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Aoplications with Multispectral
rermote Sensing Datz

Satellite Remote Sensing
Energy Balance
VIS, IR, and MW Radiative Transfer
EOS Terra & Aqua MODIS
Multispectral Signatures
(Ocean Color, Snow/lce, Vegetation, Aerosols,
Clouds, Moisture, Fires, Volcanic Ash)
Detecting Climate Trends



Satellite remote sensing of the Earth-atmosphere
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Observations depend on
telescope characteristics (resolving power, diffraction)
detector characteristics (signal to noise)
communications bandwidth (bit depth)
spectral intervals (window, absorption band)
time of day (daylight visible)
atmospheric state (T, Q, clouds)
earth surface (Ts, vegetation cover)



Solar (visible) and Earth emitted (infrared) enerqy
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Incoming solar radiation (mostly visible) drives the earth-atmosphere (which emits
infrared).

Over the annual cycle, the incoming solar energy that makes it to the earth surface
(about 50 %) is balanced by the outgoing thermal infrared energy emitted through
the atmosphere.

The atmosphere transmits, absorbs (by H20, O2, O3, dust) reflects (by clouds), and
scatters (by aerosols) incoming visible; the earth surface absorbs and reflects the
transmitted visible. Atmospheric H20, CO2, and O3 selectively transmit or absorb
the outgoing infrared radiation. The outgoing microwave is primarily affected by

H20 and O2.
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Earth emitted spectra overlaid on Planck function envelopes

High resolution atmospheric absorption spectrum
and comparative blackbody curves.

10.0 L — T v 1 ‘'t v T ‘' r T T T T
03
20 -
£ ||M
=.
| -
< 5.0 |- | -
w
v.':% &' 2
= 300K
2 I | '
c 4.0~ 2R0K™
g I .
= , |
"‘ 7
' 240K
2.0 - i i _
220R]
200K, -
L L L 1 L L L 1 L L | L 1 L | L L L
6.0 20 10.0 12.0 140 16.0 18.0

Wavelength {umj



haiAVENIISIE];

IO RUNDSINEIE

'

R };r.:-t:a.l =B A ( -I—Eil.lr'f:ﬁ.lj:E:] < fl.lr-r:a.u::e T l(Eiur-f:El.E:E! —Top )

+|_:=| Eﬁrﬁ E ;ll.[ -I_l_iEI.':-"E!f:I E “¥ Tl( Lo —]"TIII|:|]

Earth's Surface

Alrnosphere




.
L
F

e
=
-

1071

ZENITH ATTENUATION [(Nepors)
2

107

:

T rremr T Ty

BLERLELL

—r
L&

E I I I_- i .[
STANDARD ATMOSPHERE

=
c\‘:

25 rmim He{

ZERG Ha0

Lol | | [ ] K

-

LI 10116l

S LI 1T

G0

20 180 240 300 360 420 480 340
FREQUENCY {GHz)

ECQ0



Aoplications with Multispectral
rermote Sensing Datz

Satellite Remote Sensing

Energy Balance
VIS, IR, and MW Radiative Transfer
EOS Terra & Aqua MODIS
Multispectral Signatures
(Ocean Color, Snow/lce, Vegetation, Aerosols,
Clouds, Moisture, Fires, Volcanic Ash)
Detecting Climate Trends



Evolution of Leo Obs

Terra was launched in 1999
and the EOS Era began

MODIS, CERES, MOPITT,
ASTER, and MISR
reach polar orbit

Aqgqua and ENVISAT

followed In 2002

MODIS and MERIS
to be followed by VIIRS
AIRS and IASI
to be followed by CrlS
AMSU leading to ATMS

11



MODIS ON THE EOS TERRA AND AQUA MISSIONS
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Radiance (W/m”.ster.um)

MODIS IR Spectral Bands

High resolution atmospheric absorption spectrum
and comparative blackbody curves.
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Applications with Multispectra]

Satellite Remote Sensing
Energy Balance
VIS, IR, and MW Radiative Transfer
EOS Terra & Aqua MODIS
Multispectral Signatures
(Ocean Color, SST, Snow/lce, Vegetation,
Aerosols, Clouds, Moisture, Fires, Volcanic Ash)
Detecting Climate Trends



OCEAN-SOLAR RADIATION
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Studying the Chesap

Shell  Edit

# Terminal

X SeaDAS Main Menu (pid = 58254)

View Window Help

¥ sl
L0 to L1A/GEO processing

: ¥ T = ¥ o
l!1splayl | Process | MODIS r 1. THoiis
SeaWiFs - geogen_modis
0CTS -

llaextract_modis
cc 11bgen_modis
1lbrsgen
12gen. 4
12extract, 4
12bin

L1A to GEO processing
L1a file extraction

L1A to L1B processing
L1B browse file generation
L1B to L2 processing

L2 file extraction

L2 to L3 binning

L3 time-binning

L3 SMI generation

L2 batch file projection
L3 batch file projection

X 1) chlor_a: A2004080182010.L2

o

£

X/ 1) Roam

A

<

ore
Pra
Pra

of bi
area

eake Bay with SeaDAS

Wed 5:30:40PM & Q

19539.

Pro =
Prd _Qtut Output
ProfESSThg scan = 298 (291 Of 430) arter SETSeconds

388 (381 of 438) after
358 (351 of 438) after
408 (481 of 438) after

Processing scan #
Processing scan #
Processing scan #
-

®00

Terminal — idl — 76x20

68 seconds
68 seconds
76 seconds

X! 1) Zoom

r"t

palapa:modis_data mike$ seadas

10L Version 7.8, Mac 0S ¥ (darwin ppc m32). (c) 2087,
Solutions

Installation number: 17915.

Licensed for use by: NASA/GSFC Seawifs Project

SeaDAS Version 5.3.8 (pid = 58254)

SeaDAS> load, 'A20848808152818.png', ftype='png’
SeaDAS> display

SeaDAS> load,
grp_name=Geophysical Data

Getting - "chlor_a" data from HOF file...

SeaDAS>
SeaDAS>
SeaDRS>
SeaDAS>
SeaDAS>
SeaDAS>

15 years in distribution, free, open
~1400 downloa

N
o

inux/os-x/solaris/windows

09 alone

¥ SealRS> |

display, fbuf=2
loadpal,
loadgp, color=2, red=75, green=75, blue=55
landmask, color=2

grid, grdcol=7, lblcol=7,
cbar

latdel=08.5,

ITT Visual Information

'A2084860162818.L2", prod_name='chlor_a', ftype='modis’'

'$SEADAS/config/color_luts/standard/B82-standard_chl. lut"'

londel=6.5

(vm)
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First Order Estimation of SST

Moisture attenuation in atmospheric windows varies linearly with optical depth.
= k}L 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=Towr [ Kuz/ (Kpom Kyt) 1 TTpwt = Towal -

Moisture content of atmosphere inferred from slope of linear relation.
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MODIS SEA SURFACE TEMPERATURE
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SST - MODIS and AVHRR
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e el \ODIS 4 pm
' L "= Night SST

Improved coverage in
tropical regions. Color
scales are not identical,
cloud mask is not applied.

AVHRR
Night SST




SST Waves from Legeckis



Applications with Multispectra]

Satellite Remote Sensing
Energy Balance
VIS, IR, and MW Radiative Transfer
EOS Terra & Aqua MODIS
Multispectral Signatures
(Ocean Color, SST, Snow/lce, Vegetation,
Aerosols, Clouds, Moisture, Fires, Volcanic Ash)
Detecting Climate Trends



LAND - THERMAL RADIATION
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LAND-SOLAR RADIATION
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Investigating with Multi-spectral
Combinations

Given the spectral response
of a surface or atmospheric feature

Select a part of the spectrum
where the reflectance or absorption
changes with wavelength

e.g. reflection from grass

If 0.65 um and 0.85 um channels see
the same reflectance than surface
viewed IS not grass;

If 0.85 um sees considerably higher
reflectance than 0.65 um then surface
might be grass



The signal reaching any space borne sensor is a complex
mixture of surface and atmospheric components.

One of the advantages of MODIS is its broad spectral range.
The wider the spectral range the more information content

we have when we observe the Earth - Atmosphere system.
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REFLECTANCE

Lodgepole-Pine LP-Needles-1 WI1R1Fa AREF
Clark and others 2007, Uses, DS231
Digital spectral Library
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EVI 1s a useful proxy for ‘greenness’ or
photosynthetically active vegetation in
optically dense canopies, as found
throughout the Amazon (LAI= 4 -7), by
relying on the more sensitive NIR canopy &= m T

333

reflectance which is less prone to saturate WAVELENGTH “

NDVI = ( 0.8 — p0.6) / ( p0.8 + p0.6)

PNR ~ Pred
1+ oy + (6 X Prog — 1.3 X% pblue)

EVI=2.5x



Basin-wide greening in dry season

October EVI (dry) minus June EVI (wet season) CMG
from Huete et al

0.30
0.15
0.05

-0.05
-0.15
-0.30

30

« green colors depict ‘greening’ and red colors depict
‘browning’ in the dry season
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RAS (WA NCE) 1997!01 28 19 05:29 UTC Track 10, Band 02 [0.53 micron) Reﬂectance MAS (WINCE) 1997/01/28 19:05:29 UTC Track 10, Band 10 (1.83 micron) Reflectance
3 1 -y x YWy R - 7 ‘o
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J 19 04:31 UTC 19:04:31 UTC

19 06:26 UTC
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Example with MODIS

ulti-Channel viewer

Tools Settings

p— KIODIE BANDS

nstrument: MODIS
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Applications with Multispectra]

Satellite Remote Sensing
Energy Balance
VIS, IR, and MW Radiative Transfer
EOS Terra & Aqua MODIS
Multispectral Signatures
(Ocean Color, SST, Snow/lce, Vegetation, Aerosols,
Clouds, Moisture, Fires, Volcanic Ash)
Detecting Climate Trends
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Salt from
Seq Spray &
Bursting Bubbles

S0O7 from
Windblown Volcanoes

Dt

Soot &
Smoke

M Deserts &
Volcanoes
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Blomass Buming

.

Aerosol particles larger than about 1 um in
size are produced by windblown dust and sea
salt from sea spray and bursting bubbles

Aerosols smaller than 1 pm are mostly
formed by condensation processes such as
conversion of sulfur dioxide (SO2) gas
(released from volcanic eruptions) to sulfate
particles and by formation of soot and smoke
during burning processes.

After formation, aerosols are mixed and
transported by atmospheric motions and are
primarily removed by clouds and precipitation



ABruso) 9T Ulsiduudom

There are 3 modes :

- « nucleation »: radius is
between 0.002 and 0.05 um.
They result from combustion ' \cid][ Marine Organic
processes, photo-chemical
reactions, etc.

- « accumulation »: radius is e ¥ ." )
between 0.05 um and 0.5 um. 2 Rl smoe
Coagulation processes. ‘

Nucleation Aitken Accumulation Coarse

- « coarse »: larger than 1 um.
From mechanical processes like
aeolian erosion.

« fine » particles (nucleation and
accumulation) result from anthropogenic

R - 1 10 100 1000 1000
activities, coarse particles come from Ferliole Blamelor: o
natural processes. 0.01 0.1 1.0 10.0

be Volume



http://capita.wustl.edu/AerosolIntegration/specialtopics/Integration/Capter4Drafts/Figs/Fig1GenSizeDV000614.gif

Physical Properties

These Aerosols
have the largest
impacts on
radiative budget,
visibility, cloud
processes and
health issues

Nucleation Aitken s ccumulatics n

0.001 0.01 1.0 10.0
Radius, um UVBGRNIR IR



_ﬂ:'j)fU:'jUJ:j U\_/:D)f Ulj:rj'j_lj_l * Radiance data in 6 bands

(550-2130nm).

0.01 | » Spectral radiances (LUT)
' to derive the aerosol size
8 distribution
qg—'_)0.001 R\ N i * Two modes (accumulation
2 | — dry smake 1, =0.10 um : 0.10-0.25um; coarsel.0-
g | —— et ¢ “o25ym 2.5um); ratio is a free

| | === -
salt r off 1 pym

parameter

«a[]s _
L dust r off 1 pm

0.0001

*Radiance at 865um to
derive t

04 0506 08 1 2
Normalized to =0.2 at 865um wavelength (um)
Ocean products :
* The total Spectral Optical thickness
 The effective radius
* The optical thickness of small & large
modes/ratio between the 2 modes
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Global aerosol AOT trends A Req.5

north tropics ——Aq_Reg_6

northern midlatitudes 06— ~-+-"Aq_Reg_7
06 e e € 4 ——Aq global
— —Ag_Reg_1 o 053 H
E 05 ——Aq_Reg_2 0 : H
10 ' --2--Aq_Reg_3 =2 ' A
: g '-. i
~ 04 —Aq global S ' :
& S 03 ' :
5 3 M
O (1]
£z 03 T 2 02 k*ﬁ?
g E SRz
5 02 g 0.1 .
© o
) ©
g 0.1 0oL .. [ [N B Lo R I
L 2002 2003 2004 2005
() AT AR TAT IS AVIFAINE EFARTATN IR AR
2002 2003 2004 2005
Southern Hemisphere ACT L3 2004 .JJA
06 — I I I I I 0.80
€
3— 0.5 ——Aq_Reg_9 e
re] ——Aq_Reg 10 .60k
o --+--Aq_Reg_11 '
@ 0.4
O 0.50
x —Aq global
':Ej 0.3 0.40
g 0.3
= 02 '
o
re) SA 0.20
8 01 -
< 0.10
0L .. [ 0.00

2002° 20063 7 2004 *° 2005 “




Aerosol effects on cloud
cover
over the Atlantic Ocean -
several aerosol types
Interact with clouds
June-Aug 2002

Pollution zone
Dust zone
Smoke zone
Marine aerosol

aerosol forcing increased cloud
cover 5% (~ 6 W/m2) and
height 40 hPa (~ 400 m)
over Atlantic Ocean

-
pollution

convective

convective

stratiform
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Applications with Multispectra]

Satellite Remote Sensing
Energy Balance
VIS, IR, and MW Radiative Transfer
EOS Terra & Aqua MODIS
Multispectral Signatures
(Ocean Color, SST, Snow/lce, Vegetation, Aerosols,
Clouds, Moisture, Fires, Volcanic Ash)
Detecting Climate Trends
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Optical properties of cloud particles: imaginary part of refraction index

Imaginary part of refraction index

1 3 3) 7 9 11 13 15

wavelength [microns]

BT[8.6] — BT[11] will be positive for transmissive ice clouds



l | I
14 1-
3000 eu] L300

'

u T [
o L . - 4 = o -h. u
-é g " - .-I 5 I 4 " "o - " 5 -" H " "o . .ﬁl E
- + G L
L - o L w A E
o i ] - n £,
£ I e ]| & ] =" K
.' . .I. ... &

0- LI 0 L1 ol L1005
2 14 2 ' L4 2 14
Muvelznq’rh Hul.-c]:ngfh

e e 0 T
#= — o

nstrument: MODIS Lat =44.602 Lon= -_élﬁ.IJZE

nt: MODIS Lat = 44.602 Lon = -96.028nstrument: MODIS Lat = 44.602 Lon= -Qﬁ.ﬂr

BEEN EEEEIEIN B EEIETES




MODIS
identifies
cloud
classes
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Clouds separate into classes
when multispectral radiance information is viewed
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Cloud Mask Tests

BT11

BT13.9

BT6.7

BT3.9-BT11

BT11-BT12

BT8.6-BT11
BT6.7-BT11 or BT13.9-BT11
BT11+aPW(BT11-BT12)
r0.65

r0.85

rl.38

rl.6

r0.85/r0.65 or NDVI
o(BT11)

clouds over ocean

high clouds

high clouds

broken or scattered clouds
high clouds in tropics

ice clouds

clouds in polar regions
clouds over ocean

clouds over land

clouds over ocean

thin cirrus

clouds over snow, ice cloud
clouds over vegetation
clouds over ocean
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Monthly Mean Cloud Fraction (Cloud Mask)
(S. A. Ackerman, R. A. Frey et al. — Univ. Wisconsin)

April 2005
Aqua C5
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_Mean_Mean

Cloud_Fraction_Night
_Mean_Mean

Cloud Fraction (Day)
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MonthIM Mean Cloud-Top Properties
(W. P. Menzel, R. A. Frey et al. — Univ. Wisconsin)

Cloud Top Pressure

1000

April 2005
Aqua C5

800

Cloud_Top_Pressure
_Mean_Mean
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Cloud Top Pressure (hPa)
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275

Cloud_Top_Temperature
_Mean_Mean
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o]
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Cloud Top Temperature (K)
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Monthly Mean Cloud Optical Thickness
(M. D. King, S. Platnick et al. - NASA GSFC)

April 2005
Aqua C5 (QA mean)

Cloud_Optical_Thickness
_Liquid_QA Mean_Mean

Cloud_Optical_Thickness
_lce_QA_ Mean_Mean

30

25

20

Cloud Optical Thickness

Cloud Optical Thickness



Monthly Mean Cloud Effective Radius
(M. D. King. S. Platnick et al. - NASA GSFE)

April 2005
Aqua C5 (QA mean)

Cloud_Effective_Radius
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Cloud optical, microphysical properties
retrieval space example

0.8
gl _
= 0 - i ) 2.1 um absorption increases with particle size,
SO little effect at 0.86 pum
8 - )
% 20.4 h
§ s : ] 2.1 um reflectance reaches limiting values
L 02+ . : : .
o [ V with optical thickness
0.0 L 1

0.0 0.2 04 0.6 0.8 1.0 1.
Reflectance (0.86 ym)

Liquid water cloud
ocean surface

S. Platnick, ISSAQS '02



Cloud parameter determinations
from partly clear and partly cloudy FOVs

Radiance from|a
partly cloudy FOV

/ /
| \

clr cld

R =[1-N] Rclr + N Rcld
but Rcld = [1-¢] Rclr + € Rbcd

where Rbcd represents opaque

cloud radiance B[T(Pc)] Two unknowns. € and Pc

so together require two measurements

R =[1-Ng] Rclr + Ne Rbcd



RTE in Cloudy Conditions

l, = nI9+ (1-n)I" where cd = cloud, clr = clear, n = cloud fraction
A A

0]
= B,(T) 5(p) + [ B(T(R)
Ps

Pe
|;d (1-g,) By (T) to(ps) + (1-5)) ] B,(T(p)) dr,
Ps

0
+&,B,(T(p) m(p) + | B,(T(D)) dr,
Pe
g, IS emittance of cloud. First two terms are from below cloud, third term is cloud
contribution, and fourth term is from above cloud. After rearranging

Pe
L - 19" =g, | 5(p) dB; .
Ps



CO2 channels see to different levels in the atmosphere

14.2 um 13.9 um 13.6 um 13.3 um
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BTs in and out of clouds for MODIS CO, bands
demonstrate weighting functions and cloud top

algorithm

Pressure (mb)
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T
Central
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100 h
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January 2001: MODIS High Clouds (0—400 mb)
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Strat Cloud i1dentified when BTWV>BTIRW

XXXXXX  Water Vapor BTWV
XX XXX above cloud <
BTIRW
Cloud
< - >
Can also use
CO2 above cloud when
BT13.9>BT13.3




Stratospheric Cloua laentitication

strat+high+cld 00 January
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5 _ _ ik

Detection of stratospheric intrusion from BT13.9>BT13.3 test



Transmission

1 - AVHRR channels
0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -
0.2 -

BT11-BT12>0
Total for ice

Ice

9 10 11 12 113 14



Uncertain

MODIS RGB Cloud Image

Mixed phase




CIRRUS FORMATION BY CONTRAILS OVER
CENTRAL U.S. IN GOES-8 IR IMAGERY
October 26, 1996

Minnis et al., Science, 1999



MAS (SUCCESS) 1996/04/26 18:43:48 UTC Track 03, Band 02 (0.64 micron) Reflectance
i i e, y 18:44:45 UTC
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Latitude

Is cirrus related to air traffic?
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Ice Clouds have
particles of many
Sizes and shapes

3 layer model
*1 km 10 to 50 um spheres
*1 km 300 um columns
*2 km 150 um aggregates
and bullet rosettes.

-55°C

-50°

-45°

-40°

-35°

@9 25 Nov 1991 Replicator Profile
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MODIS detects ship tracks

Ship Tracks occur in marine
stratocumulus regions of the
globe

California, Azores,

Namibia, and Peru
Conditions for formation

High humidity

Small air-sea temperature

difference

Low wind speed

Boundary layer between

300 and 750 m deep
Enhanced reflectance of clouds
at 3.7 um

Larger number of small

droplets arising from

particulate emission from

ships




* Particles emitted by ships increase concentration of
cloud condensation nuclei (CCN) in the air
* Increased CCN increase concentration of cloud droplets
and reduce average size of the droplets
* Increased concentration and smaller particles reduce production of drizzle
(100 pm radius) droplets in clouds
* Liquid water content increases because loss of drizzle particles is suppressed
* Clouds are optically thicker and brighter along ship track
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Cloud Clearing

For a single layer of clouds, radiances in one spectral band vary linearly
with those of another as cloud amount varies from one field of view (fov)

to another

RC02

N=1 N=0

FQWNV

Clear radiances can be inferred by extrapolating to cloud free conditions.




Paired field of view proceeds as follows. For a given wavelength A, radiances from two
spatially independent, but geographically close, fields of view are written

L, =My |x,1Cd +(1-ny) L°
L, =, 15, @+ (1-ny) l,.°
If clouds are at uniform altitude, and clear air radiance is in each FOV

l cd:| cd:| cd
A Al 12

LE=1h, = 1,°
cd c Cc
ny (- 1) M |x,1 -1y
= = n* = ’
cd c c
m, (- 1) Lp) |x,2 -1y

where n* 1s the ratio of the cloud amounts for the two geographically independent fields of
view of the sounding radiometer. Therefore, the clear air radiance from an area possessing
broken clouds at a uniform altitude is given by

C
i | .1 - n* Ix,z] 11 -n*]

where n* still needs to be determined. Given an independent measurement of surface
temperature, T, and measurements |, and I, , in a spectral window channel, then n* can be

determined by
Tl* - - BW( )] / [IW2 W(TS)]

and 1, for different spectral channels can be solved.



Applications with Multispectra]

Satellite Remote Sensing
Energy Balance
VIS, IR, and MW Radiative Transfer
EOS Terra & Aqua MODIS
Multispectral Signatures
(Ocean Color, SST, Snow/lce, Vegetation, Aerosols,
Clouds, Moisture, Fires, Volcanic Ash)
Detecting Climate Trends



Water vapour evaluated in multiple infrared window channels where absorption is
weak, so that

T, = exp[- k,u] ~ 1-k,uwherew denotes window channel
and

dr, = -k,du
What little absorption exists is due to water vapour, therefore, u is a measure of
precipitable water vapour. RTE in window region

uS
IW = Bsw (1'kwus) 5 kw-[ B
0

U, represents total atmospheric column absorption path length due to water vapour, and
s denotes surface. Defining an atmospheric mean Planck radiance, then

du

w

- - uS uS
|, = By, (1-k,u) +k,uB, with B, = | B,du/[ du
0] 0]

Since By, is close to both |, and B, first order Taylor expansion about the surface
temperature T, allows us to linearize the RTE with respect to temperature, so

Tow = Ts(1-k,u) + kWuS'FW,where T,, IS mean atmospheric temperature
corresponding to B,



For two window channels (11 and 12um) the following ratio can be determined.

Ts - wal kwlus(Ts - Twl) kwl

Ts - wa2 kwlus(Ts - TW2) kW2

where the mean atmospheric temperature measured in the one window region is
assumed to be comparable to that measured in the other, T,,; ~ T,

Thus it follows that

kWl
TS = Tle + - [wal - TbWZ]
kWZ - kWl
and
wa - Ts
U, =
kW (TW - Ts)

Obviously, the accuracy of the determination of the total water vapour
concentration depends upon the contrast between the surface temperature, T, and

the effective temperature of the atmosphere 'FW
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MODIS Temperature {°K) at 700hPa: 2001142.0500

700
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High resolution atmospheric absorption spectrum
and comparative blackbody curves.
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Applications with Multispectra]

Satellite Remote Sensing
Energy Balance
VIS, IR, and MW Radiative Transfer
EOS Terra & Aqua MODIS
Multispectral Signatures
(Ocean Color, SST, Snow/lce, Vegetation, Aerosols,
Clouds, Moisture, Fires, Volcanic Ash)
Detecting Climate Trends
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The fire extent and temperature within a field of view can be determined by considering
the upwelling thermal radiance values obtained by both channels (Matson and Dozier,
1981; Dozier, 1981). For a given channel, A, the radiative transfer equation indicates

1
RMT) = &€, BA(TS) Ta(s) + ] BA(T) dt,
0

When the GOES radiometer senses radiance from a pixel containing a target of
blackbody temperature T, occupying a portion p (between zero and one) of the pixel and
a background of blackbody temperature T, occupying the remainder of the pixel (1-p),
the following equations represent the radiance sensed by the instrument at 4 and 11
micron.

R4(T4) = p R4(Ty) + €4 (1-p) R4 (Tp) + (1-€4) T4(S) Ra(solar)

R11(T11) = p Rua(T) + €11 (1-p) R1a(Tp)

The observed short wave window radiance also contains contributions due to solar
reflection that must be distinguished from the ground emitted radiances; solar reflection
Is estimated from differences in background temperatures in the 4 and 11 micron
channels. Once T, is estimated from nearby pixels, these two nonlinear equations can
be solved for T; and p. In this study, the solution to the set of equations is found by
applying a globally convergent bisection technique followed by Newton's method.
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Pixel Element Number Along Scan Line

3.9 and 11.2 microns plotted for one scan line over
grassland burning in South America;
fires are likely at a, b, and c.



Portugal fires 3 Aug 2003
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March 20 to April 12, 2010 -
non-ash eruptions, lava
fountains

April 14 to May 23, 2010 - mostly
explosive ash cloud producing (ash was
visible in satelllt% |ma)gery 32 out of 41
ays
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Key: B Allflights canceled [E Some flights operating Open; only flights to or from affected areas canceled

o Kefavk
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Source: Jergen Brandt, Senior Scientist, Naticnal Environmental Research Institute at Aarhus University, Denmark
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_RGB (12—=11um, 11-8.5um, 11um)

Contacty Mike.Pavolonis@nosa,gov
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False Celor Imagery (12—11gm, 11—8.5um, 11zm)

Azh Lu:lnlading tnnfkm“é]

E8 b0 B.7

s Height [km]

S — 5.7 e

Ash Cloud Microphyeics
A Sy .

fish E%Fect’iue Radius [mic;rnns]

0.5 2,0

4.0 .0 EB !55 !!0

SEVIRI provides time continuous monitoring of ash location and amount
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Investigating with Multi-spectral
Combinations

Given the spectral response
of a surface or atmospheric
feature

Select a part of the spectrum
where the reflectance or
absorption changes with

wavelengt

e.g. transmission through ash

If 11 um sees the same or higher BT
than 12 um the atmosphere viewed
does not contain volcanic ash;

If 12 um sees considerably higher
BT than 11 um then the atmosphere
probably contains volcanic ash

Frank Honey, CSIRO 1980s



Aoplications with Multispectral
rermote Sensing Datz

Satellite Remote Sensing

Energy Balance
VIS, IR, and MW Radiative Transfer
EOS Terra & Aqua MODIS
Multispectral Signatures
(Ocean Color, Snow/lce, Vegetation, Aerosols,
Clouds, Moisture, Fires, Volcanic Ash)
Detecting Climate Trends



Key Areas of Uncertainty
INn Understanding Climate & Global Change

* Earth’s radiation balance and the influence of clouds on
radiation and the hydrologic cycle

* Oceanic productivity, circulation and air-sea exchange

* Transformation of greenhouse gases in the lower
atmosphere, with emphasis on the carbon cycle

* Changes In land use, land cover and primary productivity,
Including deforestation

* Sea level variability and impacts of ice sheet volume

* Chemistry of the middle and upper stratosphere, including
sources and sinks of stratospheric ozone

* Volcanic eruptions and their role in climate change



Climate System Energy Balance
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Global Energy Flows W m™
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Trenberth et al, BAMS 2009
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Departures in temperature (deg C)
From the 1961 to 1990 average
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Atmospheric Greenhouse Gases

Suffate Aerosols

Temperature
change vs. 1961-1990
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Cloud Feedback is a key unknown
Stephens et al, 2005

«Climate Variability is key NOAA ' - 3:
mission. It supports our mission for 3 -
real-time cloud remote sensing. ol Cloud

- Feedback
*Clouds are major uncertainty in j [‘ 3- Rimge
climate models. Satellite records are
now long enough to begin to offer &
some relevant constraints if they are 1- I
credible. " J
*The scientific relevance of the cloud E'DLTHQGHG B Snowilcs Albado
climate records from EOS and
NPOESS will be much larger if we can i Vter vapor Cloud Fasdback
extend selected time series back in Faedback
time using the AVHRR data. Fia. 13, The response of a single climate model to an imposed

doubling of OO, as different feedbacks are systematically added
in the model (adapted from Senior and Mitchell 1993}, Different
treatments of cloud processes in the model produce a large spread
in predicted surface temperature due to O, doubling.



NHsubtrp ocean CA (%)

NHmidlat ocean CA (%)

Annual Cycle of Total Cloud Amount
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ISCCP, SOBS, UW/HIRS, TOVS/HIRS, PATMOS-X,

Seasonal cycles all agree through 10% spread on magnitudes.



Detection of High Cloud Differs Appreciably

A series of GEWEX workshops to assess the state of the
various satellite cloud climatologies (ISCCP, HIRS,
PATMOS-x, MODIS) found large disagreement in the high
cloud long-term time-series. Work remains to be done.

High Cloud Fraction
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Striving for the Sustainable Society

“A place where humans and their use of the environment
are in balance with nature”

“living in harmony with the environment and having
resilience to natural hazards”™



