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Observed Short Wawve upwelling Radiative Flux, Week=8/Pass=61

« The Argus 1000 is a micro-spectrometer, launched on aboard on the 28th of April 2008 on * The GENSPECT is a line-by-line radiative transfer algorithm for absorption, emission, and | — | —— tom s

The Radiance Enhancement (RE) and integrated absorption technique is the Canadian Advanced Nano space eXperiment 2 (CANX-2). transmission for a wide range of atmospheric gases. ) T High ik thin Clouds ]
applied to develop a clouds model by enhancement in radiance due to cloud and * Argus 1000 has 136 channels in the near infrared spectrum 1100 — 1700 nm with a spectral *  GENSPECT can compute synthetic spectra for comparison with data collected by Earth observing """"""""""""""""" S L]
no cloud phenomena. The Shortwave upwelling Radiative Flux (SWUpRF),.2 resolution of 6 nm and an instantaneous spatial resolution of 1.4 km at 640 km orbit. Instruments. The radiative transfer characteristics of gases have been extensively analyzed and are | -
within NIR of Argus 1000 for O,, H,O, CO, and CH, has also been quantifies. «  Monitor radiation absorption by major atmospheric trace greenhouse gases including commolnly Imodeled by examination of the energy transitions between different vibrational states of a PR — ) |
This new model is used to estimate the magnitude variation for RE and Oxygen (O,), Water Vapor (H,0), Carbon Dioxide (CO,) and Methane (CH,). gas mofeculle. _ _ 5 _ _ b b surfaceiee
SWUpRF over spectral range of 1100nm to 1700nm by varying surface altitude, « The Argus 1000 spectrometer is capable of monitoring ground-based sources and sinks of *  The loader input parameters includes gas file, specific gas name, run time, wavenumber, air 1
mixing ratios and surface reflectivity. In this work we employ satellite real anthropogenic pollution. The instrument was designed to take nadir observations of reflected broadening, self-broadening, temperature coefficients etc.

) . ' oL o ) ' : ir viewi ' «  Each atmospheric species has a unique absorption cross section spectrum, which is used widely to
observation of space orbiting Argus 1000 along with line by line GENSPECT sunlight from Earth's surface and atmosphere. The nadir viewing geometry of Argus Is of o o -
- transferpmo del for tﬁe e?ficient detectio?\ of clouds V\%th their imoact on particular utility as this observation mode provides the highest spatial resolution on the bright Identify the species In atmospheric spectral measurements. - i

P land surfaces and returns more useable soundings in regions that are partially cloudy or GENSPECT has been used to compute synthetic spectra for comparison with data collected by Earth Gpsenston tumber

surface energy budget due to SWupRF effects. We calculate and compare both have significant surface topography. observing instruments. Fig. 18. Argus observed spectra of week 8 pass 61 (October 301", Fig. 19. Argus week 8 pass 61 (October 30 , 2009) with
the synthetic and real measured observed data set of different week per pass of 2009) over Arabian sea with observation numbers 64 to 238. SWUPRF g, (0.42- 2.35 W/m?) and variability factor 5.6

 York University has been working with the spacecraft operations at the University of Toronto

Synthetic Spectrum vs. with CO,, with r = 30%

. Synthetic Spectrum with different altitudes wvs. with H2C)=1% to 100% (US atmospheric model), r =30% am ‘ ‘ | | | Obsernved Short Wave upwelling Radiative Flux, Week=14/Pass=52
Argus flight. Results are found to be comparable for both the approaches, after Institute for Aerospace Studies Space Flight Laboratory (UTIAS-SFL) to process the science ° pp— e =l e e
allowing for the differences with the real and synthetic technique. The data and the related spacecraft telemetry, principally measurement timing and spacecraft as | i - : . __ 1 A SEITTTVACT] P . ST f s g 1
methodology based on RE and (SWupRF),,,,* of the space spectral data can be pointing, in order to properly interpret the Argus Observations. » B T = iy Cloygds ]
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Impact on earth climate.

promising for the instant and reliable detection of the cloud scenes with their 7

RdaeMT & XaT 1

N = ] 5 L . i < L i oo L o e o e e A e 1 R S — .
2.18 mRad o I s 1 B s R R A | S T M o TP NS, e 5 Gl oL [ 1 bowdoudsyocean 11y f _______________________ ]
Outgoing Radiation (%) L W . Wﬁm 1.4k 640 km ¢ 5 He b VTR L L e e ----- ‘\I‘: -------------- -------------------------------------------- 4 S . e Wl W W b N AR |
s absorption by ozont c-r\ergy g A " " m 3 i
Inceming 3 Input E“"W'“W““m —J """""" """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" [ ——- 7
Radiation sy +100 Radiated by o W
[ - 1 \ W“ﬂ'/ “66(21+23+14+8=66) i I I T I . 0 W R T e et T 7
Emission ‘ot‘;“//\\\ E 1\:"3\'?:"9'9“@“ [;@ I i i
::r:::.;l:;p:: +3 +14 ; el ‘ s‘mcimm ':”w’”"’ » R Observatiecs)cr)'l Number 1% 120 10
-y 21 Awoahte. o e ) e A - )
B | Mateckd| heat input g yresdreiag Nadir IFOV ) Fig. 20. Argus observed spectra of week 14 pass 52 (March 4t Fig. 21. Argus week 14 pass 52 (March 4% , 2010) with
Atmosphere 34 Prcious g o2 . ‘M":' s N : e . - . . . . . )
it scatter - 0 5 ot cmow Fad S8 7 , | ) 2010) over Toronto/Kitcisakik (Canada) with observation i 5 .
atn by coucs Am:.d,_" : : T e . A& . : umbers 22 to 125, SWupRFokib(O.iihzd.iz W/n:_):rl_(zlt_vaﬂrlati\:llg/izcto_:f.S
b ':;T:::n: E % {3‘;‘, ; F|g 5. ArgUS 1000 qualification model F|g 6. Argus Field-of-view ;m i e — 2.5 S R e T e = :
s N -3 (image courtesy of Thoth Technologies, Inc.). Bl | | Total SWupRF
P2 3| 3 e N
- E. ‘ ; 1%] ¢ Radiance vs Wavelength of different weeks/passes/obsenvations Radiance vs Wawelength of different weeks/passes/obsenations b bbb | L R : N o B S I S
e o U o & >0 ! >0 | E | | " Lsssssiss s S S E— e
- 425, Input £ S i 3 e WO08P61032 ! : ! b ——e—— W17P42014 e : | i
o : 45 . N_—TY 4 =110 +96 -8 45 el o W09P36045 | ; : ; .| —e— W17P4z0144 | ____ _ . - . iq. ) _ i 0 0 | | . Patch f clouds,
R RE Land. Qcean mﬂﬂdb:m‘::‘“ﬁ:. q Energy gained and losi by the Earth's surface V& — e WO09P36022 —  —— W30P46035 Flg 11 GENSPECT Syntheth mOdEIfrom 0% to 100% Of HZO Flg 12 G_ENSbPECT SyStShetIC moﬁel_fromd OI/O to 100 A) Of C02 PR B 7777777777777777 P P oi;isszﬁ;(?:mse
40 " ", —e— wps2022 | | —e— W41P27014 concentration (by using US atmospheric model) . concentration (by using US atmospheric model) . e |
c c - - ’ l waawsaoLs — x;:z:zg;z ----- | [W08P610132 (Nadir angle=6.224" | Sun angle= 35.482%), W09P36022 (Nadir angle=5.096" , Sun angle= 35.500°), E
Fig. 1. Earth and its atmosphere maintain an energy  Fig. 2. The short wave and long wave component of the — e oo naes S0P Sun angen 28 SN PO e A5 S g 62 75 Py ————p %
balanc_e by either abs_orblng Incoming radiation or energy budget. F’g ‘TE Synthetic Spectrum with Satellite Sun & Nadir angle, H_0=30%, r =30% 70 Syninetic Spectrum wih diferent albedo and alftudes [j?:ﬁlgi :iggi _
rEfIECtlng It energy baCk Into Space' \3’ = 9NnNe—o———--e 2 777777777777777777777777777777777777777777777777777 _ : : : : I r=0.3.at=50k. H20=0.20
?:U,\ : : : : éyn-WDSPDGOHE : : : : : r=0.3,at=10k, H20=0.02 ol
S £ Syn-W09P36022 | | | ; Lo | | 5 ;
" ; g ‘ Sy n-W09P36045 ----- i ---------------------- — L 1 A A A AN ] . : :
Solar Pty = A Syn-W14Ps40t4 | i~ ‘ ' 3 sarth | | ‘ '
Insulation i 8 E | Synwi4Ps40123 | 1 kA ] il ; - oma “"“” 0 ‘ . ; ; ; : ; ‘ .
c, Y_—j g @ """ j """""""""" j """""""""""" =TT LTSN SR WV, § '\j 50 H | E ..... E - ............E ............... A P T ok E. —— £ i ' = = * Sgbsewat::?'l NI.II'I’“Z)EZII'.5 5 = & =
il o : : - : : i
ﬁﬂ"} :: M = | Fig. 22. Argus observed spectra of week 75 pass 43 (August 14t | Fig. 23. Argus week 75 pass 43 (August 14t  2013) with
= 'g 25 o AN ? ..... f ............ f ..... 4 £ ; ; ; 5 ’ 2013) over North pacific ocean with observation numbers 19 to 65. SWupRF, (0.20- 2.22 W/m?) and variability factor 11.0
| ' = = S T At S | TR I |
; & L % 2 ; I ; cormiines Rasionce REGnes)=30.4114 (W eok 5. Poss 81, Ol 110,
: | | 0 USSR N S S 1 S — E | s \ ‘
Pol]_iunml : Spacecraft 0 0 i ' ' ' i é 2. :
50111_’5‘_6* 2 Motion 1100 1200 1300 1400 1500 1600 1700 1100 1200 1300 1400 1500 1600 1700 £ 2 30 [ N0 A7 A | A ° Min=0.194425 (Week 75, Pass 43, Obs 37)
— = | Wavelength [nm] Wavelength [nm] © 45l L : i 5 § | 3 Derai (Wesk s Pesn et Onati)
= i‘;ﬁzzphm Fig. 7. Argus spectra- radiance vs wavelength of weeks per Fig. 8. Argus spectra- wavelength vs radiance of different weeks 3 & ‘U | | |
passes with selected observation numbers (week08/09/14, per passes with selected observation numbers week17/30/41/75, PN | A I N M N A | N R l 20 o """""""" e a1 VA T [y o
pass61/36/52/54, 0bs32/45/22/14/123). pass42/46/27/43, obs14/144/35/19/65). l , g
Table | : Typical Argus week per pass - Parameters for sampling of calculating RE & SWupRF. Table I1: Input parameters for GENSPECT Synthetic calculations. R ----- b """""""""""""""" -------------- i """"""""""""" - ) I— ST (T e --------- i
o A ——— ' ' | ‘ | | | z a 1
Fig. 3. Canadian Ad d N tellite eXperi t-2 Fig. 4. CanX-2-A 1000 ob ti try for the detecti : ] f t f d950 f f d95 c fmod 95 0 2O i | | | | | N )ﬁ”'*** |
ig. 3. Canadian Advanced Nanosatellite eXperiment- ig. 4. CanX-2-Argus observation geometry for the detection e I e - refmod 95_ O, mxr, refmod 95_ CO,mxr, refmod 95_ 05 P 05 00 1200 00 500 =00 0 i i . j i
(CanX-2) with Argus 1000, an atmospheric-spectrometer of different atmospheric features. P O i B o PR R TRESES S TR PR T S e Wavelength [nm] e = e o " mal s 2 2 o 1
within the spectral range of 900-1700 nm. _ N o 0100 O ‘(\;”‘ZZSOF;“:: “("f‘iz';) o100 2 zs o o S el e g s = =
FET————— R Fig. 13. GENSPECT-Synthetic model with Argus 1000 — Solar Fig. 14. GENSPECT-Synthetic model with Argus 1000 — Albedo Fig. 24. Histogram of the  selected  Argus _ _ N
e | || o ouds 2km to 50 km zenith & sun angle. and Altitudes variations. weeks/passes/observations with max = 2.30 w/m2, min = 0.194 Fig. 25. Histogram of the subsequent probability of cloud and no
| ntrOd u Cti O n pnalll Wit Ml Nl == - o I Su.rface — Lan-qbertian Short Wave upweliing Radiative Flux vs. H20 Conc. with r=0.3 Short Wave upwelling Radiative Flux vs. H20 with r=0.9 Shart Wave upwelling Radiative: Flux vs. 002 Conc. W/m2, Ave. = 0.84 W/m2 & Slgma =0.44 (approximately). cloud scenes.
S frden Gcan Satellite sun angle* Argus geo location (Ave. of obs no.) 0.58 ; ; 1 1 : : 1 18 : : : | | | : 0346 : : : : : : :
Satellite nadir angle* Argus geo location (Ave. of obs no.) ‘ ‘ ‘ ‘ . . ‘ ‘ ‘ | ‘ ‘ ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ . . . . Obsenved Shart Wave Radiatie Fiux vs. Radiance Enhancement (0, band) Observed Short Wave Radiative Flux vs. Radiance Enhancement (H,0 band) ~ Observed Short Wave Radiative Flux vs. Radiance Enhancement (O, band) Observed Short Wave Radiative Flux vs. Rediance Enhancement (CH, band)
weekitpeszr | cousmonros | setse 0.01 to 0.3 (over oceans) 058 3 3 3 3 ; ; ; 17 j j i . ! ! ! | 3 ; i i i 15 ‘ : : : : : : : 12 —— T 05 ; T T : ; ' 04 ; :
Reflectivity 0.3 (over generic vegetation and bare soil) D ' ‘ ‘ ‘ ! ‘ ! ! ' ' ‘ 0345 j ‘ ‘ ‘ ‘ ; I I : | | : | : : | : | | | | I I | | o : | | | : ; : ‘ : : : :
I 0110 0.9 (over snow, clouds, and ice) \ L A A
« Clouds are central phenomena to provide a link between the two key energy Scattering Type Reyleigh \ » R H _______ ]
0 E ! : :C i ; : : :
exchange processes that determine the earth climate, namely solar and g : P N . O O W
terrestrial radiance exchanges and water exchanges. MEthOdOlOgy (RE VS. SWUpRF) S = ¢ ]
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e In real atmosphere, the attenuation includes the molecular (Rayleigh) (SWupRF)syn,(SWupRF)obs = f S (A)dA Conclusion = f f f = f
scattering, absorption by CO,, CH,, CO and water vapor in a form of clouds. N i1 [Tl Il frmmmm e B Rk - -
The most popular greenhouse gas H,O plays a very important part for clouds (SWupRF) = 2;_,S (Ai)d4 » . . . . =
analysis The space orbiting Argus 1000 micro-spectrometer continuously monitors the sources and sinks jue
' L of the trace gases. The efficient detection of cloud scenes are instigated by applying radiance =
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comparing the measured reflectance with expected reflectance from cloud = = . were compared with the few measured results of (SWupRF),, of the Argus satellite data over Key References
scene £ 5 Arabian sea, North Atlantic Ocean, Canada, Russia etc. Both the models has given the minimum T ——————
+ Measurements acquired from the space orbiting Argus 1000 provide vital : difference of SWupRF within the selected wavelength of each gas. The comparisons show that
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