradiatingheat
differently, resultingin local convectioncurrents.This is causedwhentheSunheatstheground
during theday, andtheheatis thenradiatedaway at night. An un-varyingtopography, suchas
grassyfields,andlargebodiesof waterarefavourableto observe over, at they radiatethestored
heatfrom thedaymoreslowly andequally.

Also the telescopeitself canperturbthe image,if it hasn’t reachedambienttemperature,this
will result in a “boiling effect” whenviewing. Oneshouldleave their scopefor at least1 hr
prior to observingandprobablylonger. Also certaintypesof telescopeandobservatoryaremore
proneto turbulence.Newtonianreflectorscanbetroublesomeif not properlyventilated,ascan
SchmidtCassegrain?sif not left to cool for long enough. As for observatories,Domeshave
poorercharacteristicsfor stableseeingthanrun of roof designs.

3. Mid- Altitude effects.

Theturbulenceatthesealtitudesis determinedlargelyby thetopographyupwindof theobserving
site.Henceagain,living downwindof a largecity, or denselypopulatedarea,mountainrangeor
othervery variedtopographywill perturbtheatmosphere.Downwind of a mountainpeakwill
disrupttheairflow into turbulenteddies,resultingin scintillatingimages.Thiseffect canprevail
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asfar as100kmdownwind of thepeak.In this aspect,it is bestto observe wheretheprevailing
windsacrossyoursitehavetravelledoveranunvaryingterrain(largebodyof wateror hills/fields
for many milesupwindof thesite.)Thiswill helpproducea laminarflow, andstableimages.

4. High Altitude effects.

Effectsat this altitudearecausedby fastmoving “ri vers” of air known asJetstreams.Wind
shearsat aroundthe200-300mbaltitudelevel cancauseimagesto appearstable,but very fuzzy,
anddevoid of fine detail. Thereisn’t anything theobserver cando to prevent theseeffects,but
forecastsareavailable,to helppredictweathera Jetstreamis presentover your area.Areasof
theNorthernhemispheremostaffectedby thePolarjet streamaretheCentralUS,Canada,North
Africa, andNorthernJapan.TheJetstream’s positionvarieswith theseasons,tendingto move
furtherSouthduringthewinterandspringmonths.

5. Wherearethebestlocationsfor goodseeing?.

The world’s finest locationsfor a stableatmosphereare mountaintop observatories,located
abovefrequentlyoccurringtemperatureinversionlayers,wheretheprevailingwindshavecrossed
many milesof ocean.Sitessuchasthese(La Palma,Tenerife,Hawaii, Paranaletc) frequently
enjoy superbseeingmuchof theyear, (with measuredturbulenceaslow as0.11arcsecondsoc-
curringattimes)dueto alaminarflow off theocean.Sealevel locations,onshorelines,wherethe
prevailing windshave crossedmany milesof ocean(Florida,CaribbeanIslands,CanaryIslands
etc) canbe almostasgood,andgenerallyvery consistentandstableconditionsprevail there.
Also a major factor is generallyunvaryingweatherpatterns,dominatedby large anti-cyclones
(High pressuresystems.)Areasoutsidetheselarge high-pressuresystemshave morevariable
weather, andaremoreproneto amorevariablestateof atmosphericstability.

Other, lesswell know locationswhereexcellentstability prevails are the Islandof Madeira’s
highestpoint(EncumeadaAlta, 1800m)whereseeingis betterthan1?arcsecond50(Uzbekistan,
2600m)themedianseeingvalueobservedfrom 1996-2000wasjust0.69arcseconds,presenting
a sitewith propertiesalmostasgoodasParanalandLa Palma.

At left is a diagramshowing how
mountainsbreakup stableairflow
into turbulence. Note the differ-
encein the probableviews from
site A (facing into the prevailing
winds off the ocean)and site B
(Locatedon thedownwindsideof
themountainpeaks.)

6. Predictingyour local seeing.

So is it possibleto predictAtmosphericseeingwith any accuracy?. The answerto this is yes,
mostof thetime. For examplepoorseeingwill almostalwaysoccurafteracold front haspassed
over, replacingthe warmerair, with coolerair, which often givesrise to local convection,and
turbulent skies. However, precedinga cold front the air is warmer, andmorestable. This is
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especiallytruewhena largeHigh-pressuresystemhasbeenpresent,andmist or fog forms. At
thesetimes,transparency canbereduced,but seeingcanbeexcellent. It is alsomy experience
that strongwinds areoften associatedwith poor seeing.Anotherthing to look out for is what
type of cloudsarepresent. Lots of cumulusforming in the afternoondue to convectionwill
probablymeanseeingwill bepoorfor severalhoursaftersunset.However if thewindsarelight,
andhighaltitudecirrusshowsasmoothlinearpattern,thisoftenindicatesthattheseeingwill be
good. It wasalsooncethoughtthat maritimelocationswerefar from optimal for goodseeing
conditions,but aswehaveseenearlierin thearticlethis is oftenfar from thecase.

An eveneasierway to quickly gaugeif agivennightwill presentfine telescopicviews is to sim-
ply seehow muchthestarsaretwinkling. If they twinkle little, andslowly, it probablyindicates
seeingconditionsarereasonablygood.However, if they aretwinkling madlyits probablyasign
theviewswill bepoor. Thisbasicmethoddoeswork quitewell, but isn?t100turbulenceprevails
will not show itself asnoticeabletwinkling, andonemustsimply look throughtheir telescopeto
seewhat?shappening.

At left is adiagramshowingacold
front, and associatedair masses.
The air preceding the front is
older, and warmer, and gener-
ally quite stableasthe ground/air
temperaturedifference is small.
However, after the front passes,
the warmer air is replaced by
coolerair, resultingin significant
local convection causing turbu-
lence.Seeingwon’t improveuntil
theground/airtemperaturesagain
equalize? this usually takessev-
eralhours.
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