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Figure 9.1.The global operational satellite observing system (World Meteorological Organization (WMO), 2005).
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Figure 9.3. Advanced
Microwave Sounding Unit
(AMSU) scanning
geometry and resolution.
As the instrument scans
away from nadir, its field
of view (FOV) is larger
and more skewed.
(Courtesy,CIMS$
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Solar and Thermal Blackbody Curves Figure 9.6 The radiance (W |
m-2 sr-p t {1) normalised
per wavelength on a
logarithmic scale. The areas
Solar Radiation under the yellow and red
/ lines represent solar and
terrestrial radiance
respectively.

Earth-emitted
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Figure 9.7. Logscale plot of
wavelength and spectral
" 010 Black-body ?peCtrum radiance and emittance for
; various black body
— - temperatures. Coloured
= \ ; 108 annotations mark the
T 108 T ~ ; 4% emissions of the Sun (5777 K,
£ \ ; ¢ centred on 0.5 um, visible
= ! ' : 6 ¢ spectrum), the Earth's surface
g_ 108 _ ; LU (300 K, centred on 10 pm),
¢ 2000k : £ and forest fires (600 to 1000
c _ \ : = K, centred on 3.9 um). The
S 3 \ i 10% - dashed diagonal line runs
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Figure 9.8(b) Solar blackbody irradiance, amount at the top of the atmosphere, and amount at the T Program
surface after atmospheric absorption. (c) Terrestrial blackbody radiance for different temperatures
and the reduced surface radiance transmitted because of atmospheric absorption.
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Figure 9.8 (a)Transmittance, a measure of the fraction of radiation passing through the atmosphere, from
ultraviolet to microwave wavelengths. The higher the red line the greater the amount of radiation transmitted
through the atmosphere. Wavelengths with transmittance at or near 1.0 are referred to as atmospheric windows.
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Figure 9.8(b) Solar blackbody irradiance, amount at the top of the atmosphere, and amount at the surface after

atmospheric absorption. (c) Terrestrial blackbody radiance for different temperatures and the reduced surface
radiance transmitted because of atmospheric absorption.
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Figure 9.1Qb) Conceptual diagram of the incident
radiance, li, and reflected radiance, Ir. Both the
incident and reflected quantities are dependent on
OEA UAT EOE AT ciAn [ h Al
fraction of the incident radiation that is reflected is
termed the reflectance and varies according to the
medium on which the radiation is incident.
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Figure 9.10 (a) Schematic of satellite sensing direct
sunlight and light scattered by the atmosphere and
surface.
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Figure 9.10 (a)
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Figure9.12
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@EUMETSAT 2013

Figure 9.17. Cloud mask (left) and Cloud Top Height (right) products derived from quantitative extraction algorithms develape
by the EUMETSAT Satellite Application Facilities Support to Nowcasting and Very Short Range Forecasting (SAFNWC).
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VIIRS True Color Product Image produced from
RGB processing of data
from the Suomi National

Polar-orbiting
Partnership (NPP)
Visible Infrared Imaging
Radiometer Suite
(VIIRS).
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Figure 9.20a) Natural
colour RGB image from
the MSG SEVIRI
. (Upper) and True
Colour RGB images
from Moderate-
resolution Imaging
!Spectroradlometer
(MODIS
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Figure 9.20b) and c) Natural colour RGB image from the MSG SEVIRI (Upper) and True Colour RGB images
from Moderate-resolution Imaging Spectroradiometer(MODIS) Aqualeft) and SuomiNPP VIIRSright)
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Figure 9.23.
Convective
RGB image of
mesoscale
convective
) systems over
Thick Ice Cloud = West Africa.
(small ice) : ' 1
Cumulonimbus with
strong updraftsand - Thin Ice Cloud
severeweather - (large ice)
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Thin high clouds

Figure 9.25. Fog
and low stratus
near the coast of
the Gulf of Guinea.
Thunderstorms
near the west
coast of Africa are
bordered by thin
cirrus outflow
(Courtesyof Henk
Verschuur).

IR 12.0 - 10.8

IR 10.8-3.9 ot o
. IR 10.8 ........................ T“.ne. 201 3-0€ ‘

Meteorology of Tropical West Africa: The Forecasters' Handbook R
Editors:D J Parker and M Dieldane f«dmcan| Monsoon|
Copyright © 2016 John Wiley & Sons ALY (.




aSdbSIZ2eNR foR2idIdves2/FicaCINE dedhaOdrst HariS@& a0 1 F N
Chapter 9: Remote Sensing- Lead Author Arlene Laing, CIRA, Colorado State University |

IR12.0-10.38
' IR10.8 -8.7

AR 10.8

Figure 9.26. Example
of Ash RGB image
showing sulphur

- dioxide (SO2) plumes
at different levels and
an iced ash plume
from volcanic

- eruption in Ethiopia.
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© EUMETSAT 2006

Figure 9.27 MSG3 (a) visible, (b) colourrenhanced IR10.8 um brightness temperature, and (c) sandwich
product of the visible and IR images highlighting the overshooting tops of a supercell thunderstorm over Italy

~a s
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Figure 9.28 Example of colour enhanced IR water vapour image for northern Africa; dark red areas indicate high
water vapour content in the mid-upper troposphere and blue to violet areas show the dry midipper troposphere.
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Figure 9.29
Precipitable water
product derived
from MSG SEVIRI.
Boxed values are
precipitable water
from soundings.

(Courtesy,
EUMETSAT)
@EUMETSAT 2003
Meteorology of Tropical West Africa: The Forecasters' Handbook s o
. . - ~ -\ Af 2 M N N .
Editors:D J Parker and M Dieane @Multidirslcc?;;in::r)‘(s::;}ysis 1

Copyright © 2016 John Wiley & Sons ACMAD

+ N



S dbSIZ2eNR To2idI8Ves2/FricaCTNE dedhaOdvsf Har2ilS @
Chapter 9: Remote Sensing- Lead Author Arlene Laing, CIRA, Colorado State University

NESDIS Operational Blended Total Precipitable Water (TPW)
0545 UTC 21 Nov 2011

Figure 9.30 Total
precipitable water vapour

'R Tr_opfc\al Moisture Plum}Wt gspheric Rivers product derived from

o P . 2 o ‘ passive microwave
"M E Ny, e i )5 o T _

nt - D : satellite sensors.
Examples of tropical

: moisture plumes and
15 30 atmospheric rivers are

marked.
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IASI Temperature Retrieval

Warm over cold __
(stable) _—=
s '::
S
40

30 35

Figure 9.31 (a) Example of satellite
sounder temperature retrieval from
the Infrared Atmospheric Sounding

_ | Interferometer (IASI) sounder on the

40 5 0 5 10°C MetOpsatellites.
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Zadar, Croatia 00:00 UTC 08 Sep 2004

200

Figure 9.31b) SkewT log-P plot
of temperature and dew point
from the NASA Atmospheric IR
Sounder (AIRS), radiosonde, and
ECWMF analysis for clear sky
over Zadar, Croatia.
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e Infrared Radiance Spectrum

300 -
290 -
_ 280
X
g 270 -
5 Figure 9.32 (a) IR radiance
260 -
é spectrum, bands that
2 250 Q-e-- interact with specific gases,
@ 240ll.1. and products retrieved by
£ satellite sounders to monitor
D 2304
@ the surface and the
220. atmospheric column above.
210
200 ; ; ; 2
600 800 1000 1200 1400 1600 1800 2000 2200
Wavenumber (1/cm)
Products: » Ozone concentration (4 layers)
* Water vapor (soundings, fluxes, winds) » Surface temperature, emissivity, land
« Temperature (sounding, stability) characterization
¢ Carbon monoxide concentration (2 layers) ¢ Clouds (altitude, optical depth,
and CO2 concentration (total column) microphysical properties, winds)
¢ Methane concentration (total column) ¢ Aerosol concentration and depth CIMSS
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b IASI Channels with SEVIRI Bands Superimposed

SEVIRI ‘I:i.-!f”tI

bands:
270 - alh L R
260 - -
Figure 9.32(b)
- 250 - Discrete
T channels of the
T 240 hyperspectral
IASI sounder
230 - sgperlmposed
- with the MSG
SEVIRI
220 channels.
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Figure 9.33 (a)
Schematic of
emission of CO2
at 13.3um
wavelength,
which is more
dominant near

the surface.
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13.3 um Channel Weighting Function

30
GOES 12-15 Imager Ch 6
(264.6 K) . .
50 Figure 9.33(b) the corresponding
weight function for that spectral
70 band.
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Global Stability Index:
Total Precipitatible Water

Figure 9.34.Meteosattotal
precipitable water (TPW), a
global stability index derived
empirically for cloud free areas
and used to identify convective
potential (©OEUMETSAT 2009).
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Figure 9.35
Atmospheric
Motion Vectors
(AMV) for
various layers in
the atmosphere
derived from
geostationary
imagery.
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GPS Sounding Through Radio Occultation

Figure 9.36(a)
Schematicshowing
bending of GPS satellite
signals due to variations
in atmospheric density,
a function of
temperature and

relative humidity and
profiles of temperature .

Height Above MSL

Temperature (C) 20
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pressure (mb)
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Figure 9.36(b)
Schematic showing
profiles of
temperature and
relative humidity
derived from the
retrieved
refractions.

10 km
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Yo 45% 90%
rel. humidity

@ Courtesy of National Space Organization (NSPO)
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Suominet GPS Precipitable Water Vapour (PWV) Estimates

- Global Sites with Delay or PWV Estimates
for BJCO (Cotonou, Benin) o

+ N

- Last day plotted is 1 Dec 2013 ‘ Birnin Kebbi
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Figure 9.37. Realime observations ofprecipitable water vapour, temperature, relative humidity, and
pressure from surface GPS instruments &@otonou Benin.
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TR ) Channel 12 (HRY)

Cirrus Outflow {

Figure 9.38. HRV image of
convection over Ghana and
Burkina Faso.

Gust Front

Overshooting Top
Strong updraft & Ghana
severe weather
12 23 AFR B3113 170000 04026 OS0Z8 D1 0O e
@EUMETSAT 2003
Meteorology of Tropical West Africa: The Forecasters' Handbook inn é "
Editors:D J Parker and M Dieiane @Mumﬁmlﬂ;ng‘:ﬂmh 1 \\fj": i{‘}, WMO

Copyright © 2016 John Wiley & Sons ACMAD



18 dbiSI2eNR fro2idI@Ves2oFicaCTNR dedhaOdvst Har2itS& G 1 F N
Chapter 9: Remote Sensing- Lead Author Arlene Laing, CIRA, Colorado State University

i Combined visible and infrared
cloud classification
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Multidisciplinary Analysis

Figure 9.39 (a) Cloud type
identification using a
combination of visible and IR
imagery. Main cloud
classifications are low, medium,
and high cumulus and semi
OOAT OPAOAT O AEC
the legendof 9.39Db).Cirrus is
also categorized as thin,
medium, thick, or above other
Al 1T OAO8 &l O AgA
means semitransparent thin
cirrus.
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b Comparing a Natural Color RGB With a Classification Product

‘—%

Classification product

Natural color product
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African Monsoon

Figure 9.39(b) Clouds
identified by cloud
classification compared with
natural colour RGB. Main
cloud classifications are low,
medium, and high cumulus
and semttransparent cirrus
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Figure 9.40 Sun glint
© over the Gulf of
3! Guinea; note the

brightness of the sun
- glint relative to the

o rest of the ocean
surface.

.
e
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rain rate [mmyhr|
Figure 9.41.MeteosatMultisensor Precipitation Estimate (MPE) image showing high rain rates produced by a|v

intensive mesoscale convective system (MCS) that caused record flooding in Ouagadougou 8et2009
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Figure 9.42. Tropical storm over the Gulf of Mexico observed by (a) geostationary IR and (b) geostationary visg#esors.The RGB
shows deep convection, lowlevel water vapour, and precipitation. PCT < 255K almost always indicates precipitation. The eye and
eyewall are apparent in the centre of the image in the microwave, but obscured in the IR and visible.
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Figure 9.42. Tropical storm over the Gulf of Mexico observed I¢g) polar-orbiting microwave 85 GHz polarization corrected temperature
(PCT) and, (d) RGB composite of the 85 GHz PCT and 85 GHz horizontal and vertical polarization. The RGB shows deep conveation
level water vapour, and precipitation. PCT < 255K almost always indicates precipitation. The eye and eyewall are apparetiécentre
of the image in the microwave, but obscured in the IR and visible.
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2 Split Window Brightness Temperature Differences
(1211 um) for Thin Cirrus and Dust

Dm “+” Dm “.n
11 pym

Figure 9.43(a) Conceptual
model of the split window

- ! used to differentiate between
Layer Clrus Clouc dust and cirrus.
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Figure 9.43(b) Conceptual
model of the split window
used to differentiate between
dust and cirrus. Dust RGB
~during nighttime,, 4 Mar 2004
(upper), and (lower) daytime,
30 Jul 2013 (same as right

W hand panel of Figure 9.22).
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Figure 9.44. A major dust storm, 31 Jul 2013, is monitored using the Sahara Air Layer tracking product derived fro
Meteosatchannels. (Courtesy of University of Wisconst€IMSS and NOAA Hurricane Research Division)
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a) Meteosat-9 Fire Product

]

— o

Figure 9.45 (a)
| Meteosat9 Fire
Product
example.
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Figure 9.45(b)
Visible and
shortwave IR
bands used to
True Color, monitor fires,
(greenness, smoke) smoke, and other
aerosols. Labels
highlight RGBs
created from VIIRS
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MODIS True Color with Hotspot Info Overlaid s _\\:c

Blowing Dust

Smoke Plume
Figure 9.46. MODIS True CoIour image of
smoke and blowing dust off the east coast of
Australia. Fires are hot spots in red. Clouds
are bright white. Smoke is the grey line
extending from a fire spot.
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Volcanic Ash Plume

Figure 9.47 Volcanic ash
and gases emanating
northwestward from

' Ethiopia are observed
using MeteosatAsh RGB
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Figure 9.47 Volcanic ash and gases emanatingrthwestward from Ethiopia are observed usingvieteosatAshRGB.
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Figure 9.47 Volcanic ash and gases emanatingrthwestward from Ethiopia are observed usinghe Air MassRGB.
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GOES-R West and East GLM Lightning Coverage

Figure 9.48

. Simulation of
lightning flash
density coverage for
the planned
geostationary
lightning mapper on
" GOES

NASA / The COMET Program

Meteorology of Tropical West Africa: The Forecasters' Handbook inn ¢ -
i ; i ~ < African Monsoon - . V ea N
Editors:D J Parker and M Dieldane @Mummmp"nwmaw’ 1 X :«:} WMO

Copyright © 2016 John Wiley & Sons ACMAD



aSdbSIZ2eNR foR2idIdves2/FicaCINE dedhaOdrsf HarIiS & O !
Chapter 9: Remote Sensing- Lead Author Arlene Laing, CIRA, Colorado State University |

R = = *,‘\-—\-- o T +] e -~

NOAA Blended _

Soil Moisture Figure 9.49. Example
of blended soil
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six-hourly and daily
intervals.

20140311
1200 UTC

20140311
0600 UTC

DailyProduct; : 20140311 20140312

20140311 1800 UTC 0000 UTC
[ [ g
0 001 005 01 015 02 025 03 035 04 045 05
NOAA/NESDIS

Meteorology of Tropical West Africa: The Forecasters' Handbook

mnans

LS

+ N

é
Editors:D J Parker and M Dielane Mumﬁsimir::::::Ws 1 g: ‘vg\:‘é WMO
ACMAD

Copyright © 2016 John Wiley & Sons



1S b SIZ2eNR To2idIdves2iFricalTNR dedhaOdvst Har2i S @0 | F N
Chapter 9: Remote Sensing- Lead Author Arlene Laing, CIRA, Colorado State University \
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SSMI/S Ocean Surface W'nd Speed (kis)
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Figure 9.50 (left) Special Sensor Microwave Imager/Sounder (SSMIS) wind speed and (right) Advan&eadtterometer(ASCAT) wind
speed and direction on 3 March 2014.
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Figure 9.51(a) Schematics showindhow radar operates to detect hydrometeors in a&loud. |
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b
6.2°

Figure 9.51(b) Schematicshowing
how radar fills a volume scan by
taking repeated azimuth scans.

Footnote: Elevation angle increased to show detail
NOAA / The COMET Program
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Figure 9.52. (a) Plan Position Indicator (PPI) base reflectivity produced by an MCS over Niamey, Niger at 0251 UTC on 11sA2606
overlaid on MeteosatIR 10.8um. Images in (b) and (c) are the corresponding Range Height Indicator (RHI) reflectivity and radial

velocity, respectively, taken along the red line in (a Noticein (b) and (c) the coneshaped clear area directly above the radar; an area
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