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Discrimination Methods of Asian Dust, PM2.5 and Clouds Using MODIS Data

Yoshinobu KATO™
*! Faculty of Sports and Health Sciences, Department of Sports and Health Sciences

Asian dust (i.e., dust and sandstorm: DSS) can be detected by AVI method. AVI is defined as AVI=T12-T11, where
T12 and T11 are the brightness temperatures at 12um and 11pum wave lengths, respectively. But AVI method cannot
detect PM2.5 air pollution. The PM2.5 detection methods {R, G, B = band10, band 9, T11}, etc. using MODIS data can
detect PM2.5, but are not suitable for DSS detection. In this paper, we propose the simple methods for the
discrimination of DSS, PM2.5 and clouds {R, G, B = AVI, band10+band 9, T11}, etc. In these composite color images,
DSS is displayed in pink, and PM2.5 is displayed in light blue, and clouds are displayed in green, red or purple.
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1. #

Y (Asian dust F 7213 Dust and sandstorms (B&F: DSS)) (%, HHESCE D)L, W7 AKX D « 247
PR CHRIELC L 0 3844 5. PM2.5 (Particulate Matter 2.5, v/ NRIIRE 2.5) KB4, FEOET « T
SEH T O U AET 5. D E PM2.5S B VEEIC K- TEIXN, Fix BARICEET S, HibE PM2.5IZA
FICENM OIERE, 2B AT A, HERIRRE(L: E1258h 5.2 5100,

IR ) T — MUV U THIND AVIEZ WD Z LI X0 TE 520®. AVE (Aerosol Vapor Index,
7 e L —KER ) X AVI=TI2—TI EERSH, TI2 & TIHEENREN Rum EEE lum EET
OBEFEIRIE CTH 5. MODIS 7—4 D54, TI2 & TIHIZIE 4 band32 & band31 (Z&IGT 500, AVI X
—HELEER & BUHMBIEERERR IS L SN T D02 AVITEDO R AL, T FRICTES 508, BEWELHD L3573
T5HZETHH®. 2 5DHE, BID, {R, G B=AVI, band7-bandl, T11} 134 & (R G B=AVI, T11-T8.5, T11} @),
TITEN & BAMPITE 20, PM2.5 KEBYABRITE 20, 22 CTT85 1% 8.5 um R COMEIRE THD.

S 000D 72 PM2.5 FiHHTED (R, G B=band10, band 9, T11} 72 & Tl&, PM2.5 & EA#AITE 5723, dhb
RIS Teu.

Z T, ARmCTIE, I 2 ECHEMMME, 5 3 5T PM2.5 MRIHIEIZ DU TIEEE & REEOL ORE A A R
L (—&B, %5 5 2= CaA), 0%, 5 = THI, PM2.5, EX4#AT D720 DHECHONTELEL, BT 5.

2. MODIS 7—4 R -ER

2.1 AVI%
MODIS (21 36 fHD /X Rnd 5708, F0D—¥% Table 1 (2759, AVI HEITE & &K O BEEIZIBW TR 24
HT& 5. AVIIZ
AVI=T12—TI1 Eq. (1)
LEFRII, TI2 & TINHEZENZN 12 um FEEREGRINS R (band32) & 11 pm EEEGRIN S R (band31) D

" AR 20194E3 A 29 B
ARV REREREE AR R AR
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FEERE (BALX7 v e K) ThdH. EKRKRQOEENER TE 2581213, EAIZ AVI>0 THEDH Y &
HIEEND. AVIIEOERMRHFEFEIIR O X 5 IZHBTE 20002 FHNZIX 1~10 . m ORIRO H DR, Hi
D SN BRI B DOfg A @S & & X —HELICE Y, 2um BEEEVRIMRE Y © 11 pm EEEGRSL
MOFNEVWELT, ATHEOE G HIJE<OTHS.

AVIIEOR L, TLHIZTHEDH 503, BEWELZEDEFEET L2 L THEO, FFOT, H: E190 BTD vs.
Tl 77 7% HWT, BHOEITAVI<O0 L7250, Flksa, b, BORENIEFICREL, 1o, EO
WFHE I NIEFITRE VG AIZIZAVI>O0 L5 2 ERBHDH 2 LB L7-. = 2 CBID=-AVI=TI11-T12 T
&%, Fig. 112 AVI>0 DEEETmEEFZ~d. Fig. IONRT X 912, ZROEITAVI>0 TH Y, AVIETIE
W TH D LA L TWND.

Fig. 2 I Fig. L IR LZEGDO 2 N 7T 2amd. A NI L%R LA, HUEEE%Z RGB AR T
— R T — R TR T 256, Fordil] (RIME & K E) BE Ot 2 7T Ao 5154 (linear
ZEHASC logarithmic ZEHi72 &) OB N EETHHT2OTHDH.
<BEA N T LR A T T DIEHITOWT ORI >

F7°, Fig2 DX A MO TIAFE L TH DT HOWTEHT 5. f#il%1X TFig.1(a) has histograms of
Figs.2(a),(b),(c).] 1L, Fig.1(@)® hb—7 7 —@#ifg (24 £~ k RGB &l 7 —#if§) Ok R 277 A75%, R=Fig.2(a)
R LT2H D, G=Fig2(b)\Zr L7zt D, B=Fig2(e)rLizb D, THhHZ LaEWT 5. £7=, #lxiX Fig.1(b)
has a histogram of Fig.2(d).] 1%, Fig.1(b)® AVI Hif§ (8 &' Mgl 7 —@ifg) Ot A N 77 A2 Fig2(d)IZx L
FHOTHDLZEZERTH. KIZ, EA N TAORFTIZOWCHITS. AR ZAO Nl (BEh) o
VO 14 N O EA 73 F s itiPH O s IMIE, - A5 T AN OEE 3 F R O KB Z 73, DD Tdh 5 H 5y A3
DIEIZRTT 2R OB A% 777, linear Z2#a (5 B30 OERR)  F 721 logarithmic Z2#:0 (F L3 oF
—7) ALY, BMOMEHHEN~T 0~255 (B, 8 By M) OEIZE# LS, RGB AR 7 —Bifg £ 7= 1345
BUH T —EHEAMERL SV D . BHADFER OB AT IIREARRO 75 7 TR IND. 728, MUK, linear BHLOFE TR
DOBEESAITCOBENAT LRI CTHDH. LLF, Figd 75 Fig 11 lIZOW T HFEEETH S.

Table 1. Bands of MODIS and their observation wavelengths and resolutions

Band Observation wavelength Resolution
1 620 — 670 nm (red) 250m
2 841 — 876 nm (near infrared) 250m
3 459 — 479 nm  (blue-green) 500m
4 545 — 565nm (green-yellow) 500m
5 1,230 — 1,250nm (near infrared) 500m
6 1,628 — 1,652nm (middle infrared) 500m
7 2,105 — 2,155nm (middle infrared) 500m
8 405 —  420nm (purple-blue) 1000m
9 438 — 448 nm  (blue) 1000m

10 483 — 493 nm (blue-green) 1000m
29 8400 — 8.700um (thermal infrared) 1000m
31 10.780 — 11.280 um (thermal infrared) 1000m
32 11.770 — 12270 u m (thermal infrared) 1000m

22 ERLELR ORIk
FEFOMTED MODIS D5 ORERY « e & ORIk
{R,GB = AVI, band7-bandl, T11} Eq. (2)
EREL TS, ZOEBTOMNGHE AL OBURITKRO LS THD. (D)FEMIE, HLIWEHA, EIH Y
Y7 THD. QEE DKEIX, RGB DZNENDMENEEANS W, D WE, &k, &, KEIIERTHD.
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Q)@ DIKEIX, RGB DZNENOMEMNEY NS W20, §E, 1, RELITERTHD. @RI NEFHES
ZHOKEITETHD. OORERNTFIEIS LR OIKEITHDLVIR~FETHD. 0)FBIREKITETHD. (7)
DI, @S-V CH S, SWENVHHETE, W7VETRTH S, Fig 1R T L 912, Ml
DEFFBOTHHT-0, ELLELHESNTND.

HFH DI D MODIS DA DR « e EOfHITE

{R,GB = TI1, AVI, none} Eq. (3)

HIELTWD., ZOEBTOMEY AL OBRIFKRO L S THS. (DHEIITALWERTHD. QPKE,
BWREZRDOT, #Tho. QYKEIIROEGR TH S, Fig 3 [ZHigH] % ~9. Fig. 3R T L 912, b
DR TRR SN TN D,

Fig. 4 [ Fig. 3 IR LTZEEOE A R 7T Kamd.

DSS=right
| judge (AVI>0)

Cloud=
right judge e
(orange) ;

(a) True color image: (b) AVI image by Eq.(1) (c) Discrimination image of  (d) DustRGB image
{R,GB =bands 1,4,3} and color bar DSS, cloud, etc. by Eq.(2) by Eq.(4)
(AVI=-3 to 3K) (R=-3to 3K, G=-60 to 20, (R=-3to 3K, G=-5to 5K,
B=210 to 310K) B=210 to 310K)

Fig. 1. Aqua-MODIS at 4:34-4:47 UT on April 8, 2006 (9.57-57.88°N, 102.08-143.65°E).

| o | |
| — [0 [ [T 0 [100

[ s
Actual Tnput Limits: 518728156 7e-005 to 100 Actual Input Limits: 04658107768 to 100 Actual Iput Limits: 0009999999776 to 100 Actual Input Limits: - 10.95950473 to 4 661563055

(a) band1 (logarithmic) (b) band 4 (logarithmic) (c) band3 (logarithmic) (d) AVI=T12-T11 (liner)
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(e) AVI=TI12-T11 (liner) (f) band7-band1 (linear) (g) T11-T8.5 (linear) (h) T11(i.e., band31) (linear)
Fig. 2. Histograms for images shown in Fig. 1.
(Fig.1(a) has histograms of Figs.2(a),(b),(c). Fig.1(b) has a histogram of Fig.2(d). Fig.1(c) has histograms of Figs.2(e),(f),(h).
Fig.1(d) has histograms of Fig.2(e),(g),(h).)
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(yellowish
green)

(a) T11 image (b) AVI image by Eq.(1) (c) Discrimination image of  (d) DustRGB image
(T11=210 to 300K) (AVI=-3 to 3K) DSS, cloud, etc. by Eq.(3) by Eq.(4)
(R=210t0 300K, G=-3to 3K, (R=-3to 3K, G=-5to 5K,
B=none) B=210 to 300K)

Fig. 3. Terra-MODIS at 13:17-13:31 UT on April 7, 2006 (9.22-59.56°N, 103.65-146.84°E).

N

| Co— [

[r g i
| I — T — S — | — E— | Co— [ — | — | EL— | —
Sctus) Fyat Lt s Limi e

(a) T11 (linear) (b) AVI (linear) (¢) AVI (linear) (d) T11-T8.5 (linear) (e) T11 (linear)
Fig. 4. Histograms for images shown in Fig. 3.
(Fig.3(a) has a histogram of Fig.4(a). Fig.3(b) has a histogram of Fig.4(b). Fig.3(c) has histograms of Figs.4(e),(c).
Fig.3(d) has histograms of Figs.4(c),(d),(e).)

 —

2.3 DustRGB i

DustRGB 1413 2011 42 EUMETSAT (European Organisation for the Exploitation of Meteorological Satellites, /M|
[EME RIS 2LV, B, E - WER CEERIT A7 OIERE SN0

{R,GB = AVI, T11-T8.5, T11} Eq. (4)
ZZTT851% 8.5 u mE CTOMEIRE T 5. DustRGB IEDRHMIIERA N RETFZ WS-8, BTHIK
THEATEDLZETHSD. 2D DustRGB % EUMETSAT | Meteosat HRIZEA L TEY, £z, BAORSR
BEY X=X 2017 LV O FEDY § BHEICEM L T\ D. T8.51%X MODIS Tl Table 1 {2759 X 9 (2 band29
(RS 1N VAR

A TIL DustRGB 1 (Eq. (4) &EHOER « /e EPOiE (Eq. Q)& Eq. (3) L DOHEZITH. KRz, (1)
BOLE, AVI>0 ODEZETERTH DustRGB TIXHEMD EEL IELGHBITE 500, QEDEA D DustRGB
DRI, BB,

231 BO%EE D DustRGB i

Fig. 1 OEAIDOZEMN AVI>0 DETH 5. Fig () TIE, ZAOEIEOATHHOT, ELLELHEINTE
D, EEEMIIE 7 TERRENTWD. 65T, DustRGB LT AVI>0 ODEZ G cEifg Th b & E2E L <k
BITE D LR T 5.

W2, BO%E O DustRGB % (Fig. 1(d)) EHFEE O - £ Eoikslik (Fig 1(c) & D TH D235, #kAl
*E (GERY, £, 5, Wi, HiE, e L) OBLENLEARD L, BEHEOER - B EO#ERNE (Fig. 1(c) @
T LTINS, (EFOED - e EOMBNED TN, BIROMM, EOFEST (B OKE - KE,
KRERNAIES 2 EFOKE « KE) OETENTWDS.) ZTOFNIL, E&EOED - B2 L OfBINETIEHEA
> R (bandl), WEIRIN R (band7), BVRZMN R (band31 & band32) Z{FE-> TV HDIZx L, DustRGB
ETIEHEGRI S K (band29, band31, band32) 721 &> TWA720TH 5.
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<K > SCERID D DORFZERE, band31-band29 (T11-T8.5 D Z &) OEf§ A Mgt L7273, Hib & szt L,
X5l C & 72735 72D C band31-band29 (FEERMRHNTIIAE 2 22 ST LT L £V, band32-band31 (AVI D Z &)
LB 2 5 band7-band]l ZERH L7=DTHo7=. —J7, DustRGB £ T, band31-band29 73 EEhD & Wbz 1 H
L, band32-band31 M EERVZMH$ 25 D725, R=band32-band31, G=band31-band29 & iLiE, B CHLHTH, A
T W EXBITE B EEZT-DOTHD.

2.3.2 BOEAD DustRGB 1

KO DustRGB 75 (Fig. 3(d) & HEH O - E70 EO#HIRE (Fig. 3(c) & DOLETH A3, FAIx5
DEENGEARS &, DustRGB % (Fig. 3(d) DA PMEINL TS, (FEHEOERD « E7p L OfdilE D DustRGB 14
LD L EAFHRTE D Z LIEFEI L TH 503, DustRGB JEITEAZ A TE 2 8 TENL TV 5. ) O Fig.
3(NIBRIL D 2 23 K (band31 & band32) 721F &> TV B D%t L, Fig. 3(d) TIEEGRIA D 3 /32 F (band29,
band31, band32) ZfE->TCN57=20HThb.

& BIZHDBA D DustRGB IEIITEN - FrENH 5. AlD, EWOGIZLY, EWOEEEZRO L S IZHEET
EXHDOTHD (D)~ BUrZ (FRE) (X 4-5km, QB> 7% 2-3km, (341 0-1km, T 5. Fig.3(d) TILER D
DE L7 TERRINTNDTD, BHPOEEIL 2-3km EHEESND.

3. MODIS 7¥—4 U f= PM2.5 & &
000D (X PM2.5S D T=b D ik LT

{R,GB = bandl0, band9, T11} Eq.(5)
{R, G B = bandl0, band8, T11} Eq.(6)
{R, G B = band9, band8, T11} Eq.(7)

DI3OEMR L. EORERENOREFEUET, bandl10, band9, band8 T null LA D72 R0 R 2 # %
BEZETHDH. ZOHHIL, bandl0, band9, band8 DOELHIE EHr (Table 1 Z2H) TA TR OE 08I
HEx, EOLZATENEHAOBEIZZRY, ZOME, BIMES null AL 725 2 LBH 0L ThHS.

25O PM2.5 ORHFEFIIR O X 5 IZFHATE 20000, LTI RAT o FEE o7 Yy e LT, B
IR, MR, SZ A N GEROZ L), KO, BOKEEZEROZ KRG (s, s, A
TaY LOREY), EREL, FNHONFET L IR, — R Rm, MR Sd, 355nm M Of 532nm
WECTOEREHR] L LT, BEOKRE (EGE, 0.05um, 2.0, 1.75-0.5 L O 1.76-10.4}, S5 A b {[EEEFEH A,
2.0um, 2.2, 1.51-i0.009 & 1.51-i0.003}, KEGEGRI1 (ERFF, 0.19um, 1.6, 1.42-i0.002 KT8 1.41-i0.002} %K
ELTWS., £z, x0T v VEOKRRZES AL LTu s ) —</Vofi GHERERNAR) Z2REL T
5. PEoT, T— R (RHEOKIFL) 1Z2Rm THHDT, KRERIGYhIFDERAORIAET 380nm & 72V, #H )
440nm) FHIDOFEDW E EFRETH 5. 1> T, HFHEOWNKEIGGII D@ %@ s & & I —HELARZ Y,
BHUONREOHOFNEWEEDL Y, LVEETLIOTHD. (EoT, ZTHOHDOFEITPM2S 2T 5729
DHLDOTHDHA, R, PM2S KREKIEREMRET 201 L CW\5. 72720, i (PM10) AFEETIUE, /IVkL
FOER (PM2.5) b EFILDHZ LITMRRD T, BEFIED PM2.5 FE T H b2 PM2.5 & L TR 5
ZENHD.

ARFEOEBHIZ, 55 EIEGENTND.

4. @AT—42 LERIERFIR
ARG SCTHS % MODIS 7— 413, it L¥ERFHDLF ¥ R RAZH HHEZIEV AT L TRIELIEHD
&, NASA (https://search.earthdata.nasa.gov/search))2H 4 7 o m— Ra— R L7 b D ThH 5. MODIS B OIERTF
XK DY Th 5.
(277 1)MODIS 7 —# (MOD02/MYDO02 35 . 0"MOD03/MYDO03) %, 27— & 4L# Y 7 s o7 = 7 HDF-EOS
(VTT information technology, Finland) #HW\C, 73y 7, REMHIE, &GHETH. KRMEICEY,
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N R OBEEEAEIT 0.0~100.0 O FEFEIZZ LS 41, B N> R OBEEIEERE (Ve RE, BT K
(DRSNS . STAIEIC L0 FoREHE I TG - SR E RO RERICER SN D.
(AT w7 2) fFEEEULFEY 7 b7 =7 ER Maper 2011 (ERDAS, USA) % AWT, IR HE g £ 7-13E
YA 7 BgEZVERR L, Geotif Bl L L CTIR1FT 5.
(a) hV—AF—MWi{# .  True color image: {R, G B = bandl, band4, band3}.

(b) AVI {4 - AVI image (by Eq.(1)).

(c) HEM>—E5E1% :  DSS-cloud discrimination image (by Eq.(2) or Eq.(3)).

(d) DustRGB TH{4 : DustRGB image (by Eq.(4)).

(e) PM2.5 % - PM2.5 detection image (by Eq.(5) or Eq.(6) or Eq.(7)).

(f) P —PM2.5—ZE55mi{% :  DSS-PM2.5-cloud discrimination image (by Eq. (8) or Eq.(9) or Eq.(10)).
(g) T11 RIS T11 thermal image.

(AT v 73) EWL PM2.5 DN EZ DY T T5720, Geotif Hifg %, GIS (MFEHRS AT 2L) V7 b
7 =7 ArcMap 10.6 (ESRI, USA) % HWNTHIX] (FRFE - BREEHR, [EBSRR, E2RJ)IEMEET) LHERFRTD.

5. #|/E), PM25 EEEAT S/-HD RGB &REEE

552 O LI bR s GERD & /e EORRRINE, DustRGB 1K) TiE, HEPEEEAITE 528, PM25 K
RIEGE R TE A, 3T TR L PM2.S BRHETIE, PM2.5 L EZMBITE 523, EMRHICITEY Tk
W (ZHAUZHOWTE, FS3HTEEHIE & BITHAT ). T TRETIE, E\iY, PM25, EZidhld 570
DIFEIZ DN THRFTT 5.

HRY, PM2.5, EAWHIT 5 RGB A AERIEZ RN T 72012, £7°, EDRKR A PM2.5 B HHEDNFFERFIC
AREMED®H DB DL LTHFI L TV b D%, RO X IV A RT v 7 L.

(1) HEWRRHOFREMED & 5 /3 LA © bandl-band3, band4-band3, band32-band31 (=AVI), band31-band29,
band32-band29, (bandl-band3)/(bandl+band3) (=YDI {£?Y), (band4-band3)/(band4-+band3) (=YDI 7£CV).

(2) PM2.5 DO RIFEMED 3 5 73 KA : band10, band9, band8, band10-band9, band10-band8, band9-bands,
band10+band9, band10-+band8, band9+band8, band8+band9-band10, band8+band9-band3, band8+band9-band4,
band8+band9-band]1.

(3) EDMDOFMOIANEIRT 53 LA : band6-bandl, band7-band].

(4) IR R band31 (=T11)  IREE/SY RIZEd & B, £721%, PM2.5S L EOFRDT-OIUETH L.

W2, ZhbHZz RGBIZEID B TTHBEER L QO oz, TOFT, BEMRIICIT AVIZAERW I 235570
7o ZHUTHE 2 FEOREE (Eq.(1),2),3)@) & FJE LRV, £/, PM2.5 K&IEYMHIZIE, band10-band9 72 & D
LDy RRAHIFERE 72 Z £ 233200, band10 72 & DHLRY R E 7203 band10+band9 72 £ DFID /S RELAH
MEWZ ERGoT=. ZHUTE 3 mOREE (Eq.(5),(6),(7) & FJE L7V, band10, band9, band8 (1% null fEAS
BENDZENDHDLDTEORELRNT 5720, BN FT7<, bandl0+band9 72 & DFID/ N RELAE 2 {f
IDONBEWEHELT-. >, L1 AVI, bandl0+band9 F 7~ 1% band10+band8 & 7~ 1% band9+band8, TI11 %
R,GB O EFUZEID Y THUX L Wb E G L nwa Lichke 5.

Bt ORER, WO 3 ONRWERERLIZ®. 260 RGB GRS % [HH) —PM2.5— ZalkBlmitg ) &4
2.

{R,G,B = AVI, band10+band9, T11} Eq.(8)
{R,G,B = AVI, band10+band8, T11} Eq.(9)
{R,G,B = AVI, ban9+bands, T11} Eq.(10)

EOREESHOBEIAET, bandl0, band9, band8 T null EDOEE N D7V N R2EEZERSZ ETHDH. =
6D RGB AAREIHRIZHWT, (1) EINIE Y 7 TRRIND, (2) PM2.S IIKATEREND, (3) EITHE, 7R,
ETERRIND.

PURIZ, $HBE9 720 < D DGEIZHOW TEES 2 5 2, T 5.
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5.1 #HrMEL T PM2.5F YD MODIS E{&DHI

Fig. 5(a)l23 T, PIEOFFIHEESK 900km DK X 72if& X ko 2E v 77 (PM2.5 K& NRZ 5. =
D PM2.5 K&EIEYE, Fig. 5(b), (), (d) TITMH STV, Fig. 5@), HTIFmH S T\s. HBlb, Eq.(5)
& Bq.(8)D 15 TIE PM2.5 KB &Mt T T\ 5. Fig 612 Fig. 5 DEHEDOE A k7T LA RT.

7%, DustRGB 75T PM2.5 KAIEGE M TE RV OIINRTH D, 72805, HI3IETRL L L ) ITKATE
Yebi 1 OF— I 380nm I TH 5728, DustRGB {EAME 9 band32, 31,29 O E (10 u m £31) OEIRIMNR
TS —HEDSEZ S22 N5 TH S,

PM2.5 air
pollution

(c) DSS-cloud discrimination image by Eq.(2)
(R=-5 to 5K, G=-70 to 30, B=220 to 310K)

PM2.5 air
pollution

(d) DustRGB image by Eq.(4) (e) PM2.5 detection image by Eq.(5) (f) DSS-PM2.5-cloud discrimination image by Eq.(8)
(R=-5t0 5K, G=-7 to 7K, B=220 t0 310K)  (R=0 to 30, G=0 to 20, B=220 to 310K) (R=-5to 5K, G=0 t050, B=220 to 310K)
Fig. 5. Terra-MODIS at 2:33-2:45 UT on Oct. 5, 2006 (15.36-62.63°N, 107.53-152.65°E).

266 I [ I - [25

/

g |
. 1/

o I 0 ] 0 —

Actual Tnput Limits: 0.001182453411 to 100 Actual Input Limits: 0002950927941 to 100 Actual Iput Limits: 0.003 113292856 to 100 Actual Tput Limits: -8 978787363 to 165713501 Actual Iput Limits: -92 12981415 to 44 61243542

(a) bandl (logarithmic) (b) band4 (logarithmic)  (c) band3 (logarithmic) (d) AVI (-5 to 5K, linear)  (e) band7-band1 (linear)

240 755 5 75 / %5
ho e - — [ i
20 31 -7 ? [ a | — | — I— |
Actual lput Limits: 126 3774643 to 3102600088 Actual Input Limits: 1789015198 to 1088543701 Actusl Input Limits: 000297676 1665 t0 5114690781 Actual Iput Limite: 0002540162764 to 76 54120908 Actual put Limits: 0.009999999776 10 1121926537
(H) T11 (linear) (g) T11-T8.5 (linear) (h) band10 (linear) (i) band9 (linear) (j) band10+band9 (linear)

Fig. 6. Histograms for images shown in Fig. 5.
(Fig.5(a) has histograms of Figs.6(a),(b),(c). Fig.5(c) has histograms of Figs.6(d),(e),(f). Fig.5(d) has histograms of
Figs.6(d),(g),(f). Fig.5(e) has histograms of Figs.6(h),(1),(f). Fig.5(f) has histograms of Figs.6(d),(j),(f).)
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5.2 #EmEY T PM2.5H47EL MODIS E{&DH]

Fig. 1 1" L7 R mifG A5 & U CR3 % . s8R A X D EHRIE Fig. 1(b), (¢), () TH Y, 2 H BT,
I STV A3, PM2.5 RETGYTH S CuvZen. PM2.5 BiHEifg 4 Fig. 7(e)l2, HAb—PM2.5—=
A5 2 Fig. 7(DIZ7~9". Band10 (272 < & AD null fEDMFAET H DT, band9 & band8 3N HIL TS,

Fig. 7(e) Cl¥, M/INRI7-OFRP & PM2.5 KAIEYT PM2.5S & LTRSS TERY, By 7 TERSNTND.
Fig. 7()TIL, HEWITE 7 {4, PM2.5 KREUEUIIKE, KETRE, KEZEAOTERIN TS, Bb, #Hi
& PM2.5 EEITFBITE TS, Fig 812 Fig. 7 DO 2 7T AERT.

- PM2.5 air
P(I;{[l%l : ?Oe;llr pgllution
?pink) (light blue)

Cloud (red)

PM2.5 of
small-particle-

sized DSS DSS (pink)

(pink)
(e) PM2.5 detection image by Eq.(7) (f) DSS-PM2.5-cloud discrimination by Eq.(10)
(R=0 to 40, G=0 to 90, B=210 to310K) (R=-3to 3K, G=0t0100, B=210 to 310K)

Fig. 7. Aqua-MODIS at 4:34-4:47 UT on April 8, 2006.

265

] 0

o |

(O (O

[ 100
#ictual Tnput Limits: 0.002765939799 1o 45.89870459 Actual Tput Limits: 140552789 10 100 Actusl Tnput Limits: 134 8908081 to 3063000488 Actual iput Limits: 9943878174 to £.558074951 Actual Input Limits: 141552783 to 1075616302

(a) band9 (linear) (b) band8 (linear) (¢) T11 (linear) (d) AVI (linear) (e) band9-+band$ (linear)
Fig. 8. Histograms for images shown in Fig. 7.
(Fig.7(e) has histograms of Figs.8(a),(b),(c). Fig.7(f) has histograms of Figs.8(d),(e),(c).)

5.3 #R& PM2.5 HE BIEED MODIS EfROHI

Fig. 913201943 H 1 HOBD X 7 5~ 71 WHENG HAE TD Aqua-MODIS DE§ Th 5. TRVEM TS 7
TN R (89 77-90°E) 76 B 100 FEE TR > T\ 5. J9WERNE T ERISICH D, PM2.5 KaTHYL
1%, dbRE ST REEEES, HEER L OMEICH D, F2, TEIEEER L Oe 7 HEE ORI K D HE
ZEte PM2.5 28, HARDIHREIZIAVAAL TS, ZAUHOD Z & Xy —PM2.5 — 23851 Eif% Ch 5 Fig. (D TH
BHENTEY, Fig 9O TILED, PM2.5, E, ZTOMMH S TS, 72385, Figo(b),(e),(HTIXHEW & PM2.5
DNLE & RIROREE A R & RS E 7 XA TRLTH 5.

TEND —PM2.5—EF@HIEHG O L G OBUREE L HDH LIRD L H ThHS.

|72 W

IKEE e o e e e e e PM2.5

TR, ROFVEE - - KE (Thbb, mitnE)
- R KE (FThebb, HNHNE)
FFeoooe e T2 it & T
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MODIS #5257 — % # W7z & PM25 & Z0ikplE:

72%3, Fig. 91, NASA (https:/search.earthdata.nasa.gov/search) 7354 71— R — R L7z Aqua-MODS 7 —
2 SEZEGIEE L, SR EGbR e A 7B ThDH. FoREFHBIANDT, B A NJT AD Linear 1%
fli5 &, Fig. 9a),(e),(N TIXEKT —F GO EEDOENHE LV, &7 — X G CHt— 7R BHGER 21T 5 72
2, hv—A7—® RGB, PM25MRHEEO R & G, Y —PM25—Ei#HE{ERD G TlE, EXA LT TAD
Logarithmic ZZHA% i 5 DAY K.

PM2.5 BEHIEIE D Fig. O(e) Tlk, #7277~ W (K 77-90°E) D5RVEERY (PM10) 3R S Tun7a,
B0 T 1 R & TN HE < ok Tb L7238/ (]9 96-106°E) (X PM2.5 & L TR STV % (Fig.9(e) DL
MOAFEH DO E Z5). TEWEOGHOFERS (PM10) (IS TW . ZUHDZER, F5EORYID &
AT Lz TPM2.S WHENRIE, SEMREICITEY TRV, | OFEBFITHS. 7235, Fig 9e)DEAF D HAFEH
D& ZATIEPM2S KRG S, ARIOBABHOE ZATIEEE LY O PM2S5 STV d.

Fig. 1012, Fig. 9 D—#yCTh % HARZ GTT — & ORI %79, v 27 B - PEHLHE OB D
J A Grte PM2.5 S ALHREICTRAVATRE 723 K < 2D, Fig. 1112 Fig. 10 DE{EDOE A~ 7T AEd. AVIE

(Fig.10(b)) DE FIZHTWERDARH STV 523, PM2.5 Mt (Fig. 10e) Tz caian, 5
—PM2.5— i Eitg (Fig. 10(f) TIE, 39V (B2 7)), PM2.5 K&dEY: Okf), £ LYo PM2.5 (K
), £ R % &) PHRHETETCWD. 7228, Fig.10b),(e),(H) TIXERs & PM2.5 OALE & KIROFEE 2 7R H)
LB ET TR TRLTH .

HOECNT LAUL, FAERFO L —Zd=z 2 28t U723 H 1 H Aqua-MODIS DO JbHEERHT 245K u‘: PM2.5
FORBEBROBAT, 17 HHEE « FEACHE O AR S OEZ T 3 AEHEHE TO PM2.5 OJFIAO L 5 1ZE» LT
D0, K OIRWEPHD Fig. 9 & HAuXbns K o1, AEEEETe PM2.5 KRWGYS 1 o7 BGES « PIEHACHERO#R
RKSKEDFEIZIE T - T PM2.5 L7210, ZNAIEHREIZIAIVAA TS Z EDOFMIELV. 16 KD PM2.5 BLIE

VRGBT C 135w g/m?, ALIEHIC 47 ngm’® TH DA, BREEE O KRKIGUE IIREARL Y AT 2 (http:/soramame.
taiki.go.jp/) ® 3 A 1 A OBLHFERKMEIIFIFLET T 18 BFZ 230 1 g/m?®, FLIRHT T 22 BRC 176 u g/m® Tho72. Zh
5O PM2.5 OERBEFIEE 35 u gm® Z XD DB A DIET, BFE~ORENREINIMETHD.

Taklamakan Desert G0b1 Desert Bel_]lng Korea Hokkaido DSS Weak DSS

PM2.5(small-particle-sized DSS) PM2.5 air pollution PM2.5 DSS PM2.5 Weak DSS PM2.5 air pollution PM2.5 with smoke
(e) PM2.5 detection image by Eq.(7). (R=0 to 100 Logarithmic, (f) DSS-PM2.5-cloud discrimination image by Eq.(10).
G=0 to 100 Logarithmic, B=210 to 310K linear). (R=-3 to 3K linear, G=0 to 200 Logarithmic, B=210 to 310K linear).
Fig. 9. Aqua-MODIS at 4:00-7:30 UT on March 1, 2019 (20-60°N, 73-150°E).
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PM2.5 air pollution

(a) True color image

PM2.5 air pollution

MODIS #f &2 7 — ¥ & fl\ 7z #ip & PM25 & Zoilkjlik

PM2.5 with smoke

Weak DSS

(b) AVI image by Eq.(1)

Weak DSS

PM2.5 air pollution

PM2.5 with smoke

(e) PM2.5 detection image by Eq.(7)
Fig. 10. Enlarged images of Fig. 9 (Aqua-MODIS at 4.05 to 4.10 UT on March 1, 2019, 20.16-49.55°N, 117.66-150.02°E).

w1

(f) DSS-PM2.5-cloud discrimination image by Eq.(10)

A \
i N

0 O 0 | CO—

0 100 0 100 |C— 00 Kl 3
Actual Input Limite: 05424616337 to 100 Actual lput Limite: 07853106068 to 100 Actual Iput Limite: 04463268684 to 100 Actual Input Limits: -8 045593262 to 1448913574
(a) bandl (logarithmic) (b) band4 (logarithmic)  (c) band3 (logarithmic) (d) AVI (linear)
255 }.\ 258 ﬂ 255 255 255 {.\

LY} I
v 7,

[ — 0 O — s | S

— i — 0 eI — [im— = 3 — I —
Actual put Limite: 04207575917 to 6576752899 Actual Input Limits: 0.009999399776 to 9913839722 Actual Input Limite: 217009613 to 2962364147 Actual Input Limits: -8 540100098 to 1326690674 Actual Input Limits: 04307575915 to 1299324341
(e) band9 (logarithmic) (f) band 8 (logarithmic) (g) T11 (linear) (h) AVI (linear) (i) band9-+band8(logarithmic)

Fig. 11. Histograms for images shown in Fig. 10.
(Fig.10(a) has histograms of Figs.11(a),(b),(c). Fig.10(b) has a histogram of Fig.11(d).
Fig.10(e) has histograms of Figs.11(e),(f),(g). Fig.10(f) has histograms of Figs.11(h),(1),(g).)
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6. #&

A SLDORFNE, MODIS 27 — % & W =855 Ok, PM2.5, EZ#517 2 B OV TRHRE L, Eq. (8),
9), (10)DFHE [ERP—PM2.5—Ei# L] B TEI L ThHDH.

ZDOWIEEATHT2EHIE, ZHVET, 1| DOFEBERIC K AEMOR, $E & Z055, PM2. 5 O, PM2.5
LEOFHA, BT MRS STV, W E PM2.5 EED 3SFEAY 1 SOR/IEEIE TR 5 FiEIC
DWTUIIHFZERE N 2o T2 72D Th 5.

ZIT, AFSUTIE, £TH2ET, (EROEMHREE (Eq. (1), (2), 3), @S 122\ T, HEEE L R &
RERZFIA L (F, BSECTHLMBESEZHA LR, ®IZ, $3ETHE, ko PM2.S BEE (Eq. (5), (6), (7)
SH) 1ZOWT, MECFHBEHA L GBS EmECIEMES AR L) . IO OMERORRKOZ LiX, (1)
EWRIEETIE, BEERIETE, HbEEAHRITE 50, PM25S REVBLERIHTE /202 &, 2QPM2.5
HETIL, PM2.5 REJHGOMb b L7-38/> (PM2.5) Z R CX, PM2.5 LZEZFRITX 5208, @ 0w

(PM10) ORHUZITEY TR\ &, TH5H. ZL T, FSETHEDE PM2S EEZHHIT 5B OV TR
MEIToTZ.

BSETE, 7, F28E, FIFOMELEEZ T, BEWRHOREELEOS D3 FAE, PM2.S BHO
ATREMED B H /3 RHEHE, TOMOFHOFINEURT 23 MG, REANCR, VAT v 7L, &
12, EN6HE R, GBIZEID Y TTW T, EBEICIE AVI AL <, PM2.5 BiHIZIE band10 72 E ORI R
ROy FAERBWZ ER G- 7-0T, {BEAV R (TI) EEHIZ, R, GBOEIUTEID YTk
VNI DORE E 720, BA&HILZ, Eq. (8), (9), (10)% [EERP—PM2.5—EilihiE) & L GRE L, 282 L7, Eq.(8),
9), (10)D EN & B SO ERNMEE, band10, band9, band8 7> 5 null HOD 72wy K2 xS S Z L & LTV
2.

S H, FS28H0, FS3HEITIE, FHER 3 oDGEOE (bbb, L T PM2.5 A Y O MODIS
WEfROF]), TEEV D T PM2.5 230720 MODIS B Of |, [35H) & PM2.5 03 5 180> MODIS BEifROf)) 12
DUNT, P —PM2.5—EFGINEIC K 2 Eitg 4, TEROEME A X 2EiG e PM2.S MHER E & IR 2
L2k, EW—PM2S—EMINENTE LSBEREL TWA Z L AHER L=,

-, B53HTIE, FgEOR L HEMOBGRE £ LD, U2 ITED, KEIZPM.5, #HIE, FE, K,
IRFE TR IFWEAIIKE, RIIKE, FIHEIWEEEETH D Z L2l -, FIZ, FREEGRLED
T =y 7 & LT, RREDPIEFITIANEY A 7 BBOYE, B A N AD Linear 244 572721
TIIET—ZOEEDENE LD T, b A~ 75 LD Logarithmic 22 &1 5 & Hi—HI 7B AR 41T
I EMTE DI &bk,

PLl, AFHSCTIRZ LT Eq.8), (9), (10)0ZXKD TR —PM2.5—ZEskAIE) 1%, Y, PM2.5, EL#HHITX
Ly (o TNTR) HikEEZD.

il

ARFZE CIISCERR 78 DAL 28~31 4R (2016~2019 4EF) FASNE KGR T T 05 4 o VR [ S2EHE
HED T DI L #1955 < W PHOENIX =7 b OXEEZZITTEY, FEd 5.

X ®

(1) mFEEAR T, R, AUEE, BRATGEE, A - T TSR D4 R =T m VR O/ & T, AR
UE— Ml v 75855, Vol.30, No.l (2010-01), pp.1-10.

(2) A, WNESCE, =JHisRsL, LR, KO OB RGIGYARAR D7D MODIS 7 — X FIE", AARYE
— by 7 EERE Vol.33, No.4 (2013-09), pp.298-307.
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