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Outline

* why night-time measurements?

 from Sun to Moon observations

* present: first measurements at Barrow
» near future: plans for Ny-Alesund

« summary/other info
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A climatologically significant aerosol longwave indirect
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The warming of Arctic climate and decreases in sea ice thickness and

extent!-Z observed over recent decades are believed to result from
increased direct greenhouse gas forcing, changes in atmospheric
dynamics having anthropogenic origin®-2-2, and important positive
reinforcements including ice-albedo and cloud-radiation feedbacks®. The
importance of cloud-radiation interactions is being investigated through
advanced instrumentation deployed in the high Arctic since 1997 (refs 7,
8). These studies have established that clouds, via the dominance of
longwave radiation, exert a net warming on the Arctic climate system
throughout most of the year, except briefly during the summerZ. The
Arctic region also experiences significant periodic influxes of
anthropogenic aerosols, which originate from the industrial regions in
lower latitudes?. Here we use multisensor radiometric data’2 to show
that enhanced aerosol concentrations alter the microphysical properties

of Arctic clouds, in a process known as the 'first indirect’ effect!l-12,
Under frequently occurring cloud types we find that this leads to an
increase of an average 3.4 watts per square metre in the surface
longwave fluxes. This is comparable to a warming effect from established
greenhouse gases and implies that the observed longwave enhancement
is climatologically significant.
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http://www-calipso.larc.nasa.gov/data/BROWSE/expedited/V2-02/2009-07-13/2009-07-13_03-00-00_Exp_V2.02_4_1.png

Thanks to Andreas Herber
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J(2)=J,(1)/R2 e MV

Lambert-Beer equation

J()=J,"(A)/(R2d2)e M4

0 Jo ~ lunar albedo A




LUNAT CALLDTATLON

* measurement and modeling of the lunar reflectance A

« dependence on geometry: absolute phase angle g, selenographic
latitude and longitude of the observer (6, @) and lunar terminator @

« 32 spectral bands (350-2400 nm)

* spectral interpolation with lunar soil samples

3 3
InAy = Z aing' + Z b @Y™ + 160 + 20 + 3P0y
= = 18 coeffs.

+ dype 9P+ dore™IP2 - dyy cos[(g — p3)/pal,  (10)

Hugh H. Kieffer and Thomas C. Stone, "The Spectral Irradiance of the Moon", Astronom. J. 129, 2887-2901 (2005)
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First measurements at Barrow

* Measurements performed with a modified Carter-Scott SP02 sun
photometer (425, 500, 675 and 862 nm)

« Calibration performed during two lunar cycles at Mauna Loa, Hawaii (st.
dev. < 2%)

« Measurements performed during five lunar cycles at Barrow, Alaska
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Next step: Ny-Alesund

We are go.ing to deploy a prototype of lunar photomét'er (mddified PFR) in Jan 2014

Lunar Arctic-coordinated remote sensing of aerosols project
submitted to SSF) .‘;

perform coordinated aerosol observations at Ny-Alesund and Hotnsund
- contribute to close the gap in the AOD climatology for the station

- establish Svalbard as a key satellite validation site using a suite of passive
and active ground-based instruments |

B



PF R mOd ifications Required signal gain respect to sun

3-610°

Wehrli et al.
Ways to improve PFR design for low-level signal:

e 1st and 2"9 stage amplifications 2-4 104

* Wider filters, e.g. 10 or 20 nm (now 5 nm) 3
* Telecentric collimator e.g. 12.5/5 mm 6.25
* Chopper =1Hz (modified shutter mechanism) ?

eliminate DC-offset propagation, Drift —> improved sensitivity
eliminate temperature drift — improved stability
Synchronous A/D conversion in PFR —> digital interface
‘true’ signal integration (=0.5 sec, VFC ) = improved S/N
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Normalized signal

PFR tests in Davos: signals
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PFR tests in Davos: AOD

20131018.pfr.moon.m.norm
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Summary and other info

« AOD will be easily available also during (polar) night
using moon as light source

* Preliminary measurements already performed at
Barrow and (soon) at Ny-Alesund and show good quality
« Cimel is going to sell a lunar version of their photometer
-> AERONET?

« Sherbrook University (Canada, N. O’Neill) and
Valladolid University (Spain, V. Cachorro C. Toledano)
plan to deploy lunar Cimels at Eureka and Andennes
 Barreto et al. from AEMET already published some
measurements taken at Izana (Canary Island) for AOD
and CWC
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Alternative ROLO implementation

voa | 412 nm e 500 nm
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PFR signals estimation
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Required signal gain 3 — 6 10°
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