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AktwvofoAia MnXovIonog Napdpetpot

(o€ ouvaptnon pe to
HRKOG KUpOTog)

HUUK+M K Amntoppodnon JUVTEAEOTNAC
aroppopnong,
OUYKEVTPWON XNULKWV
EVWOEWV KOl
QLWPOUUEVWY CWHATLO LWV

=f(d,\2)
LUK Jkedaon JUYKEVTPpWON Kot (60¢
(mapadoxn: Muk mepimou QLWPOUUEVWY CWHATLS LWV
Un6Ev) SLApETpOC cwpaTLSlwy
LUK AvakAaon AvakAaotikotnta edadoug
AvakAooTikOTNTA

atpuoodalpac Kot vedbwv
Mk Exmourn OEPULKOC OUVTEAEDTNC
ekmourn¢ (eldéoc vALkoU)
Oepuokpaocia



Tvmog emoaverog | Adhlol yopaktiypicpot Agvkovyere | XovTeLeoTC EKTONTIGS
a &s
Nepo Mukpr) CeviBela yovia 0.03-0.10 0.92-0.97
Meyain CeviBeln yovia 0.10-0.50 0.92-0.97
X1ovt [Toro1o 0.40-0.70 0.82-0.89
Neo 0.45-0.95 0.90-0.99
[opviy auuog =npn 0.35-0.45 0.84-0.90
Yvpn 0.20-0.30 0.91-0.95
Topvo e0apog Z1PO, TNAMOES 0.20-0.35 0.95
Yvypo, inimoeg 0.10-0.20 0.97
OoocTpo|Ld Towevtévio 0.17-0.27 0.71-0.88
ATO HLovpo yorKl 0.05-0.10 0.88-0.95
[ pocion (0.02m-1m) 0.16-0.26 0.90-0.95
Koaihepyeteg Xitov, pullov K.A.T. 0.10-0.20 0.90-0.99
Onopopopmv 0.15-0.20 0.90-0.95
Adacn Ouirofoia 0.10-0.20 0.97-0.98
Kovopopa 0.05-0.15 0.97-0.99




IMivakas 2 Ty£0E1S Y10 TV EKTIUNGT] TOV GUVTEAEGTY] EKTOUTNS THS UTULOGQUIPUS
(T, =Bepuokpocic aépu. T4=0zpuokpucia OpAGoL. e=TAECT] UTUOV, N=VEQGOGT])

IIpoTteivev TyEGT) TruBepec
Epzvvnti<
Brunt (1932) ge=a+be - a=0.605
p=0.048
Swinbank (1963) e=b. T, b=0.9210" (T, oz °K)

Idso — Jackson(1969)

e=1-aexp(-b(273-T:")

o=0.20.b=7.77.10"
(Ta oe “K).

Brutsaert (1975)

se=b(e Ts)

b=1.24 (T.oe K)

Clark - Allen (1978)

e=a+bln(Ta/273)

a=0.787 wo1 b= 0.764
(T4 o °K).

Idso 1 (1981)

e=be exp(350/T,)

b=0.179
(Ta ce “K. e oe hPa)

Idso 2 (1981)

e=atbe exp (1500/T,)

a=0.70 . b=5.95.10°
(T.oe K. eoe hPa)

Berdahl and Martin

e=a+b (Tg/100)+ ¢ (T4 /100)

a=0.711, b=0.56. ¢=0.73

(1984) (T4 e °C)
Brunt (vepookemg & veo=(a + be ) (1+kn) . 1 VEQ®MGCT G 0EKUTA.
ovpovos) to k eopraton amo

TO £1005 TOV VEQOV
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Onion Peeling method
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2YNAPTH2EIZ BAPYTHTAZ2

YrniodnAwvouv amo rmola TEPLOXN TNG aTHoodaLpaC
nnyadel n aktwoPfoAia.

Mo emuTpenel va ouvOECOUNE TNV KoatoypadOuevn
aktwofoAla pe Tt otpwpate/emineda otnv
atpoodalpa



Weighting Functions
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AMnNAenidpaon NALOKAC akTvoBoALaC KaL OLEPLWV TNE
aTHOodaLPaC

H nAtakr) aktwoPoldio oaAAnAerudpa pe ta poplol KAl TA ATOHO TNG
atpoodalpac.

EtoL otav eva agplo tng atpoodapag (LopLo) anoppodnoet eva Gwitovlo
Ao TNV MPooTintovoa NALaKr) aktvoBoAia (VOpog dLatrpnong TG Oppng

KAl TNG €EVEPYELAG), HeTaPaivel amo upa Baowkr) O pla SleyepUEvn
Kataotaon.

OUGCLOOTIKA TO LOPLO OTTOONKEVEL EOCWTEPLKA EVEPYELA LE TPELC TPOTIOUC:

1) nAektpovikr) evePYEL (Egectronic)s TIOU OXETICETAL PE TNV KATOVOUN TWV
NAEKTPOVIWV OTLC EMLTPEMOUEVEC OTABUEC EVEPYELOC TOU HOPLOU,

2) meplotpodikn eVEPYELD (E  iaiionar), TIOU QVTLOTOLXEL O€ TEPLOTPOPN TOU
LopLoU YUpW aTto TO KEVTPO Halac Tou, Kal

3) evepyela talaviwong (Ewbratlonalz nov odelAetal otnV TAAAVIWON TWV
QTOUWYV TTOU OUYKPOTOUV To Hoplo (Serway et al., 2000).



Av n npoomntouca NALaKn akTvoPBoAla EXEL LULKPO HAKOC Kuuaroq (Try.
uneprGnq N oparn) n SLnyepUEVN Karaoracn otnv omoia Ba PBpebel
TO MOPLO, OVTIOTOLXEL o€ pLa uetapaon evog tpoxLlakou n)\EKrpOVLou of3
gva uPNAOTEPO evepyeLaKO eTiimedo, avaAoya PE TN cuXVOTNTA V TNC
arnoppodoUEVNC NALAKAC AKTLVO 30Maq.

(ouupwva ue ™ oxeon AE=hv, ortou AE n evepyetlakn dtapopo puetaéu
TNC APXLKNC KOl TNC TEALKNC EVEPYELAKNC KATAOTAONC Kat h n otadepa
tou Planck)

AvTloTOlXEC METAPAOCELC EXOUME HETAEU EVEPYELOKWYV OTAOUWV
neEPLOTPOPNC Kal TAAAVTIWONG €VOC HOplou, ylo TtV amoppodnon
NALAKAC akTvoBoAlaC pe HAKOC KUATOC OTNV MTEPLOXN TOU UTtEPUBpOU.




Aedopevou OtTL 0 Ypovoc (wNnc tng OlNyEPUEVNC Kataotaong Tou
noplakoU aepiou (molecular gas) elval meploplopevog, TO HOPLO
ouvtoua Ba emLoTPEYPEL OTNV OPXLKN TOU EVEPYELOKI KATAOTAON.

Yriapyouv AoLrtov U0 UNXOoVICHOL AITOSLEYEPONC TOU Hopilou:

Mnyaviopog 1) To nAeKTPOVIO HETATUMTIEL Tlow oTtn Baocwkn tou
EVEPYELOKI KOTAOTOAON EKTEUTTIOVIOC EVA PWTOVIO TIOU EXEL AKPLPWC
TNV L6la evEPYELA KL CUXVOTNTA E AUTNV TOU APXLKOU TIPOOTILITTOVTOC
dwtoviou. To PWTOVIO OUHWEC OQUTO EKMEUTIETOL OE ML TuXAl
SdtevBuvon.



Mnyaviopog 2) e oxetlka vPnAec mieoelc (~1 atm) ta popla tng
atpoodalpac ocuvexwe oAAnAeridbpolv pECw ouykpoUoewv. Etol,
UTIAPXEL N TiBavotnta n evepyelwa AE mou eKmMEMMETAL KATA TNV
armodLlEyepon TOU popilou va peTatpamnel o AAAeC LOPPEC EVEPYELOC
(Tt} KVNTIKN €VEpYELA -> BeppotTnta). 2TNV MEPLMTWON AUTH EXOUUE
ToTiK avénon tnC Oeppokpociog Kol AEPE OTL TO PWTOVIO EXEL
arnoppodnOet.

OuolooTikd N nAlakn aktwvoPBoAia kot t™n Owadoon nc otnv
atpoodatlpa e€aocBevel eite oe pawvopeva okedaonc (Mnyaviopoc 1)
Kat armoppodnonc (Mnyaviopoc 2).
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Onog vrapyer ko 1 Oepuikn axtivopfoiia

(a) Low clouds (b) High clouds
Solar Thermal Solar Thermal
High albedo High emission Low albedo Low emission

High
crrus

Planetary cooling; Planetary warming



2KEAAZH

H okedbaon tn¢ nAlaknG oktwvoPoAlac odelletol TOOO OTNV
UTtaPén TV alWPoUUEVWY ocwpatdlwyv (aerosols) (datvopevo
okedbaonc Mie), 000 kaL TwV HOplwv TNC ATHOODALPOC
(pawvopevo okedaoncg Rayleigh).

Kat otic U0 MEPUMTWOEL TO UAKOC KUUATOCG TNG aKTVOBoALaC
TTOU EMOVEKTIEUTIETAL TIAPAUEVEL OTAOEPO (eEAatoTIKN) OKESOLGN).



- Elastic scattering — the wavelength (frequency) of the
scattered light is the same as the incident light (Rayleigh and
Mie scattering)

* Inelastic scattering — the emitted radiation has a wavelength
different from that of the incident radiation (Raman scattering,
fluorescence)

* Quasi-elastic scattering — the wavelength (frequency) of the
scattered light shifts (e.g., in moving matter due to Doppler
effects)



H okédaon e¢aprtarail atro:
(1) To yAKOG KUPATOG (A) TNG TTPOCTTITITOUCAG AKTIVOBOAIQG

(2) To pEyebocg Tou okedalovTog owpaTidiou
2 7tr

(3) To X = 7

I N AKTiva, A TO JAKOG KUPATOC
(4) Tic OTITIKEG 1D10TNTEC TOU CWwaTIdIoU (O€iKTNG dIABAAONC)
eX<<1: 2ké€daon katd Rayleigh

ex~1: 2Kkedaon kartd Mie
X >>1 [EWMETPIKN OKEDAON



» Single scattering: photons scattered only once
* Prevails in optically thin media (t << 1), since photons have a
high probability of exiting the medium (e.g., a thin cloud) before
being scattered again
* Also favored in strongly absorbing media

« Multiple scattering: prevails in optically thick, strongly scattering
and non-absorbing media
 Photons may be scattered hundreds of times before emerging



single scatter albedo (w)




Zkédacy Rayleigh. H oxédaon Rayleigh npoxuheirat and popia aépa f pikpd oopdne copyudrov
(kupiexg tomov Aitken) e axeiveg #<0,03 um, onAadi copdnie te oroia Eyouy dletdoer; UKpoEpes 10V
wijkous Kbparog TG mpoomintoveus axtvoohies, Tmv repintoon ave 1 povoypopanky éviaey mg
oedalOpevng axtivopohius £ eiven avriotpooas avihoym g tétapm O0vepng 1o uijkoug Kiparog / Kal
avihoy m awvdpmyenc axédaang (1+cos°6), Snhad oyber

Lek l+io‘s 0



Ykedbaon Mie. Ztnv mepimtwon avti n okedaon tnC NALAKAC okTtwoPoAlag yivetal armo
neyaAUtepou peyEBouc alwpoupeva cwpatidla pe aktiveg 0.05 um < r < 1.0 pum, oL omoleg
glvoll OUYKPLOLUEG HE TO MNKOC KUMATOC TOU opatol PpwToc.

Kat n ok€daon autn €lval €TIAEKTLKN, UTIO TNV €vvola OTL €ival peyaAUTePn oTal HIKpA A
KaBwc eival avtiotpodpwc avaloyn tou A.

Ye KABe mepimtwon, to amotédeopa tn¢ okedaonc Mie eival apketd aocbeveotepo autoU
¢ nepimtwonc Rayleigh.
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Scattering phase functions

Forward scattering

x=10
2nr
X =—— B
ﬂ’ Scattering phase functions derived
~ from Mie theory (scattering by spherical
= O particles)

x=0.1 (::::)

The scattering phase function, or phase function, gives the angular distribution
of light intensity scattered by a particle at a given wavelength



Rayleigh and Mie scattering

Rayleigh
Scattering

e

] s
]
L

Mie Scattering

From overhead, the Rayleigh
scattering is dominant, the
Mie scattered intensity being
projected forward. Since
Rayleigh scattering strongly
favors short wavelengths, we
see a blue sky.

When there is large particulate matter in
the air, the forward lobe of Mie scattering 1 Cbsarver
is dominant. Since it is not very wavelength

dependent, we see a white glare around the sun.

 Scattering determines the brightness and color of the sky
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Rayleigh Scattering

* a<<1[2xr<< ]

* Scattered radiation is evenly divided between the forward
and backward hemispheres
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Fig, 6.11 Size parameter o as a function of wavelength of the incident radiation and particle
radius.



Altitude above Sea Level

20 km

15 km

10 km
8 km

2-3 km

Atmospheric Layers and Constituents

A

O5, stratospheric aerosols

- 02, COz, trace gases

T Gas molecules (Rayleigh scattering)

¢ H,O, tropospheric aerosols

Terrain Surface



Intensity of Scattered Light

Intensity of Rayvleigh Scattering

Varies Inversely with A 4
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100 Energy in
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Mie Scattering

e 0.1<a<50

 Scattering of sunlight by particles of haze, smoke, smog, and dust usually falls
within this regime
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Fig. 6.11 Size parameter « as a function of wavelength of the incident radiation and particle
radius.



Geometric Optics

* a>50

 Angular distribution of scattered radiation can be
described by geometric optics (ray tracing)

» Scattering of visible radiation by cloud droplets,
raindrops, and ice particles falls within this regime
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Fig. 6.11 Size parameter « as a function of wavelength of the incident radiation and particle
radius.



