Photometer and lidar measurements in Spitsbergen
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Typical AOD values from Toledano 2012 Atmos. Environm.
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Aerosol may have different pollution pathways than trace gases!



AOD- Evolution in Ny-Alesund,
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AOD (500 nm)
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Old date from Herber 2002:
More Haze and longer Haze periods, (still in May!)
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And the years in between, AOD is shrinking but with high variability
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New approach of photometer evaluation:

1) Information content: (many data from 2013)

traditional Angstrom fit
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In an ideal world one could imagine:

T = a1 }laz + Cl3/1a4
coarse - fine- mode

Method: invent a,, a,, a5, a, = T4, add noise

Use Levenberg-Marquardt to retrieve a1, a2, a3, a4 back
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Hence we are looking for an easy approach which contains more information
than the traditional Angstroem and chose:

T=CA 962 a: ,modified Angstroem® B: ,spectral slope*
a: AE (A) = 0 B: d/dA (AE)

Again we use the LM to retrieve C, a, B from the measured T1(A)
Fitting possible up to O(10-")
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Information content of photometer data:

Approach:

1) Chose arbitrary T1(A)
2) Add 100 noise realisations with given AAOD
3) Retrieve for each noise realisation A, a, 3
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Information content behind photometer data:

Invent log-normal
distributions (o, n,
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What do a and B tell us?

Both are intensive quantities, so they can be plotted against each other
independent of aerosol concentration

Recall: T=C"tbA=C )-Exp

Hence: B< 0: AE stronger negative for IR (Expon. for IR closer to -4)
B = 0: traditional Angstroem law good

B > 0, requiers small a

Often Exponent smaller for IR than for UV
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Non-uniqueness of size estimation from A, a, 3

refractive index ny; = 1.60 + 0.01

o A b B
L3 || reff1 = 0.01um || 1opp = 013um | 1o5p1 = 0.11pum
Veff’2 — 018]/”7’1 reffrz — 034’/”71

1.5 reff = 0.14um repf = 0.09um | reppq = 0.09um
reff2 = 0.20um
1.7 reff = 0.10um rerf = 0.07um | 1o5rq = 0.11pum
reffo = 0.34um
refractive index 1, = 1.44 + 10~°i

o A o B

1.3 reff = 0.16pm repf = 0.10pum | reprq = 0.09um
reff2 = 0.16pm
1.5 reff = 0.21um reff = 0.14um | 1,51 = 0.06pm
reff2 = 0.35um
1.7 reff = 0.28um reff = 0.19um | reppq = 0.05um
reffo = 0.16pm

Assuming A= -1, a=-1, B=-1.5 (typical for Ny-Alesund) different solutions
are possible



Open questions: Pollution pathways

Graldl, 2019: Flextra with ERA-interim
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5 days trajectories too short
Reanalysis products show large differences
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Sea ice as reduced sinks?

height: 1500 m
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Sea ice: dry, stable BL
less vertical mixing,
longer aer. life-time

Best conditions for
aerosol transport:

Air over source regions
in BL with enough wind
speed

Ascend of the air (higher
wind speed, 5 days, less
precipitation)

Advection over sea ice

MOSAIC: coordinated observations with surrounding stations needed



KARL.: Koldewey Aerosol Raman Lidar

Backscatter (B) @ 355nm, 532nm, 1064nm
Extinktion (a) @ 355nm, 532nm
Depolarisation (d) @ 355nm, 532nm
Water vapor (mr) @ 407nm, 660nm
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What does an aerosol lidar deliver:.

extensive quantities (dependent on aerosol number concentration):

backscatter (concentration, size, shape, refractive index)
extinction (concentration, size, shape, refractive index) !

Intensive quantities (not dependent on aerosol number concentration)

depolarisation § = [;—l (shape) [ dipole moment]

colour ratio CR = % (size) [B~M -4<A<0]
A2

aer

lidar ratio LR(A) = ;7 (index of refraction, size, shape)

Knowledge of 0, CR, LR allows a robust classification of
aerosol type (dust, smoke, sea salt, cirrus...)

W
— it's about getting the intensive quantities! AWI @
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Lidar and contemporary radiosonde: hygroscopic growth?

In-situ define scattering enhancement factor f(rh) = (1-rh)Y

Question: apply this to B (instead of 0)?
Assumption: all lidar data in a given time / height should belong to ,same event®

Backscatter (532nm) vs Rel. Humidity of Water 700-1500m
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A theory is short,
concise and
complete and is
believed by nobody
except of its
Inventor.

Observational data
are noisy, strange
and incomplete and
are believed by
everybody except
of the one who
measured them.

Picture:
Loriot 1923 - 2011

Thank you for your attention!






AC3 and PAMARCMIP 2018:

Persistent layer of aerosol in 5-7km

Range-correcte 2 nm
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Open questions:

2. Does remote sensing overestimates extinction?

Tesche et al. 2014 ACP:

Calipso_extinction > in-situ
(Zeppelin station)

(what was NOT published in)
Lisok, 2016 Atm. Environm:

KARL extinction > in-situ
(Gruvebadet station)

And extinction at ground, 1km,
2km altitude not correlated
Deviations also at rh =50%

CALIOP Extinction Coefficient (Mm™)

distance of overpass (km)
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Needs to be clarified during MOSAIC:
Less orography!



