
A sta rphotom ete r is a passive rem ote sensing instrum ent tha t pe rm its the re trieva l of a tm osphere spectra l
op tica l dep th (OD) from m easurem ents of a ttenua ted sta rligh t. It enab le s the m onitoring of the abundance
and (to a degree ) the na tu re of transparen t a tm ospheric particles (like ae rosols and optica lly th in clouds)
and trace gas con ten t (like ozone , m olecu lar oxygen and wate r vapor). Its ve ry sm all fie ld of view m akes it,
a rguab ly, the on ly photom ete r ab le to perform aerosol and gas m easurem ents th rough th in ice clouds. For
cloud-free obse rva tions it represen ts a n igh ttim e com plem ent to the m ore fam ilia r sunphotom ete r and an
alte rna tive to the du ty-cycle (m oonligh t) lim ited m oonphotom ete r. On the other hand , an im portan t
shortcom ing of sta rphotom etry is the increased signa l-noise associa ted with sta r scin tilla tion effects.

The Eureka sta rphotom ete r (se ria l SPST09) was insta lled in Novem ber 2010. It is the last in a se rie s of n ine
instrum en ts bu ilt by the Germ an com pany Dr. Schu lz & Partne r Gm bH, which has now ceased opera tions.
It is based on the Ocean Optics QE65000 spectrom ete r using a Ham am atsu S7031-1006 CCD sensor. It
p rovides 1000 m easurem ent channe ls (covering the 400-1080 nm spectra l range) from which 20 are
opera tiona lly em ployed : 401.8, 421.9, 445.2, 466.0, 498.7, 520.2, 551.9, 576.6, 604.9, 643.2, 674.4, 747.4,
762.8, 778.2, 861.7, 878.4, 935.9, 936.7, 995.2 and 1019.8 nm . This instrum ent is a ttached to an 11 inch
d iam ete r (279.4 m m ) Celestron C11 Schm id t-Cassegra in te lescope , with a 98 m m diam ete r secondary
m irror. A rugged ized a lt-azim uth m ount bu ilt by 10Micron is em ployed for sta r poin ting. The en tire system
is con ta ined inside a rugged ized dom e built by Baader Plane ta rium Gm bH.

Channe ls [7,9,10,11] enab le the re trieva l of ozone absorp tion OD, channe l 8 is for O2-O2 absorp tion OD,
channe l 13 is for the m olecu lar oxygen OD, while 17-18 are rese rved for wate r vapor. The rem ain ing large ly
absorp tion free channe ls provide the spectra l OD for particle OD analyses.

Introduction

Retrieval methods

Another focus is the in te raction of ae rosols and clouds and attendan t cloud form ation processes. The
very sm all fie ld of view renders sta rphotom ete r m easurem ents le ss sensitive than the ir sun and m oon
analogues to op tica l dep th e rrors induced by the forward sca tte ring effects of cloud particles and thus
m ore capab le of quan tifying both aerosol and cloud optica l dep th con tribu tions. Th is is pa rticu la rly
advan tageous when attem pting to characte rize the com plexity of ice clouds form ation during the
polar n ight. The case be low em phasizes the be tte r corre la tion be tween sta rphotom ete r cloud OD
(COD) with lidar vertica l p rofile s, than the m oon COD.
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Calib ra tion  constan t (Langley m ethod)
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One -Star Methods (OSM) Two -Star Methods (TSM)

Absolu te  OSM: op tica l dep th  re trieved  for each  
sam ple
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∆ OSM: fin ite  d iffe rence , sam e  sta r, 
d iffe ren t tim es
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∆ TSM: fin ite  d iffe rence , quasi-sim ultaneous 
acqu isition  tim es (consecu tive  sam ples)

𝜏𝜏 =
∆∆𝑆𝑆
∆∆𝑥𝑥

∆∆ TSM: double  fin ite  d iffe rence , two sta rs, 
d iffe ren t 𝑥𝑥, d iffe ren t tim es

One  op tica l dep th  spectrum  is acqu ired  each  3 m in  Absolu te  OSM, or 5 m in  ∆ TSM m odes.

Duty-cycle of sta rphotom ete r m easurem ents ove r the years. Gaps are la rge ly a ttribu table to hardware repa irs and
m ain tenance . OSM (One-Star Measurem ent) and TSM (Two Star m easurem ent) tim es are represented by red and blue
colours re spective ly. The th ickness of the bottom black vertica l lines represents the darkness dura tion on any given day.

MMCR (cloud radar) and CRL (Candac Ram an Lidar) quick-look profiles synchronized with m oon- & sta r-photom etric ODs
are ava ilab le a t: starphotometry.espaceweb.usherbrooke.ca/eureka/

Symbol glossary

Mounted sta rphotom er inside the  Baader dom e (above le ft) and  outside view of the  dom e (above righ t).

Above (top to bottom graphs) (a ) Candac Ram an Lidar (CRL) range-corrected ve rtica l profile of photon counts (ind ica tor of
particula te backsca tte r), (b) fine (sub-µm ), coarse (supe r-µm ) and tota l AODs derived from sta rphotom etry AOD spectra
(SDA m ethod), (c) SDA applied to AERONET m oonphotom ete r da ta .

A prim ary research focus is the clim atology of ae rosol seasona l varia tions. In Eureka , the
sta rphotom ete r provides da ta during the six m onth Polar-win te r gap in the sunphotom ete r
m easurem ents (the gray area in the p lot be low). The m oonphotom ete r a lso fills th is gap , bu t on ly for
about one week per m onth .

Tem pora l p lot of fine m ode ae rosol optica l depth (FM AOD) at 500 nm , provided by AERONET/AEROCAN Polar-sum m er
re trieva ls a t 0PAL and PEARL with starphotom eter and AERONET/AEROCAN (0PAL) m oonphotom eter re trieva ls, b ridging the
Pola r-winte r gap (the lunar-phase dependent m oonphotom ete r re trievals be ing restricted to about one week per m onth).
Cloud screening is provided by the (spectra l) cloud screening capability of the SDA (Spectra l Deconvolu tion Algorithm ):
however, to reduce the im pact of la rge optica l depth clouds on re trieva l accuracy we restrict the FM AOD re trieva ls to those
with the coarse m ode (CM) AOD < 0.3. The FM and CM AOD are a product of the SDA.
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