5" Epyaotnplokn Aoknon
LIDAR
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[lepliexoueva

* TLelval eva cvotnua LIDAR?

e [Lati va emAe€ou e Eva TETOLo cuoTNUA ?

* ATIO TTOLOL LEPN OTTOTEAELTE Eval TETOLO cUOTNUO
* [lola €lvol T TTPOLOVTO EVOC CUCTIMOTOC

* Baowkn eélowon LIDAR kat enttAvon kotar KLETT
* Avaluon EvaiwoBnotoc lidar ratio

* EkteAeon Epyaotnploknc aocknonc
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1ATI JEAETAME TA AlWPOUPEVA CWHATIOIO

EMERGY IM (100 units) EMERGY OUT

auties and Space Administration

27
budget Reflected by cloud tops
The Earth’s energy budget describes the

various kinds and amounts of energy that
enter and leave the Earth system. It includes

reflected by y both radiative components (light and heat),

clouds & reflected by  total outgoing that can be measured by CERES, and other
. atmosphere surface infrared radiation components like conduction, convection
Incoming 77.0 22.9 239.9 E oration which also transport heat
solar radiation > h’s surface. On average, and over
340.4 /" the long term, there is a balance at the top

Reflected by snow & ice
Reflected by atmosphere

of the atmosphere. The amount of energy
coming in (from the sun) is the same as the
amount going out (from reflection of sunlight
and from emission of infrared radiation).

Albedo (35 units)

total reflected &—— atmospheric
solar radiation window
\ 99.9

Absorbed by |
atmosphere

(48 units:

14 from
space

emitted by ——e 40.1 latent heat
atmosphere (change of state)

\ ! 169.9
—— elmitted by
absorbed by absorbed by gouds thermals
atmosphere atmosphere e (conduction/
77.1 358.2 greenhouse gases  convection)

+
34 from
ground)

¥ absorbed by emitted by
surface surface radiation
163.3 398.2 E 340.3

atent heat of condensatio
Absorbed directly
by atmosphere

net absorbed 3 evapotranspiration

Absorbed by Radiated to
ground (51 units) space (17 units)

All values are fluxes in W2
and are average values based on ten years of data
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ETridopacn oto KAIWATIKO 100LUYI0

Apeon

Natural Sources Anthropogenic
a) 77
Scatteringy ¥ @ _---E N ____ W J < e » Dust Volcanic Sea Salt Smoke Urban
aerosol | // -
Absorbing |} \€==—————=§@--—-" W fe=-——- -
aerosol

Low surface albedo

High surfacealbedo
Scanning electron microscope images
(@) (b) (c)
Incident Beam = 104 ym r=0.1pm Coaguiatior,/” i -
Rainout o,
—_— Forwar d v oed{n;-mauon\‘
L == =i =5 = =il ~l
—— 0.001 0.01 0.1 1 10 100
_— PARTICLE DIAMETER, um
Nucleation 1 Accumulation Coarse
Mode : Mode Mode

Fine particles ———————+— Coarse patticles —
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Eppeon
b)

ETridopacn oto KAIWATIKO 100LUYI0

I
Aleon
) &
a) o3 T |
‘i " ‘l :;:,“.
Scattering | S i ':,-.--" S =
aerosol |\ e R //
Absorbing ) -y
aerosol \ ‘.".'
S X
o "
LI * 3 %
O -.
2 Semi-dire\ \
y - effect
Unperturbed

High surfacealbedo

Low surface albedo

Twomey 1977, Albrecht 1989, Hansen et al. 1997, Koch & Del Genio 2010, Hansen & Nazarenko 2004
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ETridopacn oto KAIWATIKO 100LUYI0

Emitted Resulting Atmospheric P : o : Level of
Sopoind Drivers Radiative Forcing by Emissions and Drivers Coafidonos
] T T T ] T l
g CO, CO, ‘ w 168[1.33102.03) [ VH
2 | ‘ : ﬁ ‘
2 CH, CO, H,0* O : -—q 097[07410120] | H
£ |
8 ! ‘ I \
s E:&ns O. CFCs HCFCs N ‘ 01800110038 | H
| | ‘ , i
2 N,O N,O | 0.17[0.13t100.21) [ VH
R N
§ CcO CO, CH, O : ' : ‘ 0.23[0.16t0030) | M
2|2 I ! ‘
g3 i
g. 2 NMVOC CO, CH, O : lq 0.10[0.05t00.15] | M
i ‘ ; ! ‘
§ NO, Nitrate CH, O : . ; ! 015[-0.3410003) | M
g Aerosols and | wineral Dust Nitrate ‘
§ precursors Organic Carbon Black Carbon s I__ ' 027 [-0.77 10 0.23) H
5 ('."':nv‘xhv:u%, , : ) ‘
Organic Carbon Cloud Adjustments P e i | ‘ ‘ -0.55 [-1.33 to -0.06) L
and Black Carbon)|  due to Aerosols I { |
Albedo Change : }_,_,1 0.15[-02510-0.05] [ M
due to Land Use . [
] |
g Changes in ‘ ‘ |
2
s Solar Irradiance : P ol (IR
229[1.13103.33)
. 2011 H
Total Anthropogenic
- 1980 1.25[0.64 to 1.86) H
RF relative to 1750 !
1950 : : 057[0.29t0085] | M
| 1 | | 1 |
-1 0 1 2 3

Radiative Forcing relative to 1750 (W m2)

Mavvokakn EAiva, Epyaotriplo Duaotkic MeptBaAlovtoc 3/4/2023



Spatial distribution — Mixing of aerosols

Goddar Eﬁ\ Orving System Model™
Dust Sea salt Sulfates Carh0




[TpoodlopidovTac TIC I0IOTNTEC TWV
QIWPOUNEVWY CWHATIOIWV

Ertitomnieg petpnoelg [in situ] 2% DR

Qoaopatopwtopetpa - AERONET 1) Iy

E5(0- 20km)
Aopudoplka cvuoTApATA TTAONTLKAC TNAETILOKOTINGNG

4
Tall tower g
(~500m) i’

altitude (km)

Boundary layer

Enilyela cvotnuata lidar - EARLINET

Surface air
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ApxnN AciToupyiac Lidar

Light
Detection

transmission
eg(tinction coefficient a

field of view
' ; ] particle:s

° ¢ o ° °
° ° ° ,
o ° o °
And
(] (] o (] °
Ranging R
babksc.:a.tter
: backscatter coefficient f§
molecules
(NZ!OE)
Aol
laser

@ receiver
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LIDAR setup

Axtwofoiia mov
EMOTPEQEL
amd Tov 6TOYO

Aéopn laser

Ontwé ovempuae e£680v

0 1
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AVOAVTIG axtwopolriog

"Edeyyoc e&dd0ov
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BACKSCATTER COEFFICIENT (Klett method), 532 nm, res. 60 m, 30 s
Raman Lidar, Leipzig (51.35 N, 12.43 E), 12-15 Oct 2001
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[TpoiovTa evoC cuoTnuaTocg Lidar

Lidar ratio

(neyeboc, oxnua), beiktng 6LabAaonc
Depolarizatio ratio

oxNua, (Leyebog, deiktne StabAaonc)

Angstrom Exponent
ueyebog, (deiktng SLabAaong)

par o CEPM(}‘D"R)
g ()\{]jR) o 5Daf(}\mR)
Py (Ao, R)
5(Ao, R) = C
( 0, ) P”(}\DR)

. (R) In[a?? (355 nm, R)/aP* (532 nm, R)|]
Ao UV —V =
PYTVE In(532 nmy/355 nm)

In[AP* (355 nm, R)/AP* (532 nm, R)]
In(532 nm/355 nm)

In|3P* (532 nm, R)/ P> (1064 nm, R)]
In(1064 nm/532 nm)

aguv-vis(R) =

dsvis—ir(R) =
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Lidar ratio (ueyeBoc, oxnua), 6eiktng S1aBAaong

Depolarization ratio oxXNHa, (Leyebog, deiktng dLaBAaong)

Angstrom Exponent neyebog, (6eiktne StabAaonc)
Méye0oc: Angstrom Exponent

- - T

Lidar ratio
5 sr s=25sr <

Anoppodnon:

Depolarization ratio
eEEw s-2%

ZxXnua
> 6=5%
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o & '

Polluted continental

Biomass burning Clean marine
Méye0oc: Angstrom Exponent
a0 §=0 <

Lidar ratio
Sr S=25sr <

Anoppodnon:

Depolarization ratio

e s-2%

ZXnua:
> 6=5%
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Eciowon Lidar

Alapopikn eicwon lidar omicfookedaonc:

Kotayeypauuém Zyveheomg omodooxadaomg
i 3 = . 1 e T -
&vtaon Tou EpoBpEvEY couaTbioy Luvreheom|g sbaoBeviong

. Tovieheotiic omoBookESaomc IOPODUEVEY GOUNTL0Y
onuatog lidar f TV LOpieV Tuvreheomis cEuobivong
f f TEV LoploY
P (Mp,z)+ B, (2,2 f
e [ I T ) P
l 0
H crabepa Tov
ouoTuotos lidar
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AvaAuon euaiobnaoiacg Lidar — Klett inversion

2. UVTEAEOTNC OTTIO000KEDOONC

HEIGHT, km

.
] ) 1

1064

0.000 0.005 0.010
BSC, km’'sr”

0.000 0.005 0.010

BSC, km™'sr”
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AvaAuon euaiobnaoiacg Lidar — Klett inversion
2 UVTEAEOTNC €cacBevnoNncg
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AvaAuon euaiobnaoiacg Lidar — Klett inversion
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Backscatter Coefficient
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Extinction Coefficient
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Aerosol Optical Depth
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Absolute and relative difference
IN backscatter Coefficient
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