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Aerosol Lidar

g 1. Retrieval of aerosol size distributions (ASD) from
é %j | multiwavelength lidar measurements:
% E % - spectral signature, volcanic aerosol, PSCs
\— ,. / & F'i 2. The Raman lidar technique:
N - 2.1 Aerosol
A § 1 | - what is extinction +how can we measure a(A)
> 5 - Raman scattering characteristics
5 | - lidar equation for Raman scattering
i - experimental setup

- measurement examples
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2.2 Trace gas measurements

| - Multicomponent analysis
: - H,O measurements

2.3 Temperature measurements
. - Rayteigh scattering method
| - Rotational Raman scattering method
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Bimodal AerosolSize Distributions

Comparison of

Lidar and balloon measurements
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Size distribution of liquid PSC

Sodankyla, 19.1.1995 17:00-18:00 GMT
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Refractive index of liquid PSC

liquid PSC
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(sulfuric acid)
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Extinetion ofr)= absorption + scattering (360°)

Why is height reso|

- aerosol radiative forcing is the major uncertainty to predict longterm temperature trends

- the height (and temperature) of an aerosol layer influences the climate effect

- the a_mm.m;_.. ratio” ofA)B()L) contains information about the aerosol composition and size
%_%a_%

s are spherical

b

i

- ,mﬁuwwcammo: about the shape of the ASD can be justified

3 e

- bagkscatter coefficients at 3 (better 4) wavelengths can be measured (error<10%)

Tedy

- no relevant absorption occurs (transparent particles)
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Scattering Processes

Rayleigh scattering _ . Jirtal level
all molecules 111\
— hv
7Lh-_Akxn '111‘\ hv
Ground level
Mie scattering hv
all spherical panticles 7'71\
A’in:?\‘c)ut ¥
hv’I‘:
. __yfymlkwm
Ritisn scattering s
molecules hv
?Linf-lout Vibrationally
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Calewhation of the backscatter coefficient g3¢*

{2u(r2)2
Pinz)=P- m«?mx 4 5 2 (nz) e
1. elastic Lidar signal:
_ﬁwwmo._. QMM_._. . aer mol
P, = = T, Ty with Ty, =exps — [ a3 + af"dz {1)

2. Raman Lidar signat:

A_mw?.u
‘Nayo\.ﬂyz with T

= e = EXP 4 — \,wa + Dﬁ&&nw (2)
2z

3. definitions and assumptions:
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n

ﬁwnmﬂ |m| _Q:Sn _Qnmq |_| .Qw;c_“

ANz gl =y R = el 3 w,f 2o ay) = oy (3)
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4. backscatter ratio:
R 2 P (P [ - a2 @
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~ighial (Wilik. Cihinelien)
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T heory II - Extinction calculation @

1. Raman extinction profile

Q>O

— o
DmﬂANv II. mmwns Z H_ Ao

(2) - afl(z)

1+ (3)"

(Ansmann, 1992)

2. Raman optical depth:

q.AN? Nnv = —In

1 mm?ovzﬁnbu
2

S(2t)N(z)

2

— W NMS AQon_ANv + nghAva
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Koldewey Station, Ny-Aalesund, Svalbard
789N, 11.9E

Sensitivity I - realistic example @

haze layer: 2-3 km
integrated time: 1 h
Kaiser Filter
at” = 7.1073m™?
Lidar Ratio: 40sr

Integrated Time: 0.9h 100*10° shots, LR = 40, R=2.6
15 e —
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extinction coefficient

Aerosol Extinction Coefficient (Raman) 17-Mar-1999 pc mode
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High spectral resolution lidar
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Multicomponent Analysis by Raman Lidar T
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_____H_Il‘ H_ -Raman Profile

T 2ture Measurement by Rayleigh Lidar | .
' 96109/, :
| 10 (e 28 1128 UT

above 25-30 km: || : AT Raman Lidar
' . 5 =-minute average
Lidar signal depends on air density only ! ! ~Radosonde | ]
| a |
y) | g °T ]
RR(?‘) x P ( ?‘) r 3
5
2 4T ]
<
. f 2 f )
in hydrostatic equilibrum: f ’
ht N . . [ . - gl . PP
egration of density profile yields a (relative) pressure | 001 o1 o
profile ' "
Water Vapor Mixing Ratio (9/kg)
o Molecule ¥j A dofdf2 References
P(r) = p(r,) - / nr(r')Mg(r')dr’ o - o
- CCl, 459 1424 26 x 1030 23]
NOL(v,) 754 3457 24 {27]
SF, 775 51 12 (23]
CaH () %91 3487 7] 2
U \ HsLs 3508 17 :”:'72”
S V= €Oy, 1285 3525 , 252
ta "3 PV'=NRT the temperature can be retrieved by coten 1358 259 3 i
s L£] 35y 42 21,
fting atr, (typ. 55-65 km) and downward integration: o, 1556 3359 Py 26
. CaH v} 1623 31.4Q [23-26)
’ N 1859 3566 5.4Q) (23
Jl Cco 2145 33:22 ;z (24, 26)
2 r | N e 3659 is b
r P r 2 ! / P [23, 25)
T(r) = T(rg) ) 4 M b PP Ng(r s | o mwm BR b3
y r — Il . iy 2848 3728 14
(r) kg r2 P(r) | S s o e
CHOH(2 ) 2955 1744 19 {23, 27
CH {v,) 37 17 15 23,27
CoH fvy) 1020 32 14 {23, 27
. CaM i) 3070 b 15Q) (23)
! NH, 3334 M ]3? g; 27]
' R0 3651.7 3844 7%Q) s, 27)

H, 4160.2 922 ET [23. 26]
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Rotations-Raman Spektrum
Rohdaten der CCD Kamera

532.05nm 536.2 nm

Hochaufgeldste Messung

der Rotations-Raman Linien

fiber optic cable

—

¢cp  spectrometer
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'2 spectrum-
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Trace gas measurements by lidar

1. The DIAL technique

_ derivation of the DIAL equation
- detectable species/usable wavelengths

- cross sensitivity
- experimental examples/measurements

2. Wind lidar

- Heterodyne technique
- edge technique
- volume scanning lidar

3. Femtosecond ,white light” lidar
- generation of white light in the atmosphere
- nonlinear effects
- experimental setup
- aerosol and trace gas measurements
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40 kI
180.

VIS
Obs. Angle:

0. km,

T(largel)= 270K

WINTER

o

DIAL absorption cross section for different trace gases

Sensor Height: 100. ki, Target Heighl:
1.00q

SUBARCTIC

) Absorption cross s
Molecule Wavelength Laser (Examples) 107 cm?
Nitric oxide, NO 226.8 nm Dye 46
. Benzene, CgHj 252.9 nm Dye 5.7
. Mercury, Hg 253.65 nm Dyve 3.3 x 104
_ f = Toluene, C;Hg 266.9 nm Dye, Ti:8a 2.8
P Ozone, O4 266.0 nm Dye, KrF, Nd:YAG-
Fj : UV 289.0 nm I¥ + Haman cell 9.49
5‘ - 299.0 nm Ti:Sa 1.59
B Ce:LiSAF 0.42
— — Formaldehyde, CHz0O 286.5 Dye, Ti:5a 0.06%
o Sulfur dioxide, SO, 300.0 nm Dye, Ti:Sa 1.3
= Chlorine, Cly 330 nm Dye, Ti:Sa 0.26
o b XeCl + Raman cell
- g Nitrous acid, HONOQ 354.0 nm Dye, Ti:Sa 0.50
E Nitrogen dioxide, NOg Vis 448.1 nm Dye 0.89
© Methane, CH, 3270 pm OPO 2.0
% 3.391 gm 0.6
Lo = Propane, CsHy 3.391 pm OPO 0.8
© Hydrogen chioride, HCl 3.636 pm DF, OPO 0.20
Methane, CH, 3715 pm DF, OPO 0.002
Subfur dioxide, SO, \R 3.984 pm DF, OPO 0.42
| @ Carbon monoxide, CO 4709 pm CO, 28
o 4.776 pm 0.8
Nitric exide, NO 5215 pm co 0.67
5.263 pm CO; 0.6
- Propylene, CsHg 6.069 um Co 0.08
m e 1,3-Butadiene, C,Hg 6.215 pm co 0.27
Nitrogen dioxide, NOy 6.229 pm co 2.68
Sulfur dioxide, SO, 9.024 pm CO; 026
Freon-11, CCl;F 9261 pm CO, 109
O Ozone, Oy 9.505 pm CO; 0.45
= 9.508 um 0.9
Fluorocarbon-113, CyClsFa 9.604 um CO, 0.77
Benzene, Cgllg 9.621 um cO, 0.07
[0 MMH, CHgNH; 16.182 xm COy 0.06
o Ethyl-mercaptan, Co.HgSH 10.208 pm COy 0.02
© Chioroprems, C,HsCl F l 10.261 wm 0, 0.34
& Monochleroethane, CoHsCl 10.275 um COy 0.12
<+ Aramonia, NHs 10,333 pm COyq 1.0
"o 8 Ethylene, C,H, 10533 um C0, 1.19
9 Sutfer hexafluoride, SFg 10.551 um CO, %03
-~ Trichleroethylene, CHCI, 10.581 um COy 0.49
N 1,2 Dichleroethane, CoH,Cly 10,591 pm €Oy 0.02
: : . 2 . Hydrazine, NoH, 10612 am CO, 0.18
o) o e 9Ce g Vinyl chioride, C;HgCl 10612 ym CO. 0.33
o « ! 5 & UDMH, (CHighNoH, 10.696 um GOy 0.08
o @ o © =8 Fluorocarbon-12 (Freon-12), CCLyF; 10.719 xm COs 1.33
AYTAISSTUIS TR, = Perdhlgrgethylene, C,Cl, 10.742 pm €O, 0.18
£ E 1-Birtiirse, Cyfly 10.787 gm COs 0.13
Perchltrodithylene, CoClLy 10.834 um COy 1.14
Fluoradarbion-11 (Freon-11), CClL;F 11.806 pm 4.4
Acethyleiib; CaHy 13,890 um 92
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Absorplionskoslfizient [atm-1 m-1)

a5
3.0_'\
] 8C,
25
2.0]
15.]
: v AT SO,
] U AN .l
1.03 T X%eh 3
] % Ozone
0.5
ot —
290 292 294 296, 298 3?0 302
Wellanlange [nm)] A (504)= 30005 nm
Aoz (8O3 )= 299.40nm

Abb. 3.2.3: Absorptionspekiren von SO, und Qzon im Vergleich. Bei den ausgewdhlien Wellen-

22

ldngen fiir Ozon hat SO, den gleichen Absorptionskeffizient. Ozon-Spekirum von M.

Griggs {11}, 50,-Spekrum von D J. Brassington [8]

3.1. Verwendete Absorplionsbanden SO,

Fiir den Nachweis des SO, wird eine zentrale Vibrationsbande aus den sogenannten crsten
ien Absorblionsband bemutzt, das sich von 240 bis 330 nm erstreckt, Die Vergleichswel

ist ein Minimum zwischen benachbarten Absorptionsbanden. Das 1. eraubte B
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(103 atm- ! m1]

erlaub-

lenliinge 3.

and wird nach

2.erlaubtes Band

1.erlaubles Band

verbotenes Band

Wellenldnge [nm)

Abb. 3.1.2: Absorprionsspekirum von SO, im UV-Bereich. [m sichibaren Bereich gibt es keine
Absorption. Quelle: 5.7 Streickler & Daniel B. Howell, 1968 19/
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Abb. 3.1.2: Ausschniit aus dem 1. eriqubren Band von S02 und die vom LIDAR benuizien Wel-
lenldngen. Quelle: D J. Brassington 1981 (8}
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Atmospheric Remote Sensing

FTIR / DOAS

e Uses sun, moon or lamps as lightsource

e Many atmospheric trace gases can be meas-
ured simultanously

e Course or no range resolution

L
g

LIDAR (DIAL)

e Uses lasers as light source

e Only a few atmospheric species can be meas-
ured (O,, NO, NO,, CH,, SO,, water vapour,
aerosols)

e No simultanous measurement

e High spatial and temporal resolution

—

CONCEPT

GOAL:
Combine the advantages of Lidar and FTIR /
DOAS
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Transmission

Water Vapor
Int.; 550-1100 m, 4 min, Mix. Ratio= 0.6 %
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