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@  Topics for Today

* |ntroduction

e The Team...

e The MAESTRO Instrument

e Probable Products

 Analysis Approach

e |nstrument PerformanceValidation
« MAESTRO Status
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&  Thelnstrument Team...

« Meteorological Service of Canada
- Experimental Studies Division
e University of Toronto
- Atmospheric Physics Group
e EMS Technologies
-Industrial Partner
e Canadian Space Agency
- (Instrument Funding)
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e Rogues Gallery

e James Drummond (U of T)

e Ben Quine (U of T)

e Clive Midwinter (MSC)

e David Barton (U of T)

e Robert Hall (MSC)

e Aaron Ullberg (MSC)

e Caroline Nowlan (U of T)

e Denis Dufour (U of T)
(and others)
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a Spectrometer Requirements

 Occultation and Backscatter Observations
o ~1 km Vertical Resolution [0.02 degrees]
e ~80 km Backscatter Resolution [7 deg.]

* Wide Spectral Coverage [285-1030 nm]
 Moderate Resolution [~1-3 nm]

e High Signal-to-Noise Ratio [>3000:1]

e Large Dynamic Range [>1.0E5]

e Accurate Stray Light Model
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) MAESTRO

‘Operational’ Science

- Ozand NO, Profile Measurements
- Aerosol Transmission
- Measurements Down to <10 km
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& ‘Scientific Data Products

-(p, T), O,(A,B, &), O,

-SO,, H,O, BrO, OCIO

-Perhaps Possible: CIO at 40 km
-Backscatter Observations
-Aerosol Physical Properties
-Measurements Down to 5 or 6 km

SOSST meeting May 6,7, 2003 Williamsburg, VA Meteorological Service of Canada Slide 7

.*I Environment Environnement % University of EM qTEEhr'I-DlﬂgIEE
Canada Canada =4 —
: === Toronto

Measurement of Aerosol Extinction in the
Stratosphere and Troposphere Retrieved b

y Occultation




Fore-optics Concept

MAESIRO Foreoptics
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MAESTRO in the

| nstrument Calibration
Facility at University
Of Toronto

Photo courtesy of
U. Toronto
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MAESTRO
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2 What Does One See?

Occultation Observations
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€ SeriousIssues...

o Slit Function

o Sengitivity, Etalonning & Pixel-to-pixel Gain
 Dynamic Range, Dark count & Noise Level

o Stray Light, Linearity & Thermal drift (analog)
* Resolution, Free Spectral Range

* \Wavelength Assignment

o Altitude Assignment

... for occultation measurements
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@ MAESTRO Spectrometers (2) @

Entrance Slit

lzis solar intensity
df is wavelength resolution

Pz = Iz dAdé d* e
% dA =1 = w

wherel = dlit length
\ and w = dlit width

d# Diffraction
\~ Grating

Reticon
di=D = w
where D is the dispersion
and w isthe dlit width
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& EG&G Reticon Detector

Commercial detector Addrass
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) MAESTRO

Peculiar Features
e Sun scanning at high-sun
» \Wavelength scanning
 Internal linearity and video |leakage test
» Dual backscatter and occultation mode
 Fast detector readout (~15 us per pixel)
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& Nitrogen Dioxide
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@ ‘Effective’ Optical Depth

T = 109( St ) - 10g( S
where S, Isthe spectrometer signal

St == Sgot (Mens Brers @pe SHIfL, stretch, dark, stray_light)

S spectrometer number (UV, Vis)

P pixel number (wavelength)

t solar angle [observation] number (E,)
i aerosol parameters (~4)

M, mixing ratio of constituent ¢ at altitude h

eref correction to nominal solar zenith angle
an 3 aerosol coefficients plus peak wavelength (=4)
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2 Retrieval

X2 = (Tdspt B Tmspt) @_1sptqrv (qurv B qurv)

|s minimized for:
& x°=2 (Tdspt i Tmspt) @D_lsltqrv ﬁ-[mqrv (==0)

é W é W

where w represents any one of the elements of U, 6., &,
shift or stretch.

If the differential can be calculated - the mimization can
be done. If it isdone analytically —it isfast.
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e Complications

e Quadrant sensor must be modelled to account for
refractive ‘ spreading’ as a function of wavelength

e High-sun spectra must be oversampled to correct
for wavelength shifts

o Atmospheric model will have greater vertical
resolution than 1 km (~100 m)

» Account for finite ILS and FOV effects
* Worried about cloud effects [pointing system]
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() The Way Forward

 Theglobal retrieval (fit all spectrawith vertical
distribution) will be used

(with additional constraints)

 We have al.4 GHz machine now with a Gbyte of
memory (800 x 800 matrix plus 20,000 x 10 x 50
Cross-section vectors)

* A better aerosol approach will be included later
 We are writing code for this now
e Can reduce the requirements if need be

SOSST meeting May 6,7, 2003 Williamsburg, VA Meteorological Service of Canada Slide 21

MA ES TRO .*I Eggiﬂr‘ggmnnt Environnement E University of EMSTE{:hrmlﬂgiEE
Occultation

Measurement of Aerosol Extinction in the Canada F?i Toronto




a Heritage

o Current spectral fitting code (CPFM) does simultaneous
shift, stretch, constituent and offsets (both log and
linear) using X2 minimization

« MANTRA retieval has atmospheric structure and
refractive ray tracing code
(being transported to the MAESTRO retrieval code)

e CPFM instrument model with detector and etalloning
corrections— MAESTRO model coming along

* Process control viathe database software (Waterloo)
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@ Sample Spectrum (CPFM)
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) Below the Trop

e Clouds

e Large Optical Depths

» Large O, Optical Depth

e Pointing Issues

o Water Vapour!!

« Declining Ozone Amount

* Model results suggest we can get NO,, slant
column to 10% in the troposphere (No cloud!)
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2 UV Responsivity
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e Brewer Stray Light
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@ Fitting the Grating Stray Light

1E48 = _
E T ] | | | | | | =
- ADDYOX”THGVW\Q Line centre is at 3494
1£+7 | Benaviour -
- Wings: -
= e Appear to befit wel E
- by aLorentzian B
e ~ Flight grati
e . Flight gratings
SRR . characterized in
@) o .
. engineering model
| Spectrometer
1740 N ¢
Note some evidence
1E+1 . :
of etalonning in
1E+0 Stra.y ||ght function
0 200 400 600 800
Pixel Number
SOSST meeting May 6,7, 2003 Williamsburg, VA Meteorological Service of Canada Slide 31
#

-=¥. Toronto
Stratosphere and Troposphere Retrieved by Occultation —




& On-orbit Retrieval
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2 MAESTRO Status

» Testing and Characterization Completed

e Characterization Results being Analyzed

» Successful flight of MAESTRO-B last summer (2002)
* Retrieval Code being Written

» Work proceeding on O, A- and B-Band modelling

e Final Instrument Code Load — Probably this week

e Commanding protocols under devel opment

* Need to complete retrieval code and install at Waterloo
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& MAESTRO FM Laboratory NO,
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The END!
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