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Chapter Two

TEMPERATURE,

ables announced.on wenther reports and forccam
r molcculcg",ha,'

In ordinary terms, temperature is a measure of how hot or cold an area/substance is. The totg) ener
emilted by these molecules is called heat, v

Temperature as we shall later scc plays an important role in influencing the weather of a Place becyy,

IWresults into changes in ajr pressure (weight of air above a given surface) which triggers air movemen
convergence, condensation and Precipitation, '

Temperature seale

There are 3 basie scales used in the measurement of temperature - the Celsius scale, the Fahrenhej
scale and the Kelvin scale, : : ;
The Celsius scale was established by a Swedish astronomer called

temperature scale has got a numerical convenience of 100 degrees int
of ice and the boiling point of pure water.

Anders Celsius ip 1742, Thjs
erval between the melting poin

The Fahrenheit scale was introduced by German scientist called Gabricl Fahrenheit,

€2 thermometer containing the 2 scales is immersed in freezing water.the Fahrenheit scale will rea
32° F while the Celsius scale will read 0°C, In boiling water at sea !evel, the readings will be 212
and100°C. Today this cumbersome temperaturd scale is highly used in USA.,

The Kelvin scale is a more direct and clear way of showing temperature, On this scale, temperature is

the number of degrees above absolute zero. Absolute zero is a point where there is no moleculac
motion and at that temperature, a substance does not emit any electro magnetic radiation,

The comparison of the 3 temperature scales.
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femperature measurement
The instrument used in the monitoring of temperature varintion is called a thermometer,
o n . 1 . .
Thunn(;uit C((lm\mon thermometer was invented in the C17"and [t consists of an in glass tube attached to
T]g'ir'C T?\i slclnle_. The liquid is either mercury, which freezes al =39°C or alcohol which freczes at -
« This liquid expands wiicn temperature increases and conlracts swhen temperature falls.

There are basically 3 types of thermometers; The maximum, the minimum and the sixth thermometers.

The maximum thermometer

. This measures the highcst temperature of the day. It has a small constriction in the tube just above the
tu:lb. As temperature increases, the liquid usually mercury expands upwa rds and beyond the constriction.
When tempsraturs falls, the fluid threads break at the constriction such that the end of the mercury
:‘11;1?}12 Lsuﬁ);smoncd at the highest (maximum) temperature. This is reset by whirling the mercury back
a .

Maximum thermometer

- -5
ot ot T rrrrf‘))

8dib “Constriction N\ Maximum
temperqgiure

Al constriction, the mercury thread break when temperature falls keeping mercury column at high

lemperature.

The minimum thermometer

In the minimum thermometer is a metal index ,which floats on the surface of a liquid column usually
alcohol. As temperature falls, the index is drawn downwards. As temperature increases, alcohol expands
anu .- index is left behind at the lowest point (minimum temperature), This thermometer is reset by
(ilting the bulb end upward. Usually these two thermometers are reset once every 24 hours,

Remember in the minmum thermometer, the liquid used is alcohol because its freezing péint is lower

than that of any other liquid.

The minimum thermometer

Metal
Index
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The six thermoineter

which measures both maximum and minjmwm temporatures at the

Asix thermometer is a thermometer, 3
being a maximum thermometer pnd the other a minimum

same time. It has got two (hermomelers one

thermomeler.,
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The six thermometer

MINIMUM MAINAUM
THERMOMETEN THERMOMEIER

Mercury

How the thermometer works

There are two scales i.e. thé minimum scale and the maximum scale. The maximum scale js progressi;
while the minimum scale is retrogressive (counts from big to small), When lemperature increzs,;
alcohol and mercury expand towards the maximum side. Some of the alcohol in the Maximgy
thermometer vapourises and occupies the empty space on top (vacuum). This flow pushes the inda
upwards up to the highest temperature.

When temperature reduces, there will be a reverse flow. The maximum index will stay still ayi,
maximum temperature. This time, the vapour that was in the vacuum liquefics, the mercury and alechd
contract and this contraction forces the metal index in the minimum thermometer upwards. As it contins
upwards, it reads lower and lower temperature on the scale until it stops on the lowest temperaturz

the day.
Transportation of heat,

Energy in form of temperature is transported in three major ways-conduction, convection and radiaiia

1. Convection: This is amode of temperature transportation that works through convection curies

It works only in liquids and gases. In liquids, heat is transported as a result of the movemeant ofix
liquid itself. In the atmosphere convection occurs es a result of differences in ajr density. Wz
air is always lighter than cold air, Hence as temperalure rises, the air density reduces. Air s
cool areas which is heavier undercuts this light air and forces it to rise and in the procassiti¢

transported high up.

Conductlon: This form of heat transfer occurs within substances which are in direct physicd
contact. In conduction the kinetic energy of atoms (heat energy) is transferred by collisions betwe®
neighbouring atoms. This is why a spoon heats up when put in a steaming cup of coffes. Condu
rales vary from substance to substance, as a rule, solids are belter conductors than liquids !
liquids are better conductors than gases, gy
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12. Aspecet:

% Temperature inversion

1.
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b Distance from e ea; (vantinentalify)
powerful interactlon betwoen land and sea. ‘Flils Interaction Is elther from

10. OQcean ¢ urrenys

1. The worg of map

TS NI I 1 P OO

Thers s alwayy g vory
the land 1 523 or from sea to land (hat Involves the mevement of alr and the transfer of lﬂml'“;'u'm
Buring the duy, the land heats up more than sea, This causes a low pressure on land and high
PTeSsure on seg \yiyich results into the movement of cald air fram gea to land and there fore the
lransfer of gq)q 'emperatures on land. The reverse Mlow oceurs at night when cold temperature
MOves from the |ng 10 5a (this 5 what s refered to s sea and land breeze respectively). This
lemperature Modification aceurs near the coast hence arsas far away from the coasts do nol have
such regulationg in temperatyre, e :

emare e are o siream of water moving from speclfic areas, in specific regions with specific
ol 2 types - warm and cold currents. Warm currenis move

lemperatyreg, Ocean currents gre
mg;::f:::;,: Iransferring Warm temperature (o areas they bathe. Cold currents move l'run! polar
drought ang hr-":m" cold temperatures 1o greps they bathe. Cold currents however result into
while warm ey CPERatures due 1g thei drying effects on prevailing winds which cross them
Examples of u?:m’ influence high rajp fall, and thick cloud cover which reduce lempera}luref.
cold Hambo) ;:l currenty inclyde; Cool Benguela, cold Labrador, cold Canary, cold Ca.hforma,
north Guly and cold Oyasio, Warm currents Include; warm Mozambique, warm Guinea, the
stream ang warm Kurasio currents,

Man plays 5 Breat role ip influencin

posed to the sun. Some slopes are more cxposed

This refers to the dogree 1o which an ar€fTs cx
Those sreas which are mare exposed to the sun

!0 the sup while others are shielded {rom the syn,

zones of the world,

ith altitude,
phere, Warm Hght alr thus overlies cold
onditions,

Subsidence of Alr
Subsidence of air resulls into a subsidenco tempernture Inversion which covers a vory wide area,
It develops during a period of falr weather when hemlspherlo circulation patlerns cause a warm
antleyclone (o develop, An anticyclone Is characterlsed by alr that subsldes and Is thereby warmed
by adiabatic compression (warming of alr as It descends towards (he enrth where high pressure
compresses it and forces if 1o warm up).

Subsiding air is prevented from reaching the earth surface by th mixing lnyer (A Iuyor_lowards
the earth where air 3 thoroughly mixed by convection and therefore tempernture tends 1o by low
inthis layer), Air temperature within the mixing layer decreases with alt'tude buy oir Just above the
mixing layer having been warmed by adiubatle compresslon Is significuntly warmer than uirat the
'op of the mixing layer, Thyg temperature Inversion develops abave the mixing luyer,
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enee of alr and temperature inversion
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2. Radiation cooling
Inversion caused by radiation cooling is more common and more localised than subsidence
temperature inversion. At night under clear skies, the earth's heat is rapidly lost to space. Thiss
called nocturnal radiation cooling. The surface air layer is (herefore chilled by contact witka
colder ground. Because the air at the surface is coldest, a surface lemperature inversion develog
with temperature lowest on the surface and slightly high aloft. This is called nocturnal radiatica
temperature inversion. Afier sunrise, the ground absorbs heat and 2 normal lapse rate is restored

3. Advection of air masses g
Advecting 2ir masses can also give rise to temperature inversion. Air mass advection meansa

horizontal movement of air or air masses frem one place to another. This type of inversion occes
at the base of the rocky mountains in America. A weslerly air flow is compressionally warmed 5
it draws down the leeward slopes of the mountain ranges. Along the foot of the mountains howeva
surface winds advect cold air southwards. Hence a lemperature inversion occurs aloft separating

. “m air above from the surface layer of cold air. Thus incase an air mass descending the leewu!
slopes of 2 mountain and therefore adiabatically warmed is undercut by 2 cold air masi.!
temperalure inversion will occur between these two air masses.

Air mass advection and temperature inversion

n
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aline of transition separating two air
and denso alr meels o warm,

i Mculnl: of 2 AlF Hinsses
erslon. A front Is
air. A temparal

::l’l\lsss;s elled fron(al femperature Inv | 1y

.08 Usually o warny ajr mnss and cold air mass. When €0 B
roistand light air, light air willbe forced to rise on top of a cold den
temperatyre inversion will therefore occur above a frontal line.

Frontal (emperature inversion

5. High inversjop )
;’:'iss ‘t’:a‘;”,::d'f;n‘VJ?ter in arcas where a fairly shallow layer (usually less than _6'00ﬂ'),0t"co'ld'moist
8 60l surface (S.a ow-lying area bordered by high lands. When this occurs. Air which is sitting on
aloft. Thus'ais i fow cupped) will lose temperature more rapidly through radiation cooling than air
b e n contact with the surface will be colder than air aloft, Under such stable conditions

t 3 situation where temperature increases away from the surface to alofi we say
émperature inversion has occurred, This can also be experienced in the valleys of the East African

tlaciated regions,

High Temperature Inversion

\\Tempemlure
Warmalr \ gltadlent

NS
I\

6, Subsidence of cold denser afr down the valley;

This is also common in areas, which are hilly or mountaineous, Durlng the night, the slopes lose more
temperature than the valley floor. Theairin conlact with the slopes therefore becomes heavler than the nir
inthe valley, Under gravitational pull, he old denscralr descends (subsides) down the valley and displnces

e warmer air in the valley, Thus warm alr rises ontop of cold afr.
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Such P
emperature inversion oceurs i Kabale hills of Wester Uganda,

7. Them
= ovementofaw .
Ifa mass of warm g VAT airmass over a cold surface.:
s it lhalrlpz'!sses OVer anarea which is cold like an ice sheet, the temperature inversio
¢ alrin contact witha surface will be colder than the air above the surface.

8. Increasein altitude;
;I‘he normal lapse rate of increase in temperature with altitude, isa common phenomenonin thelova
ayer of the atmosphere called tropospherc. Above the tropopause (upper limit of troposphere)
temperature will startto rise up again within the stratosphere (second layer of atmosphere). Hence

inversion starts at the tropopause upwards and ends at the stralopause.

Change in altitude and temperature inversion

30
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(Inverslon layer)
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Effects of femperalure Inverslon

It hinders convenctional currents in the atmosphere which results into low rainfall and dry conditi®
Temperature inversion result into the formation of fog, which is a cloud, produced by condenst!

I
2. H H . .
of moist air near the surface e.g. high inversion fog and at times mist. o
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i Temperature inversion transport cold temperatures to the valley region especially during the nigh

and early mornings.

4 lavers
gases I,-?:l::‘.mc atmosphere results into the air pollution especially in Industrial nntions._llol exhaust
dusteies and vehicles rise faster above the cold alr, This causes a condition of

stability i
paHut“‘:; "0 8tmosphere and as the concentration of these fumed gases increases, the air becomes
od,

3. nle . : .
” :\.h(;cn;p‘erue countrie, temperature inversion result into the development of frost in val!?y bottoms
consequently results into destruction of crops e.g. cilrus, oranges and other fruits.

& Fol’,:i lcmlflwralurcs associated with temperature inversion in valley areas discourages settlement
W People have resorted to settlement in the upper slopes.

7. Fog and mist associated wity, temperature inversion reduce visibility.

Dry conditions which are influenced by (emperature inversion are a hinderance to agricultural
activily.
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This is a wooded box whose major function Is to keep instruments of weather particularly thermometers

and at times hygrometer, This box Is wooden in oier that it only measure the lemperature of surrounding
sir. Otherwise if it was a metallic box, the metal would warm up on being heated by the sun snd hence
would also rise the temperature in the box. This would result into the thermometers measuring wrong
temperatures. l.e. the thermomelers would measure temperature exaggerated by the heated metsllic
house, which is really higher than the temperature of the surroundings alr.

Itow temperature Is recorded
Mereorologists use various methods to record temperature, These Include:

I Use of Statistical fables e.g, temperature data from station A
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I F
Temprc M A M 4 1 4o § 0 N D
2
S B o0 Moy o oy o 2 16N
6 61 56

Tenmp T
D°F 4 5 63 68 75 80 s 80 78

Altitude: 16 ASL Latitude: 30°N

ata In the table shown

B ' us . .
Y use of graphs: Temperature is usually recorded on line graphs. The d
ble to know the

a )
‘::\;zr::rl:ed?sr(o'csss'(:d lo produce a curve / line graph. From the graph one is 8
3 Uscofl ribution in a year, lh.cjughcst and lowest temperature.
of Isothermal maps: Maps with isothermal lines drawn on a map toform places of equal
le"‘Pf=rrilurc: are another way of recording temperature. These maps resemble topographic maps
the difference being that they show isotherms rather than conlours.
Sec example below. Distribution of temp on African continent - July.

Numerical records; Numerical records on specific date can be done e.g.
ge of temperature (Highest temperature - lowest temperature af the day)

i) Di-urnal ran
i)  Mean monthly temperature (summation of daily temperature)
30 days (no of days in month)

( summation of monthly temperature )

12 months
iii) Annual temperature range ( Highest mean monthly temp - lowest mean manthly temp)
y) Monthly temperature range ( Highest temp - lowesl temp in & month )

4.

ii) Mean annual temperature

Reasons why femperature reduces with an increase in altitude In the troposphere 2

Effects of terrestrial radiation: the Earth cimits back part af the solar radiation into the tmosphers.
,T.J'C radiation dcﬁnal_ely reduces as (he distance awny (rom the grownd increnses, :

2. Theeffect of adiabatic compression: Atmospherle pressure Is highest on the surface and rctiucﬁ
away from the carth surface. The atmospheric pressure comprosses air moleeules and inereast
rnolccu.lu{acllvily with the result (hal alr moleeules In hlgh pressure surfnce reelo o : bs¢
more giving high temperature than those areas higl in nlmospheruk o g

.8
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The eff “
““Pnpn::t of ozone layer: The ozone is an oxygen layer positioned somewhere abave the i
8¢ This layer absorbs the ultra violel radiation rays whase burning effects would destray ‘

lifcon F 5
varth rc‘:?»h ‘f_ﬂ”m\'cd 1o reach the Earth. Its absorbing effects therefore reduce tawards the
. Therele r""\u 'nta more temperatures towards the Earth. -
. — Ol man's activities ¢.g ldustrialisation, bush burming & use of automoblles which increases
0 e 3 ; .
Nic concentration in the lower layers of atmosphere and hence increases In temperaiure.

Sunshine

Though lnol commonly referred 1a in Iropical countries as a very essential element of weather, in
\emperale countries, peaple & especially fourist resorts are very interested in knowing the number of
hours of sunshine received.

Sunshine, temperature and solar radiation are highly related factors and that's why most people
lEcnSfﬂpllcrs) don,t give sunshine a seperale (reatment, The reason is that they are all about the
varming of the carth and they all are directly produced by the sun. .
Despite this relationship however, we look at sunshine In our study of meteorology from a difTerent

perspective i.e. the number of hours it has perfectly shined a day.
Inthe meteorological station, the duration of sunshine is recorded by a sun dial four inches in diameter

and lhrou;h which the rays of the sun are focused. These rays are then concentrated on 8 sensitized
card that is graduated in hours.

Factors that affect the sunshine an area receives

Seasonality: Different seasons have varied amounts of sunshine received e.g. during the rainy
season few hours of sunshine are expected than during the dry season. In temperate regions,
more hours of sunshine are expected during summer than in any other season.

1

Latitude: Equatorial and tropical latitudes get more sunshine than temperate latitudes. At the
extreme polarregions, there is total darkness during winter and total sunshine during summer.

J.  Ctunatic characteristics of an area: We expect hot desert regions to have many more hours of
sunshine than equatorial and savanna climates. this is because equatorial regions have high cloud

density than desert regions and hence they recelve lesshours of sunshine than deserts,

¢ Alfitudinal effect: Areas in the windward slopes tend to have limited sunshine because of having
high humidities and cloud cover then areas in the leeward slapes which receive arld conditions.

S Ocean currents: Warm ocean currents trigger alot of evaporution, humidity and cloud cover
which reduce hours of sunshine in the neighbouring sreas. Cold currents on the other hand couse

aridity and hence more hours of sunshine.

6. The length of the day: Equatorial and traplcal reglons recolve more hours of sunshine than
temperate regions due 0 longer hours of the day, On average troplcal reglons receive sight hours

of sunshine while temperate regions recelve four hours,

Aspect: Slopes which face in the directlo of the sun are nble lo recelve more howrs of sunshine

§
than those which are shellered or facing In the Icv side of tho sun.

L The presence of vaporlsing surfucest Wator bodles and forests will result into additlonal humidity
into atmosphere. This will reducethe number of hours of sunshine compared to where such bodies
are absent,
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Glasssphere

Meaiglirome .

The instrument above is for the campbell stokes sunshine recorder essentially made to record the numbe

of hours it shines in a day.
The Instrument receives the sun energy through a glass sphere. The glass sphere conscetrates this

energy into a pin point of heat which burns the carol below the shhere. :
The card is calibrated in hours such that the burn tracing left on a paper card will directly show the

number of hours it shined that day. Thus! The longer the tracing, the more the hours and vice versa.
It is the metal frame that reflects the pin point of heat to the recording paper card.

The paper card is always replaced per day.
Each day therefore starts with a fresh paper card.
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