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General Information of KMA/NMSC ©

History of KMA
=» Founded as the Central Meteorological Office in 1949
=» Promoted to the Korea Meteorological Administration in 1990

=» Promoted to the rank of Vice Minister in 2005

Staff (NMSC/KMA)
ODA 1% basic op. 5%

.

IT 15% staff 21%

v 49/ 1,340 employees in total

Budget (NMSC/KMA)
v' 78 /402 M as of 2016 (19%) R&D 36%



1 Building for NMSC

Area: 33,058m?2
Construction : 2005~2008

2 Organization & Personnel

« 3divisions & 1 Team (Satellite Planning,
Satellite Operation, Satellite Analysis
division + Satellite Development team)
with more than 120 staffs and researchers

3 Major duties

« Meteorological Satellite Development &
Operation

« Satellite Data Application
Data Reception/Processing/Analysis/
Distribution for Users

« International and Domestic Cooperation

regarding Meteorological Satellite



NMSC Goal (1) @

€ To operate timely COMS (GK-1), to gather reliable satellite data on
weather and climate and to deliver them to other Agencies and countries

N ”QN lpn .~

COMS(GOCI) d‘»

g COMS (M) Himawarl-8 DMSP(SSM/I) é
TRMM f*
S-NPP Windsat e
FY-2E GCOM'V\{I\
.i:'?“.
" s GPM
Terra/Aqua .
A > - . .
' National Meteorological
R / Satellite Center
o« O

& Direct Receiving FTP

velorA®  Direct reception : 8~ Satellites

Land-line reception : 15~ Satellites STEREO  Space Weather




COMS ©

COMS(GK-1) is the first multi-purpose geostationary satellite for
Korea in the application of Meteorology, Ocean and Communication

Meteorological Mission : Continuous Observation to support weather forecasting

and early detection of severe weather phenomena
Period : 2003 - 2010 (8 yrs)
Orbit : 128.2°E over equator (36,000 km)
Design life : 7 years : Ka-band
Operation : April 2011 ~ | ADLgong

Solar Panel

Communication, Ocean and
Meteorological Satellite

GOClI



COMS Dissemination

\ AFUS(Guam), Taiwan, Sri Lanka,
MDUS_ Laos, Philippines, Australia, Japan
HRIT/LRIT  |(Koreal,Foreign:/) |

> ;
e SDUS Japan(JAMSTEC, Nippon.
‘ ' (Korea5, Foreign:0) | Hakuyo Electronics, KaiyoMaru,
~_* Univ of Tokyo), Thailand,
Vietnam

Korea(<4): Agencies

> i :
§% Foreign(o): - *
Univ of Wisconsin(SSEC Data Center)
Real time ) Univ of Colorado(CIRA)
Hong Kong Meteo Agency
:  —— ﬂ Ol Korea
(High Rate Information Transmission) ‘ €7

(Low Rate Information Transmission) Intermet {%

Foreign Country



COMS Products

16 Baseline Products : Development (2003-2010) and operation (2011~)

AMV
CLD (Atmospheric Motion Vector) LST

SST (Cloud Detection) (':'_:r:(:)esr:zﬁg)a
(Sea Surface Temperature)

TPW »
(Total Precipitable Water) a

Sal

’Snow/Sea Ice)

CTT/CTH
(Cloud Top UTH
Temperature/Height) (Upper Tropospheric
Humidity)
CA @ ‘
(Cloud Analysis) ¢ . CSR

(Clear Sky Radiance)

AOD
(Aerosol Optical Depth)

INS

(Insolation)

Al OLR RI

(Aerosol Index) (Outgoing Longwave (Rain Intensity)
Radiation)



NMSC Goal (II)

Maintenance
Antennas,
IT system

COMS Reception
and Broadcasting
monitoring
[24hr operation

operating complex

satellite systems
around the clock

Foreign Satellite
Reception
24/7 operation

Satellite

products

analysis
24/7 operation

Briefing to
forecasters/KMA

KMA

Viaj G RESEAr:
Developments(*16;

}‘n
— n
-9\ :‘-
1‘,‘5\1

Nowcasting using COMS

NWP model application

Climate & Hydrological Research
GK-2A Development

- payloads, ground station, algorithms

Planning the new Satellite (LEO)

= To develop a broad range of products from the satellite
observations based on innovative algorithms for timely warning and
support public and private decision making for our social and economic
wellbeing as a science-based services agency.




COMS Applications

o

KMA

Computation Sources Applications

Cloud detection, Clear sky radiance, Rainfall
intensity

Atmospheric motion vector
Sea surface temperature
Land surface temperature

Sea Ice/Snow detection

Insolation

Upper tropospheric humidity, Total precipitable
water, Cloud analysis, Cloud top temperatures
& heights, Outgoing long wave radiation

Fog
Aerosol index

Aerosol optical depth

Weather and numerical forecast

Numerical forecast
Numerical forecast & climate monitoring, ocean
Numerical forecast & climate monitoring

Numerical forecast & climate monitoring, Asian
dust prediction

Agricultural meteorology, climate research

Numerical forecast & climate monitoring

Aviation meteorology
Asian dust forecast & environment monitoring

Asian dust forecast, environment monitoring, &
climate research
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KMA/NMSC

Calibration Activities
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GSICS Activities of KMA(VIS)

KMA

® Vicarious calibration for visible channel using 5 targets.

Ocean, Desert, Water Cloud, Deep Convective Cloud (DCC) and Moon
® Monitoring the slope changes from the four targets

® The slope is obtained using 30 days average.

COMS Observed reflectance

2011. 04 - 2015. 12

® Ocean
1 L
® Desert
® \Water Cloud
os ® DCC *
0.6¢
0.4+
o :
0.2’ -. 7
. 2 Slope= 0.861126
Intercept= 0.019230
Correlation= 0.997270
% 02 04 06 08 1

RTM Simulated reflectance

J
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Jut Jan Jul Jan Jul
2012 2013 2013 2014

De:
2015

Apr Jan Ju
2011 201% 2015 2015
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GSICS Activities of KMA(VIS) @

® period: 2011.04 ~ 2015.12

® degradation: 5.717% (1.204%/year) from 4 targets on the Earth
. Desert, Ocean, Water Cloud, DCC
5.802% (1.221%l/year) from the Moon targets using GIRO_V1.0.0

Degradation Ratio of Earth Target and Moon

102 L L L L L L L L L L L L L L L L B B L ] 94
100 [ — 92
LA 4 1 8
?.1 98 — ] 90 'g
2 B 1 @
§ 96 —as s
['s) = =1 o
= - a ul
5 B 4 ©
o ¥ —86 o
] o
o - 4 @
@ or b Moon Target = -5.802 %/year + 99.027 o1
[ Eorth Torgets = -5.717 % /yeor + 90.905 .
QD B | NN N N N [ Y N N I N N S [ Y Y Y Y N Y Y Y N N N [ S N [ I Y Y Y N Y Y Y Y A I N N N S | ] 82
Apr Jul Jan Jul Jan Jul Jan Jul Jan Jul Dec
20112011 2012 2012 2013 2013 2014 2014 2015 2015 2015

— Lunar calibration by collaborate with EUMETSAT
— DCC method by collaborated with NASA
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GSICS Activities of KMA(IR)

Preparation for the demonstration phase for COMS IR calibration

— GEO-LEO Inter-calibration (IASI, AIRS and CrIS)
= Period : AIRS, IASI-A(April 2011 - Dec. 2015), IASI-B(Aug. 2013 - Dec. 2015), CrlS(Jan. 2014 - Dec. 2015)

IASI_A IASI_B AIRS CrIS

320} siop 0.9938 0.9967 1.0032 1.0004
Inter. 1.9238 1.0903 -0.8982 -0.0973
| 3001
X
m 280 1
= 260 b
)]
% 240 1
a) IR1(10.8um
O | 220f 7 (a) IR1(10.8uym) |
I-A IASI-B AIRS CriS
N Num 3784( 109334 566782 2411‘9.
200 P Bias 0.1072 0.1260 0.0437 0.0266
180 N RMSEI 0 :."l;l’ 0 3;139 ﬂ‘l-:?T/ 9.3981
180 200 220 240 260 280 300 320
280 [ slop 09828 0.9851 0.9855 0.9886
Inter. 3.3749 2.7865 2.3656 1.7984
<l 260t 1
=
o
= | 2401
9p)
= | 220 1
O (c) WV(6.8um)
@) IASI-A JASIB AIRS  CriS
200 S 178297 140999 741373 325975 |
/ Bias -0.8373 -0.8544 -1.0767 -0.9880
180 RMSE  0.4211 04170 0.4705 0.4369
180 200 220 240 260 280
LEO TB (K)

KMA

320 | siop 0.9931 0.9931 0.9999 0.9987
Inter. 1.9972 2 .05 i
300 ™ T IASL A IASI. B AIRS Cris
280 ¢ Number 137840 109334 566782 241119
a7 IR1 Bias 0.1072 01260 00437  0.0266
240
0 RMSE 0.3517 0.3489 0.4277 0.3981
ssal (b) IR2(12.0 pym) |
‘A IASIB  ARS  CrS Number 151320 121346 612961 263226
200 F Nt;lm 151320 1?_13‘.56 r.1st»:4r:.1 263226 ]
Bias ).007 0.0224 0.0233 -0.0008 .
180 , RMSE 0.3352 03364 0.3346 0.28687 |R2 Bias -0.0073 0.0224 0.0233 -0.0008
180 200 220 240 260 280 300 320 RMSE 0.3352 0.3364 0.3346 0.2887
P o O b e s Number 178297 140999 741373 325975
300 IR3 Bias -0.8373 -0.8544  -1.0767  -0.9880
(WV)
280 b RMSE 0.4211 0.4170 0.4705 0.4369
_ Number 43437 35031 112060 36243
i JES 1 R4
w#e. (d) SWIR(3.8um) Bias 0.1508 0.1421  -0.1746  -1.4627
240 R 1ASI-B AIRS CrlS- (SWlR)
o SR A I s RMSE 0.2651 0.2381 0.3380 0.8662
220 RlMSE 0 ?3.51 0 3330[ 0.8662
220 240 260 280 300 320

LEO TB (K)
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GSICS Activities of KMA(IR) @

® Currently, check the trend of TB bias for WV ® For estimated shift of the SRF center position,
® Large negative bias for warm temperature match the band averaged radiance from IASI
® Period: Jan. 2014 - Dec. 2014 and COMS/MI radiance
§ [y e ® SRF shift:2.79+1.73 cm!
— i WV(6.7 - : : :
< ak (6.7um) 3 ® Period: April. 2011 - Jan.2012 (16 different
Q ! ' ' days including four seasons)
-
g )‘ - IASI radmnu vulh nngni “V 'SRif(rcc.V!) .mfl thnequ SRI (bl !ur) —ics
8 | N SRF shift » +2.8 cm?
8 - - |. ) I ‘ ’.__"“"'“ 110
0 “ ” g e *
Iﬁ—J - & un:n'i li ’ r.} y pod
-6 : 1 1 1 1 ;E . ‘ [. | o‘ g
180 200 220 240 260 280 i 1 H W w ‘ | "
: 1 I | _
COMS TB (K) ' ” | “ Y .
I ' k" ﬂ |n |' A M A
— WMWY T —

< Two Methods>

1) Original MI + IASI(SRF shifted by +2.8cm-L shift) p——
2) (SRF) Corrected MI + IASI(SRF shifted by +3.4cm! shift)

*Refrence: Myoung-Hwan Ahn, Su Jeong Lee, Dohyeong Kim “Estimation of uncertainties in the spectral response function of the water vapor channel of a meteorological imager”, Proc. SPIE, 2015
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GSICS Activities of KMA(IR)

= Result of IASI SRF shift and check the TB bias and trend of TB bias for WVIR

= Period: Jan. 01.2014 - Dec.12.2014

COMS TB (K)

COMS TB (K)

280} 510p 0.9817 0.9837
Inter. 3.6385 3.9394
260+
240 |
220}
s00k 7  +IASI olASI 28!
Bias -0.8307 -0.0277
- RMSE 0.4112  0.3905

180 200 220 240 260 280

280|slop 0.9817 0.9846
LInter. 3.6385 3.6457
260 [

240

220}

180 L

» +1ASI 0 IAS|_3.4]
200[ Bias -0.8307 -0.1051 ]
RMSE 04112 0.3882

180 200 220 240 260 280

LEO TB (K)

KMA

IASI : Original Ml + Original IASI

IASI 2.8 : Original MI + IASI SRF shifted by +2.8cm!
IASI 3.4 : Ml corrected + IASI SRF shifted by +3.4cm!

TB Bias(COMS-LEO) (K)
()
|

N IASI
-2 Bias -0.8307
RMSE 0.4112

-3...|...|...|

WV(6.7pm

b

IASI_2.8 IASI_3.4 |
-0.0277  -0.1051
0.3905 0.3882 A1

180 200 220 240
COMS TB (K)

260 280
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GSICS Activities of KMA(IR)

Diurnal variation of TB bias (COMS-LEOQO)

o

KMA

Period : AIRS, IASI-A(April 2011 - Dec. 2015), IASI-B(Aug. 2013 - Dec. 2015), CriS(Jan. 2014 - Dec. 2015)

COMS - LEOs (K)

COMS - LEOs (K)
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Application of GSICS correction to SST®

COMS IR
10.8 pm, 12.0im

Monthly GSICS
Corrected
Channel Data

Yearly GSICS
Corrected
Channel Data

COMS IR
Channel Data

Estimation of
Monthly SST
Coefficients

Estimation of
Yearly SST
Coefficients

Adaptation of
CMDPS
Coefficients

Estimation of
CMDPS

Validation with

Buoy SST

Evaluate for

GSICS correction
impact

Daytime SST

COMS SST (°C)
— = N N w w
o w o w o w

wv

o

RMSE : 0.8928 14
Bias : 0.5377 5
Slope : 0.9446 o
Intercept : 1.911
No. of points : 1823

Bias=0.5377 |
Before Correction |

0 5 5 30 35

10 15 20 2
Buoy SST (°C)

RMSE : 0.6851 /|
Bias : 0.0627

Slope : 0.9795
Intercept : 0.5705
No. of points : 1823

Bias=0.0627 |
After Correction |

0 5 10 15 20 25 30 35
Buoy SST (°C)

Nighttime SST

i\ RMSE : 0.8182 #3

7 Before Correction

Bias : 0.0928

Slope : 0.9659
Intercept : 0.9154
No. of points : 2467

Vi Bias=0.0928

0 5 10 15 20 25 30 35
Buoy SST (°C)

i/ RMSE : 0.8075

Bias : 0.0208
Slope : 0.9717 /
Intercept : 0.7038
No. of points : 2467

:‘,’

//"
Bias=0.0208
/" After Correction_
0 5 25 30 35

10 15 20
Buoy SST (°C)
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Development
of New Satellites

(GK-2A & LEO)
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Geo-KOMPSAT-2A’s Payloads 2012-20187years) ?

AMI(Advanced Meteorological Imager)

Center Wavelength

Min(um)

0.431
0.5025
0.625

Max(um)

0.479
0.5175
0.66

Band Widt

h

(Max, um)

0.075
0.0625
0.125

GOES-R
(ABI)

Himawari-8
(AHI)

Resolution
()

1 0.47 0.46

1 0.51

0.5 0.64 0.64

VNIR | vIS0.8 | 0.8495 0.8705 0.0875 1
NIR1.3 | 1.373 1.383 0.03 2
NIR1.6 | 1.601 1.619 0.075 2
NIR2.2 2
IR3.8 3.74 3.96 0.5 2
IR6.3 6.061 6.425 1.038 2

MWIR| IR6.9 6.89 7.01 0.5 2
IR7.3 7.258 7.433 0.688 2
IR8.7 8.44 8.76 0.5 2
IR9.6 9.543 9.717 0.475 2
IR10.5 10.25 10.61 0.875 2

LWIR | IR11.2 11.08 11.32 1.0 2
IR12.3 12.15 12.45 1.25 2
IR13.3 13.21 13.39 0.75 2

KSEM(Korea Space wEather Monitor)
« PD : Particle Detector

* MG : Magnetometer

« CM : Charging Monitor

vs. AHI
- addition 1.38 um (NIR)
- subtraction 2.3 um (NIR)

1.38 um : favorable for cirrus
cloud detection, cloud type
and amount

2.3 um : favorable for Land/cloud
Properties

Star Trackers
(ADCS)

KSEM PDs,

KSEM CM— KSEM MG

20



e

KMA

1. Full Disk

2. RA 6200x5900km

3. ELA 3800x2900km

4. LA 1000x1000km

21



Detailed 52 Meteorological Products

Scene & Surface Analysis
(13)

Cloud detection
Snow Cover

Sea Ice Cover
Fog

Sea Surface Temperature
Land Surface Temperature

Surface Emissivity
Surface Albedo

Fire Detection

Vegetation Index

Vegetation Green Fraction
Snow Depth

Current

Cloud & Precipitation (14)
Cloud Top Temperature

Cloud Top Pressure

Cloud Top Height
Cloud Type
Cloud Phase

Cloud Amount

Cloud Optical Depth
Cloud Effective Radius

Cloud Liquid Water Path

Cloud Ice Water Path

Cloud Layer/Height
Rainfall Rate
Rainfall Potential

Probability of Rainfall

* Blue: Primary Products

» Black: Secondary/ancillary

Aerosol & Radiation (14)
Aerosol Detection

Aerosol Optical Depth

Asian Dust Detection
Asian Dust Optical Depth
Aerosol Particle Size

Volcanic Ash Detection and
Height

Visibility
Radiances

Downward SW Radiation
(SFC)

Reflected SW Radiation
(TOA)

Absorbed SW Radiation
(SFC)

Upward LW Radiation (TOA)

Downward LW Radiation
(SFC)

Upward LW Radiation (SFC)

o

KMA

Atmospheric condition &
Aviation (11)

Atmospheric Motion Vector

Vertical Temperature
Profile

Vertical Moisture Profile
Stability Index
Total Precipitable Water

Tropopause Folding
Turbulence

Total Ozone
SO, Detection

Convective Initiation

Overshooting Top Detection

Aircraft Icing
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Operational Application using Satellite Products @

® To be designed to maximize the utilization of the satellite products for forecasters and NWP
® Recommended using GK-2A and the other satellite data, if necessary NWP and
the other ground observation

» Cloud analysis
Nowcasting » Heavy rainfall and snowfall analysis
« QPF

Typhoon analysis system based on Satellite
Typhoon & Ocean SST, red tide, freezing over the ocean
3D Winds analysis

NWP Satellite data preprocess for NWP assimilation
Hydrology & SFC & S_0|I moisture, Drpught and Floods, Fire
= Fine Dust analysis
Verification e . : : :
Verification, grid and image composite technique
Climate & Aerosol concentration, height, vertical distribution
Environmental Greenhouse gases, atmospheric compaosition

Monitoring Energy budget, Air Quality model applications

23



Data Service Plan : GK-2A ©

[Via GK-2A broadcast]

 Broadcast all 16 channels data (UHRIT) of meteorological observations
* Maintain L/HRIT broadcast corresponding to COMS five channels

COMS-like HILRIT
UHRIT
HRIT LRIT

Data Rate < 31 Mbps 3 Mbps ~512 Kbps
Uplink : S-band Uplink : S-band , Downlink : L-band

Downlink : X-band * Same Frequencies band with COMS

AMI Image(16 Ch.) AMI Image(5 Ch.) AMI Image (_5 Ch.)

Alphanumeric text Alphanumeric text Alph_anumerlc text

Data Type Encryption Key Message Encryption Key Message Encryption Key Message

Lv2 products
GOCI-II products(TBD) GOCI-IpI image file

Mode FD FD FD
Station LDUS MDUS SDUS

Frequencies

* Additional info could be added in the future

[Via Landline]

» Cloud service similar to Himawaricloud is under development (completed in 2018)
» Renovated web-based service system is under development (completed in 2018)
« GK-2A data also will be available in DCPC-NMSC (http://dcpc.nmsc.kma.go.kr)
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Milestone for the GK-2A ©

KMA

Satellite bus design Integrate Satellite system :
and Review Module integration LEUTE OO

Analysis of Preliminary " . Instrument System Prepare ’ launch / Satellite
PA'YA\LnC(;AD reqi}i,?et?nrznm design Critical design Integration and test Integration and test ~ Tolaunch 1 ) 10T operation
Satellite m & o e e

' ]| ke
EQSR
Start SRR PDR

Environmental

/CDR TRR  Test Delivery Launch ~*
\ Yy v Yy v Y% v

2015 2016

2013 2014

GROUND

2017 ‘ 2@ﬂ @ Operation/utilization
SYSTEM

Preliminary Critical Implementation Integration test
design design /verification

data receiving

and processing System : Preliminary Critical ~ System
System requirements

10T
lidealization /Supporting operation

Install

Training [ aunch Supporting

/standard ’ design  designimplementation /Testing operator operation
andards creation

| - - - A - -
satellite A o
control Review and analysis of ~ S€lection of = jnieqpation Install control Training Test y ‘
svstem requirements/standard 1€ and RF and install ~ S/Wand operator  °Peration and —

y s/design production TTC system  interface P vartTeaiion
companies testing

data 2014 ~ 2015 > 2016 > 2017 > 2018 >
processing
system

- Algorithm development -Science Code - System construction

- Test operation
complete - SW idealization and verification
data 2014 2015 ~ 2016 > 2017 ~ 2018

management N— |
- -analysis of user requirements _
and service -set up system requirements Create system
system

-test operation and complement
S . . -Verify system
-Preliminary/critical design ey
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Future LEO Satellites for Meteorological Use®

@ User requirement of LEO satellite
- Prepare report for feasibility test
- two projects are started.

/?E?\

research
2015-1

Secure
a budget
2017

Feasibility test for LEO satellite (Nov 2016 ~)
- Execute the feasibility test for securing budget for LEO satellite
including technical and economical validity

@ Development of the LEO satellite

- Kick-off development of LEO satellite program

- Satellite bus, system integration and developing testing technique

- Ground segments development and secure a image quality technique

Satellite
development
2018-

Launch
/Utilization
2022-

ta Utilization

- Apply to weather, climate, earthquake, volcano, disaster, etc.
- Data utilization research for global water/climate, etc.
- Supply standard input data of numerical model
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Preparing Future LEO Satellites @

 Development (plan) : ~ 2022 (or earlier)
« Altitude/orbit : 500~900km / Sun-synchronous (TBD), dawn-dusk orbit
« Satellite : ~500kg, instrument : ~150kg
* Possible Instrument : MW Sounder such as ATMS, AMSU, SSMI
. CrIS with limited channels
. GPM MW Imager
~one or two instrument due to the weight of payloads(~150kq)
~ instrument type will be decided for feasibility test

International cooperation / joint development for payload and sensors

. 3

.

Ly

x‘;l .
-~
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THANK YOU!



