Using HYDRAZ2 to study new

satellite data




HYperspectral viewer for Development of Research
Applications — HYDRA2

MODIS, AIRS,
__ @%' IASI VIIRS.
; ¥ CrlS, ATMS

Developed at CIMSS by

Freely available gui-driven software Tom Rink

For researchers and educators
Computer platform independent
Extendable to more sensors and applications
Uses Java-based technologies

With programming
support from
Tommy Jasmin,

Ghansham Sangar

Interactive, high-performance 2D/3D animations 3¢ ISRO
derived from SSEC VisAD api ' ( )
On-going development effort ‘@h i i
& With guidance from
" Liam Gumley
Kathy Strabala
Paul Menzel

ft://ftp.ssec.wisc.edu/rink/HYDRAZ



Opening HYDRA2

|| 4| HYDRA 3.5.0

File Edit Tools Settings

Datasets
Combinations

The installers for this release can be found at ftp://ftp.ssec.wisc.edu/rink/HYDRA2



Selecting a File

File Edit Tools Settings

M1 (0.412) ol 1
M2 (0.445)
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VIIRS Examples



VIIRS bands and bandwidths

Central . Wavelength Spatial
‘é]::{f Wavelength Ba:;::‘l;dth Range Exp]?:::tinn Resolution
(pm) (pm) (m) @ nadir
M1 0.412 0.02 0.402 - 0.422
N2 0445 0018 0.436 - 0.454 Visibles
M3 0. 488 0.02 0478 - 0,488 Refiective
N4 0.555 0.02 0.545 - 0.565
MS (B) 0.672 0.02 D662 - 0.682
M6 0.746 0.015 0.739 - 0.754 Near IR
M7 (G) 0865 0039 0.846 - 0BRSS i
MBS 1.240 0.020 1.23 - 1.25
750 m
% L 1.378 0.015 1.371 - 1.386 Shortwave IR
MI10O (R) 1.61 006 1.58 - 1.64
M11 2.25 0.05 223 -228
M12 3.7 018 3.61 -3.79 Medium-
MI13 4.05 0.155 3.97 -4.13 wave IR
M14 HB.55 0.3 5.4 -8.7
M15 10.763 1.0 10.26 - 11.26 | Longwave IR
M6 12.013 0.95 11.54 - 12.49
WisibleS 750 m across
DNB 0.7 0.4 0.5-0.9 Reflective fuull scan
i YWisibleS
11 {(B) 0.64 0.08 0.6 - 0.68 Reflective
12 () 0865 0.039 0.85 - 0.BR Mear IR
I3 (R) 1.61 006 1.58 - 1.64 Shortwave 1R 375 m
4 3.74 0.38 3.55 - 3.93 Medium-
wave TR
Is 11.45 1.9 10.5 - 12.4 Longwave IR

M = Moderate (750 m) resolution bands
I = Imagery (375 m) resolution bands

DNB = Day-Night Band (or Near Constant Contrast (NCC) band)
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Stats Parametar

NPPVIRS 1:M152012/08/30 04:227

MPP VIRS 1:M12 2012/08/30 04:

Maximum

305.89

33077

Minimum

211.64

25483

Mumber of points

592620

592620

272.28

294.40

279.88

298.07

475.31

17339

-0.71587

-0.06323

21.80

13.17

0.84746

Difference Maximum

-1.427

Difference Minimum

-78.91

Difference Mean

-22.11

Area [km*2]
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Adding CrIS and ATMS



kaln

Tu
E

4 f

4 f

Sampling cof P2 Chamaly & = ¢/2400 em™

0O

u{r"'”“‘\u‘” %W%mAlezm u

512

E )
LT

HF= Ct of WSl Chorrmbe o = 025 o
ing
T ' T T T T T T

R f’""y.f”‘. oW HIRS19 A

|ASI 8461

-jé ’

Lj

f )

o
.:.-:_:J
.
N

T TR
E-umpfgnfl}ﬂl}:rn hlﬂr—l}\.El'EJ!E-lE:l:m

m WW CrlS 1400 \\/\(

mu m m mon
LT



Tools Settings Help Window
%320_
i |
ul
] .
u
c =1 M
N "‘L _/TL__MM'\N/ \le'
g0 . . . : . . .

2

WO EmmbE e

Lon: 134.23 Lat: 18.37 Val 194.98, 2014M0/07 16:56Z




Tools Settings Help Parameter I
— -
el

200
u
> _
]
|
1
[}
w
v _
vl
+
L
i1}
} —

LoD

Lon: 133.41 Lat: 17.67 Val: 198.00, 201410/07 16:56Z2 , , , , , ,
5 180 320
o & 96.1138 06.1138 ikl




i ™
it 5 - ==

Tools Settings Help Window
320
il -
E | ]
4 1% u a = o -
3 LR " X
o = T m "
Il 120 T T T T

186. 09

|Ch2(31.4GHz) vl




Suqggested ATMS Channels

Ch v(GHz) BW(GHz Characteristic

1* 23.8 0.27 split window-water vapor 100 mm
2* 314 0.18 split window-water vapor 500 mm
3* 50.3 0.18 window-surface emissivity

4 51.76 0.40 window-surface emissivity

5* 52.8 0.40 surface air

6* 53.596+.115 0.17 4 km ~ 700 mb temp and precip
7* 54.4 0.40 9 km ~ 400 mb temp and precip
8* 54.94 0.40 11 km ~ 250 mb

g* 55.5 0.33 13 km ~ 180 mb

10* 57.2903 0.33 17 km ~ 90 mb

11* 57.2903 £.217 0.078 19 km ~ 50 mb

12* 57.2903 £.322 £.048 0.036 25 km ~ 25 mb

13* 57.2903 £.322 £.022 0.016 29 km ~ 10 mb

14* 57.2903 £.322 £.010 0.008 32 km~6mb

15* 57.2903 £.322 £.004 0.03 37km~3mb

16* 89.0 6.0 window-precip and water vapor 150 mm
17 166.31 4.0 H,O 18 mm

18* 183.31+7 2.0 H,O 8 mm

19 183.31+4.5 2.0 H,O 4.5 mm

20* 183.31+3 1.0 H,O 2.5 mm

21 183.31£1.8 1.0 H,O 1.2 mm

22% 183.31+1 0.5 H,O 0.5 mm

* In common with AMSU/HSB
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/ L ow mist over ocean
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To=8&sTs (1'Gm) + Om Im+ Om (1-85) (1'Gm) Tm

S0
ATb=-80m s+ OmTm+ Om (1-85) (1'Gm) Tm

For &s~ 0.5 and Ts~Tmthis is always positive for 0 < om
<1
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Comparing SNPP sensor measurements
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AIRS, CrlIS, and 2 IASIs

Multiple overpasses per day
- often more than ten for mid-lats
- enables trending of atm and sfc trends



06 Aug 2013 Belijing Storm

Simulated FY-4A INVAS derived Lifted Index FY-2E 6.8 jm BT observation
(12:00UTC, 06 August 2013) 0 (15:02UTC, 06 August 2013)

3204 106 108 110 112 114 116 118 120 122 124 126 Mx 3704 106 108 110 112 14 116 118 120 122 14 126 WO
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CTOP 6 Aug 2013
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CTOP 7 Aug 2013
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Lifted Index 7 Aug 2013
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Access to visualization tools and data

For HYDRAZ ftp://ftp.ssec.wisc.edu/rink/nydra2/
For MODIS data http://ladsweb.nascom.nasa.gov/
For AIRS data http://daac.gsfc.nasa.gov/

For 1ASI, connect with EUMETSAT archive
http://lwww.eumetsat.int/website/home/Data/DataDelivery/
OnlineDataAccess/index.html

For VIIRS, CrlS, and ATMS data, orbit tracks, guide
http://www.nsof.class.noaa.gov
http://www.ssec.wisc.edu/datacenter/npp/
http://www.class.ncdc.noaa.gov/notification/fag_npp.htm
See tutorial "How do | order NPP data in CLASS (11/28/11)*

For AHI data
Contact rink@ssec.wisc.edu with request to convert file to NetCDF

38
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AHI

Band Bandwidth SNR Res Objectives

1 455 nm 50 nim = 300 @ 100 %% 1.0 km Daytime asrosol over land, coastal water
albedo mapping

2 510 nm 20 nm = 300 @ 100 %% 1.0 km Greenm band — to produce color composite
albedo imageny

3 45 nm 30 nm = 300 @ 100 %% 0.5 km Daytime vegetation/urn scar and aerosols
albedo over water, winds

4 860 mm 20 nm = 300 @ 100 24 1.0 km Daytime cirrus cloud
albedo

5 1610 nm 20 nm = 300 @ 100 24 2.0 km Daytime cloud-top phase and pariicle size,
albedo SNow

(i3 2260 nm 20 nm = 300 @ 100 2% 2.0 km Daytime land/cloud properties, particle size,
albedo vegetation, snow

T 385 pm 022 pm = 016 @ 2300 K 2.0 km Surface and cloud, fog at night, fire, winds

8 G.25% pm 037 pm = 040 @ 240 K 2.0 km High-level atmospheric water vapor, winds,

rainfall
9 G.95% pm 012 pm = 010 @ 300 K 2.0 km Mid-level atmospheric water vapor, winds,
rainfall
10 T.35 um 017 pm =032 @ 240 K 2.0 km Lower-level water vapor, winds and 50
11 .60 pm 032 pm = 010 @ 300 K 2.0 km Total water for stability, cloud phase, dust,
SO, rainfall

12 Q.83 pm 018 pm =010 @ 300 K 2.0 km Total czone, turbulence, winds

13 10,45 pm 030 pm = 010 @ 300 K 2.0 km Surface and cloud

14 11.20 pm 020 ym =010 @ 200 K 2.0 km Imagery, SST, clouds, rainfall

15 12.35 pm 030 pm =010 @ 300 K 2.0 km Total water. ash, S5T

16 13.30 pm 020 gym = 030 @ 200 K 2.0 km Airtemperature, cloud heights and amounis




SRFs of Himawari-8/ AHI Visible/Mearlnfrared Bands (Eslimated)
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Figure 7: SRF (Spectral Response Functions) of AHI in the VNIR bands (image credit: JMA)




SRFs of Himawari-8/AHI Infrared Bands (Estimated)
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Figure &: SRF (Spectral Response Functions) of AHI in the IR bands {(image credit: JMA)




VIIRS bands and bandwidths

Central . Wavelength Spatial
‘é]::{f Wavelength Ba:;::‘l;dth Range Exp]?:::tinn Resolution
(pm) (pm) (m) @ nadir
M1 0.412 0.02 0.402 - 0.422
N2 0445 0018 0.436 - 0.454 Visibles
M3 0. 488 0.02 0478 - 0,488 Refiective
N4 0.555 0.02 0.545 - 0.565
MS (B) 0.672 0.02 D662 - 0.682
M6 0.746 0.015 0.739 - 0.754 Near IR
M7 (G) 0865 0039 0.846 - 0BRSS i
MBS 1.240 0.020 1.23 - 1.25
750 m
% L 1.378 0.015 1.371 - 1.386 Shortwave IR
MI10O (R) 1.61 006 1.58 - 1.64
M11 2.25 0.05 223 -228
M12 3.7 018 3.61 -3.79 Medium-
MI13 4.05 0.155 3.97 -4.13 wave IR
M14 HB.55 0.3 5.4 -8.7
M15 10.763 1.0 10.26 - 11.26 | Longwave IR
M6 12.013 0.95 11.54 - 12.49
WisibleS 750 m across
DNB 0.7 0.4 0.5-0.9 Reflective fuull scan
i YWisibleS
11 {(B) 0.64 0.08 0.6 - 0.68 Reflective
12 () 0865 0.039 0.85 - 0.BR Mear IR
I3 (R) 1.61 006 1.58 - 1.64 Shortwave 1R 375 m
4 3.74 0.38 3.55 - 3.93 Medium-
wave TR
Is 11.45 1.9 10.5 - 12.4 Longwave IR

M = Moderate (750 m) resolution bands
I = Imagery (375 m) resolution bands

DNB = Day-Night Band (or Near Constant Contrast (NCC) band)
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IRW AHI (left) & VIIRS (right)
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IRW AHI (left) & VIIRS (right)
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Temperature Sensitivity of B(A,T) for typical earth temperatures

B (A T)/B (A 273K)
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Non-Homogeneous FOV

B=N*B(T_,4)+(1-N)*B(T,,)
BT=N >I<Tcold®*-rhot
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BT11:265K and BT4:290K. Temperature Sensitivity of B(3,T) for typical earth temperatures
What fraction of R4 is due to R o
reflected solar radiance?

R4 = R4 refl + R4 emiss
BT4 emiss = BT11

R4 ~ T**12

Fraction = [290%2-265'2] / 290% ~ .66 R S

L 3.33 Val: 264.07, 109 00:00Z

¥ eErzed © 1 pEd © v kevrzed © vl 281 ©

L .33 Val: 28 09 00:00Z
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IK = ngfC Bk(Tsfc) TK(SfC ) tOp) T2 8xlayer Bk(Tlayer) Tk(layer B tOp)
layers

The emission of an infinitesimal layer of the atmosphere at pressure

p is equal to the absorption (1 - transmission). So,

&, (layer) T, (layer to top) = [1 - 1, (layer)] 7, (layer to top)

Since transmission is multiplicative
T, (layer to top) - T, (layer) =, (layer to top) = -Ar, (layer to top)

So we can write

, = &5 By(T(py)) T(Ps) - £ B,(T(P)) At,(p) -
P
which when written in integral form reads

Ps
L, = &5 By(T(p)) ,(py) -1 B,(T(p)) [dr,(p) /dp] dp..
0 61



Weighting Functions

dt/dz
62



For a given water vapor spectral channel the weighting function depends on the
amount of water vapor in the atmospheric column

—~ DOQ = D [

For Absorption Channel
% E;E(T!)’t[ﬂ, F'.!)
Wet Atm.
\, = Wet
Mod e I\/Ioglerate
Dry Atm.

~~  Dry

| -
0 Tau 10090

eif (0,F, )=dTau/dHt

CO2 is about the same everywhere, the weighting function for a given CQZ

spectral channel is the same everywhere
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First Order Estimation of SST

Moisture attenuation in atmospheric windows varies linearly with optical depth.
= kx U
For same atmosphere, deviation of brightness temperature from surface temperature

Is a linear function of absorbing power. Thus moisture corrected SST can inferred
by using split window measurements and extrapolating to zero k,

To=Tows + [Kur/ (Kyom Kyg) 1 Tows = Towel =20 +al Ty + @2 T

Moisture content of atmosphere can be inferred from slope of linear relation.
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