RPN IEHEVER

(Meteorological Satellite)

1. andisuaafiesineuiseaniuaasaiia (Auanyan1slags) Ao
1. wfialaastindlnddalan (Polar Orbiter)
2. 4ilalpasUsedndi (Equator Orbiter)
faaowiinfni in3esdionstainuiunaumdsaued (Sensor) Tudaendy Visible uag Infrared
1.1 aafieuggfesdneriialavsiiulnddalanPolar Orbiter) susisvesamifouoggsamnii
Tanuszanad 800 - 1,400 nyl. (400 - 800 luanwia) ﬂiaUﬂquﬁuﬁﬁ’ﬂaﬂ 198 AAMUANYANIN LN 1LLADT
ogluszaudn Winwildifiesduas 2 aw (12 v de 1 am) Felsinglumsaanunanduluvesanin

=~ a a '
9IN77 BIUNFLUABULUAIOYRADALIAN

JUN 1 anfieugalesinevialavsiulnadalan

maLﬁauqaﬁﬂﬁmmsuﬁﬂiﬂﬂimuiﬂé’%ﬂaﬂ laudanavienluyn  TIROS, TOS, ESSA, ITOS,
NOAA, NIMBUS, DMSP Jflaasagsinlulnginlantiandunnseunslaes Ao Taasluwuawde - 14
sumzﬁiaﬂmuiauﬁaLaaiuLLuamzi’uaaﬂ- nzfunn Tuseu 24 Falusmaiiouasinuiuanie sau 2 s
Wy anfiey NOAA rinuUsywdlneneuuwidle 0900 avndusnlaasriulsvmealnesnaddunan 2100
aiourdniiiteSondnegnein "madisuriialaasnieunisending " (Sun synchronous Satellite)

12 anadieugnioningrviinlaasuszandl (Equator Orbiter) sumiswesnaiieusggsan
fulanUszanas 35000 nu. (19,318 ludvwia) ﬂsamqmﬁuﬁﬁé{mmsasm@ial,ﬁaaaﬁ'n,ama R

winnzaniunnuanuduluvasan meiniAgulseing 9 Wy wgrguenseu ,  Luaimy iazues

(%
=1

a9 @nansalinnlanne 30 wiil (wazanansalddyanaudsdulvdmng 15 wiils) wunnegaausazfiye

Y

60 a9 lunetalan (Mantiauagld) Musinglunimeniiieuesiissineinmilasulianuaudaanas

(Wuravnyundes) s1nsien1suuandy



S

UM 2 anigugneuvialaasusedni

a

aisgnfienineviialaasuseann laun ATSM SMS/GOES, METEOSAT, GOMS uag GMS
afien Taasanfianzdunnlufidnziusan Areadusainiuanaialunisuyusaudevadlan
(11,000 nu./a.) Fuadeuiasefegmileganianaenian luvafaiuanafisuinguseudtessioe
< ' = 1Y ] A £% =] 1 =%
AIILSY 100 seUsiewTdl Insunumviguazvuuiuinutlanmile 19 naenian Wesinag o 9andle
nmualimladuaudgns Jlinmeessusiiniideinislaegwieilosainaue wunzdmsunsinau
< A
anutuluvasaninaInAag e
lassnsaniieugaleding1viialasusednd Dulassnsneldnisdaasuvesesdnis
gaflesdnelan (WMO) Auauniusingrmansuiunwid (The International Council of Scientific
Unions/ICSU.) \ulassnisausiuilossninvatssid lag Tdanadien 5 aae d@udszdngasingg e
a & A ' a o= v ] A
asauAguaIANUTIMTuATEU8TEULANTENINNaAYR 60 asrwmile Bie 60 deAld UsewAsng ) Nids
ATLTIENTUTINIATINTAD
1. anigauiin lagesdn1s NOAA AIuAY GOES East @40g oy apsfign 75 asrnziunn el
UfjUFnsaseunquuaynsuaniaufniariveiisni iu GOES West o¢ ol aaeiign 135 asragiunn
SmiujURnsAseuAguuMmaLnTHUTRNA uDNLAT YIS
2. 3AN1sAUATITEMURINIAYRINgNUsEwmAlugLsU (European Space Research Organization
/ ESRO. %38 European Space Agency/ESA.) din1ifigy METEOSAT fuag o aadign 0 SAlufusnis
ATOUARNENANUSIMNNALNTHORLAUANTATINTULAUA WazANTIeRenT 1 TeduTTda
3. Teden denniiied GOMS ag o aasfign 170 samnziusen SailufjURnsaseunquumayns
a a a IS
DuLnELarUlaLgy
4. YUy dannaiien GMS ag ol aeeiign 140 aermnziueen SAlUfURNIATOUARL DIUIUTIIN

AausnvaynswUaiin TadsledGouwass nennefdumedeussmeadi 9 lunidie@eeylusaliujdsinng

Y89A1WYU GMS U 57UNINIUoEATLauA I



DMSP
METEOSAT GOES

(ESA)

GEOSTATIONARY
SATELLITE

5UN 3 lasannsinsetneaniiieues desingvilalaasuse31i

2. YolailSeu/derUssuvasasinas (Advantage/Disadvantage of these orbit)

a1ieugneuInesiialaasHiualan

1. 9599IRAINEINUN TR TIFL WIRANYNATY
2. avauUAgUUTITIlan
3. szezadlaasaglnaiulanuiniign vihlviananuaudagausiusedinuniuuin

P a o o
AN Uﬁ]?juﬂiﬂ%iﬂigﬂqw

1. anadnAmasnunswisidod1arattiasluiuiiby
2. ATEUARUNUNITIH 1 LUAANA
3. AnAduANdnaglunusinIndnieuviaunsn

4. syezalavsaglnavnlanisdiusedruniudasiin

3. walulaga1aisy (Satellite Technology)

aifisngaiesinet 14mdnnnsues Remote  Sensing mnefis MseSunemsdnuiunsddlag
Ui']mnﬂmsmzﬁm’%aé’uﬁaﬁuﬁfmqﬁ?ﬂmamsq ifmﬁy’aﬂ’limaﬁ]’iﬂ@mauﬂ’amammﬂwsuaﬁmqﬁ?ulﬂusxst
ymilna faifu arufengnfeuinedadusedmiswemdnnisues  Remote Sensing whiiilasan
in3eInTIaiandsnuisdvesnnaifisnsanuuuiveliinw naseuilazauuaznisunsedvaslan nsld
foya fidunanaaufisuileasseumuaniifunaiuiuluutasiufiansofiaganainnuanifvedan

Tngusiaannsintulununnaulaasyinnisnsiainlnenss



g Sun |
Satellite ) SN L/
Incident _O_
o Solar Radiation s | \
Reflected
Solar Radiation
o
O
‘ O O
O O
O
p
Bare Soil Paved Built-up Area
Water Road

Satellite(Sensor System)
Sun(Source)
Y

\ 7.
Rl 0 v
Sad o sl o)
Land Features(Object) ( & ‘
> ) f 222 round Station

Remote sensing using passive sensor system

Sarellite{Source and Sensor System) .‘

Land Features(Olyect) ) ~)
) - Ground Station
G L :
el 5

Remote sensing using active sensor system




4. MsuiSsdniuniindnlnin (Electromagnetic Radiation)
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gﬂﬁ 4 Characteristics of an electromagnetic wave
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5. uauaduusiwianlWi (Electromagnetic Spectrum)
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1‘1’ Hm Infrared YELLOW
um = "
0.1 ym Visible light —
0.01 ym Ultraviolet
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0.0001 pm X-rays
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Gamma rays
6 0.4 ym VIOLET
(1 um = 10 meters)

5Uf1 5 The Electromagnetic Spectrum
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6. MIuNINEIUTEnuwsianin (Emission of Electromagnetic radiation)
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gﬂﬁ 7 The spectra of the sun's and Earth's radiation



nsmkanslugun 7 Ao MaUSeuisunisunsndsnusidvesniionfindiulanludnuasidulag

;% =

3 LAY FILNUNTT LWSNANUSIFVDILAN AI9D1RE LAZWNANULAIDITNGNRNILAN  NITHNINAI9 WSIEN

]
[ I

ffyiigavadlanaglu Yasniuens udndruvestrsdudunsisavsaliondt  Thermal  Infrared
wrwfendesiugumgiivesiuinfunindsnuied fuduatodauBinunsuwifidvemufioniinsats
w¥snluguiidiFnwauautfvesnuiouveddanuazussaneald

Tuguil 7 nudemududuiuinis ssmsunsndanusdvesnseni addunnitlunng anuen
RulaSsuTsufuMsunInusidvedan TaiinisukSidvesmeniindfoafumaiueanerily
auduanas luvasientu fefiiulanarududuremdinuianasdn edndlsfinn waseunns
wifeddulngjvasniaiinddennaglutaenduuas (Visible) vesunuaduusimanlndi uanNTiang
01findds  urindeenudidlurasaiuduldesnadudu Tnsamsluguadudun  susavasunuady
uimEnlni Bendn Near Infrared saandinuvesasorfingiiaziounduluguil wissiangany
nMIusSsdvasmafisuiinganislugnu Visible uwag Near Infrared Sausunaudidvasnisoniingd azviou

NAU FAUNIWAIUNITNs SeFvaslanuaziualaduagne

7. nasussdnannsenunuivulan (Radiation that strikes the Earth)
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nimbus, large 92 Snow, freshly fallen 75-90
! Snow. 310 7 days old 4070
pmbus, small, 86 White Sands, New Mexico 6l
s at 6 km Sand dune, dry 3545
s, thick, 74 Soil, dry light sand 25-45
vith lower clouds Soil, dry clay or gray 20-35
with strutocumulus 69 Sand dune, wet 20-30
1{ 68 Caonerete, dry 17-20
thick (0.5 km), 64 Soil, maist gray 1020
ver Soil. dark 515
ratocomulus masses, 60 Road, biacktop 5-10
~with cloud sheet,
aver ocean Vegetative zones
. thin; over occan 42 Desert 25-30 |
alone, over lund 36 Suvanna, dry season 25-30
aratus, alone, 32 Crops 15-25
~ over land Savanna, wet season 15-20
us, fair weather 29 Tundra i5-20
Chapurral 15-20
pature Meadows, green 1020
glint on Gulf of Mexico 17 Forest, deciduous 10-20
Great Salt luke, Utah 9 Forest, coniferous 5-15
Gulf of Mexico 9
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g‘d 7N 11 Transmissivity of the Atmosphere and the Spectral Range of Five Main Sensors on the
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9. viinvasdayanidisugniloninen (Satellite data types)

afisngaieninet nedu (scan)  Tumanevasadu ienandunmaifisygsdesine
AAnudesainsuguugivesing (Brightness Temperature value) Tuusiaztrsndunieuiudoya
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GOES-NEXT METEOSAT GMS
Resolution Visible A Sector 1 km 1 Sensor 5 km 1.25 km
B Sector 2 km 2 Sensor 2.5 km
C Sector 4 km
D Sector 7 km
Resolution Far IR 4 kmA-C, 7km D 5 km 5 km
Resolution Water Vapor 4 km A-C, 7km D 5 km Skm
Types of Imaging Fixed Stare Spin Scanner  (E-W) Spin Scanner (W-E)
Telescope Step Direction | NA S-N N-S
Orbit Altitude 19,300 nm / 35,800 km / 22,300 mi
Visual Sensor .55-.75 pm 4-1.1pm .50-.75 uym
IR Sensors 10-12.5 pm,, 3.5-4.0 um 10.5-12.5 pm 10.5-12.5 um
Water Vapor Channel 6.7 pm 5.7-7.1 pm 6.7 pm
NOAA DMSP
Resolution 1.1-4km Fine Data .6 -1.1 km Smooth Data
(Subpoint-edge) * 4 km resolution for Automatic 3.0-5 km *3 km resolution for
Picture Transmission Automatic Picture Transmission
Types of Imaging Advanced Very High Resolution Operation Line Scanner (OLS)
Radiometer(AVHRR) Spin Scan Pendulum Scanner (Alternates W-E
& E-W)
Telescope Step Direction Ascending/Descending
Orbit Altitude 420-480 nm
Additional Features Micrwave Sensor Sounder
Visual Sensor Ch1 .58 - .68 pm 4-1.1pm
Near IR Sensor Ch2.725-1.1 ym
Far IR Sensor Ch33.55-3.93 ym 10.8 -12.5 um
Ch410.3-11.3 pm
Ch511.5-12.4 pm
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10.2 nmgneaniieugniieninendaseiu Near Infrared (Near Infrared Imagery = NIR)

AmengnLTiesgn ot ¥asedu NIR Wunmdildanmsagiouveatisauusivanlniidii
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Suomi NPP VIIRS Mid-Afternoon 1.37 um “Cirrus” Band Near-IR Image
2035 UTC 23 Mar 2013
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Clouds and Snow Cover in Himawari-8 1.6 . um “Snow/ilce” Band
Mid-Morning 0230 UTC (1030 Local Time) 13 Feb 2016
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10.3 nmaLiengalenIne1¥19AaU Far Infrared (Far Infrared Imagery = FIR)
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10.5 amaniengalleuingvila Water Vapor
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Saturday’s
storm

REVVEL

N\
Satellite Image: NASA GOES West 1-km Water Vapor Weather Satellite. Oct. 13, 7:15 PM
MARK NOWLIN / THE SEATTLE TIMES
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Clouds
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AN NAITIEL
MODIS RGB Composite Ch. 7,2,1 (2.1, 0.86, 0.65 pm) over Georgia, U.S. 29 Apr 07 1606 UTC
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Clouds and Snow Cover in Himawari-8 RGB Composite Image (1.6, 0.86, 0.64 um Bands)
Late Morning 0310 UTC (1110 Local Time) 13 Feb 2016
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Clouds

Fig. 1. Comparison between True Color (left), the binary Cloud /Snow Discriminator product (middle), and the Cloud
Layers & Snow Cover Discriminator product (right) imagery over the north-central United States as collected by
NASA’s MODerate-resolution Imaging Spectroradiometer (MODIS) sensor. In the Cloud Layers & Snow Cover product,
white areas denote snow cover, yellow areas denote low cloud cover (liquid), orange/magenta areas denote high
cloud cover (mixed/ice), and green areas denote clear sky surface. The GOES-R Advanced Baseline Imager (ABI) will
be able to produce imagery of similar quality but at dramatically higher temporal refresh (minutes, vs. the 1-2 times
per day currently avallable from the MODIS Terra + Aqua tandem)

’hi
B2 2 Clouds &
I Snow Both
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Strongly

Low Clouds
Warm
& Snow '
: Land &
Cover Are W .
Masked g .
' , Clouds

- High Terrain
Clouds & Thick High
¥ Clouds

Reflect
T~ a1

Fig. 2. Clockwise from upper-left: Visible (VIS), shortwave infrared (SIR), thermal infrared (TIR), and 1.38
micrometer cirrus-band (CIR) for the same date/time/domain as shown in Fig. 1. Each of these channels contains
unique information that can be exploited in complement to discriminate between cloud and snow cover.

Scene Constituents
vew iy | [umein e o COIOI' composites

R o

Fig. 3. Example of color gun usage in the Cloud Layers & Snow Cover Discriminator product, showing how the red
(R), green (G), and blue (B) guns combine to provide various tonalities to the features of interest (Land, Snow, Low-
Level Liquid Water Cloud, Mid-to-High Mixed-Phase/Ice Cloud).

Color Guns
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Fig. 4. Examples of True Colorimagery (left) and the Cloud Layers & Snow Cover Discriminator (right) product for a

scene over north/central United States containing snow and multi-layered clouds. Clear-sky surfaces are depicted in
dark green.
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Wave
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Fig. 5. Examples of Visible Imagery (left) and the Cloud Layers & Snow Cover Discriminator (right) product for a
scene over Colorado containing snow over southern Wyoming. Clear-sky surfaces are depicted in dark green.
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Clouds
Common Cloud Types

Cloud Level ';':f?i’:(l Typical Altitudes Layer Clouds Heap Clouds Hybrid
S o 20.000 - 40.000 feet Cirrus .
High B (6-12 kilometers) Cirrostratus Cirrocumulus
Mid "Alto-" ?5?0}\-‘20 0 Altostratus Altocumulus
| Low ‘1[010\ 659?'_’?9,&” Stratus Cumulus Stratocumulus
—— "Nimbo-" 100 - 6,500 feet ;
! Precipitating " nimbus” faseshalow 2 km) Nimbostratus C deiiusintis
' Significant Vertical 100 - 50,500 feet (Thunderstorms!)
| Development (0.1-15 kilometers)

IR satellite image

Cumulonimbus overshooting top
Visible satellite image

Cumulonimbus overshooting top

Stratus clouds from below Visible satellite image IR satellite image
using reflected light measures thermal energy

> ] e

-

Altocumulus clouds from below Visible satellite image IR satellite image
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Clozed Cells

with complete cloud cover, while the open
cells expose the much darker ocean surface in the center of the cells. Note the
complex fingering pattern between the open and closed decks, suggesting that for
similar environmental conditions both can exist.
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Dark Bands (Dark Patches)(“V” notches) Usthiaudniiaguda v, dniinsauriu Sun glint
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sunglint

DMSP (Defense Meteorology Satellite Program) lasenisanisisaaniiesing1veensensinantv
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Historically

Local Equrm;h_rl
Crossing Time™___~

ot DMISP

= 2 U0.5. military DMSP = 2 U.S. military DMSP = 1 US_civilian 1PSS
* 2U.5. civilian POES = 1 U.S. civilian POES « 1 U.S. military DMSP follow-on

= 1 European MetOp = 1 Furopean MetOp

DMSF: Defense Meteorofogical Sateflite Program POES: Polgrorbiting Operational Environmentol Satellite
MetOp: Meteorologicol Operaiional Satellite JPSS: Joint Polar Satellite System (NOAA / NASA)
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