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QUESTION ONE: HOW DOES THE ATMOSPHERE PROTECT THE EARTH?

The atmosphere plays an important role in prote;;tmg the Layers of the atmosphere
Earthandmakmgnsmtahlefq:hfe SO Vi et W e T
Explain the rolg that each layer of the atmosphere plays

in protecting the Earth’s surface from harmful matter and

radiation.

In your answer, you should consider:

. the different forms of radiation that enter the Earth’s
atmosphere.
physical space objects, such asTrreteors and Thasged
particles

. the reason for the changing temperature for each of
the atmosphere’s layers.v/

An annotated diagram may assist your answer.

The atmesplhere ;s & (ayel of
gases  suffaunding the earth o held
dpwn by gmv."‘y.

The lowest atmespent layer s fhe
{oopes phere, whith exfends o an
albtitude of absut 20Um Above ceq -

level. As ADWEphe it pressare iy T T e

Adapted from: www.severe-weather.eu/wp-content/

{le  atmmplere s groatt Claor o Simsiemivmrsombuorocin:
the earths sarface, ait domsiby is greatest- Ak in fhe tropespier,
whith covitins  75% of T afmophere’s imas. Da_sefingufip
abosts Incoming solar yadtion s akeorbed by greew bewe gam
an  ten by tie earfhs sarfae. The IV radiation is gm re-ewid
by the sarfate in the form of longree in frawd mlmb,m\
(IR). Ths warme tle air wiluls above throagh comdudion ant

oo Mainly  comecton Cmer 1o the efhnd as the hevl‘Jﬂ'Ze)
tempratures wll be gfeater and  moring  away From hear-
soure with sl explivs the decreaciny tempemture
tae  tioposphere.

The (ayer aboe is fo strsplere @aching up f) Phm high,

Earth and Space Science 91414, 2025 00854




b 4 -.- .1 q

,. .
o) Nehnaes de X
. .
. 3
b e L PSR G T L T A L o B P

.. - . .
EL TS Seberaa, oy de
A . =X
veseal e b, ¢ de \ o\e
——— e e Y

\

\

Plann,ny:
/TW plere- heatsma
/stmfes pheve — OV radintim , ozone
/Mesos prere - harted bebw, burns imetowrs

tprmasphere— hih esecry peirfidy
(awmig X-ray) +owsaton

S+ concluding para abt- each functions

AS  air pressave amd  thug ens.Yy conline fo decrecse, The
ctratosprere contains the Ozone |(a yer, where. sanlight energy
splte  Oxygen atons fo prtuce free (adial Oxygeus, which
ombre wtb Oy atows fo cteate Ol H0zme olecyles, Ozeowe
abcors n (omi g Shorfwave () Palialim Yrom fhe suuy . theroby
,bm te hod soure for ths otmapeve bper. WXh the
et soure ultimdely providdd by {he sun, tempaters increwe
w. ot 4l Rdle. '

Ao 50w ot the _Mesosphere can be foand. There & very
Lffle air pressare amd so the air s exfremely this,
meanin, et muh W solar radation can be abserbed. The
haat  Source for this layer s acturlly giveu by the srefepipore,
ad  wih heat energy coming from below (e Vmesaphe g
bes 2~ clops a4 decrease oA temperature with alfine ag
ove wmors away from e hert seurce. Desprle  the qir  beins
very thin, materal fvem gpace Such as  mefews, weet air
moleuls. in the  mesespere. The collisim w--fs@zfsi::::’z,:zzzz:@

on the following pages.
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hiyh speed Spate mdffel causes wmefeors o burh «p. ch e
the wmetes— s phere | Which b~ cxa (exre bolmd «
qlowng  fai/ to be ceen Srom earth (“nlet poa shject <
ynassive eneough, ot compleYely barh up, bu¥. pehe)rite fo
e carths Surface).

The thempsplere s consijered the h.gltsz" atmas plevie (ayer

(excluding the exosppe). Ac here s 1o {himel, as pefra

are very sprap out Tiese parbides imainly abserd high ey
(adiation from dbe sun (in U form of gamma vadiefim
of X-1ays), making wmolecules highly ouergelic. As atoms are
ionised, the electrms becowme excted amd emif visible Lyt
i colours we gerceive as auroras— ¥his OCcels Weinly v
the ionasphere. As the seurte of this  raiytvs Kabe-
oqun S fhe sun, agen kf Ssoure X comd frow ¥
abore, so tlermaspheric Temperatere  Vise wity alfifede K
{howsals of degrees. The {hermasplere  abSerls chagel portilec
of especially penetratin (end thus laarmgul fo hurmen) wnefons,
treeby  protecting  ofganiws  own early Lrom <3 gmwmmn s,

Simiarly, Ocone in The stratosphere  abswls OV (aliatm,
& \pro, Potecting our skc"l, and  yveses phere  protect fYem
phsil  witler [ mefeors reaching  fhe Serfece. Thes ouch lyer
contriutes to  prkechmg orgtmsus frowy harm from space,
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QUESTION TWO: HEAT TRANSFER

Heat is transferred from the ocean and land into the atmosphere by different processes. These include

radiation, conduction, convection, gvaporation, condensation, and sublimation,
heat W%' Cyele

Adapted from: https:/earthobservatory.nasa.gov/features/EnergyBalance

Explain, in detail, how heat is transferred from the Earth’s surface to warm the atmosphere.

In your answer, you should:
«  Jabel processes in the text boxes on the diagram below w
; o,
+  Vexplain three processes that transport heat from land to the atmosphere cm(m
«  (txplain how heat is transported through the water cycle into the atmosphere (atent bt
«  “~xplain how latent and sensible heat transfers are linked to the processes. PSS mone oy Vagg

An annotated diagram may assist your answer.

deposition
freezing }

melting eVapery fc‘lg ‘/‘
Sublimat ivn

Gas

orductton—~ trarser {heu cold, air poor comutor
radaliod — 0 V¥ IR
covection— adiabatic (ooling By, brick descripln
Fising o€ Condones ..

Surfae wattr evaporatsd thw ;
Jenltlimed ) sem:&:nh ;‘na Space S enc'e‘9l414, 2025 00854
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Comduction, radiativn avd conveclion M are processas gf heet
fravsfor, where the (an) veleases hewt enetgy Yo Ui tmodphere.
The colar mfgg absorbed af fhe c«r/xe ( w fdt’ﬂ’(fﬁ) i re-chmnid
by te (and in the form of infrmml radilion. Th lomgweve
radlation  transfors heat erergy  to the air above foighbovrin
AT pwlecyles v confact can  exchame  heat Yhroagh  conduckien,
howeser air x a poot Cﬂ&:ﬁl, £o0 nof wmuch enoray il de
transforeh, The main  heat trwnspert - fo fle atwmaphere ocrun
through convection, whera wan@ ar rulecules transfer hedt pr
partTChs_above g7 Degn 372 {0 parlicles nbove ani
fise  adig baticedy.

Convecfion encompasses the tramsprt of heat Yhremb ater

oyole. Su")[ug walters n OWMMM or on land

mass  alse abcorb  solar enefyy, and in +he -/'arm o~ Kined

sens’ble  heat ’ M-‘!#!s—- water mdeiules  gain Uinete eperyy,
As they wmove “around  fagter, water tempemture  Frrst ki
and ~w bt weak infer moleady forces Gggggg;mg;c;g@

on the following pages.
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between the HoO wolecules are peqglsmed. ks cee, until welt'q, '
Point is yeached, as  Liquid untidl e boiling poirk,- uhere eversy :
ndes (atent Leat. The tenmperatme of Yo qenrdw solid of
Liquid  water  Vemuins comchont, as  (atent heet s berys absorbod |-
to W overcome the bods of the Hz20 vwlulbes, which wm
A phase chage  froma# solid to Lgurdor gas o bpusd B '
aas. : [
When e of water has Sfléé'me,J / Equ/el@v' R FILe0y
form, Yhe watel Vapour & contained withiy Yoo ot hen
the ai? = |lented, it expands fo lowet dems.ty antl yiar.
Thes falies the cnersy (vtamed :n  gpspep water wmelecu/es  fiom
the &W (ad b fp atmosphere as vafer apour.
T sublimation amd evapratvy  OF water sBAaps absorbs
(atent heat , whith & then Yranspertei Yo Yoo afmayhore

thragh el  Vagoer W Wiy air is hegted
from the earth surface ~a vises  wNh water vapour, toe
Ukimgtie~ omegpy s aif  begins to cool adinbatially, Th
wleves sens;ble heat back to Yhe sowramiy atmephere,
as the foal Eheragasthe_aiT\ causmg the femperstare
10 decrense and purda  become mere dense. At the dew
point, aif s cafurqled ant (oses is abilify Fo holl ivater
Vapiry. dd [n the presene o Sl partides Such as aeracd,
1R aasequs Hp 0 covdees back o (equid state. When the
aif s cold enough essentilly, e gnsesws umfer condenes,
relemsing lateat heat on the proces. This chous how waier |
absorks  euversy  fegm_the- at (he [and sarface | i3 Transpored
threagh Lhe tmesphere and  Yhe ater B yapour releases
this  eneray ufe  the  atwmesph¥® througly condon cefion.
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QUESTION THREE: THE HUNGA ERL‘IPTI?‘? solfs as cowe ‘f‘,,(m-"y...
On 15 January 2022, the underwater volcano Hunga Tonga-Hunga Ha*apai (Hunga) erupted. This was
the largest ion ever recorded by modern scientific instruments. It launched huge

amounts of water vapour and sulphur dioxide into the troposphere and stratosphere, which may impact

the climate,  GHG S0z 1 S8a Sitasa,

Vv

Hunga Tonga-Hunga Ha‘apai eruption plume

Source: www.qatarday.com/volcano-in-tonga-sends-plume-half-way-into-space

Explain the likely effects of the Hunga eruption on climate.

In your answer, you should:

«  “consider local effects of the eruption on the troposphere

« ‘Jonsider the effects of the huge increase in stratospheric clouds caused by the volcanic eruption
«  Jonsider the effect of large amounts of sulphur dioxide entering the stratosphere

. compare the likely circulation patterns of the water vapour and aesesofS in the troposphere and

stratosphere. % "nuxelxdvswwyilfl i

An annotated diagram may assist your answer.

S = Matly it fropes, shart term (ocal effects as not- global spremt . ovciod ot

(docrs cunlih€] inrs clouds] albedor’
(~ 85U plume wito strata, Stay o1 mach (omer; olbbal spread
S92 HH250y aevosel ivers clowd, albede +eflert

+ water Vapmt 5 grdok GiHG /
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Aerosels are wwisonlc  parirdes 11,'1‘ soid o0 Lgad sfofe oa-l\e%uiwed
inke the atmesphere throug b X cande errupleons,

Mot OFf te erfuplin wogd hare reached info Yhe tropiphere,
ejecdmn ash and smoke pdume. Aerocols veleased into Yhe {rspmphere
wenld  deflect incoming sunlight and thus decrease Y4 ameoun ¥
of inso lation renching the easths surface, The \wlcano wwali U ke
et dark colared (eg carbom) aemosas, wibdh. whase Jark colmr
weul hwe the effect # crensyy The albedo o4 the
atme phere wd ) fum  absot bing e heat ememy frem Yhe
sun. Aevosels i the tropesphere.  weuld especiedy serve  as clwd
cmdensation  viuclel) hereasing the coud fotmation in locel weter
petlerns, B#) 102 high albedo (reQextiviy of S (;giet) o clowds
would hawe o cooling efect w0 ¥ earfh bolow, futt oo hew
an nsulating effect on mds oulgih, IR tadialion From earté.
towerer, the velatiwly (arsdh size of~.aerosols /n Yhe Fropupiere
eag 'Hky wodld b8 wached suf by vain and wedher witiaiy

A fon days /wesls and  would \heve fore pob bave a Shert
Yorm, locally contuivet efect.

The  strenoth of ths Hunag evuplion however embded perfisfe
All the way o the stenfosphere. . The sthible condidoons in
the stratespere, wilh (e veriol air movemeyt and ominom
b  Clouds / precipilation due To dry stappent aiv) wodd (ewve
aevsols n the strataplere Jor very lomy timms, The et
inte ofmfpplere s hence wawh wwere oay fern Yaw i the
trpapiee. To—the siratepledy dhe velase of sulfer dioxide
info the 6’/0’:1‘0.3([!"9 react w6 waler molecylex [.Cadt s
i weter vapeaul also emifel i AGis Gl%) , driven by  Sunlalf
orergy, to PfOJUu Sﬂ()@h&' acdl, ”25&,, which & &l aerael,
The exress o emisgions of Suldori—eldid— salfar  Jooxike
result in a (arge conentlatin of (hS Themismorespaoeforj

your answer to this question

aerosols, In te stratapler, Hhese aeroals \_On the following pages.
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fovide av area  for water \apsur  Fo comdowe aremd of Fhe
dew  poitt and form clouds, &O Sulfar dioxide Ygrecsoby-
emisvons  creating  Hz$o¢  therefore increrie clowd  formmtioy iy
the strafosphoe. The dmds raxe Yhe albelo QF Vi atmcypiers
1o veflect incoming solar ‘adatir and fhereby 1€dwe thae
ammnt of QLM Leat energy (Cackim The owilx sordice,
leadiy o decreased tewpperntures.

As wentioed, qerosels iy the Yropephors weell be reroed
wilhin o shit  peviol  of qome am woull ot {nvel very
far fo Wae as far  [fexchiny efeck. A they romey for
much (onoey w0 1o stmfophere, they strom  horizoylal wivk
in the stovips phere  trorsport aerocols  all arowd Y globe,
The HeS04 molecales rtauld theefor (end fo genter cleud
ormation olobtlly and have o vet coolim efect (althougl
doads alse trep odty re-em el IR fﬂﬁealﬁ) The. aemspls
would theefoe citulae moe. 0 the Strfesplere,

Water vapour aclk as a greephduse gac and & emiisioy
KU would . contribute o cloal Formatm, as the gascea
Ho0 = what condvses aremt acrxei Xor Lpull weker
dreplets  to  profee  clpek. In  both  fropes — and %bz;
the gas & smaller dhan (y4id) solid aerael | so wid
remain  fyr much lomer. Inthe aloms phere water vupmr
could ivcramse e greeh house efeck, by Yrapming
oafgoing vadigtion Lrom oarty anwt Ve-emndiny ¥t back
toe t&  surttace. The' afeenhu:tfme%d.k 4'(7106‘( {4"0“"'!?
that [eads to ncreasing W weuld (rlikely citeylete
alobally, W0 (Qoagen. (g term effecdc, Water vapmur alse
ciftalate tiwrengh conlensation £ prec pfation
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Subject:

Standard:

Total score: 23

Excellence

L3 Earth & Space Science
91414

Q JEls Marker commentary
score
Comprehensive discussion of the protective factor of each layer and
One 8 reasons for temperature gradient in each layer, clearly explained with

thorough understanding of physical processes causing these.
The answer shows a comprehensive explanation and discussion of

=i 7 latent heat exchange during water cycle processes with a good
understanding of heat transfer via radiation, conduction, and
convection.
The answer provides a comprehensive discussion of the effects of
sulfur dioxide forming sulfuric acid in the stratosphere and the effect of

Three 8 water vapour in the troposphere. This is linked to the reasons why

aerosols remain in the stratosphere for longer time. The analysis also
links to the varying effects on temperature.




