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Outline
 Towards ACTRIS supersites
* Aerosol typing from lidar optical data

» Microphysical retrievals from

combined lidar/sun photometer data
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EARLINET multiwavelength Raman Lidar
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Data Acquisition

* particle backscatter coef. (355, 532, 1064 nm)
» particle extinction coef. (355, 532 nm)
*lidar ratio (355, 532 nm)

from near-range
telescope
/

Monochromator - _
= (7o | * Angstrom exponent (355/532 nm, height-res.)
2 - fe o w57 * particle depola_ri_zation _ratio (532 nm)
5 i ] —r « water-vapor mixing ratio
—— ' - temperature

+ scattering model:
* particle mean size, volume concentration,

refractive index (height-resolved)

1-m telescope
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Continuous observations — Raman Lidar PollyXT

1: roof cover
2: sensors for outdoor temperature, air pressure, and rai
3: aircondition
4: uninterruptible power supply,
5: computer with data acquisition
| 6: laser power supply
7: laser head
8: beam expander
9: receiver telescope
10: receiver with seven channels
oy [ .5 41 T
$ é $ é é CAM E1 | second harmonic
E5 R13l =353 generation crystal
E2 | third harmonic
- Rg‘l 1[ = 532 generation crystal
Ae I . E3 uartz prism
R >§H‘|’: e 1064 E4 Zuartz gnsm
R1 607 E5 | beam expander
R7 R1 | primary mirror
RG[ 355s R2 | secondary mirror
R14 R3 | pinhole
R4 | achromatic lens
[l neutral density filter E’Z ::ﬁi};:iﬁ
ﬁ q lens R7 | beamsplitter
5 R8 | beamsplitter
by R9 | beamsplitter
R10 | beamsplitter
R11 | beamsplitter
R12 | beamsplitter
R13 | beamsplitter
R14 olarizer
ul O I\ / CAM Samera.
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Continuous observations: AERONET and EARLINET

Sun photometer
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ACTRIS

Aerosol, Clouds and Trace gases Research Infrastructure Network

Ground-based remote sensing
EARLINET: ~27 aerosol lidar stations
3+2 Raman lidars (aerosol typing, microphysics) § G
Raman lidars (extinction profiles) W, o G
backscatter lidars g s

CLOUDNET: ~10 cloud radar stations

EARLINET- AERONET: ~17/ stations and 3
calibration sites

Ground-based in-situ observations fiie g B PEIM et

e about 30 ground-based stations for in-situ : :
measurements of chemical, physical and optical T e AR P ST %
properties of aerosols (former EUSAAR) o3 ‘f' ” . SPoile el g ::“mvwv-w- by

e about 20 ground-based stations for monitoring <D i s e SRR s ! e i

short-lived trace gases
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ACTRIS supersite @ Melpitz
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In-situ Aerosol Physics and Chemistry

: e | Trace Gases
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In-situ aerosol and cloud microphysics
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In-situ aerosol and cloud microphysics
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CLOUDNET — EARLINET integration

Lidar 3A Lidar &
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CLOUDNET — EARLINET integration

1 22 spr 2013
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Optical properties from lidar

Extensive optical parameters (concentration-dependent)

Backscatter coefficients: (355, 532, , 1064 nm)
Extinction coefficients: « (355, 532 nm)

Intensive optical parameters (type-dependent)

Lidar ratio: S (355, 532 nm) S=
size, shape, refractive index

a 47
S w,P,(180°)

B _ P,(180°) - P,,(180°)
B P,(180°) +P,,(180°)

Depolarization ratio: ¢ (355, 532, , 1064 nm) 0=
shape, (size, refractive index)

Angstrom exponents . In[x(4,) ! X(4,)]
backscatter-related: 4(532/1064), &(355/532) a == In(A 1 )
extinction-related: a(355/532) Al

size, (refractive index)
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Aerosol typing from optical parameters

9
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Polluted continental

Biomass burning Clean marine

Size: Angstrom Exponent, Lidar ratio
C_ 8>1 8=0
Absorption: Lidar ratio

{_ S>60sr S =55sr S=25sr {

Shape: Depolarization ratio

> 5 = 0.05 §=031 5 =0.02 {
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Example: PBL aerosol, LE, 17 July 2013

. _— PollyaT_IFT, Leipziy, Germany
Range-corrected signali@1064nm, PollyXT_HT, Leipzig, Germany 2013-07-17 00-06:01-201 3-07-1 7 05.59:30
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Example: PBL aerosol, LE, 17 July 2013

H L LA BN L B [N L B N LA BN B L L N B B UNLELEN L
at b1 c1 di e f i
355 T 355 T 355 T e355/532 b355/532 T 355 355 1
532 __:' 532 '::' 532 '::'d355/532 b532/1064 '::' 532 RS_Lindenberg ':
1064
e T T 1 T h
=
Y=
2
Q 4 4+ L -
T I
1
C 825  smoothinglength (m) 2875 | 2875 | 275 | 82.5 2875 |
O..I..I..I....I..I..I....I..I..I....I..I..I....I..I..I....I.I..I..
0O 25 5 75 100 200 300 25 50 75 -1 0 1 0.1 0.2 0.3 5 10 15
Bsc Coef (Mm'sr') Ext Coef (Mm') Lidar ratio (sr) Angstrom  Part Lin Dep Ratio WV Mix Rat (g/kg)

LRyes =51.1+5.4Sr  ANUuagesay = 1.5 Opgss = 2%
LRes, =54.8 £ 9.4SI  ANOpeanions = 1.5 Opssy = 2%

ANQe3s553, = 1.3
ANQgyzs553, = 0.1
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Height (km)

Example: Saharan dust, LE, 18 June 2013

BSC-DREAMSb v2.0 Dust Load (g/m* ) and 3000m Wind
00h forecast for 12UTC 17 jun 2013
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R S
Ay B
50°N g
a0en |
300N
200m[ ™
1op A :
20°W 10°W 0°  10°E  20°E  30°E  40°E  50°E
20 mjs

(@) (00]

N

¢

.
“

10°N

50°N
aoen|
30N
20on|
20°E

BSC-DREAMEb v2.0 Dust Load (g/m* ) and 3000m Wind
00h forecast for 12UTC 18 jun 2013
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Example: Saharan dust, LE, 18 June 2013

NAAPS Total Optical Depth for 12:002 17 Jun 2013 NAAPS Total Optical Depth for 12:002 18 Jun 2013 MNAAPS Total Optical Depth for 12:002 21 Jun 2013
Sulfate: Crange/Red, Dust: Green/Tellow, Smoke: Blue Sulfate: Orange/Red, Dust: Green/Tellow, Smoke: Blue Sulfate: Crange/Red, Dust: Green/Tellow, Smoke: Blue
-30 -20 =10 i 10 20 30 40
...... 1 T

=30 =20 =10 i} 10 i) 30 40
T iz R

...................... 7

.................................

................................

(00}

Height (km)
(o)}
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19 June 2013, 0.00 UTC 20 June
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Example: Saharan dust, LE, 18 June 2013

NOAA HYSPLIT MODEL

Backward trajectories ending at 2100 UTC 18 Jun 13

NOAA HYSPLIT MODEL
Backward trajectories ending at 2100 UTC 18 Jun 13
GDAS Meteorological Data

GDAS Meteorological Data
135
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Job ID: 11472 Job Start: Thu Sep 19 12:06:54 UTC 2013
Source 1 lat.: 51.000000 lon.: 12.000000 height: 3000 m AGL

Trajectory Direction: Backward  Duration: 240 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 15 Jun 2013 - GDAS1

Job ID: 11508 Job Start: Thu Sep 19 12:08:28 UTC 2013
Source 1 lat.: 51.000000 lon.: 12.000000 height: 4000 m AGL

Trajectory Direction: Backward  Duration: 240 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 15 Jun 2013 - GDAS1
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Example: Saharan dust, LE, 18 June 2013

f

355 | 355 T 355 | e355/532 b355/532 | 355
532 7T 532 T 532 T d355/532b532/1064 T RS_Lindenberg ]
1064 |~ T T T 7

Height (km)
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0 2.5 5 50 100 150 25 50 75 -1 0 1 0.1 0.2 0.3 5 10 15
Bsc Coef (Mm'sr') Ext Coef (Mm™) Lidar ratio (sr) Angstrom  Part Lin Dep Ratio WV Mix Rat (g/kqg)

LRy =48.329.2ST  ANQpaseissy = 0.0 Bpags = 19%
ANGps3z1064 = 0.7 Opszr = 19%

ANQy3ss5/532 = -0.1

L
<

¢

| ; AeroCom/ACTRIS Workshop, Hamburg, 26 September 2013 TROP |
ACTRIS P 9. 26 Sep - TROPOS |




Example: Forest-fire smoke, LE, 18 June 2013

NAAFS Total Optical Depth fer 12:002 0F Jul 2013 HAARS Total Optical Depth for 12:002 15 Jul 2913
Sulfate: Orange/Red, Dust: Green/ellow, Smoke: Blus Sulfate: Oronge/Red, Dust: Grean/Tellow, Smoke: Blus
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Example: Forest-fire smoke, LE, 18 June 2013

NCAA HYSPLIT MODEL NCAA HYSPLIT MODEL NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 24 Jun 13 Backward trajectories ending at 1200 UTC 07 Jul 13 Backward trajectories ending at 1600 UTC 15 Jul 13
GDAS Meteorological Data GDAS Meteorologlcal Data GDAS Meteorological Data
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Example: Forest-fire smoke, LE, 18 June 2013

MODIS firemaps, 1 June to 25 July 2013
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Example: Forest-fire smoke, LE, 18 June 2013

6 | | | | | | | | | | I | 1 L | | |
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Aerosol typing — EarthCARE observables

Aerosol classification from measurements of lidar ratio and particle
linear depolarization ratio at 355 nm

L LU o e e S S I S S N S N S B S S

100 Dust and Smoke -

90 |
80 | :
70 [
60 J
50 [§
a0 |

Lidar ratio, sr

| Dusty mixtures
30

20 |
10

0 1 L A A ' l A A A L l A 1 L A l A L A A l L A L L l A L 1 A l L L L A l L 1 A L
0 5 10 15 20 25 30 35 40

Particle linear depolarization ratio, %
Measurements from EARLINET, SAMUM-1/2, Polarstern, Amazonia; TROPOS and MIM

Aged boreal
biomass burning -
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Multiwavelength Raman polarization lidar (EARLINET)

Identification and location of aerosols Multivlvzvelength
(4-dimensional)

Characterization/typing of aerosols

spectral elastic [<scatter signals

(nalariza

oncitive)

Quantification lidar-only algorithms
e.g., Miiller et al. 1999a,b, 2001, 2011;

Bockmann 2001, Béckmann et al. 2005,
Veselovskii et al. 2004

Optical, microphysical, and radiative

properties | |
backsc./ext.-rela strom exponents

Source identification transport Spectral |idal’ I’ati O|arizati0n ratiOS)

; height-resoYved (mean)

9 Vertlca”y reSOlved microphysical parameters

(effective radius, volume concentration,
.. . . . . fractive index)
= Limited microphysical characterization, e

and daytime capabilities

L
“

<

: AeroCom/ACTRIS Workshop, Hamburg, 26 September 2013
ACTRIS P Hr P




Sunphotometer observations (AERONET)

ST |dentification of aerosols

Characterization/typing of aerosols

direct indirect
snoct diances o ]
sunphotometer-only algorithms Quantlflcatlon
e.g., Dubovik and King, 2000;
Dubovik et al. 2000, 2002a,b, 2006; . . . ..
sinyuk et al, 2007 Optical, microphyisical, and radiative
| . properties
AOD relate& 76m exponents =» Restricted to columnar properties,
\/ daytime, cloud-free scenes only
columnar microthysicaI parameters
(fine-mode and coarse-mode volume
size distribution, refractive index,
non-sphericity information)
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Combining lidar and sunphotometer observations

Multiwavelength
Lidar

Sunphotometer

\ 4 \ 4

direct and indirect spectral elastic-backscatter signals
spectral radiances (polarization sensitive)
(polarization sensitive) spectral Raman signals

A A 4

spectral backscatter coefficients (pol. sens.)

spectral aerosol optical depth — . .
P P P spectral extinction coefficients

A A 4

backsc./ext.-related Angstrom exponents

AOD related Angstrom exponents . . . :
g P spectral lidar ratios, (depolarization ratios)

A 4 A 4

columnar microphysical parameters height-resolved (mean)
(fine-mode and coarse-mode volume microphysical parameters
size distribution, refractive index, (effective radius, volume concentration,

non-sphericity information) refractive index)

GOAL

improved height-resolved
microphysical parameters

v
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Lidar/sun photometer integrated algorithms

AERONET inversion Measurements
Columnar properties of aerosol: PHOTOMETER
Size distribution dV(r,)/dInr «  AOTs r(&)
* Refractive index n(4, )+ik(4,) [€ + Total scattered radiances /(1.0
Spherical particle faction C,, A,=044,0.67,087,1.02¢m
A, =0.44,0.67,0.87,1.02m 6, [0°,150°].i <35
\I'f LIDAR
Fixed columnar estimations for .

Altitude resolved back-scattered

fine and coarse aerosol modes:

: SRS radiances I(4,.h,)
* bidarratios .S-*V.'f‘}'s" (%) A, = 0.355,0.532,1 064 m
AOTs ©/(4,).7.(4) hoelh,h.]
Volume concentrations v/,
A, =0.3550532,1.0641m
v
LiRIC < > GARRLIC
Output
* \Vertical distribution of aerosol concentration for fine
and coarse aerosol modes ¢’ (i, ).c" ()
>+ Lidar calibration coefficients ;‘u{pllj <

A, =0355,0532.1.064m

h' E[hmiu‘huw]

Columnar properties for fine and coarse aerosol modes:

+  Size distribution dV’ (r)/dInr.dV" (r)/dInr

* Real part of complex refractive index n’ (2, ).n"(4,) "

* Imaginary part of complex refractive index &/ (4, ).4 (4, -

+ Spherical particles faction C_,

A, =10355,044,0.532,0.67,0.87,1.02,1.064 um
Generalized Aerosol Retrieval from Radiometer and Lidar/Radiometer Inversion Code
Lldar Combined data Institute of Physics of the National Academy of Science of
Laboratoire d’Optique Atmosphérique, Lille (O. Dubovik) Belarus, Minsk (A. Chaikovsky)
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Smoke event: GARRLIC versus LIRIC

Smoke event, Minsk, 13 August 2010
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Lopatin, A., et al., AMT, 2013
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GARRLIC: Improved columnar products

Smoke event, Minsk, 13 August 2010
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Lopatin, A., et al., AMT, 2013
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GARRLIC: Single scattering albedo

Smoke event, Minsk, 13 August 2010
New product!

1 10 T
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LIRIC and DREAM: Athens, 20 July 2011

BSC-DREAMS8b model vs. LIRIC combined lidar-sunphotometer retrieval
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LIRIC and DREAM: Granada, 27 June 2011
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Summary

Lidar (multiwavelength, Raman, polarization) for vertically
resolved characterization of aerosols

Lidar + sunphotometer for improved microphysical retrievals

Towards integration of aerosol and cloud observations
(EARLINET/AERONET/CLOUDNET)

Towards continuous 24/7 atmospheric observations

Towards networks for covering the regional and global
variability and for long-term observations

dvanced datasets for model evaluation and data assimilation




