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Abstract

The normalized difference snow index (NDSI) has been used to detect sea ice and snow cover on
the Earth. NDSI is calculated by using channel 0.51 pm and 1.6 pm on board geostationary satellite
Himawari-8. The pixel is defined as ice/snow when the value of NDSI is higher than 0.6. However,
the value of NDSI is higher than 0.6 for some type of cloud either. A primary type of this cloud is
the thick cloud with ice top. In order to distinguish this type of cloud, following tests have been
adopted to achieve this goal. First, we use the value of 1.6 pym minus 2.3 um albedo as a parameter
to distinguish between the ice/snow on Earth surface and the thick cloud with ice top because we
found that the value of 1.6 pm minus 2.3 pm is positive for ice/snow on Earth’s surface and nega-
tive for thick cloud with ice top. Second, the pixel is not considered as ice/snow on Earth’s surface
when the value of 7.3 pm minus 6.2 pm is smaller than a setting threshold. Third, the pixel did not
define as ice/snow on surface of Earth if the value of 10.4 pm minus 6.2 pm is smaller than a set-
ting threshold. The second and third tests are able to remove thick cloud with ice top by the fact
that top of this kind cloud is higher than snow/ice on the Earth. Comparison of ice/snow map from
NDSI with tests to snow-fog RGB image shows a relevant consistency between them.
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ZACPANDSI (normalized difference snow index)#47 5 #h 530K 000, CAHWER R 2P B2 7 H 2285
0.517K 5 1.6 KSE T HNDSI, 4NDSIAF0.68 L Ak FH. (HEA LA =, HNDSHE
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1. 518

Rl 78 25 5 g UK IR R 1T b 2 B (A1 2= B A SR IE 2 — o FEJL P BRA TR, Aokl 2
0% VKL 7, T VKAEATAT 2R 2 (IR IR 5% 8%[K AN, Jb Bk 1 2 2 HUKE 3 55 oK ik
2346 HJVPTT AR, 2EZF8 H4i/NE4 4 BT AR, VKE PG AL, BRIAE R 5 bl i 2 1 5
W T BOA RO BG4, A8 R il s B 11 () AR 5 A A B A8 B 22 (1], 9F B UK S 0 KB AR
S 2 R St — Rt M B VR O R, UK S AT SO R AR S B B I, A R R S ) S A
Z =, BIn[218 5T RS R 5 AR UK A ) O

BT UK 1078 55 YO LR, b Tl 85 B AR AN 2, DR A B 2 — AR k4%, TR
AT DA A8 B AT WGILE AN AT R T PK S o DA TR A A (w5 3 3 B 3 3l s WA 2% ) ot vk
TR ST HRERMEH, HAZIERNZ)ZEE . (A sh 2N W T 0K S EA a1 7K
FEAEH[3], 1 H 23 8] 7> Hr AR T WG LA e MIAIGE o %=, B A F 4 30 B WA 48 A
Advaced Microwave Scanning Radiometer for EOS (AMSR-E). % T 1 ah Ui XA synthetic aper-
ture radar (SAR), BANE BABAER W oHEE, (HERFH 5 EAE[4]. 11 LURT WG4 AR Aot I vk
T, M TROETET S, v WG EH0E R e T BB 2 5, EHB A RRT
FRAMEA, B2 20, B aTsetkiug T2 5ihERE D TR EA LA WG4 6AE 0T i ok & 1,
244511 55 , 41 Earth Observing System (EOS)[f] Terra 5 Aqua Zeti#iiE T2 - Fr#4%k 1) Moderate Resolution
Imaging Spectroradiometer (MODIS)MMAX #8[5]5([6], 2iHsER[F S LA Geostationary Operational Envi-
ronmental Satellite (GOES)_L- {1 7] Wt & A4 e 44X [ 7]

DRI A DR3840 b 2 PR 0 2 R 1 5 55 M BRI UK IR G 22 R AN [R], S5 B DKLE W L' J8 B R A v 1) i
TEIRLLAM R B B AR RIS, PR M2 [X 73 M 3R R T 0K 55 78 25 X 5 ARUK S 8 55 XA R, (HE 0 RS 1)
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m(Bltn: VKA TR E 2 J2) 78 BRAAROG ke, TR AE AT 55 3 S0k B i AL, D =5 b B oK
5 VKA 2 TR R 22 2 00 R — b TR A BR8] o AN ST HA ] 2 T A AL 23 907 i, IR 2 18
T HAR AP 8 5 EEWMFAA .

2. &

HUERFR T VK T B A DX (OB, AR R O BAR M R SR AR 20 Ah A BRI S . [5]
AR ASREPEE CNDSHAE T R T oK S B, AR
NDSI =[ ch02(0.51um) —ch05(16pm) |/[ ch02(0.51um)+ch05(16um) | )

23204 ¢h02(0.51pum)5 ch05(1.6pm) 2 AR [ H 2% 8 5 LA FRMUE 2 54708 5, 24 NDSI KT 0.6, H
0.85 Kk XIRHF AT 0.11 A1 0.51 ek XIBHF AT 0.10 BN NIKE B HX . B TH oK = TR E
=21 NDSI gt 0.6, KU 3 N HIWr=Ck I = FhEH
F—ARr: AR 1.6 FOKIR 2.3 TOK IR ZE A AIWRAE, B 1.6 ToKik 2.3 oK i i
(A8 T VKA = TR E 2 0 /N T 0, 16 HhER R T 0K 5 8 55 X HAE KT 0, Rt iiE 24 CHL R -
CHl:[]_Gum—2.3um]/[16um+2.3um] 2

2 CHL /T8 BRI 0 52 KA = TR S 2 J2 o o v 5 it B R A 138 5 55 9 1078
FANHIWT G R 7.3 THOKIR 6.2 RCK SR E I Z A AR bR, BN TR E R EZ
TR & 28 B T R 7, SO I B b 2= A5, PRSI A9 PR B o B3 2 B 2 T o B2 1
IITEEE, PRI 7.3 BRI 6.2 K P S35 225 1 5 W 0 1) 7 T S AR 44 i T PG G AR A /N o DRIt s SUT i
ZHCH2 tnT -
CH2 =(7.3um - 6.2um) (3)

M CH2 /NFBE RMER HE I TR E =2 . XA BIE b ES5i ERF . el R E SN
25cos(6), fERG FEIMEE LN: (25-6.5Hf)cos(6), 6 NAE, H MG T2 5 B R (A N A B, f=
0.4, XA FIWT X H T rgdbe 80 FEP . BI{E I I cos(0)/& 5 e #ivit = R R I i B el i e, Bl b
B MEL Rk 6.5HF [R5 1F /2 25 FE AN BN b 1) 78 5 [X DR R

=AW RIS 5 AN AL, (SO0 10.4 UKL 6.2 THCK S8 FEIR BE (1 228 AF 4 4 W
(it TR B VKA 22 TR0 5 25 J2 1R 2 T A 3 8 U TR 650 s (7, s oWl 00 381 Bk = (148 10.4 0Kk 6.2
ORI IR ZE A, B 3 T B MR B T BT i A/, BRI Ufie 240 CH3 T

CH3 = (10.4um - 6.2um) 4

4 CH3 /T B B I VKA B TR E = 2 . XA B W L5 LA i R E e SOh:
50cos(6), Ml b EI{E 2 M- (50-6.5Hf)cos(0), o 6 NAE, H MG G ISR & FE (A ),
f=04. XAFEEAIMR R T RILL 80 EA .

ST L SN AP BD 051, 0.64 5 0.86 SRR FETET 0.2 £ 0.6 21, X
DFIH AT UERR, 22 =HRRIERG, WD BOR B R AR INGOL, XEBILHE FETIRE
SR 10 o 5 A — T 25 FE B 1AL R BE R M T A RO AL, 4 K PH R T KT 75~80 JEES H 977 i
PRE (S LI

LR RUAHIE— B = G ORI, 2. St W% 5l % 1 I B s i 0 F1) 255
77, WREIAR:

BYTE = 255 «[ (#3i — MIN) /(MAX - MIN

):'I/GAM MA (5)
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LA A XFATRIME H IS - 55 BROAGIEGBGAR . SI1EH S - FARE SRR EN, A
B) P& ZHBCEY T 1. EGBE BT TR E = 2 BIAG/AG, TH OBk eI t, MKz
RIFZ R A FAAMHEIR TR S ) BR BASE = A58 B, S Es T 2. BREEET,
HEE R, B X Oy gRE, RENEE, ORAOREKS, FONGHNESRIKE, HIKEE
R EEEF T AT N IX
3. N

USEBGAE FH H A T ) H 2% 8 515t i) H 285214 (Advanced Himawari imager) 16 4M4iiE H 0.51.
0.64. 0.86. 1.6, 2.3. 3.9. 6.2, 7.3 J2 10.4 K55 9 MIUE, HIKT 70 #3108 2 22 B KL, Rt
]y 2016 £ 5 H 29 H 5 11 0 70« S3NANGHBU R SCIF, 20 Bl g Rt A 38 S s Te g FE Bl o 1) 2%
8 F 4t In H 24 51% (Advanced Himawari imager) 16 /MIUE FRE 5 T4 3.
Table 1. The parameters in formula (5) using to create day snow-fog RGB imagery. In table star mark (*) means only ref-

lectance from solar in 3.9 pm channel

F# 1 2AOATHEHENEZELRE=CAMEENENEHIRE, RPARMRSHELERD

IrE 7Bz b=y MIN MAX GAMMA
a0 0.86 KA i 0 100 1.7
£ 1.60 THOKAIE f A 0 70 1.7
% 3.90 TR AT e i > 0 30 1.7

Table 2. The parameters in formula (5) using to create natural color RGB imagery

F2 AAGRTHIEHEAERBARE=CARFBHNENSHIRE

IrE 7Bz b=y MIN MAX GAMMA
N 1.60 FCKAIIE I 2 0 100 1.
£ 0.86 TR A S i A 0 100 1.
% 0.64 TR AIE S A 0 100 1.

Table 3. The parameters of 16 channels in Advanced Himawari imager. Channels have been used in this experiment are
marked by * in first column

%3 HAMAZ 8 SEMUEBEASY, HEFSETREFRLEFERIIE

BB LB (HOK) AHER(AH) ESL PS4
1 0.46 1 11,000
2* 0.51 1 11,000
3* 0.64 05 22,000
4* 0.86 1 11,000
5% 16 2 5500
6* 23 2 5500
7* 3.9 2 5500
8* 6.2 2 5500
9 7.0 2 5500
10* 73 2 5500
11 8.6 2 5500
12 9.6 2 5500
13* 104 2 5500
14 11.2 2 5500
15 123 2 5500
16 133 2 5500
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4. SKEERR

T K S 15 VKA 2= TR )2 2= J2 1 NDSIHE B KT 0.6, BRI FAT TR A Himawari-8 TLA 1 ff 45 st
MUK 5 MR A I 22 7, R 2 BIBK F L S VKM = TR JE = 2 5. 1 1(a) 2 HIE S -
S =BG MR, BIP LG X YOS 5L 16 75 508 S ORI OKAL B, 1 RS FIAR 41 6 0K
MR E = ZEAE . K 1(0) 2N 1(a) a2k i 2 & 6 s M %, K 1(c)h 8+ 10 K& 13
BB L B o BEALFRZ) 0 22 100 MUK = TRIRE = 2, BEAAARE) 235 42 250 NUKATTEAL B . ]
1(b)HhZe B Hp AT DL I : XK & 1.6 OK RIBZR KT 2.3 K RIEER, MUK 2 TR IE = 2 W SR
gk E AR . 0K 1.6 ek S 2.3 ek RIBZ/NT 0.05, MK TIRE = 2R T 16 5 2.3
ORI R T 0.1, #0KT 051, 0.64 5 0.86 UK R /N T 0.5, MUKHH = TR E = /=T 0.51. 0.64 5 0.86
Mok RIBZE KT 05, K 1) & h, FLLAIL 6.2 5 7.3 MK /KI A ENEIK LN, 2R iR
MZEBAE K = TR R = 2R N K. 104 ek 6.2 ek RIZEEEIR AR Z 8 Tk LR K. DL
B HHF VK5 VKAR 2 TR JE 22 JE XX B AE [ S22 5, 258 2 1 oG ok S 5 b8 20 7 85 1 B =X
WA

FEWIRA TS, (6 2 PR, 4B igik S S Uk = TEE = 2R R, EIERRIZE 2wl
52 )G UK S 7 o TR SE R T 2(b), EAERIERER T 2(c), 1 2(b) 5Kl 2(c) g
5> 9 NDSI KT 0.6 506, Kl 2() & HIME - FA50 = a8 g - . BxtE 2(a)5E 2(b)rT
RIVFZ NDSI KT 0.6 MGG IEEIKI = TR E = 2 b Bl H AR BE R EERM P = R E
NIRIB R 2z 5, B E 2(a) B ARG LT (B 43, (2 2(b) 1 ¥F 2 NDSI KT 0.6 I 075 Tk
DXy XANBURTMAFLE T AP B B b K v B B s BMEAE mdith X bRt 2k B,
B R b =4 b R B ks N S = IR AT R . W82 2(c) vl LR IR, 2 15 Ik 43 55 g vk 35 Hh 5 0k A
IR IE = Z AW, TSR 2, R RRA PR S, e 2515 2(c), ¥ 2(a)
HRRLL o 5 18 2(c) P B i o 324 .

B R RBATLR PO, SR 5 Sk i puil 25 8 . B W& IUM/RIARIL T S, H
4 R R T 3 oh . I 3(c) 5 1B 3(d) B a4y NDSI KT 0.6 14T, 111 3(d) AL LAY B g0k 5 4
Sk TR E = Z AW, RS R. W HAS - FaO8EMR G 3@ FREESH
aifi, S5HARGAGERVGE 30)PREETNHT M, TE 3(d)Hnr g 2 DU /g A6 77 1
U T ok T i LA 3(c) 51 3(d)yRIL, FE 3(d) i ERR 38 g ouik T8 - At iE g &
3@ REBIKMETIRIE R BIREA A s R, XEGuHA T HARGBAGERGE 30)HREK=IE
R R AR ERNE EIR KOOI, AT DU PG 75 50 s K R oR T 4,
Lot W =2 TE AT 5 5 kg BRI 4(c) 5 4(d), BATRT LR BLHIB 20K VKA = TR B = )2 98
B, TR B OHE A WO B oK . DAH AT SESE M &, FRAEH 114 B 0K S 1 5 VKoM 2= TR & 2 1
FIWT 2 — s AR AT S

R RER M2 & X NDSHE KT 0.6 FIle A HUW 3w, BI{H 0.6 & N F e, Wik
RS HR A S ML 200, R [RIRR S5 R A SRS L 238 . 14 5 % NDSI KT 0.6 1950
AB AR, 1K NDSI BT 0.4 31 0.6 B c AE B3R, Wil 5(a). & 5(c)fias, HexiHIEE - 5
ARG, FEGo MR HAE - FAGEA BRI PaahX, (HAEWE OGN
ML et iy, XA EE B LT B IRA TEIM S =55 T H 2 EaeEE S oo s, Bt e b
PER, DR 2 DA a5 S — H Bl — VK S At I, 7ERBEXT MR 3R 7040 T 2 /i, B2 DR
SF B E N H
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Figure 1. (a) The snow-fog RGB combination imagery has been shown
and we collected the satellite data along the yellow line, (b) Reflectance of
channel from 2 to 6 along the yellow line, (c) same as (b) but for brightness
temperature of channel 8, 10 and 13
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Figure 2. (a) The snow-fog RGB combination imagery, (b) pixels of NDSI > 0.6 are shown in yellow color, (c) same as (b)

but use the tests to remove the pixels of thick cloud with ice top. The (b) and (c) background image is the reflectance of 3.9
um. The observation time at 0500UTC 29 May 2016
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Figure 3. () The snow-fog RGB combination imagery, (b) the natural-color RGB combination imagery, (c) pixels of NDSI >
0.6 are shown in yellow color, (d) same as (c) but use the tests to remove the pixels of thick cloud with ice top. The (c) and
(d) background image is the reflectance of 3.9 um
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()RS 2 3.9 um KR BB

5. &P

i 0% 8 SHhEkFE PR ERA il W Ea4Mesitn 16 Mg, mHA 10 28— R &R
PEROVE B, A2 RO DT M X 5 8 S5 S ALK T A O A IR — o BRI RAT A H 2%
8 5 L1 0.51 fick 5 1.6 WOKAIE TH 5 NDSI, FRER ARG E 3 AN [l b 4 DRI, L4y E5 v NDSI Hl5E
IR E MK = TR R =2, SR E L HERR K S B0, PAFFRT O R IK S A6 L0400 =
OEREBRHESE - 55 ROEB) ML, ANRERTCIRZR FE S B0 FIRKEA SR E R .
B LA H %% 8 5Bk [F) 25 TR (il b BR 2% 1H UK/ 25 14 1) R AT9 A 75 eadt ok s, 8 Gt 1 s b Fg 7
%, HHEAS B ETREZESSMME . B=HkXrh, BEHLEnEEERIRE, HAK
0] AT AN Gt TR AT B0 B 45 R B e A B BIME, 7 AMERE D TR ST m A X
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Figure 4. (a) The snow-fog RGB combination imagery, (b) the natural-color RGB combination imagery, (c) pixels of
NDSI > 0.6 are shown in yellow color, (d) same as (c) but use the tests to remove the pixels of thick cloud ice top. The (c)
and (d) background image is the reflectance of 3.9 um
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Figure 5. (a) Pixels of NDSI > 0.6 are shown in yellow color, pixels of 0.4 < NDSI < 0.6 are shown in cyan, and use the tests to
remove the pixels of thick cloud with ice top. Background image is the reflectance of 3.9 um, observation time at 0500UTC 29
May 2016 (b) the day snow-fog RGB combination imagery. (c) and (d) are same as (a) and (b) but time at 0800UTC 29 May
2016

[ 5. El(a) NDSI XF 0.6 FU& TR ~=E; NDSI AT 04 BE/hF 06 MG ERSE®, BEXH A HERKIEEIN
REZEMBHKEXE, O)Z2HEE - ELFIE=aE8/MF%, YWHATEY 2016 5 A 29 H 5 K. E(c). (d)
5(@). (b)tBEMERFEY 2016 ££5 H 29 H 8 Bf. El(@). (OB =EEE 3.9 um fIRBZR

AN TS 2 LS B 2% . MRIE 2 — DA DU K S HINT S5, At Rk
KTEEIR 3 FEI VAR [X[10], W2 AT A SEI IS4
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