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INTRODUCTION: WHY IS THE CALIBRATION OF LUNAR
PHOTOMETERS SO DIFFICULT?

The three most important issues in lunar photometry are:

1) Moon’s illumination is changing at any time

. | — —T3'm
> a consequence I.H @ calculate each night!!!!

It’s required to Introduce a new methodology for
nocturnal absolute calibration
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INTRODUCTION: WHY IS THE CALIBRATION OF LUNAR
PHOTOMETERS SO DIFFICULT?

2) We need to have a reference for the Moon’s irradiance at
TOA

It’s necessary to find an accurate estimation for Moon’s
spectral extraterrestrial irradiance



INTRODUCTION: WHY IS THE CALIBRATION OF LUNAR
PHOTOMETERS SO DIFFICULT?

3) Nocturnal measurements only under relatively high
illumination conditions (FI>50%) ~ 50% lunar cycle

Our experience suggests nocturnal measurement above 50%
Illumination

Improve instrument detectivity to extend the range????

We have to assume a ““blind” period over the Moon cycle
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“blind” period over the Moon cycle: only lunacy
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INTRODUCTION: WHAT WE HAVE DONE?

Lunar Langley Method for absolute calibration
(Illumination variability problem)

—T1 M

.I!:_;l — .I!rl}y_lﬁ'

l New cal. coef. (strictly
C5(A)-S2(A) constant)

Vo= 1ot k; where | &A=

Assuming |, known

Linear regression analysis:

V(A _
[r| I'. ']+Jraﬂ!,,¢:rJ]-T1=m-;,"-.:J.'i”[.'?:.
lill]':-'ll":
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INTRODUCTION: WHAT WE HAVE DONE?

Lunar Langley Method for absolute calibration
(Hlumination variability problem)

o/ ROLO model* (Agreement with USGS, u(lg)=1%)

Vo5 = e where: ;A Ou-F, (ROLO’, USGS Lunar Irradiance
- : ¥/ T empirical model)

moon’s disk-equivalent
reflectances

3 3
‘a : By . . . = 3
n(A;)= E ftf.;_-;'*+E b i 4oy -0+ oo-dtez-p-B+cs-p-dtdy P +daj-eP +

=1 n=1

sun’s spectral
irrad. 1TAU (Wehrli)

moon’s
solid angle

g: moon’s phase angle +da j - cos| q—pa,
6 and ®: selenographic lat/lon observer P4
¢: selenographic sun’s longitude

*Kieffer and Stone, 2005
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New features and improvements over the standard model

THE NEW CE318-T
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New tracking system

GPS positioning

P measurements

Robot controlled by micro-stepping
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GAW REPORT

HOW TO ESTIMATE THE
INSTRUMENT’S UNCERTAINTY



Instrument’s uncertainty

WORLD METEOROLOGICAL ORGANIZATION
GLOBAL ATMOSPHERE WATCH

WMO/GAW EXPERTS WORKSHOP ON A
GLOBAL SURFACE-BASED NETWORK FOR
LONG TERM OBSERVATIONS OF
COLUMN AEROSOL OPTICAL PROPERTIES

Davos, Switzedand, 8-10 March 2004

2005
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1. Standards

In mast cases, Me dominamt uncertainty tems In ACD determination are the represenative

top-0f-the—atmaosphere signal and the measured iransmission signal scaied by representative air
mass. The callbration procass for detarmination of afther 5, or the top-of-atmosphere Imadance
E.i} and 3 measured Imadiance signal have not been standardzed and are lamely up fo
Individual network operaiors. There |s no word-communiy-accaptable and realisable method
based on fraceable physkal quantties to determing Mese most fundamental of quantiss for
routin spectral soiar obsenatans to detemming ACD.

The prefemed methods of raceabiity are efther Imer-compansons of

nefwork-representative reference insiruments or co-ocation of representatve natwork Instruments
Wit one or more Insruments dreclly raczable 1o e WORCT standards.

As iraceaiity ks not cumenty posslie based an physical Measurement systems, the It
fom of traceabilty il be based on dference citeria. That s, at an Ines-companison of coHocation,
Iraceatilty wil be estabished I the diference betwean one network's ADD and another's s wiin
speciic Imis. Thase Imits wil be denendent on the dertvation methadaiogy 35 each measurement
BYStem has  dMferent uncertainty profle.

(1) U <0U005 + 0.010mn, Tor finie fov trarsmission measurements,
(2} U <005 for 2w Insruments, and
{3} U <0.020 for non-inear scatiered extincion methods.

Ugs = +(0.005 + 0-010/,
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DAYTIME AOD EVALUATION AT IZANA

RESULTS
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AQOD accuracy = 0.01

AOD accuracy < 0.01
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Daytime AOD evaluation at 1ZO
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Daytlme AOD evaluatlon at 1Z0

Ugs = +(0.005 + 0-010/,
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1 Good performance of CE318-T at daytime (AAOD<0.01)

d Also confirmed using WMO U95 criteria

1 CE318-T accuracy at least similar than CE318-AERONET
and PFR

] Expected better accuracy
e Pressure measurements
* Improved pointing accuracy
e Syncronization by GPS
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NIGHTTIME AOD EVALUATION AT GRANADA

RESULTS
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Nighttime AOD evaluation at GRA

Excalibur star-photometer CELESTRON CGR 1100

University of Granada, [ISTA-CEAMA /I

Filter wheel
380, 436, 500,670, 880, 940,1020

+

l l

Atm. Extinction  Pointing

Accuracy (Pérez-Ramirez, 2011%

Cloud screeningy gerez-Banyiez, 201
=0.01 A>800nm
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Nighttime AOD evaluation at GRA iﬁ% e é"‘mg

Good agreement between the three measurements for 870 nm and 500 nm
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AQOD stellar

Nighttime AOD evaluation at GRA
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Scatterplots of AOD Stellar and AOD CE318-T
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Nighttime AOD evaluation at GRA

e This Is first attempt for CE318-T evaluation at
nighttime.

o Different conditions and aerosols types than
those In Izana.

 Good agreement between techniques.

e Lower Instrumental and calibration
complexities of the CE318-T result in more
Information available for aerosol

characterization. But ROLO...

* Promising results but is needed to extend them
to wider aerosol conditions and to a greater
number of Instruments.
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AOD DAY/NIGHT TRANSITION COHERENCE TEST AT IZANA

RESULTS
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AOD coherence test at 1Z0
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AOD coherence test at 1Z0
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Only for stable AOD conditions

Table 4: MB and REMSE values for AQD differences extracted from AERONET daytime and CE318-T
nighttime data during sunset-moonrise (55-MR, defined as the 1ast 1-h of daytime data versus the first
1-h of nocturnal data) as a function of the average moon’s fraction of illumination (FI).

m ] A<870 nm AAOD<0.020

AIMet

Agencia Estatal de Meteomlogha

7z| 1640 and 1020nm --- AAOD up to 0.06

moe| at low FI

SR
¥ cases 020 | 1640 | B0 | 615 | SO0
- |2 MB | 0035 | 0061 | 0012 | 0.015 | -0.008
6% = Fl > 516 RMSE | 0037 | 0.062 | 0.07 | 0.018 | 0013
I MB | 0.020 | 0.051 | 0.008 | -0.014 | -0.007 | -0.015
7006 = FI > 60 RMSE [ 0020 | 0057 | 00R0 | 0013 | 0008
[ MB | 0048 | 0.036 | 0024 | 0.008 | 0016 | 0006
B0 = FI = T0% % o S S B — R — — E— R—
AU MB | 0016 | 0.027 | 0.001 | 0010 | 0012 | -0.014
o0 = Fl=80% | RMSE [ 078 | 0027 | 00003 | 0077 | 0073 | 0076
1 MB | 0.001 | 0.010 | -0.004 | -0.010 | -0.016 | -0.016
95% = FI > 90% FMSE T 0000 | 0010 | 0006 | 0,072 | 0077 | 0077
R . MB | 0.015 | 0.000 | 0.012 | 0.013 | 0010 | 0.012
= 95% RMSE [ 0008 | 0006 | O00% | 0,008 | (0008 | (08

Before FM

A<1020 nm AAOD<0.015
1640 nm --- AAOD up to 0.05 at low FI

Table 5: MB and RMSE values for AOD differences extracted from CE318-T between daytime and
nighttime data during moonsat-sunrise (MS-5E, as the first 1-h of dayvtime data versus the last 1-h of
noctumal data) a5 a function of the average moon’s fraction of illumination (FT).

ME-5R

# cases 1020 1640 ET0 615 500 440
— . MB 0012 | e | 0003 | -0.009 | 0008 | 0006

S0% > F1 > 60% | 1 e R
A MB | 0.007 | 0.039 | 0.002 | -0.01% | 0.005 | 0015

G = FI = 70 | EMEE — — — — — —
. MB 0007 | 0034 | 0000 | -0002 | 0012 | 0017

S o - T -
B0% > F1 > 70% - EMSE | 0.010 | (034 | 0003 | 0012 | 03 | iy
o T i MB 0012 | 023 | 0009 | 0002 | <0001 | -00001
0% > F1 > B0% + EMSE | 0002 | 0012 | 0001 | 0006 [ 0.009 | 0009
. MB 0011 | e | 0007 | -0.002 | 00002 [ 00001
5 = = DO

93% 2 F1 > D% * EMSE | 0015 | 018 | 01 | 0.0 [ 01 | g
EI = 050 i MB 00000 | -0.003 | -0.002 | -0.004 | 0009 | -00006
= EMSE | 0002 | 0004 | 00002 | 0004 [ 0008 | 0000

After lefyl
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PWV validation at 1ZO and GRA
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1.2 : ? Table 6: Main statistics of the PWV comparison (in cm) extracted from CE318-T, AERONET and GNSS
- (a) : for daytime data, and from CE318-T and GNSS for nocturnal data. In case of nighttime information a
% 1 YW 7o o ’ ' comparison in function of the moon's fraction of illumination (F1, in %) is also included.
2 0.8— . ' . DAY
L : Instruments MB | RMSE| N
E 0 6_. : 8 5 e e e CEIE-TCimal AERONET | -0002 | 002 | 099 | 1935
7 : N CE3B-T/GNSS G009 [ 00s | 097 | 461
E 0.4+ IZANA o CE31B-T/GNSS NIGHT
u . . - =
60% > FI = 504 G008 | 009 | 009 10
§ 02 _ | 70% > F1 > 60% 007 | 008 |0.99| 10
s _. da 0% = FI = T0% 001 | 002 | 0.OR 10
a : : : [* day] 00% > FI = 80% 003 | 007 |09 | &
0 * ; * ; * 935 > FI = 9% 003 00s | 098 [ 4
0 0.2 04 06 08 1 1.2 100% = FI = 95% 002 | 005 | 099 | 93
PWV CE-318T TOTAL 207
i T F 7 T
1 2 (b) ‘ , , 3 X g P
,. g . 7
L \0) (c) p
: ‘ ( : eSS
A ] PR e et
- o 'y .
n 0.8 ® wn e 083/ .
= n e (P H
&) = SRR ol
2 0.6l S 2} ® *
= L ]
= 4 IZANA = ) GRANADA
15}, =)
0.2¢ o day ] / ° day
® night e night
0 ; ; ; i : 1 ; i i
0O 02 04 06 08 1 1.2 1 15 p) 25 3
PWV CE-318T PWV CE-318T

PWV precision*: Cimel 7% for PWV>0.7cm

25% for dry conditions
GPS <10% for PWV>0.35cm

20% for drier conditions

*(Schneider et al.2010)
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Case studies at 1Z0 W TR BEERmemoon AIMer
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ERROR PROPAGATION THEORY

FINAL UNCERTAINTY ESTIMATION
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TERMS INVOLVED:
ln(V]) ln(VO ]) matm(e) Tatm]
AOD; =
mq(6)
T_]i'}IJ . . YA 2 YA 2
Maon = 4| ) o-u{Vo) + | — ) -u?(V)+ [———] |'-|:.'.!:]
e Vo ¢ ) v dm
/
Uncertainty in V, determination In air-mass calculation
Instrumental error
[ I T 1 . :l
el : .
A I 1 D
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NIGHTTIME

Vi
In (E> — ln(Kj) — Maem(0) * Tarm, j
mq(6)

.i ':].-.I — I]; - |I'I--.| AOD] —

L ud(k) () w4(V)
1( ORI R
m=\ K I 1

) 1(49[5; =N u.'-‘u-'}) Ez W(MOD)I(MDD

“‘I- — . . I T rl r )
AoD = I\ T T T ok /\ by

+—T )'H.{H.}-H.(f[]] ~
n-

u(x): Random error due to dispersion in

the fitting analysis. r(x,l,): covariance term due to x and I,
u(ly): Systematic error due to model’s are correlated (expected - and ~0).
accuracy.

u(V): Instrumental error (systematic).

u(x) REF. INSTR.: 0.004-0.014 using CV different Langleys
u(ly): Reported relative uncertainties <1%
u(V): From triplets variability 0.2-1% (2% in 440nm)
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NIGHTTIME

i T
Vo = I -x; AoD; = —2

V.
In (—]> — ln(Kj) — Maem(0) * Tarm, j

mq(6)

"lbl T

) () w4(V)

71 (uh (k) u(I) u.-LI-“})_EE} h-;,..,-(é'mﬂ)-(ﬁ;mg).u{n}-u i~ lh(u(

N
yop = — | ——+——t— _p : : - —
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MOON RATIO CAL. TECHNIQUE

“
[

£ ¥ GOBERNC MINISTERIO
—

[ d DE ESPARA
&

DE AGRICULTURA, ALIMENTACION
¥ MECHO AMBIENTE

AMet

Agencia Estatal de Metoorologfa

u(x): 0.004-0.014 using CV different Langleys+0.003 (sigma ratio sun vs ratio

moon-)+
Ratio Moon
1640 nm 1020 nm > i
1.32 T T T T I T T R ln 1.24 T T T T I T T T TS
13l day | - Oun=0.002 ) » day Osun=0.001 | - - : 4
3H . n[ght SRR | ('Sm =0-002 I ] ].22_ . night . Umcon:(:]'ooz e ’ i A
0 oon 0 - ) e ~gor| ' oo K
51.28¢ |Aratio=01% |- 7 - S12b e - |Aratio=0.6% e g
1.521.26 " #ﬂ""' | “'V.—'-ﬂ !"“ 21.18---- ' iv 0 2
122 114 L A S S R
9/6 10/6 11/6 12/6 13/6 14/6 15/6 16/6 17/6 18/6 19/6 20/6 9/6 10/6 11/6 12/6 13/6 14/6 15/6 16/6 17/6 18/6 19/6 20/G
870nm 675 nm
107 d T T | 0001 T T T T 105 dl T T T T T T
cqay |- Osun= : ' : : e day |- Osun=0.001 | - : :
o 1.05-- o moon_oom SRR IR AL LT, 01.03- . njght U:g?n:{}pm i
€ 101} y 99l whl Wt _ h-'*-'ﬂ-;v-;
DGO« - 5 5 e 325 2 i i 8 5 25 B e 4T 8 3 e % £ 6 e e e e AR R 6 097 o
0.97 I I I I I ! i i 0.95 I i | i i L i 1 !
9/6 10/6 11/6 12/6 13/6 14/6 15/6 16/6 17/6 18/6 19/6 20/6 9/6 10/6 11/6 12/6 13/6 14/6 15/6 16/6 17/6 18/6 19/6 20/6
500 nm 440 nm
1.03 dl T T T T 1.1 d] T T GS 0002 T T T T
¢ day | - ' . : L) e gay | - _ =
10TH wnight| =~ | 6= 20, TP RTTT Y e 1.08 o night G;gon—0003 : = {. ‘
;(}99-ﬂ & 32— 8 2 ¥ 5 | "':]04_ : : i B
&0097_"‘“ ‘. 21'02_.” iv!v oy
005L 1L R '.E v |
093 1 1 1 1 | ! 1 1 | 0‘98 L I L | ! 1 I
9/6 10/6 11/6 12/6 13/6 14/6 15/6 16/6 17/6 18/6 19/6 20/6 9/6 10/6 11/6 12/6 13/6 14/6 15/6 16/6 17/6 18/6 19/ 20/6




SUN RATIO CAL. TECHNIQUE

Direct SUN Mode
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Final accuracy:

Reference instruments: VIS = 0.011-0.016
440 nm =0.023-0.024
nlR = 0.012-0.020

Field instruments (RM): VIS = 0.011-0.017
440 nm =0.023-0.024
nlR = 0.013-0.020

Field instruments (RS): VIS = 0.012-0.017
440 nm =0.023-0.025
nlR = 0.019-0.022
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