
CHAPTER 5

TEMPERATURE

5.1 GENERAL. A full descriptionofThermometers,Psychrometersandassociatedequipmentisgiven
in InstrumentManuals20and30. Thereforetheinstructionsin thischapterareconfinedmainlyto tempera-
ture observingprocedures.

5.1.1 Definition. Thetemperatureof abody istheconditionwhichdeterminesitsability to communicate
heattootherbodiesor toreceiveheatfromthem.In asystemof twobodies,thatwhichlosesheattotheotheris
saidto be at the highertemperature.

5.1.2 ReadingtheThermometer.The main stepsin readingthermometersaregiven below:

(a) standas far from the thermometeras is consistentwith accuratereading,to preventbody
heatfrom affecting the thermometer.

(b) ensurethatthelineof sightfrom theeyetothetopof theliquidcolumnmakesanangleof 90
with thethermometertube,to avoidanerrordueto parallax.

(c) readthe thermometerto thenearesttenthof adegree.

(d) recheckthe readingto ensurethatit was not misreadby five or ten degrees.

5.1.2.1 Whenreadingsarerequiredfromtwo ormorethermometerstheyshallbeobservedin thefollowing
order:

Dry Bulb

Wet Bulb

Maximum

Minimum
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5.1.3 CorrectionCards.Thermometercalibrationsaregivenon acorrectioncardsuppliedwith eachther-
mometer.Correctionvaluesfromthis cardshallbeappliedto thermometerreadingsto obtainthe truetem-
perature.(If acorrectioncardis lost orbecomesunreadable,areplacementcardshouldbe requestedfrom
RegionalHeadquarters.Be sureto useasparethermometerwith its correctioncardwhile awaitingthere-
placementcard.)

5.1.3.1 The following is acopy of acorrectioncardfor Minimum ThermometerNo. NP 67000:
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5.1.3.2 Wherethegraphisabovethe0referencelinethetruetemperatureiswarmerthanthatshownby the
thermometer;for example,whenthisthermometerreads—13.0it hasacorrectionfactorof +0.2,thusthetrue
temperaturewould be—12.8.

5.1.3.3 Wherethe graphis belowthe0 referenceline thetruetemperatureis colderthanthatshownby the

thermometer;for example,whenthisthermometerreads17.0,it hasacorrectionfactorof—0.2,thusthetrue
temperaturewould be 16.8.

5.1.4 Freezingof Thermometers.Mercuryfilled thermometers(ordinary,maximum)freezeatapproxi-
mately—39 0C,andspirit—filled thermometers(minimum)wellbelow—750C. Mercurythermometersshallbe
movedindoorswhenthe temperaturefalls to within 2 degreesof their freezingpoint,—37 0C.

U

2

MI

I
C

.1.0

0.5

U

I
I-

Ml

-0.5•

.1.0

x



5—3

Amend.No.1l
Dec.1991

5.1.5 The StevensonScreenis alouveredwoodenboxespeciallydesignedto shieldthermometersfrom
theeffectsof radiation,whileatthesametimeallowingthefreeflow of air overthethermometerbulbs. Ordi-
nary, maximumandminimumthermometersareexposedin it. Thescreenis solocatedasto haveastandard
exposurein orderthatmeaningfulcomparisonsof temperatureobservationsmaybemadebetweenstations.

5.1.6 ThePsychrometer.Thepsychrometerisadevicefordeterminingthemoisturecontentoftheair. It
consistsof two“ordinary” thermometersplacedsideby side,oneknownasthe“dry bulb” andtheotherasthe
“wet bulb”. Thebulbofthe“wetbulb” thermometeriscoveredby athin wetcloth orwith acontinuousfilm of
wateror ice.

5.1.6.1 In ordertoobtainrepresentativetemperaturesthepsychrometerrequiresventilation. In somecases
thenatural movementof air is relied upon andthe arrangementis knownas a“simple” or non—ventilated
psychrometer.Artificial ventilationisappliedinothertypes,suchasthe“sling psychrometer”andthe“motor
psychrometer”(ventilatedpsychrometer).A motor psychrometershouldbe turnedon atleasttwo minutes
beforethe thermometersarereadto allow equilibriumto be obtained.

5.2 DRY BULB TEMPERATUREis the valueobtainedafterthe appropriatethermometercorrection
hasbeenappliedto theobservedreadingof an“ordinary” thermometer.If anymoistureisfoundon thedry
bulb, it shallbewipedoff andashorttimeallowedbeforereading,topermitthethermometertoreachequilib-
rium. Whenthedry bulbhasbeenmovedindoorstopreventthemercuryfreezing(para.5.1.4)thespiritcol-
umn of the“minimum” thermometershallbe readto obtainthecurrentdry bulb temperature.

5.2.1 Dry bulbtemperaturesmaybereadandrecordeddirectly from theleft displayof theAES Remote
TemperatureandDewpoint(1987)System(RTD—87), at stationssoequipped. Operatinginstructionsare
found in Section4 of the TechnicalManualTM 02—04—01.

5.3 WET BULB TEMPERATUREis the valueobtainedafterthe appropriatecorrectionhasbeenap-
plied totheobservedreadingofan“ordinary” thermometerwhosebulb iscoveredbyathin film ofwateror by
athin coatingof ice. Thewet bulbthermometeriscooledbyevaporationof thewaterorby sublimationof the
ice. Thewetbulbtemperaturediffersfrom thedry bulb temperatureby an amountdependenton the moisture
contentof theair andis normallythesameas,or lower (colder)thanthedrybulbtemperature.Thedifference
is called the “depression”of the wetbulb temperature.

5.3.1 Depressionof the wetbulbtemperatureshallbeobtainedby subtractingthevalueof the wet bulb
temperaturefrom the valueof the dry bulbtemperature.
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5.3.2 NegativeDepression.On someoccasionsthewetbulbtemperaturewill behigher(warmer)thanthe
dry bulbtemperature,resultingin a“negativedepression”.When thisoccurs,thesubtractionof thewetbulb
temperaturefrom thedry bulbtemperatureshall be donealgebraically.

Example: Dry Bulb Temperature~3~3a

Wet Bulb Temperature—3.2

Depression—0.1

5.3.2.1 Thedepressioncan benegativeonly whenthewetbulbisactuallycoveredwith iceandthehumidity
is very high. Fog,precipitationor theformationof rime iceis usuallypresentinsuchcases.Whenanegative
depressionis observed,the observershouldcarefullycheckthe following points:

(a) hastoo heavya coatingof icebeenallowedto accumulateon the wetbulb?

(b) hassufficienttimebeenallowedsincewettingthebulbforthetemperatureto fall to atrue
wetbulbreading?

(c) havethe thermometercorrectionsbeenapplied?

(d) is theremoistureon thedry bulb?

5.3.2.2 If fog, precipitation,rime,ice,etc.,isnot occurringwhenanegativedepressionisobserved,or if any

depressionisobservedwhichisoutsidethevalueslistedin thepsychrometertables,acheckreadingofthewet
anddry bulb thermometersshallbemadein theperiod betweenobservations.Themuslinor coatingof ice
shall beremovedfromthewetbulbandboth thermometersoperatedasadry bulb. After sufficienttime has
elapsed,the thermometersshall be read,correctionsapplied,andtheresultingtemperaturescomparedand
recordedundernotes.If thethermometersdiffer bymorethan0.1 ~ thischeck,theyshallbecheckedagainst
aspareandthedefectivethermometerreturnedfor replacement.Theabovecheckshouldalsobeperformedat
anytime whenthe psychrometerdataappearunreliable.

5.4 OPERATIONOF THEWET BULB. To obtaincorrectresultsfrom apsychrometerit is essential
that thewet bulbbe given frequentandcareful attention. Detailedinstructionsaregivenbelow.

5.4.1 Cleanliness.The wet bulbandeverythingconnectedwith its operation,(wicks, muslin sleeves,
water,observers’hands,etc.) shall be keptclean.
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5.4.2 WaterSupply. Commercialdistilled water, if available,shouldbe usedbut cleanrain water(rain
collectedin citiesisnotusuallycleanenough)orcleanmeltedsnowissatisfactory.Ordinarytapwaterorwell
watershallnotbeused.Any impuritiescontainedin the waterwill beleft on themuslinandwick asthewater
evaporates,causingthewetbulbto readhigherthanit should. Thewatercontainershallbekeptatleasthalf
full andcheckedfrequently.

5.4.3 Muslin Sleeves.Sleeveswhich fit overthe bulb of anordinary thermometeraresupplied. They
shouldbetiedtothe neckofthe thermometerbulbwith apieceof fine thread. If thesimplepsychrometeror
motorpsychrometeris used,thesleeveshouldbechangedonceaweek(moreoftenin verydustylocations,as
atsomeairports). If theslingpsychrometerisemployed,thesleeveshouldbechangedatleastonceamonth.

5.4.4 Wicking. A wick of specialrayonyarn,just sufficientfor onethermometeris attachedto thewet
bulb thermometer.Thebestmethodof attachingthe wick is to makeaslipknot in a loop, andpull it tight
aroundthe thermometerjustabovethebulb. If it is immediatelywettedit will stayin place. Thewick shall
runhorizontally from thewatercontainerto thebulbvandshallnot beallowedto fall downoverthesidesof
thebulb. The wick shouldbechangedonceaweek,thesameasthe sleeve.

5.4.5 RayonTubing. Rayontubing is alsoprovidedwhichservesasbothmuslinandwick. Oneendof a
lengthof tubing(about20cm)shouldbetiedto thethermometerbulb,andtheremaindershouldstretchhori-
zontally to the top of the watercontainer.

5.4.5.1 In general,a wick of rayon tubingwill be found mostpracticalduring the summermonthswhen
temperaturesareconsistentlyabovefreezing. However,during the springandfall whentemperaturesare
likely to fluctuateaboveandbelowfreezing, it is betterto useawick ofrayon yarntogetherwith amuslin
sleeve,forreasonsgiven below.
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5.4.6 OperationBelowFreezing.

5.4.6.1 Removalof RayonTubing. Rayontubingdoesnot makeasuitablecoveringfor thewetbulbwhen
thetemperatureisbelowfreezingbecausetheicecoatingformedwith it is toothick. Therayontubingshallbe
replacedby a muslinwithoutawick whenthewet bulbtemperaturegoesbelow0 C.

5.4.6.2 Removalof Yarn Wick. If a simplepsychrometeris in usethe wick shouldberemovedwhenthe
wateronit is frozen.Whereamotorpsychrometeris in use,thewick shouldberemovedwhenthetemperature
isexpectedtogo belowfreezing,lest thethermometerbedamagedduringtheremovalof afrozenwick. When
thetemperaturefluctuatesaboveandbelowfreezing,andthewick is removed,themuslinshouldbe lefton
andthewetbulbwettedbeforeeachreading.Whennot frozen,thewetbulbshouldbewettedaboutfive min-
utesbeforeeachreadingif usedin asimplepsychrometer;in amotorp sychrometerit shouldbewettedabout
two minutesbeforereading.Experienceon the partof theobserverwill indicatethetime required. If not
enoughtimeisallowed,thewetbulbwill not havereachedasteady,equilibriumtemperatureby thetime it is
readandthecorrectwetbulbtemperaturewill notbeobtained;belowfreezing,follow theinstructionsin para.
5.4.6.3.

5.4.6.3 Removalof MuslinSleeves.From0 Cdowntoabout—lOCathincoatingof iceonthewetbulbcan
bestbemaintainedby leavingthemuslinonthebulb. However,at lower temperaturesthemuslinshouldbe
removedandacoatingof iceformedon thebulb itself. This is ageneralrule andthestatedtemperatureof—I 0
C is not intendedasarigid specification.Thefrequencyof observationswill influencethisoperationandthe
observershouldusehis ownjudgment.

5.4.6.4 FormationofIceCoating.A freshcoatingof iceshallbeformedon thewetbulbbeforeeachreading
in sufficienttime to allow equilibriumto be reachedbeforethetimeof reading;fifteen minutesormoreare
usuallyrequired.If hourlyobservationsarebeingtaken,it will usuallybeadequateto formanewicefilm on
thebulbaftereachobservationsothatit will bereadyforthenext. Toform afreshcoatingof ice,thebulbshall
bedippedin purewateruntil theindicatedtemperaturerisesto afewdegreesabovefreezing;thisensuresthat
all theold iceis removed.Thenwithdrawthebulbfromthewater,hold thethermometerin apositionnearly
horizontal,androtateit slowly until thewatercoatingturnsto ice. Thismethodproducesan evencoatingof
freshiceon thebulb,with orwithoutmuslincovering,andpreventstheformationof anicebuttonon thebulb.
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5.4.6.4.1The wet bulbof the slingpsychrometershouldbe wettedimmediajelybeforeit is used.

5.4.6.4.2If. in freezingweather,thethermometeris watchedafterit hasbeenmoistened,it will beseento fall
to slightlybelow00C, andthensuddenlyriseto 00Cremainingatthattemperatureforaboutaminuteuntil all
thewateris frozen;thenit will descendto its properwetbulbtemperature.If thetemperaturefallsstraightto
its final reading,wijh no pauseat00C,it is highlyprobablethatthewaterhasnotfrozenon thebulb(watercan
existin asupercooledstateattemperaturesseveraldegreesbelowthefreezingpoint). It canusuallybedeter-
minedfromtheappearanceofthebulbwhetherit is coveredwith iceorwater,butif thereis anydoubt,freez-
ing can generallybe initiatedby touchingthebulbwith afragmentof iceorsnow. As thewaterfreezes,the
temperaturewill rise toward00C, andthenfall again.

5.4.6.4.3Numerouscoatingsof iceshallnotbeallowedto accumulateon thewetbulb,ascorrectresultswill
not beobtainedbecauseof thepoorthermalconductivityofthe ice,andthethermometermaybebrokendur-
ing removalfrom thepsychrometerduct.

5.5 MAXIMUM TEMPERATURE

5.5.1 This is the highesttemperaturereachedduringthe interval underconsideration.Maximumtem-
peraturesmaybereadandrecordeddirectly from theleft displayof theAESRemoteTemperatureandDew-
point(1987)System(RTD—87),at stationssoequipped.Operatinginstructionsarefound in Section4 of the
TechnicalManualTM 02—04—01. At stationsnot equippedwith theRTD—87, themaximumtemperatureis
the highestof the following values:

(a) Thevalueobtainedaftertheappropriatecorrectionhasbeenappliedtotheobservedreading
of the maximumthermometer,or

(b) Thehighestcorrecteddrybulbtemperatureduringtheperiodunderconsiderationprovided
that readingsweretakenathourly intervals,or

(c) Thehighesttemperatureobservedfrom hourly readingsof the spirit column of the mini-
mumthermometer,whenthemaximumthermometerisoutof serviceorcannotbeuseddue
to low temperatures(below —37 C).

5.5.2 At stationswhichoperateduringpartoftheday,sevendaysaweek,butdo nottakeanobservationat
0600Z,the thermographchartin conjunctionwith the maximumthermometermaybe usedto obtainmaxi-
mum temperaturedata. (para10.4.4.1andpara. 13.3.4.1).

5.5.2.1 At suchstations,if collocatedwith an automaticstation,maximumtemperaturedatamaybeob-
tainedfrom the automaticstation(para.10.4.4.4andpara.13.3.4.4).
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5.6 MINIMUM TEMPERATURE

5.6.1 This is thelowesttemperaturereachedduringtheintervalunderconsideration.Minimumtempera-
turesmaybereadandrecordeddirectlyfrom therightdisplayof theAESRemoteTemperatureandDewpoint
(1987)System(RTD—87),atstationssoequipped.Operatinginstructionsarefoundin Section4 of theTech-
nical ManualTM 02—04—01. At stationsnot equippedwith the RTD—87, theminimumtemperatureis the
lower of thefollowing values:

(a) Thevalueobtainedaftertheappropriatecorrectionhasbeenappliedtotheobservedreading
of the minimumthermometer,or

(b) Thelowestcorrecteddrybulbtemperatureduringtheperiod underconsiderationprovided
thatreadingswere takenathourly intervals.

5.6.1.1 If the minimumthermometeris out of service,the lowestcorrecteddry bulbreadingshallbere-
cordedasthe minimumtemperatureprovidedthat readingsweretakenathourly intervals.

5.6.2 At stationswhichoperateduringpartoftheday,sevendaysaweek,butdonot takeanobservationat
0600Z,thethermographchartinconjunctionwith theminimumthermometermaybeusedtoobtainminimum
temperaturedata(para. 10.4.5.1 and 13.3.6.1).

5.6.2.1 At suchstations,if collocatedwith an automaticstation,minimumtemperaturedatamaybe ob-
tainedfrom the automaticStation(para.10.4.5.4andpara.13.3.6.4)

5.7 RESETTINGAND CHECKREADINGS - MAXIMUM AND MINIMUM THERMOMETERS

5.7.1 Themaximumthermometershallberesetafterthereading.Toreset,removethethermometerfrom
its supports*,graspit firmly attheendoppositethebulbandhold it with thebulbdown.Allow themercuryto
comeinto contactwith the constrictionbeforestartingthe resetmotion. Swing the thermometer,briskly,
throughan arcthatpreventsthebulbfrom rising abovethe horizontal.Thisisto preventdamageto thether-
mometer.

5.7.1.1 Re—checkthereadingafterresetting.This is toensuretheresetvalueisrepresentativeof theambient
temperature.

5.7.2 Theminimumthermometershallberesetafterreading.Toreset,removethe bulbendfrom its sup-
portandraiseit until theindexslidesdownandrestsagainstthemeniscus.Thebulbendshallthenbecarefully
returnedto its support.

*Note: The maximumthermometeris positionedhorizontally in theStevensonScreen,BELOW themini-

mum thermometer.Its bulb shouldbeslightly lower thantheoppositeend.
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5.7.3 Checkreadingsof maximumandminimumthermometersshallbemadeaftereachresetting.Thisis
doneto checkfor the occurenceof breaksorbubblesin the columnandto ensurethat thethermometersare
resetcorrectly.

Note: Maximumthermometersmanufacturedby theJUMOcompanymayappearto haveashortbreakin the
mercurycolumnin theareaof theconstriction.Thisbreakiscausedbyasmallglassrodinsidetheboreof the
thermometer.Noattemptto re—unitethecolumn in thisareashouldbemadeafterthethermometerhasbeen
resetto thecurrentairtemperature

.

5.8 GRASSMINIMUM TEMPERATURE

5.8.1 Thegrassminimumtemperatureisusedmostlyto provideinformationon “ground frosts”at night.
It is obtainedfrom aminimumthermometerexposedhorizontallyovershortgrass(about8cm high)with the
bulb of the thermometerjust touchingthetipsof thebladesof grass.

5.9 THERMOGRAPHS

5.9.1 Many stationsareequippedwith thermographsfrom which acpntinuousrecord of temperature
againsttime maybeobtained.Referto Manuals21 and22. Although thethermographis not regardedasa
primarystandard,it maybeusedas areferencefortemperaturedata(maximumandlorminimumfor6, 12,or
18 hours,temperature12 hoursago,etc.) which occurredduring periodswhenthe weatherwatchwas not
continuous.

5.9.2 When temperaturedata,requiredin thecompletionof Form63—2322,arenot availablefrom maxi-
mum,minimumordry bulbthermometers,thethermographmaybeusedto obtainCORRECTEDtempera-
turesprovidedthatthefollowing procedures(additionalto thosein Manuals21 and22) areobserved:

(a) Thethermographshallbehousedinathermometershelterlocatedno fartherthannecessary
fromtheonewhichcontainsthedry bulbthermometer.It maybepossiblein somecasesto
locatethethermographandthethermometerin the sameshelter.

(b) At eachtimeof chartchange:

(i) adjustthethermographsothatthe temperatureindicatedby thebeginningof the
traceon the new chartagreeswith thedry bulb temperatureat the time of chart
change.

(ii) enterthedry bulbtemperaturetothe nearestdegreejustabovetheendof the tem-
peraturetraceon the chartjustcompleted.
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(c) At thetime of eachmainsynopticobservation:

(i) makeatimecheckmarkacrossthetraceby raisingandlowering thepenthewidth
of two printed temperatureintervals.

(ii) enteraboveeachtimecheckmarkthedifference(in wholedegreeswith properal-
gebraicsign) betweenthe thermographreadingandthe correspondingdry bulb
temperature.

For example:

Thermograph Dry Bulb Difference

Reading Reading (correction)

14 15 +1
21 19 —2
-4 —3 +1
+1 —I —2

10 10 0
(d) Adjust thethermographpromptly, if atanytime,therecordertraceisin errorby morethan

1.5 C.

(e) Exceptforreadingandroutinemaintenance,the thermographshallbeke~Pt in theappro-
priatescreen.

5.10 WATER TEMPERATURE

5.10.1 Designatedstationsarerequiredto measurewatertemperature.Specialinstructionson theuseof
thethermometersandotherspecialequipmentaregiven in InstrumentManual20.

5.11 COMPUTERGENERATEDTEMPERATURES,DEWPOINTSAND HUMIDITIES

5.11.1 Theseinstructionsarefor useby sitesthatareequippedwith softwarewhichwill applycorrections
to readingsof ordinary,maximum,andminimumthermometers,will calculatedewpointandrelativehumid-
ity, andwill selectmaximumandminimumtemperaturesfor the various synoptichoursbasedon up to the
previous30 hoursof temperaturedata.

5.11.1.1 Enterall temperaturesdirectly as read,to the nearesttenthof a degreeCelsius,on the datainput
screen.Dependingon stationequipment,readingsmaybe derivedfrom dry and/orwet bulbthermometers,
maximumandminimumthermometers,theAESDewcel,a RemoteTemperatureIndicator,or theAES Re-
moteTemperatureandDewpoint(1987)System(RTD—87).

5.11.1.2Althoughobservingandrecordingproceduresaresimplified,no changeismadeto stationoperating
procedureswith regardtotheoperationandroutinemaintenanceof thedewcel,wetbulb,maximumandmini-
mumthermometersandothertemperature/humiditysensors.


