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AMI
AHI
CLD
GK2A
GOES
LST
MODIS
NIR
NDSI
NDVI
NMSC
RMSE
SC

SD
SWIR
TOA

Advanced Meteorological Imager

Advanced Himawari Imager

Cloud Cover

GeoKompsat 2A

Geostationary Operational Environmental Satellite
Land Surface Temperature

MODerate-resolution Imaging Spectroradiometer
Near Burn Ratio

Normalized Difference Snow Index

Normalized Difference Vegetation Index
National Meteorological Satellite Center

Root Mean Square Error

Snow Cover

Snow Depth

Short Wavelength InfraRed

Top Of Atmosphere
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2. &18F 20

2.1 Me

A4 (snow cover)> Ao ZoQlEs w8 ouety ZoQle= Fo FUES HAAH
(snowpack)elet gttt whdAd, SA oA ] Adee] S AF2dstsE AT
v HRAQ A2 G87bsst] witel 27 FokelA = ol F o] &ste] At
o] A W AF2H3te HEAAE T8 AT 5 k. S A ikef FofleE v &
T7F S7FstAA EE WE] witel] W A YeA FaderA e geks Fastal gl
o} (Liang et al., 2015). 297] dwjitell 78 okl e ol 8 7Hesh Fgst -9
S A7l fEiA AAdrS o= gt

AxS2 Ao gl A ol A gt Azl (snow depth) = st ol A
FS FAst=d MY Tos gtoer Mol Fxdhes g9l dEid BRE A FH Y ol
S ¢ F Ugd o]E o] &3t AHAZolE FAHET £ k. A EAStE BS54
Ao 3h& ol &ske A #SAY FxTF EafFAola I U vl A7) wiwel #5
2 olgd AYe s JRE AT 5 gle dAF] Aok 2y, FUIHoE
Mo ARE AT F U= AGITSE S8 A, FEEIHA dis) ZdolFR
E F718 02 AFe] Zhsstlel wol Uele o AAe JFS e AY9S g
o7 gx3 4 9le Aol 9t} (Chang et al., 1987; Foster et al., 1997; Aschbacher,
989; Davis et al., 1993, Goita et al., 2003; Tedesco et al., 2004; Zahir and Mahdi,
2015).

At or AxAe JRTS 5T 5 Q= AN FE A LEdA Zolo #Axd
HE Agstes Aol stAHo] k. ey Ade] WAy 249 ol 2y A
o] =z3tt}(Lin et al., 2012; Baker et al., 1991; Romanov and Tarpley, 2004). %

o] WHo] Hrhe AL wol Wol Ut A
7] wZolth. weba Ao WA Ade z) AulEd el dade Adw, A
RS FE A WAz RY Al ol FHE 4 tk(Barton et al., 2000;
Romanov et al., 2003; Salomonson et al., 2004; Lin et al., 2012). W&t & 7]+
MAMeAE BS5F717F L 85 995 AT 7 Qe AAAE 71398 2AE AMI
AME Fall 59 ou|A & AR, 2He Hay ddd JRE FEo+a, A
W A ABEHY AAHO zlolE FAske o7 A W dag el ot AE
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£e}el BES o) 83l 449 ol Fgshw, Au9 WA 0] golo] 4
= MAdeAY =48] feis Lzed] RES S5t
Online mode (processing)
Himawari
L1b data
Offline mode (pre-processing)
SCF map (2km)
Lar;(i)sat-s > converted into the Himawari —
sl coordinate system
Snow Cover Fraction (SCF)
- - model
m:;:;ve:;loﬁg;(gz;m) | Lookup Table
Landsat-8 date (LU
Himawari
L1b data —I 3
,| Snow Depth (SD) ’
model
Snow Depth J
in-situ

[‘ SnowDepth |

2.2.1 93¢ e AHa 4

a% 2.2% Ao WA zZlo] 119 A S FE] fs A ezl B
T Adygsith, eXEl R F ou WAR 74 o A WA dA A= 30m
wo T EE Ad Landsat YFO2HH AHdS F4 &, AAAE 713994
2AF O ATl 2km X 2kmolA] A o] xA|El= WAL vewE ZHES AAuS
% (snow cover fraction, SCF) & A&sttt, F AA DA = AAALT 714848 2A
S 2FE G2 WA S (normalized difference vegetation index, NDVI) 2} A A
(normalized difference snow cover, NDSDZE A & Fd 9o of&sh+=
Landsat 7|¥te] AAv| &3 774914 7Ivke] A2 A D Qs AsE 42 dol
Bz FA80. Al iA @A S 7189814 AlAke NDVISH NDSI= g 4 4du]

§o =243 4 9= AAuE =4 nA 3, ABALS EE2st) upAu 4 HMH
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Offline mode (pre-processing)

DN coordinate -
Landsat-8 (o eles s e SCF map conversion Landsat-derived SCF map
(30m, bi —> e, UTM (Himawari coordinate
ch3.4,5.6) (binary) ¢ ? ) system)

\ step 1

]
Lookup Table

> (NDVI, NDSI,
Landsat-derived SCF)

/ Step 2

» SCF model

NDWI (ch3, 5)

DN to reflectance

Himawari L1b (2km)
corresponding to Landsat-8 date

Multi-variable Nonlinear Regression Model

Lookup Table

step 3

Nonlinear Regression Model

DN SCF
- - to reflectance model
Himawari L1b (AHI) —D| SCF map Lookup Table |—.| SD model 1
Snow depth
in-situ step 4

I¥ 2.2 22 BEE FHHYo] FH AAAT FF ZFE
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Wtk vhel mEE omutel oA T AUAFE B LIB G4
Bepdgd 0 AN ARNERS BEAN, AL FFEAFE AR
Row AAY AL FHB

O O == = °
o AafcATREY Adnlas FA8, 4 Adu s A4
= 34 2o Auzo] AL TR
Online mode (processing)
Himawari L1b
(AHD
SCF model H SCF map |—>| SD model
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2.3.1 L1B

A 285 L1B At
Ang AYste, & 2.3 7t A9 A4

A= EA

e

5= % 2.1

Frt

g e

® 2.1 AAEZo] FH &&= L1B AEAE 7
Band chi:vee?l::glgth Band Width Spa_ltial Usage
i) (nm) Resolution (km)

1 0.47 0.431-0.479 1

2 0.51 0.5025-0.5175 1 o
3 0.64 0.625-0.660 0.5 O
4 0.86 0.8495-0.8705 1 o)
5 1.38 1.373-1.383 2

6 1.61 1.601-1.619 2 0]
7 3.83 3.74-3.96 2

8 6.241 6.061-6.425 2

9 6.952 6.89-7.01 2

10 7.344 7.258-7.433 2

11 8.592 8.44-8.76 2

12 9.625 9.543-9.717 2

13 10.403 10.25-10.61 2

14 11.212 11.08-11.32 2

15 12.364 12.15-12.45 2

16 13.31 13.21-13.39 2
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¥ 2.2 A2zlo] 4] &3 L1B AdAg 49

Sensor Data
Ch 02 TOA Reflectance
Ch 03 TOA Reflectance
AMI sensor
Ch 04 TOA Reflectance
Ch 06 TOA Reflectance

¥ 2.3 2z F4| &3l L1B ALAE A8 57

Data Description
Ch 02 TOA Reflectance NDSI calculation
Ch 03 TOA Reflectance NDVI calculation
Ch 04 TOA Reflectance NDVI calculation
Ch 06 TOA Reflectance NDSI calculation

2.3.21L2
Adzlo]l 4o &&¥ = L2B AdAns 7GR oA Algshs AAEA] A%

% (snow cover product, SC) ol ajgsl, 'Ad'2 %

[4-8_‘(1

I-

o

12

=

e

o2 o
=
)



™ (land surface) o] &=
Hol RIAFEA] o e} A

v

ar
by
aL

7]
Auolt}, mapa A

CER
Wl % 4ol

.

T

=

=

-

R

>

3z
ar

A

’

A
2 yepdh dAE R A2

sape )7} &gt of

Hi AEUAE BApe A

R DS EE I AR PSR
EREE

‘?_ 9;'\“9‘1317

1

GlEE!
kel

=

2]
gg4el vk 19 2.4

2.4.1 Fsag 7]

=24
% 7

2.4 ©]

A e, 5

S

}
o wEbe Aol A W

A
¢}
Clis
e 5ol o A&

3

| —
R

dol Y Rt Eo yEh Hh

sty fro g A
EART 9 A%
F 3aoM HAY &

3)

-
R

B shast Al
o

= ol
I TSNS
P>z
)
\mo E,._ ﬂ_..wu UW

B T X B o o

010))0)10)1010)100
€0 €0 C0E080¢

)

shA7}
2km

o] 3}
Heavy snowfall

=
=
T

T

S}

o, A,

-

)
gl

15

2g o)
5ej, ole]

-
hu

T

A7F FA A
FAZE AAA
= o/7F 1o

Jd o

=

ah7 Vet

| 7
2km

_‘_,:_
19 2.4 9498 & stiolM yEhdt

Slight snowfall
OO0O00O0O0
OO0O00O0O0
OO0O0O00O0
Q00000
OO0O000O0
OO0O000O0




Forest area

Non-forest area

barF oo x g
I TE W MW g
5 PEgzin
! 7o T
P! rTT T gy
= R
T I R
Br Br B
* T
O T
N TRE T RS
E: Rl .
- oz T w
T Bdd % ©
oM ey =
. T EE & 1y
™ ol = e © <
ﬂ ‘%l A ,.w L.:v /d ‘Wﬂ
< w o B o) B
-~ T ET T gl
AN o or R
C S TAR . H o
04%%%“& S T Gk BT
P Jvr.‘,vr&.éit.‘:i&.ér&.‘. Il - Mﬁ AZ]T o JJJ o R w i
IO 5 boatwa T
’...‘.‘.‘ N N N T S S T
OO YO (O YO P T ooy L F T
4.,?.,w(.,w( WV < R =7 o5 T
CRIITIKN BOE REBRY BEg
/ " a®; R X o T o)
WO Twrr B
N AT] 10 noof o —_
W R oo B ligles
1 Kzgp NP
I k-
Wroop W oo

16



Spectral Reflectance: Snow
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Wavelength (um)

1% 2.6 29 JFAFe & wAkE 54
(Stamnes et al., 1988; Nolin and Dozier, 2000)

NDSI = Po.50~P1.61 (1)
PosotPie1
A AN poso B prer 27 H4 shgeiln 2AAN sgrlel g WAHES
JEpIT)
TAFE —1oA 1AFel o] groz R =, kel 1o 7S dldsiart ¢
3 A shsael ks AL uisd, go] —1ol MHESS dFetart 49
el A Qeg ouldtth olr]M, ¢dF AR 2 APstie] FRE Aol

Wt 2 oulshs BAlel A9 o] Eit FRTHE AL ofn g,

A BA R FA AE] LSS o] goto] ABA S tE YHROENE R
7] folstnE AAE R ¥mo|tf, AMR| = A9 M (near infrared, NIR) 3H&u) ol 3}
AN g odS 83519 AAFSTH(Roesch et al., 2001). 18 2.72 Atgl e odof st
gl s wAEAS yepdt I8 27904 g £ gl%o], AEAYLS
A9 d 344l (0.85-0.7 pm) A= H& HARE S 54S Holu, A4 oA
(0.64-0.66pm) o= W HALE S SAS Bl webA F o Ad oA
WAL Zpo] & o] gsto] AAFF ALtstn, o= ofdf 4] (

>~
1m
mlo
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Spectral Reflectance: Vegetation
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NDVI = Po.86—Po.64 (2)
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erf(x) = f —t* 4t (5)

9 FAeH xE oW AYMEE uleke, 2 D der T A (6)F 54
(1) =5 HFodnh
t2=% (6)
1
dt:E (7)

2.4.5 AAn| &3 AAdzlo) 9kl TA

AzgATtell A AAE vl o], Adn| &2 Adzlo)9l Aaido
Tarpley, 2004). 18 2.9 AgAFoA AA s Adu]&3 4
Ebd Tgzolt) g 1 X GOES-R AR =Z5EH 4
#=741] (automates weather system, AWS) oA A3 A4 7]0o]

shal Sl

ki

] (Romanov and
}g‘lo o] TS 1}
w3} AHE7) A
59 #AE 49

N
N

10, J
K

o
_L4
oA

Py

M

30 4

1,8
o
1
u

Snow depth. cm

10

0 ; ‘ ; ‘ ; r : ‘
20 40 60 80 100
Snow fraction, %

a9 2.9 FAn| &3 FHZol2de #A (Romanov and Tarpley, 2004)

8947 BAS AYA =HY, FA4

Aol FA wsk ZA BAHS I 3A7F 100% AAL )

z g duglE Tk 9 A

A 85, AAAE 7]

ATE F43t0AF 3eh HAdzlo] 4 e ofg =4 (8)
Fa e

SD = a(ef*SCF — 1) (8)
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Landsat image (RGB) Snow-covered map
(30m) (30m)

1% 2.11 Landsat 7|4t AR FE9 FAdn

% 2.12+ Landsatl. 25E Azt A48 S5EE Himawari—8 AHI A Ao gt
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Magnified SCF map

SCF map (Himawari-8 coordinate system) (Himawari-8 coordinate system)
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# 2.4 A0 73

29 JeAF 34 2%

Coefficient Estimated Value
aq 0.3821
a, 4.6947
as -1.0337
Qg 0.1137
as 12.7297
ag -2.6217
a; 0.4973
= O O] =
2.5.3 Adzlo] 45 S5t AT A4
L = ] O] = = =] = =
a9 2165 AAdZol FHS fstel 7AE AT dASENERY A5 g4z
=) = [e) == H = 1=Re]
o] 2tz 9}, 3G stAolA e AAnE T dFE yErdT A E HolES 20161 11
[e) [e)
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Central Spatial
Band Wavelength Resolution Usage
(um) (km)
1 0.47 1
2 0.51 1 Alternative data of AMI band No. 2
3 0.64 0.5 Alternative data of AMI band No. 3
4 0.86 1 Alternative data of AMI band No. 4
5 1.6 2 Alternative data of AMI band No. 6
6 2.3 2
7 3.9 2
8 6.2 2
9 6.9 2
10 7.3 2
11 8.6 2
12 9.6 2
13 104 2
14 11.2 2
15 124 2
16 13.3 2

28



=
ar

2}

=
]

3.1.2 4

o]
=

]
=

W

gt

= 20163 3€

pikS

SARTE =

o 4

.z:l

& ol g-3to] Kol

o259l Himawari—8 AHI
AA N ] Bt Al LAESE A

I
i B

s= Tdslh

3.3 A5 A3

Eix

2016 @ 3 € 17 & 03:00 o] #9¥ Himawari—8 AHI 2% Az

o
e

a9 3.1

o)1
5

=
A = A]

8
2 g

L —
Ry
A
=

A
=
H

gel FA7E ®

3

0—22cm 9] &3

et

=
=

-
i

dzlo]

29



2016-03-17-0300

we

't "e e e "' e w'E Y "' e "t Ty
w N
“N -
] {
o~
s (cm)
“nN 5 - '."/
g f St
- _“,’i‘.-' ’ V- 22
.: ) 0"
-t £\
& 4 5 | A
b |
. i~ d
/ \ i ¥
\ )
\ o
) [é )
;, —
»N ,_.’_!'»‘ o o
G.
3 0
XN -

AHI-derived SD map

19 3.1 FAZo] 327

0.2

0.18

06 |

04 f

DAzt

o1r

0.08 [

Frequency

0.06

004 1

oozr

o
-20 -15 -1 ] o 5 10 15

Histogram of EMSE between SD value and im-situ data
2% 3.2 A% Fagolst 297 FuQol9 R

30



31



&

A}

Himawari—8 AHI

™

<)

A

4.1 FAA

R

o2 Himawari—8 AHI <}

AiteASel vt @ PEY

71

EAFER
AAAL 71789179 2A 5o

AAAE 7]

jad)
=

2A BolA e AN

A

d

49)

o
K
N
ﬁo

Y
B

™

ERRERY

Folgjop Fth.

0} O o
Rae

AR

3} (saturation) ¥ 7] wj&o]t}h.

ST
X

3 A

ko1

4.4 oA}

ol

o

—_
1o

N
W T
/7 No

R

32



&

5. 78 & A

Jjo

0

w
ol
oF
il

o

T W

o8 o

N
ojm

ol
o

joh-

_Lmo

B

~ AAAE 71494 24 59 Himawari-8 AHI 37545 2 74445 vl

33



6. F1EFH
JMA (Japan Meteorological Agency), Accessed at September 27, 2017.

Aschbacher, J. (1989). Land surface studies and atmospheric effects by satellite
microwave radiometry, University of Insbruck.

Appel, I. L., & Salomonson, V. V. (2002). Estimate of fractional snow cover using
MODIS data. In Geoscience and Remote Sensing Symposium, 2002. IGARSS'02.
2002 IEEE International (Vol. 5, pp. 3044—-3046). IEEE.

Baker, D. G., Skaggs, R. H., & Ruschy, D. L. (1991). Snow depth required to
mask the underlying surface. Journal of Applied Meteorology, 30(3), 387—392.

Barton, J. S., Hall, D. K., & Riggs, G. A. (2000). Remote sensing of fractional
snow cover using Moderate Resolution Imaging Spectroradiometer (MODIS) data.
In Proceedings of the 57th Eastern Snow Conference, pp. 171—183.

Byun, Kyu Hyun, Choi, Min Ha, 2008, Factors Affecting Remotely Sensed Snow
Depth, Korea Water Resources Association Proceedings 2008, 63—66.

Callaghan, T. V., Johansson, M., Brown, R. D., Groisman, P. Y., Labba, N.,
Radionov, V., Bradley, R. S., Blangy, S., Bulygina, O. N., Christensen, T. R., Colman,
J. E., Essery, R. L. H., Forbes, B. C., Forchhammer, M. C., Golubev, V. N., Honrath,
R. E., Juday, G. P., Meshcherskaya, A. V., Phoenix, G. K., Pomeroy, J., Rautio, A.,
Robinson, D. A., Schmidt, N. M., Serreze, M. C., Shevchenko, V. P., Shiklomanov, A.
., Shmakin, A. B., Skoéld, P., Sturm, M., Woo, M.—K., and Wood, E. F., (2011).
Multiple effects of changes in arctic snow cover, Ambio, 40, 32-45.

Chang, A. T. C., Foster, J. L., & Hall, D. K. (1987). Nimbus—7 SMMR derived
global snow cover parameters. Annals of glaciology, 9, 39—44.

Davis, D. T., Chen, Z., Tsang, L., Hwang, J. N., & Chang, A. T. (1993). Retrieval
of snow parameters by iterative inversion of a neural network. IEEE Transactions
on Geoscience and Remote Sensing, 31(4), 842—852.

Foster, J. L., Chang, A. T. C., & Hall, D. K. (1997). Comparison of snow mass
estimates from a prototype passive microwave snow algorithm, a revised algorithm
and a snow depth climatology. Remote sensing of environment, 62(2), 132—142.

Gao, B. C. (1996). NDWI—A normalized difference water index for remote
sensing of vegetation liquid water from space.Remote sensing of
environment, 58 (3), 257—266.

Gota, K., Walker, A. E., & Goodison, B. E. (2003). Algorithm development for
the estimation of snow water equivalent in the boreal forest using passive
microwave data. International Journal of Remote Sensing, 24 (5), 1097—-1102.

34



Humboldt state university, (2017). Introduction to remote sensing: Vegetation
Spectral Reflectance Curves. Humboldt state geospatial online.

Kang, Su Man, Lee, Mi Sun, Kwon, Hyung Joong, (2005), Extraction of Snow
Cover Area and Depth Using NOAA AVHRR Images, KSCE 2005 Convention,
2403—2406.

Kim, Saet—Byul, Shin, Hyung—Jin, Lee, Ji—Wan, Yu, Young—Seok, Kim, Seong—
Joon, (2011), Mapping Technique for Heavy Snowfall Distribution Using Terra
MODIS Images and Ground Measured Snowfall Data, Journal of the Korean
Association of Geographic Information Studies, 14(4), 33—43.

Liang, J., Liu, X., Huang, K., Li, X., Shi, X., Chen, Y., and Li, J., (2015). Improved
snow depth retrieval by integrating microwave brightness temperature and
visible/infrared reflectance, Remote Sensing of Environment, 156, 500—509.

Lin, J., Feng, X., Xiao, P., Li, H., Wang, J., and Li, Y., (2012). Comparison of snow
indexes in estimating snow cover fraction in a mountainous area in northwestern
China. IEEE Geoscience and Remote Sensing Letters, 9(4), 725—-729.

MODIS Cloud Mask Team, Ackerman, S., Strabala, K., Menzel, P., Frey, R.,
Moeller, C., Gumley, L., Baum, B., Seemann, S. W., and Zhang, H., (2006),
Discrimination clear—sky from cloud with modis algorithm theoretical basis
document (mod35), ATBD—Ref. ATBD—MOD—-06, version5

Nolin, A. W., and Dozier, J. (2000). A hyperspectral method for remotely sensing
the grain size of snow. Remote sensing of Environment, 74 (2), 207—216.

Petitjean, F., Inglada, J., and Gangarski, P., (2012). Satellite image time series
analysis under time warping. Geoscience and Remote Sensing, IEEE Transactions
on, 50(8), 3081—-3095.

Riggs, G.A., Hall, D. K., and Salomonson, V. V., (2006). MODIS Snow Products
User Guide to Collection 5, NASA, USA.

Roesch, A., Wild, M., Gilgen, H., and Ohmura, A., (2001). A new snow cover
fraction parametrization for the ECHAM4 GCM. Climate Dynamics, 17(12), 933—
946.

Romanov, P., Tarpley, D., Gutman, G., & Carroll, T. (2003). Mapping and
monitoring of the snow cover fraction over North America. Journal of Geophysical
Research: Atmospheres, 108(D16).

Romanov, P., & Tarpley, D. (2004). Estimation of snow depth over open prairie
environments using GOES imager observations. Hydrological processes, 18(6),
1073—1087.

Romanov, P., & Tarpley, D. (2007). Enhanced algorithm for estimating snow
35



depth from geostationary satellites. Remote sensing of environment, 108(1), 97—
110.

Salomonson, V. V., and Appel, 1., (2004). Estimating fractional snow cover from
MODIS wusing the normalized difference snow index. Remote sensing of
environment, 89(3), 351—360.

Salomonson, V. V., and Appel, L., (2006). Development of the Aqua MODIS NDSI
fractional snow cover algorithm and validation results, IEEE Transactions on
geoscience and remote sensing, 44 (7), 1747—1756.

Stamnes, K., Tsay, S. C., Wiscombe, W., & Jayaweera, K. (1988). Numerically
stable algorithm for discrete—ordinate—method radiative transfer in multiple
scattering and emitting layered media. Applied optics, 27(12), 2502—25009.

Tedesco, M., Pulliainen, J., Takala, M., Hallikainen, M., & Pampaloni, P. (2004).
Artificial neural network—based techniques for the retrieval of SWE and snow
depth from SSM/I data. Remote sensing of Environment, 90(1), 76—85.

Yeom, Jong—Min, Han, Kyung—Soo, Lee, Ga—Lam, (2009). The Characteristics
of Visible Reflectance and Infrared Band over Snow Cover Area, Korean Journal of
Remote Sensing, 25(2), 193—203

Zahir, N., & Mahdi, H. (2015). Snow Depth Estimation Using Time Series Passive
Microwave Imagery via Genetically Support Vector Regression (case Study Urmia
Lake Basin). The International Archives of Photogrammetry, Remote Sensing and
Spatial Information Sciences, 40(1), 555.

36



