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Operational Calibration Approach

22-24 September 09 GEO-CAPE Workshop Independent vertical pieces of information, otherwise referred to as
VSWIR Degrees of Freedom for Signal (DFS) within the retrieval community ... 46—
e Below we’ll show calculations of DFS, = XA, from the ground, ie., the bottom of lowest AML designated
. . = As noted, The VSWIR Instrument background is dominated by the broadband emission from by i=1, up to the top (at altitude z) of the AML designated by i=Z
A GEO-CAPE Instrument conce pt, operations and the ambient temperature spectrometer cavity (“downstream” of the grating ), and changes = As altitude increases, every time DFS, increases by unity , another independent aggregate layer,
in this background can occur during a calibration sequence due to temperature variations consisting of a contiguous group of AML, is identified.
some perfOrm ance ES’[I mateS deve Oped by the = As would be expected a tight constraint [as specified for the solution covariance matrix Ca] results in
_ _ = This background is tracked by periodically closing a shutter over the objective lens, and in less independence of the retrieval.
ESTO IIP prOJeCt [IP-04-0081 TI'OPOS oheric Infrared addition spectrometer temperatures are continuously recorded during each measurement e for example if for all AML the diagonal elements of the solution covariance matrix are setto  Ca;
. . S _ L _ ] _ = 0.12, this constitutes a tight constraint that in effect means that the knowledge of the quantities to
Mapplng SpeCtrOmete I'S (T MS) - Operatlng th? VSWI_R ou.t5|de '_n sunlight causes S|gn|f|-car-1t bfc\ckground mcreasc?, INCreasing be retrieved is only uncertain by 10%, therefore in first order the information the retrieved 4.6
noise and radiometric drift, so it was always operated inside in a controlled environment quantities are expected to be at most about 10% different than the a-priori. So the measurement 1

needs to be relatively powerful to provide added vertical information

= In this environment, during calibration and science data acquisition, spectrometer
temperatures were typically found to vary by < 0.06 K during a given measurement, resulting
in an insignificant background change

—However, that same measurement would provide relatively more vertical information if the a- TIMS MWIR Ground Observations TIMS MWIR Observations
priori expectation for the retrieval quantities is not as well known, ie., Ca; > 0.12 from space

e In any case, if the retrieval is applied for the aggregate layers with a ADFS, value across them =1,

J B Kumer, A E Roche, R L Rairden, (LMATC), MWIR then that retrieval is independent of the value of the a-priori and is as precise, or more so, than In the MWIR case, the cartoon shows the similarity of observing sky
_ . o ' SQRT(Ca,) emission from the earths surface with the case of observing earth
R Blatherwick, T Hawat, (Univ Denver) = For the MWIR module,. the grating spectrometer ope.rajces at 77K inside a dewar; |t§ =However, there is 2nd order dependence on the profile shapes through the independent layers emission ftrorlndspaq(te. 'frrllte d;;fetrené:e wou_ld b(la Ehat,fm E[he s;;alcoetzaigd
S Desouza-machado, S Hannon, back.ground therefore is jchat due to .narrowband emission from the external objective lens so that in practice  first the retrieval for column is executed to retrieve partial column for fr?:;ﬁende?nr?he ::St)lu>illtITlel\r/Isall\/I(/L:/IllgeCisnistI%r?; wisaug(lzizoerdoin the ais
And R B Chatfield (aro) and is much less susceptible to ambient temperature changes all the independent layers  then the profile is adjusted to be continuous at the layer operations at DU , would not be there. Therefore the TIMS MWIR
Id #_ 1 - . . . . . P . . . . . . . . -, . )
slide The MWIR was routinely operated in sunlight, and was calibrated in position outside :)Ooggrc]l\z/igregse\r/]v:éle maintaining the retrieved column values  then the process is repeated NESR would be improved by a factor of SQRT(10) relative to the as
built TIMS

Summary: [IP TIMS completed Dec. 2008 slide # 7 s slide # 19
MWIR uplooking, major contributing species are H,0, CO, CO, & O4

* Developed mapping spectrometers @ 2.33 & 4.67 um for vertical tropospheric CO retrieval Comparison of the retrieved model radiance with the VSWIR data VSWIR 1-s noise used for the GEO-CAPE DFS, calculation
e NESR per sample is derived from the standard deviation of the radiance value at each of the modeling TIVS uplock MAVIR radance TIMS uplock MWIR radincs & K20 component
« Demonstrated samples for 25 1-s data frames | Fesiuresof the cantibutng speces | f
. multic| r vertical CO retri from m rements of atm heric radiance that simulate GEO 6.E-07 *NESR for each spectral sample is plotted vs v the wave# along the horizontal axis. 2007 ﬂ CO, is purple O, is cyam N i H,0 —
Jiti-iayer vertica cthevaitro easurements ot almospheric fadiance that simuiate ~ >thestrong lines are due to CH4 & H20 1-s observation S/N > 50 *NESR is dominantly due spectrometer noise therefore should be constant vs v ' | | o i |
CAPE operations that ~ >the CO line are relatively weak 25 1-s averaged S/N > 250 eIncreasing NESR from 4290 to 4280 cm-1 is due to vignetting by the warm spectrometer lens 3 ewf I t‘ I - 2 1o | ”‘ :
. . : - >CO line positions are shown by the arrows that will not be present in the space application | ’ i ‘. j 0 - { l
- satisfy the Decadal Survey areal coverage rate & footprint requirements,also demonstrated 5.£.07 «Therefore the noise value = 6.6E-9 W/(cm?2 sr cm™1) for the DU diffuser viewing case g oot I:. ‘,: 9.1 :| ] -t fl i il ¥ ]1
: : : : L *As explained in the worksh he lower right this is r further factor of 4.3 for AN R BT S (Wt '
« H,0 retrieval with potential for unprecedented vertical resolution in the boundary layer (BL) s explained in the worksheet to the lower right this is reduced by a further factor of 4.3 fo ot | M TR i (- oot [T G (I Dk I
the space case by cooling the spectrometer to about 245K in the space borne case I ,Um J”',lx | | '{{I’JL':: Il _. (} 'l ‘Jf‘ | i U\ w.ﬁ A
L . Y g VT (YRR A 1! WS L { \fl‘l - ; \ﬂ g‘_l ‘ L] Al f
* 1% precision for total column CH, retrieval L AT SR JJ \’““ — o W LY.L ') N .
4.E-07 2.5E-08 o ; a G :
 Developed an instrument concept using TRL 6 or better supporting components to implement the GEO- ok o Taet e rovtced & 9900 counte. L i o THE ORI s 24 Chcompnes
CAPE 0 eratlon . . . zero lewvel, and the signal level was the order ' 1 L | . .
p 2.0E-08 II | vawir 2_pIX & 1S-n0|se Zo?r?t;ZUQLZEZr:;zid;: SOF.)i.ctrometer will be o] CO - o “ i
« Expanded the concept to include ozone bands @ 9.6, 3.3 & 3.6 um and extrapolation of the performance 3E.07 _ r cooled 1o = piSK an the zero v counts wil | | ﬁ 1 CO,—&
data showed these provide tropospheric ozone capability: - —TIMS data averaged over 25 observations 15E.08 4 about 500 counts due to average balbedo the el 1 (‘ ' ‘ O3 =—
_ _ _ _ ] _ - pbservation #10 . r orero spectrometer and other | signal £ I ‘ [ * ; ‘I [
* Expanded GEO-CAPE TIMS provides vertical information including ~ — iterated model background counts | counts § 100 J | . ! |’ l |
] i DU ops 9200 2000 =3 [ ol ) | z \ [N
. - - | space ’ R = ‘ ‘ u 'l "
« BL CO, tropospheric ozone and BL H,O and 2E07 T S 1.0E-08 7 S s cose oo e by oot || |}'|"'j I || lt ’l |\""' ,lr,,g : l', ~"* '-"u’l | Ifll
I by the factor t N LY \! ‘l & | 1 4 ;'f’ ,' : "‘ | | ¥l ‘ L] [ ']
« Total CH, column 1% precision and does this 4280 4285 4230 4295 4300  oE-00 I R R B SQRT(9200+2000)/(100+500)= | 432 ik \ ',‘J’Jy}’l ”%’ ] £ . AT \‘Jjn,. ﬁj,___l-._;g‘ J},{J ’4\‘:»5_# |
. . ' - in units W/(cm?srcm™) the DU ops - o - ritem o o
. i ise inthe ab f vignetting. IT is dominated b h Dix & 15 — 6.60E-
With Decadal Survey Report specified [ 1ose e ahsence olvigneting, TS Cominated by spectomerer Prorons o nESR 20K 8 Lo NESR = BE0E0S The DU TIMS MWIR uplook data [= black trace] and model components of
Areal coverage rate and — footprint slide # 8 0.0E+00 +— the 30 x 30 km geocape NESR-| 3.06.10 H,O ==, QO —_ C_O2 — and O, = are shown here to illustrate contributions
4280 4285 4290 4295 4300 of the major species
slide # 2 slide # 14 slide # 20
. . . . . . . compares MWIR nadir view from space with uplook from ground.
M t Confi fi D Uni it Comparison of the retrieved model radiance with the MWIR data MWIR 1-s 2-pix noise used for the DFS, calculations 207 \
easurement Configuration @ Denver University : : . f —up ook MWIR
* DU operations observed NESR is plotted vs observed radiance o 7 IR
e An analytic linear fit of the NESR vs the ordered radiance is shown below 5
Heliostat of For a nadir radiance as seen from GEO the calculated NESR is the value from the linear fit “C eor M,N
SunTracker o’ po° | _ o divided by SQRT(10) as explained in next bullet statement 2 v V
% 467” m up lookin g atmos P heric emission data = The TIMS utilized at DU has a 10% transmission neutral density filter in it for use in hot black body 2
— 2 8E-07 tests, and that will not be included in the GEO TIMS design, that accounts for the use of the DU ‘E A
- data I observed MWIR NESR/SQRT(10) for the calculation of GEO-CAPE DFS, for 6x6 km footprints and S 1E07 |
0 | reduced by another factor g
— iterated Spectrum composed of mostly 1 noise plotted vs averaged 1s radiance ordered small to large x 5 for 30x30 km o
model resolved CO, H,0 and CO, features . - 5 BE-09 footprints s
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Bruker FTIF\_’ ) o
Solar Absorption [* H20 ] = F"E : —Seriesl radiance levels, for the two viewing scenarios
c N 8, o I — Linear (Se”eSl) lllustrates strong ozone signature in MWIR nadir view from space Illustrates relatively weak ozone signature in the up look MWIR
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slide # 3 shide #9 slide # 15 wave number cm™ wave number cm™ slide # 21
_ . DFS, for the TIMS DU up looking operations for the case of 25 averaged 1-s observations
Set up at DU (1of 2) TIMS VSWIR column retrieval & validation | | |
» The combined VSWIR and MWIR data sets are used for this calculation
VSWIR oo ioval . o * The upper panel shows there are at least 2 layers of independent information, even for a strong constraint,
column retrievals expressed as muttipliers o and more than 3 for a weak constraint
: : . standard or modeled products .. . . .. .
University of Denver, May 2008 shows 25 1-s observations, each with radance noise simulating retrieval on a Multiplier x US standard for CO & CHa « The lower panel shows the first independent layer of information is in the first 250 m above the ground for
MWIR (4.69 um) unit on the balcony 6 x 6 km TIMS GEO-CAPE minimum footprint, but with just 1/2the CO path | Multiplier x ECMWF for H20 a weak constraint uncertainty =0.7, about 700 m in the nominal case of uncertainty = 0.25, and 900m for
results: mean multiplier = 1.14; multiplier S_TDy =0.20; ano_l p_reC|f|on |s. 17.2% US std CO_col =1.88e+18 molecules/cm”2, 12 DU ops uplook cumulative CO DFS, _ the strong constraint
therefore, for ganged 30 km x 30 km footprints: mean multiplier = 1.14; ECMWF_ H20 col =3.72e+22 molecules/cm”2, I —L— for averaging 25 1-s observations taintv 0.10 . . ) . .
and multiplier STDV =0.05; and precision is 3.4 % TIMS results for a 6 km x 6 km _ — 8% using both bands and for ! uncertainty U. As built , TIMS positioned in geostationary orbit
c 1907 Loy CEO-CAPE footprint =91 0. 25 covariance matrix diagonals _ would project the slit to the order 9° in object
£ VSWIR CO [simulates 6 km footprints] _ lattend our presentation IN24-03 this afternoon] £ 0.3 corresponding to constraints Note that we are working a 3 space, and produce footprints on the earth too
= Species multiplier  precision (%) — 0.4 ranging from 10% to 70% . . ] i
S 1ol co 1.14 8.60 < g7 e i DFS approach that is large to satisfy the GEO-CAPE requirement. k.
< F CH4 0.89 0.93 3 — AML#/100 independent of a-priori for CO &
o i H20 0.61 3.72 = — i
= : K /\ Albedo 0.4071 023 . T/100 retrieval from our data set el
O 1.30 * * x results for a 12 km x 12 km footprint —_—
S i (6{0) 1.14 4.3 TIMS spectrometer is reflective Littrow as per Figure
‘>’<’ i \v\ //\ H20 0.61 1.66 . N . NE— 6-4 at the Newport grating website (shown below)
T 1.00 ¥ co reslu;t_i fora 30 I:(I.n;;( 30 km footprint 0 1 2 3 http://gratings.newport.com/information/handbook/handbook.asp
f:_ i \/ v v \/ \ some more CO column info/validation cumulative CO DFS;, atm. modeling layer #/100, temp. profile/100
E I " | AIRS CO_col =1.81e+18, M=0.96 ;
E oo b DU_MWIR_HIRES._col =1.85e+18, M=0.98 0.9 [ ops plook sumulaiive €0 bFs: 7 p
0 5 10 15 20 o5/ DU_VSWIR_LORES col =2.37e+18, M=1.31 1 — o1 or aV(i)raghlnbg j S 3 fservatlons, grating  f
. . a - — observation # TIMS_VSWIR_col : =2.05e+18, M=1.14 || —02 Lcjzi/na%iagct:e maazrii 3?ag:r:als
« MWIR zenith mirror directs sky atmospheric emission some H20 column info/validation ~ £ 06- 0.25 corresponding to constraints
into the entrance aperture of the MWIR unit, shaded glllJ?SM(\i\?lﬁcﬂlRES col :g-ggg:gg' m:g'gg o ranging from 10% to 70% . While maintaining the f/3 ratio, must increase the N
H H - - . =& 1 —\. — entrance shit T
:‘rom_dlr(-ec;t sur;:]lghé.o N i ot of DU_VSWIR_LORES_col =2.71e+22, M=0.73 g —07 objective lens, ie., the input aperture, by the ordera <
* In this picture the CO cell Is positioned in front 0 TIMS_VSWIR_col =2.27e+22, M=0.61 S o024 | — AML#/100 : : - 0 in ahi
objective lens MWAR delw?]r assem.blyhmounteﬂ N dn cart. 1 note, albedo is the retrieval result, not a multiplier g 03 ‘ — T/100 exit dlit f:‘;tz; }:02 l?ﬂ?ij ftggfr?ij:tf Lr:'\etsl.::; ftiﬂrf:::‘t ;.:_;]tg:;”
*The CO cell is removed for acquisition of sky data E:W tltel ¢ 0; on top Isbtl € sun Stha € )h I slide # 10 . eiou h tc? satisfy the (pSED-CAPE requirement k.
*Ratio of with & without cell data monitor spectral cal _ ?nlr% ag poweglcakbesdpassl.b r?_ug wa ' | | | | | J y L ' Sy
* Remote control mirror alternately selects between sky :2 gnasé arg‘zg:art ‘:[: i %tyuclf dlerrz\i/vkoiPeSsohuerg? 0.0 0 ) Rioue 6-4. The 5
scene and temperature monitored black calibrator can P gnt. ' cumulative CO DFS,, atm. modeling layer #100, temp. profile/100 P lane, respecten oo SHt siteare sight above and below the lllustrates that increasing the input aperture (in this case the input lens of the /3 objective)
slide # 4 _ reduces the footprint on the earth to the GEO-CAPE requirement. slide # 22
Preliminary TIMS 2-layer CO retrieval CI\;T”OO” ShOV\{[S :(elat'(g‘E%f fDUt?:ef‘/SSlv;/elgents tol GEO-CAPE instrument concept; GEO-cape CO measurement requirements are:
: . : ) easurements 1rom or e example : : : . .
Set Up at DU (20f2) expressed in multipliers of the US std partial columns in the p e achieve the order 2 to 3 layer vertical profile capability within the troposphere
lower layer from 810 to 720 mb, and e footprint < 7 km x 7 km, areal coverage over the American continents from 45°S to
in the layer above 720 mb from Space 50°N, and repeat time of once per hour . .
_ _ st S oo par deployed Littrow Mirrors MWIR
University of Denver, 0 — To the left, plotting cumulative dfs (sum on averaging TIMS :
May 2008 kernel matrix diagonal elements from ground pressure Grating
senl = s —a— ater { level to altitude pressure level).
mp ------ —
o = Note the uplooking TIMS MWIR is insensitive to the
VSWIR (2.33 um) unit inside ranf 1 upper troposphere for both CO and H20. Single Path Surface Two Mirror
air-conditioned lab = For CO dfs =1 at about 720 mb, and goes to < 1.4 as albedo Double Path Scanner
& T70mb e | pressure goes to zero.
. - / _ For our preliminary 2-layer retrieval we assign the MWIR ’ ] Obiecti Dichroic
o~ multiplier x the US std to the partial column in the lower Diffuser jective Beam
I | layer, and the multiplier in the upper is selected so that the albedo Lens Splitter
= total column multiplier is the same as retrieved from the TIMS VSWIR (2.33 um)
------ 810 mb VSWIR. G :
=0 . i . | | : round Observations Earth VSWIR
34 (L] L1 L) LE [HL | 1 1.1 . - - - .
, _ In the VSWIR case, the cartoon shows the similarity of observing the sunlight reflected from a Scene Grating
Above, VSWIR channel views into Omega for the DY campaign 2-Tow 1-s observations diffuser at the earths surface with the case of observing the sunlight reflected from the earths
' ) ) g bottom layer: mean multiplier = 1.26 with precision 2.40 % - 9 9
blaCkbOdy calibration source. top layer: mean multiplier = 1.10 with precision 21.5 % Surface from Space However, there are dlfferenCE‘S
T cl6g £ 5 e The sunlight makes a single pass through the atmosphere before observation by TIMS at the
At left, heliostat directed sunlight is viewed > g o U p / \\\[\ T128 s ground , and a double pass before observation by TIMS in space, therefore the CO absorption
on a white diffuser. Atmospheric absorption = 13 71 %/ N \/' / M 125 2 signal is twice as strong in the space case
spectrum in sunlight ES10L 0 f/\ 5 e The reflectance of the earth is on the average about 4 times less than that of the diffuser as Zone VSWIR
53 | \/ \_/\ / v Y v \/ 122 5 deployed at DU, therefore the light level is about 4 times less in the case of a 1s integration time con
The CO cell was mounted in front of the T 0.7+ + ¢ $ 119 £ e As discussed in the text, the noise equivalent radiance NESR in the space case is decreased by
objective lens on selected data sets. (see g8 | —etoplayer —=— bottom layer | § more than a factor of 4 by moderate cooling of the spectrometer from room temperature on the
discussion above re the MWIR operations) 04 ' ' ' ' 1.16 ground to < 245K in space
observation # _ slide # 23
slide # 5 slide # 11 B
May 2008 Measurement Campaign . , . : . The major contributors to the VSWIR spectrum are H20, CH4, CO & solar .
o A Y h Palg Independent vertical pieces of information, otherwise referred to as J o P ’ Spatial/Temporal Coverage example for TIMS GEO-CAPE CO Instrument Concept
. ey - . . : salar not inc _ e Slit Projection
verall Approdc | | Degrees of Freedom for Signal (DFS) within the retrieval community ... noscHs solarmtnnied N
=Acquire TIMS data for several consecutive days in order to e The DFS is a measure of the number of layers of the atmosphere in which a retrieval of the species partial . Wnﬁ I r'| frv 1 Jn‘”' ] ~L| ﬁﬁm ' e g
* debug the approach e obtain data for diverse conditions e search for day to day CO variation column that is independent of the a-priori can be implemented Er 1 L , 29 'ﬂll,ﬂ ,JJ‘* L "Pﬂ ¥ : 4.86 PD | H
ICOnduct TlMS radiometric Calibration at the beginning and end Of each day's Observations to L4 By independent is meant, if the DFS for the Iayer = 1, then the retrieval is entirely the result of the E g i u LJ\ HJ‘ kllr R‘ \\ 3072 km é
ensure accurate radiance products measured radiance data, independent of any a-priori amount. The latter is a best estimate based on the g om I G ., ~ \ 1024Px | H
. . . . . existing measurement data base and modeling (e.g., climatology). . : | E
=For each TIMS atmospheric and calibration operation include observations through a cell & mea ) . . g (e-g 8Y) : | s | J ; v H H—1p.o
g e . : * The vertical information content is a function of the - R d HT" 1Px=3 km
containing a known pressure of CO to aid in spectral characterization and retrieval _ E 05 T i :
! ! | « atmospheric model P B N EER 1 EW Step=6 km
= Acquire Bruker solar absorption da'Fa at bO'Fh TIMS Wavelengths', aIternatlng between e instrument characteristics such as the spectral range, spectral resolution, spectral sample width and [ - J
Spectral Survey Mode (SSM) - running FTS in 3 selected resolutions bracketing the TIMS noise per spectral sample o0 N S IR NS SR R
. _ H _ : H H 1 . e g epes .. . . = a=s . = 3 ) 4E3 Ao 43 42108 4302 Dispersive direction
resolution- and Retrieval Mode (RM)-running the FTS at resolution best suited for retrieval e Uncertainty and or expected variability in the a-priori best expectation for the retrieval wave cm 4 Llm
* These ingredients are used to calculate a so-called averaging matrix A that contains the vertical information. H20, CHA & CC; solar nat incuded top ofthe atmosphe re solar lines c [BREE
: - : : * The a-priori model atmosphere is parceled into a relatively large number = I,,, [97 in the examples we'll show 2
May 29 Test runs for VSWIR, &MWIR Calibration and Atmospheric Observations below] of narrow Atmospheric Modeling Layers (AML) _ ﬁl I,:"ll n[#_erﬁl_ﬂl] F V¥ NIV ¥ v VY EPNLM‘._ o
* The uncertainty in the a-priori information is expressed in terms of a solution covariance matrix Ca with g 030 T o.e0 & E
May 30 Calibration 1 = Science Frame 1 Science Frame 2 Science Frame 3 = Calibration 2 Iax rows & columns . o : : ~ . kl' L i 2
—in the simplest formulation Ca is simply diagonal with elements = square of the uncertainty for the g : o]
8 Am -9:45 am 9:45- 10:30am 11:45-12:15 pm 2 pm -2:30 pm 3 pm to 3:30 pm amount in the corresponding AML E. 07 0.70 v A—
TIMS Black Body Cal  Sun Scatter/Sky Sun Scatter/Sky Sun Scatter/Sky Black Body Cal " The averaging matrix A is square with I;,, rows & columns 5 | v ' o
FTS SSM-RM-SSM SSM-RM-SSM SSM-RM-SSM e The total DFS is the sum over all the diagonal elements of A, ie., DFS = XA, over i=1 to |, ay- k N F 1024 spectral px
" As ip?ve,l DFS is the_tc:jtal # %f a%gr;:%ﬁte [ie.,_ Ia_rier]tlayers Lntt.he ]actmt%sphetrg in \lNhiCh the retrieved CO f - [ ::23 if:c.: o : . o Projected ground footprints require = 8 cm aperture
May 31 |Calibration Science Frame 4 Science Frame 5 partial columns are independent oT the a-priori best expectation for the retrieva i : Note: Thle minimhum fobotprinltlsize 6X6 T%tal |engi£h of the 3 scans = 30.75°, ire]:., ~ 19437 km.
_9- -00- 11: . - pag b e e — T S I R R m applies for the sub satellite point Thus it takes 3240 steps to execute the 3 scans & at 1
TIMS 2 Am -9:35 AM SlO.OSO fcltl.g)/(;k VSWIRl\f'.?)O p?151 FI)TIVI tai = “=s = = s UL s288 2% 1238 step/sec it takes about one hour for complete coverage
un Scatter/Sky iew of Sunlit Mountains Wave cm- ..
FTS SSM-RM-SSM SSM-RM-SSM Illustrates contributions to the VSWIR spectrum from CO, H,0O, CH, 3 E-W Scan Blocks Covers 50N to 45S of North And South America in
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Preliminary CO cumulative DFS, vs SQRT(covariance matrix diagonals)

eShown for 6x6km smallest footprint (FP) and the 30x30km example of aggregated FP
e The asymptotic DFS depends strongly on the nature of the covariance matrix Ca and the model
atmosphere including the atmospheric model layering (AML) structure
e |f the DFS is used as a selection criteria, the details of Ca and the atmospheric model must be specified

=
gl

1 —0.7
H ——T/100
T --—-AML#* 0.1

altitude km
'_\
o

20 4 =—— (0.1 ©s:DFS;for6x6 km footprint using .
| —— (0.2 the MWIR band and for covariance
[ 0.25 matrix diagonals corresponding to

0.2 constraints ranging from 10% to 70%

Independent layers for

retrieval of CO partial column
for the representative
covariance 25%
footprint size

Av=053cm’ &

surface emis=1.0

0 1

2 3 4

CO DFS; atmosphericTemp./100; AtmModelingLayer#/100

_ 6x6 km  30x30 km
> 7 Av=053cem* & | DSF, layer thickness (km)
surface emis = 1.0
0 Oto1l Oto24 0.0to 1.0
0 1 2 3 1to?2 24to 7.5 1.0to 3.7
CO DFS,; atmosphericTemp./100; AtmModelingLayer#/10 2 t0 3 3.7to0 7.9
20 o] —0.1 CODFS,for30x30 km footprint , 3to4 7.91t016.0
I — (.2 using both bands and for covariance . .
_ 0.25 matrix diagonals corresponding to The enhanced vertical resolution as
15 1 - 0.2 constraints ranging from 10% to 70% shown here for the 30x30 km
% — '(I)'/E 00 footprint applies for 1s integration
Elo — AML#*.01 times in the survey operations as
®

shown on slide #29 above. BUT, this
enhancement can be achieved on the
smallest 6x6 km footprints in a
regional operations mode in which

slide # 2

by the a-priori!

Slides ordered from top to bottom

25 s integration times are utilized

H20 DFS, for [10%]? covariance matrix diagonal
e A remarkable result; Using the combination of reflective and emissive information in its two
bands the TIMS can measure the amount of water in the atmospheric layer from the surface
to 360 m with better than 10% precision, and totally driven by the data (ADFS,=1), not at all
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Figure 8.11. Adding a 3.3/3.6 and 9.6 um ozone measurement capability to GEO-TIMS

GEO-MAC Strawman CO instrument on the
Spacecerft

GEO-TIMS CO Spectrometer
Concept on the strawman GEO-
MAC spacecraft
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Spacecraft attachment

Ozone Sensor

Instrument Dimensions Mass power telemetry
TIMS CO 1%0.77x0.6m TO kg 97w 14 Mbps
instrument

GeoMAC strawman |[1.31x0.55x 113 kg 190 W 40 Mb/s
CO instrument 043 m

Figure 8.7. GEO-TIMS mounted on nominal GEO-MAC Spacecraft with comparative parameters 433

TIMS NESR & rmss S/N advantage vs current space instruments
e TIMS NESR based on scaling from actuals of the measurements shown above

TIMS measurement characteristics others, measurement characterist

resdlution Av NESR

S/N per| # of measurement | comparison / TIMS | TIMS rmss S/N
(cm™) W/(cm?srcm™) sample samples  rmss S/N instrument | Av = NESR NESR  advantage
spectral range scene
(nm) albedo T(K) 'goal threshold 6x6 km |30x30 km 6x6 km 6x6 km
2320 |— 2342 0.10 0.15 0.25 1.28E-09 2.57E-10 98 1024 3136
3271 |— 3298 0.05 297 0.44 0.73 2.44E-10 4.88E-11 160 307 2803
3584 — 3630 0.05 297 1 0.40 0.66 3.38E-10 6.76E-11 210 472 4561 IASI 0.50 2.21E-09 | 6.55 11.5
4660 — 4789 280 0.30 0.50 3.87E-10 7.74E-11 & 217 1024 6944 AIRS 1.76| 3.84E-10 0.99 3.7
IASI 0.40 1.66E-09 " 4.29 " 7.7
9320 | — 9579 260 0.15 0.25 2.96E-09 5.92E-10 1325 1024 42400 TES 0.10 2.44E-08 | 8.24 7.4
IASI 0.33 2.44E-08 8.24 19.0

Grating & orders to get the wavelengths near 9.45,4.72, 3.61 and 3.29 um on
to 3 detector arrays
ethe latter two require a 2-piece filter mounted on to the detector array #3

Grating has 16.70 grooves/mm, angle of incidence = 45.7°,
blaze angle =52.7°, the detector subtends 5.044°

detector center wawvelength spectral range angles (degrees) of angle across

array # (nm) (cm-1) order diffraction detector array
1 4724 2088 @ 2146 20 57.253 62.166 -4.91
2 9447 1044 1073 10 57.253 62.166 -4.91
3 3607 2755 2790 26 57.241 59.398 4.64
3 3285 3032 3057 29 60.333 61.883 slide # 32

Expanded GEO-CAPE instrument concept

e further expanding the concept to include 3.3 and/or 3.6 um O, measurements
e 4 detectors are utilized for 2.3, 4.6, 9.6 and 3.3 &/or 3.6 um

Blue dotted line
denotes 60k zone
shroud

Basic vs expanded Geo TIMS Parameters

Four detector
configuration

Mass (kg) 70 71 73
.
sameas threaleg . POWer (W) 97 131 142
configuration Data Rate (mbps) 14 21 28

TIMS spectral range includes entire branch and a part of
nearby window. The region contains the same amount of
information on ozone as does the entire band
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Preliminary estimates for 4.7 um O3 vertical information content of TIMS for
GEO-CAPE measurements
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More details of the cooling

More detail of TIMS for GEO

Views of the 2-mirror scanner & calibration equipment

* TRL 6 cooler developed for GIFTS is base lined

¢ 125 K zone shrouds the 85K zone
¢ 245 K zone passively cooled

Views of the TIMS for GEO

Dimensions in inches

39.45

125K shield surrounding
85K shield

N=S
Scanning
IMor:

E - \W
Scanning
Mo

17.56

Front view

Diffus

Panel for 245K
optics zoneNy

Blojtiorn view
Wilth covers off

Diffuser: VSWIR
solar scattering
e

Top view ¥

30,38

[iWopiece Fadiatorpanel 1 zos« pancifor

cryocooler and
electronics
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Common to all arms
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Expanded GEO-CAPE instrument concept

 expanding the concept to include 9.6 um O; measurements
= addition of channels is facilitated by beam splitting in the collimated
region of the re-imaging arm
= 3 detectors are utilized for 2.3, 4.6 & 9.6 um

GEO-TIMS Key Technologies

Scan Mirror
Assembly

= Aperture Cover

= Mirror Drive/Control
Mechanisms

= Black Body Source

= Solar Diffuser

Pulse Tube
Cryocooler

= Compressor
= Cold Head
= Control Electronics

TIMS lIP

= QOptical Elements

= QOptical Configuration

* Spectral Elements

Radiator ® QOptical Mounts
Passive 4
Radiator

Focal Plane
Assembly

= Detector Array
= ASIC

sControl Electronics

beam
splitter
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Spacecraft attachment
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Conclusions

" We have successfully completed our objective to demonstrate high quality CO
retrieval from the TIMS measurements of atmospheric spectra

e We have demonstrated that VSWIR CO column retrieval precision scales to
better than the requirement of 10% for the minimum GEO-CAPE footprint

e Our CO retrievals are consistent with validation data
e \We have demonstrated unprecedented two-layer CO retrieval
— Only recently has the MOPITT begun to achieve this capability

e \We have demonstrated high precision for retrieval of ancillary, but important,
CH, (<1%), H,0 (<4%) and albedo (<0.3%)
"\We have shown how these results scale to the GEO-CAPE scenario
e The GEO deployed TIMS will be able to meet all the GEO-CAPE CO

measurement requirements for foot print size, areal coverage rate, and vertical
resolution

e\We have presented an instrument concept for the GEO-CAPE application

*\We have shown how the instrument can be upgraded with very little extra effort
to also make measurements in the ozone regions 9.45, 3.61 and 3.29 um

*\We have shown that these measurements should provide vertical information on
ozone in the troposphere that is enhanced compared to previous measurements
(e.g., TES & IASI) due to the

1.Use of the additional solar reflective spectral regions
2.The GEO TIMS NESR and rmss sighal to noise is enhanced relative to the TES & |ASI



