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Detection of PM2.5 Air Pollutions by Using MODIS Data
(Part 1: Differences between the Detection of PM2.5 Air Pollutions
and the Detection of Dust and Sandstorms)

Yoshinobu KATO"!

! Department of Industrial Business and Engineering

In recent years, PM2.5 air pollution is a social and transboundary environmental issue with the rapid economic
growth in many countries. As PM2.5 is small and includes various ingredients (e.g., sulfur oxide, nitrogen oxide, vitriol,
nitrate salt, soot, etc.), the detection of PM2.5 air pollutions by using satellite data is difficult compared with the
detection of dust and sandstorms (DSS). DSS can be detected by using AVI method and YDI method. AVI (Aerosol
Vapor Index) is defined as AVI=T12-T11, where T12 and T11 are the brightness temperatures at 12pm and 11um wave
lengths, respectively. For MODIS data, T12 and T11 correspond to band32 and band31, respectively. YDI (Yellow Dust
Index) is defined as YDI=(band4-band3)/(band4+band3). AVI and YDI methods detect PM2.5 air pollutions only a little.
In this paper, we examine various RGB composite color images for detecting PM2.5 air pollutions by using MODIS
data, i.e., {R, G, B =band4, band3, T11}, {R, G, B =band10, band9, T11}, {R, G, B = band9, band8, T11}, {R, G, B =
AVI, band7-bandl, T11}, {R, G, B = AVI, band10-band9, T11}, etc. A good method for the detection of PM2.5 air
pollution is {R, G, B = band10, band9, T11}. In this composite color image, PM2.5 air pollutions are represented by
light purple or pink color. This proposed method is applied to the detection of PM2.5 air pollutions in the wide area
from China and India to Japan by using MODIS data on 12 January 2013, and AVI method is applied to DSS detection
in the same area. By comparing the AVI image with the image by the proposed method, PM2.5 air pollutions can be
distinguished from DSS. The proposed method is simpler than the method by Nagatani et al. (2013), and is useful to

grasp the distribution of PM2.5 air pollutions in the wide area.
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DUVNTHRESROY) GERD « KILGEHY) « BRACKSEOME « MR 172 K TRIRO/NESWH D) 7o X, SEkWE
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SIGYARIIE & O & RT. 723, AWFFED HIIAVER T — Z & V72 PM2.5 RAGGG G & U Tl 72
TEERET H L THHDOT, ALTIHE G 1L RENTNS.

2. EWRHEEOPM2. 5 A~ O EEME

RV E— MUy o XD EHEE LT AVIERD L YDIEY R R Mb TV 5.

T —4% & LTMODIS 7—4# % V5550 AVIIETIE, BURS S RO band32 (12 um#E) & band31
(MM umPER) OMERE (EAIX7 Ve K) Z2FNFTI2 & T & LT, TAVI=TI2-TI) LERLT,
FEARBOIC AVI>0 THH D SHEESND. ZOFFIE, HE S S5 10 pm AT OBGRINRI EERD O )

D EE, I—HETHREOENEIN I VBE LT, HRICEETSZ 210k 570,

YDI % Tl%, [YDI= (band4-band3) / (band4+band3) | &EFK L T, FEAMIZ YDI>0 THEbH D LHESH
4. ZOFERE, HEEOANACRT, (1) =7 a vl GERERIIREELRE) 1T, EEORE WY (bandd) X
D HEEOFE (band3) Z# E<WINT 52 &, £z, Q) HWPORBITHEEA~TRALRDOT, KFEOITENTHIP O
J& TR D & &, BEE~FEITUTY bandd D ST OSFRNBENZ LIk D.

AVIES YDIE S REGYZ D L2 2 0T, 26 0 PM2.5 KREIGYMH~DIE TRENE 2 B 524 5.

AVI EORHIFFETH 5 I —HELO A RICRRSCER IR EOBRT 2979, SR ok 3B 1~10u
m A%<, IR E VD GERMZ PMI0 IZHEESND) . BEDORKSIE S Al DfLEW R 8T, HoHRERE -
Tnb 1, I —BELOHRED & I ERBERIBITERH HRERE->TND). LirL, PM25 KEIGHRD
BB, RO NSRRI OERIBITRNEAEL /20, I —WELOHREISEMEC /2 5. HIZ MODIS D4,
25 u mEEATOKE SN B QELE) 23720 6 L, 2.5 0 m BRI OS> RS 2 fHHIE, %D PM2.5
KEFRZRHTE D AREMEN S D (BOBE, 2.5 um FEEMTTIEIRBEOE & # BB Ol o 708G
FNAHT-D, AVIIEZMEZ 2. 165 T AVIIEOYLRIZEE L.

YDI %0 PM2.5 ~D¥iiEE % %2 % &, band4 <° band3 L W RO/ K (BlH, bandl0, band9, band8)
ERZRET ULV £33 D (Table | Z2HR).

(W] ST, KRToEEL= T oYy e LT, BERKRSE, Ik, #ims 2 GEDOZ L),
KO, BARFBEROCREIGYR (W, WM, A7 oYy VOIREY), #IEL, ZThbONFEE
T IR, B— R¥EER,, MEUERFE S, 355nm & O 532nm K COEREITR) & LT, BEORE (EF,
0.05um, 2.0, 1.75-0.5 XUV 1.76-10.4}, §e4p4 A b {[EHEFEME, 2.0um, 2.2, 1.51-0.009 & O* 1.51-10.003},

Table 1 Bands of MODIS and their observation wavelengths.

Band Observation wavelength
1 620 - 670nm (red)
2 841 - 876 nm (near infrared)
3 459 - 479 nm (blue-green)
4 545 - 565nm (green-yellow)
5 1,230 - 1,250 nm (near infrared)
6 1,628 - 1,652 nm (middle infrared)
7 2,105 - 2,155nm (middle infrared)
8 405 -  420nm (purple-blue)
9 438 - 448 nm (blue)
10 483 - 493 nm (blue-green)
11 526 - 536 nm (green-yellow)
12 546 - 556 nm (yellow)
29 8400 - 8.700 um (thermal infrared)
31 10.780 - 11.280 u m (thermal infrared)
32 11.770 - 12270 u m (thermal infrared)
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KREFEYR+ (BRI, 0.19um, 1.6, 1.42-i0.002 & TR 1.41-i0.002} Z{ELTWA. E— N EHEORE) 1
2R, L7025, 5T, REIGYRIFORMEORAELL380nm & 72V, F (K 440nm) (TN E & FIRETH
5. 0o T, HAT O N KEIGYh - DIg 285 & & 2 —HELEZ Y, BV TN LV EETL2OTH 5.

3. MODIS 7—% DEHRIIED FIE

WEILARE T2 O %279 DT, ZZTMODIS ¥ —# OGO FIEZFE L TH<.

(Step 1) EHTHERFHDLL XX L NAOHEZ(EL AT L TZIE L7 MODIS 7—#, F£721%, K[E NASA

(http://reverb.echo.nasa.gov/reverb/) 75 AT L7z MODIS 7—4 (MOD02, MODO03) %, f#27 —XELY 7 |
v =7 HDF-EOS T7 v /3w 7, REGHIIE, #HET 5. KREMEIZLY, RKE AV RTEICON 7> MEX
0.0~100.0 DEHAEIZEHL S, BE/ N RTIEOTOH 7 > MEITEEIRE (BA0X7 e s K) ICEfishb.
ST IE CIIS SR OAER R ICE A S D .

(Step 2) T2 HfGALEE Y 7 k7 = 7 ER Mapper % N CHIGALEE L, )G U T Geo-tiff Hiff & L CTHRAFT 5.

(Step3) MG U T, HEUEHRS AT LY 7 MU =7 ArcGIS % VT Geo-tiff [t 2 Hi[X] (FEEE - REESHR,
EFERR, EEAJEW, #h) EEAGDERTTD.

4. MNMODIS F—4 ZAL = PM2. 5 XK FERBREBD-ODE&ERET
AEITI, WIFTERELDLF v U RAOHEZEV AT A TRIELT220134 1 A 26 H 4K 57 /3~5 ¢ 7

(b)band2 (range: 0 to 100)

LT

(g)band8 (range: 0 to 100)

(e)band5 (range: 0 to 100) (fband7 (range: 0 to 100)

(i)band10 (range: 0 to 100)  (j)band29 (range: 210 to 310K)  (k)band31 (range: 210 to 310K) (I)band32 (range: 210 to 310K)

Fig. 1 Single-band images (histogram transformation: linear).
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4y UT (13 B 57 45 ~14 15 7 45 IST) O Aqua-MODIS 7 — % 19% [\ THE 2 OME 21TV, FiliZe PM2.5 K&05
PeRpitiEaE AT E 2B ET S, ML—h T —EI Fig. 3(a)$ L OV Fig. 8@ITR I TN 5.

4.1 MODIS MEi/\> FEHEO#HEET

Fig. 1 (ZHL./N RO grey scale &/~ Eif% % 777, Fig. 3(a) % 7213 Fig. 8(a) & JLLb~25 & /375 X 512, Fig. 1 @ bandl
~4, band8~10 TIZHEDRZIGIROE Sy GRILTHIR) 203720 BHRIZEEFE T 5. bandS, band7 TH KKW5
PnHHRRERZ 5. BRI R TH 5 band29, band3 1, band32 TIEMSRTILH D05, KREIGLDERSy % iRk T
TRV, INLOEBE L LI, ENY REBS° RGB AR 7 &2 Miatd 2. 723, band29, band31, band32
LRRLEBOIE, BEIZIZZN O OMEIRE TH D T8.5, T, TI2 D Z L THh5. bands, band9, band10 D[E T
BHo RO T null fEE 72> TS (BT 2 &, null & 7o > 72 BRI, EBOBEEHEN Y Y OFFR
HPHEBZ - T20D X 5 ThD). —EDHE AL RIZHOWTIEE 2 M5 L% Fig. 3, Fig. 6, Fig. 7 IR L TH 5.

4.2 MNMODIS mE/NY FEEORET

Fig. 2 (2753 Nl &2 R4, EOMHICBIFE T S {bandl-band3} & {band4-band3} Tl, MiEOLE LMl (2
W) \ZH DM EI 5 T 2 DIIHEDR WO TH 503, I OAHEDRFEOIRKEH L <ML TLE
I DT, K& L L TREYS TH D, RO {band7-band1 } TR & E& XAIT D=0 s DD T
KEIHYeRH & IZRIR 7. RO {band9-band8 }, {band10-band8}, { band10-band9} D Ei{§ T KKIELL DAY % 7212
LT 720D T, KEIBGH E L TARBEY Th 5. BRI N R CHEDZRH TX 5 {band31-band29} &
{band32-band31}=AVI Ti%, EBEOL HAl (FEWE) [ZHHEWEZHL <ML WD, £, £/ 78780
THMNY SEVRKREIER S EHETHH L TWA. {band31-band29} X EVLIM AT R DR DI & & DR L
TLEHIDOT, #EWREE LTIR A2, {band32-band3 1 HETE/KZ i LW DO T, EibkiHEE L TRV,
fEame LT, 2\ RCRRUGREHITE X Z 9 2 b Didzn

(e)band10-band8 (range:-10 to 10) (f)band10-band9 (range:-10 to 10) (g)band31-band29(range:-6 to 6K) (h)band32-band31(range:-10 to 10K)

Fig.2 Band-difference images (histogram transformation: linear).

4.3 KFIL—hS5—EREERBRHOIOD AV] EfE & YDI Eig

Fig. 312 ML—B 7 —@ifg L 2D 2 N 7T LE/RT. B A NJ T LW Linear O £ £ TIXEE K- 72D T

BR L7 X 912k A b 7T AT Logarithmic 2842 % 73 T2 5 < LTod 5. ALaUEins o FE P o KT
i E CHE-> TS EEHO [H=] 28 PM2.5 KRB THY, AVENIIETH L. Zo THR) 2 PM2S
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KEIBYTH D Z L1, BREA D Web ~— (http://www2.env.go.jp/pm25monitoring/data/csv/H_2014.zip) T, i
B OB (2013 4F 1 A 26 H 5B UT="P[ERE 13 ) o PM2.5 #2473, Jbi{(Beijing) 156 1 g/m’,

T (Chengdu) 178 1 g/m’, Jis)i(Guangzhou) 155 1 g/m®, LifE(Shanghai) 179 p g/m® TH5Z & KWLM TH 5.

Fig. 4 O AVI B TlE, T EWEETEDZ 00 < (1) ML, PM2.5 KRG H55< (G5 ML Tnab.

Fig. 5 ® YDI Ejf Cl¥, FEWETHEMZM< OFR) M3 525, i & BI0 nfHrin ok H585< (G5)
BT 50T, EbRHESE LTUIAVIELD 5. (AL, Z2OFOEMORMMITEND. PM2.5 K&IGY%
DIPTHRH L TND.

Chengdu Beijing Guangzhou Shanghai

E‘
%

<

[

(- (-
4 [100 [0 [100 [0 100
L Actual lnput Limite: 0008506136946 to 100 Aictual nput Limits: 0.009999899776 to 100 Actual Input Limits: 00085895309 to 100

(a) True-color image (b) bandl histogram (c) band4 histogram (d) band3 histogram
Fig.3 True-color image(R,GB=bands 1,4,3) and its histograms (range: 0 to 100, histogram transformation: logarithmic).

T

0

-2 3
Actual Input Limits: -5.850921631 to 1695007324

EEa. L

7 Actual Input Limits: ~05934439105 to 09957613584
(a) AVI image (b) AVI histogram (a) YDI image (b) YDI histogram
Fig.4 AVIimage (range:-3 to 3K, histogram transformation: linear). Fig.5 YDI image (range:-0.5 to 0.5, linear).

4.4 BERPOELGELXETHANT S REB ERERETDOEROESH

SCHRONOTIL, ERPCE R 8 A A TR 5 RGB Ak & LT, kEOMAE{R,GB=AVI, band7-bandl,
Ti1} &, 2FHICEWHAT{R,GB=AVI, band4-band3, TI11} Z#4EEL7-. 723, {R.GB=AVI, band7-bandl,
T ERIE, 600, SEOKE, WROKE, SHFEMITEVIKE, HFEITEVOKE, FIR - 0K, R, Wik
BITE B0 A FEITRLTI- K D1, AVIR°{bandd-band3}iE, DTN TIEH 5 PM2S5 T 50T, =
NHxEE O RGB &I 7 —Eig, 8IOEOERAEDEBRN ED K ) ICFKRINDDNEF~T-.

Fig. 6(a)?® {R,GB=AVI, band7-band1, T11}E{ Cl3 b 2 Mt (386) LTWnb. LanL, PM25 &2 Z<H< L
R L7220 (EVEEE) 0T, PM25 ORI REY TH 5.

Fig. 6(b)? {R,GB=AVI, band4-band3, T11}#i{§ TiX, #HEHAMH L TWD GERERD) 23, PM2.5 %2 Z<55< Lo
B L2200 T, PM2.5 ORIBICIIAREYS THDH. F7-, EILOMIEREOTRK Z D & RO #RE G TRt
LCWA78, skl LT Fig 6(a) L V4 5.

Fig. 6(c)?® {R,G,B=AVI, band10-band9, T11}#if4 (L, Fig. 6(b)? band4, 3 & ¥ &ELHIEE 2V band10,9 25
EEIRDPEFRDOIVER LIZEBR TH S, ETME ) LTWDA, PM2.S ITEEETIE-& 0 L
TVW<, PM2.5 OBHICIZIREY TH 5.
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(a) {R,GB=AVIL, band7-bandl, T11}  (b) {R,GB=AVI, band4-band3, TI1}  (c) {R,GB = AVI, band10-band9, T11}

2 - 755 A [ | 25

1 3
|

[

[Ea— [ = a— @ e — " R - I
Actual Tput Limits: ~5.82379 1504 o 1682067871 Actual Input Limits: -36 36662531 to 2381341743 Actual hput Limits: 0914228532 to 1328450121 Actual Tnput Limits: ~70.98662136 to 19.74341679 Actual Input Limits: 2113851886 to 30225
(d) AVI histogram (e) band7-band1 histogram (f) band4-band3 histogram (g) band10-band9 histogram (h) T11 histogram

(histogram ranges: AVI=-3 to 3K, band7-band1=-90 to 20, band4-band3=-10 to 10 , band10-band9=-5 to 5, T11=210 to 310K)
Fig. 6 Composite color images for the evaluation of PM2.5 air pollution detection and their histograms.

4.5 PM2.5 XRUBRZEIRHET 571-8D REB &HERDHRE

(a){R,GB=bands 4,3,31}image (b) {R,GB=bands10,9,31}image (c) {R,GB=bands10,8,31}image (d) {R,GB=bands9,8,31}image
I

i

205

i
[

T u ! —
| O [lor o 100 210 310
Actual Thput Limits: 0009999999776 to 100 Actual Input Limits: 0.0085835908 to 100 Actual Iput Limits: 2106905365 to 3007484741
(e) band4 histogram (logarithmic) (f) band3 histogram (logarithmic) (g) T11(i.e., band31) histogram (linear)
/ nlnvnf'\ A
\ b Nl
y ' A
- oo I =
CR— [l ET— fioe [ [l
Actual Input Limits: 0.00085661403298 to 6267002133 Aictual put Limits: 0.005034074653 to 99.17816162 Actual Input Limits: 0.0008793409216 to 100
(h) band10 histogram (logarithmic) (i) band9 histogram(logarithmic) (j) band8 histogram(logarithmic)

Fig. 7 Composite color images for the evaluation of PM2.5 air pollution detection and their histograms.
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FA2HEB L OE 44 B TR LIZE DT, BNV NER, A0 REETREBRITVTE, PM2.5 OBREIZITIR
WY THoT-. L, H41E0E A Rlifg (bandl ~band10) % ZAUE, PM2.5 KRG Z 8% T& Tz,
>, RGB ODZFNLIUTHAY REEIY T, PM25 % ) E<MHTE 5 REMENH D & FHITE 5. Fig. 7
IZFOFRNCESW-Hilg 2=~ T. 728, b A F 7T A7 Linear D £ TIREBEAME ) ->7-DT, BRLEZLD
IR & GIZEIY B TEHAY RO A hF'T AT Logarithmic Z8#a% 70 FC, WGz LTHD.

Fig. 7(a)? {R,GB=band4, band3, band31} MHif5%, EAHEH, KRIGREZEEADD) S EEATHRINT 2 DIXR
WD Toh D03, IRFIROVEKE KD D> To A THRINT 2 (R&TGYL L ek K- 67 D) DT, PM2.5
REIGYRRHERE & LI REY THh 5.

Fig. 7(b)® {R,GB=band10,band9,band3 1} Hi{§ (% PM2.5 KK(GY A R~ LA, EA ik, Fz Emea oL,
RO IR Z R L2\, PM2.5S RUGERIHER & L THEY Th 5. 7238, IRV L band10 & band9
TnullfEE 2> EDOEHSTHD FH41EHZM). BO—HIIEATERREINIGELH D,

Fig. 7(c)® {R,GB=band10,band8,band31} &, 52T, Fig. 7(d)® {R,GB=band9,band8,band31} & &, PM2.5 K
RIGYSR G L L ClES TH DD, Fig. 7(b)L V5. ZOHHE, Fig 3(a)? hl—7 7 —lifg %z A2 LT
HIrd 5 &, Fig 7(e)(dITRRIEGREBSMH LT E WA, £77, Fig. 7(d) TIXEDO ARG T < AR
STHEY, FREXBINDON2NTZDTHD.

4.6 BB PM2.5 KR&ESBERBHE
FASEHORERLIY, PM2.5S RRIGLOBHELE LTRO LD ERET 5.

e ROMAAHE {R,GB=band10, band9, T11} (1)
2FBICEVAY  {RGB=Dbandl0, band8, T11} X(2)
BLO {R,GB=band9, bands, T11} X3)

ZOWMERFETIE, B EROYE EORKIGY: (PM2.5) 73 R~ 7~ TERREND. M
WDEHTHDH. PM25S KRIEY: GERZERLS) 1%, HHEOY RCIHER OO % L <RIed 5.
s, K(1DR)B)E BIZR DD TN G LV KXV, PM2.5 KEIGROEHTO TI1 BIZEV 4 THATWD)
ELVIEEREGL, MFRIDEENMIWD. 65T, REB TENRNSTZAIZRDLIDTHD.

EOLE, GEONY RTOEOKKFHRIIITLAFL, BRIZES>TEHEVEDLLRNDOTHLA, EiFH
EOEWNDO G 2% WINT 5. EOIESE TRV O TB OEIINSV. #iE->T G R X VESTHTHE
GBIz, G & RMBFEL-ILTHITEAIZR LD TH .

K1) &K Q)DEWZ, G A3 band9 7> band8 DIEVNTH 5. PM2.5 KEIBYM 8 - 72355, band8 DIED J575% band9
DIEE Y &, PM2.5 KREIHYRTE LI ENE DT, G OEIZRQDITIVNEL 2D, 1E->T, RQ)DIT1A(1)
L VRENELS 2D, IS, B 45 TR 72 [Fig 7(c)2) Fig. 7(b) L 0 & K&RHYZ 50 < i+ %) BB ThH
%. KR EXEB)DEVE, R 2 bandl0 7> band9 DIENTH S, ENH 7284, bandl0 DIEDITHS band9 D
LV BETTIED L, BEIZEZLBNENLDT, ROEIFRQ)DHFRRKEW. E-7T, EFXQG)DH N EAIZ
PRBAMREMEA K E V. T, 4.5 Ficlk 7z Fig 7(d) TIXEO A Ea T Hiall s BETHS.

5. HEMNSBEAD PM2. 5 KSFRDOMRE

Fig. 8 1%, %5 4 HiCHEH L7z AQua-MODIS 7—# & [A U O & BHAFE L, HiXE EREDERRLIZHDT
& 5. Fig. 8@)D ~—h T —HigTix, PEOILTEN S FHEIZHT T OEHPAO IS KERIGYIREE (A-1F
WHRLDEIICRZD) THD. AZFOLDIFETHD. Fig 8(b)D KAIGYMHEE TI, M bR OvE D
KREIERNE L 7B THELFRENTWS. 2B, ZOREEGOBINIFEA (2013 4£ 1 A 26 H PEEFHE 13
) OHEA RO PM2.5 JEILE 43 BT L@y Th 5.

Fig. 9 1%, Fig. 8 OHEKEED PM2.5 78 HARRKIE LT & 728 201341 A 31 H) OB THD. e
BAHED D AARDIUN, IR, WEFMEA~KEIGEPIFER LTS, RIS, Fig 9(a) TIERZIGLER A S 1ENH R0
DX IR Z, Fig 9b) TIEIRAIBRNHELR O~ 7O TEREND. 7o, LIUNTHD Web ~—
(http://www.city.kitakyushu.lg jp/files/000157633.pdf) 1= ZAuiE, ALSUNEIRICIITS 1 A 31 HO PM2.5 BED
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HP%E (A1, 24 BEOFHIE) 13 44.6 u g/m’ TH-oT-.
FETIZ PMI0 (BD) b -7284, PMI0IZ DS PM2.5 GERD THERD/NS 2 b 0) OEIATE 5~7 EIfe
FELDZ LTHDHY. HE-T, Fig 9(b) TIX T EWEIC PM2.5 N it ST 5. 72285, /NRIFOED D,

LIS D PM2.5 KEIEYLNT, AVI B8 & O HEETHMNS.

(a) True-color image {R,GB=band1, band4, band3} (b) PM2.5 air pollution detection image {R,GB=bands10,9,31}
Fig. 8 Aqua-MODIS images at 4:57-5:07 UT on 26 January 2013.

(a) True-color image {R,GB=bandl, band4, band3} (b) PM2.5 air pollution detection image {R,GB=bands10,9,31}
Fig. 9 Aqua-MODIS images at 3:37-5:24 UT on 31 January 2013.

6. KBLDRIBEBRHE

HATRWERD SN MODIS 7 —4 % V- KRB E L TRB L0 FEDIRNSH D, ZUdT A
TV A DRGBIZIRD L HIZHEIETHHETHD.
R.G < AE=2.0%B3—Bl1+Cm
B < WI=max (wirc, Wiszvi, Wixpwi, Winpst)
ZZT wita=-1.0/(290-265)*BT32+11.6
Wixvi=-1.0/(exp(0.08*BT31-23.2)+1.0)*AVI AVI=BT31-BT32 (NEEE ZHDERIZ/>TUD)
winpwi= 1.8*NDWI*landmask, NDWI=(B2-B5)/(B2+B5)
Winps: = 1.2*NDSI*landmask, NDSI =(B4-B7)/(B4+B7)
AE : =7 1 VUi, Cm: A 7%® > b, WI: KO
B1,B2,B3,B4,B5,B7 : band 1,2,3,4,5,7 D= (0.0~1.0 Dff),  BT31,BT32 : band 31,32 DFEEEIRE
landmask ([Elifi~ 2 7)) : [Ehk 1, VLo

= el R T 5
e (j\ # ST 7 _ iy -}4T\ 2
g 4 - . E/ &)
—~ - . 5 e ]
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Fig. 10 False color compos1te image of Aqua-MODIS on 12 January 2013 (Flg 6(a) of Nagatani et.al. My,
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b X oicd5E, AEN 02U ETREDOEH VKK TT 7 //w&/TL WI 23 1.0 LLETESLEKERT.

FiZ, RG—AE=0.0~0.3, B<WI=0.0~10 & LT, 256 BFRICEIS TS &, RRIGEWE TG, ECH
KiITA®, TOMITHFACTERELENS. Fig 1012, AFEICZE 2 201341 A 12 H D Aqua-MODIS O K554
HEG A =7, HEKEND H?'&if@j(mﬂ%”‘“@ MANEA TR REIN TN D.

1. 4A2VF - ENMBERETOHPM2.5 KRFRERBD ORI

Fig. 11(a)-(d) 1EAbfE 3~60 £, Hf% 60~160 O JAFIFHOEG T Y, IROMUAPEZ Fig. 10 DA H OEi{5
FA%7~9. Fig. 11(a) @ L—H 7 —\BETIIHSIENHO L H TR R D DOPRED 72D DKKIGGRIL D%
BITTE 72D, Fig 11(b) DREIBYARHER CTE L 7 DB REIFEYTH Y, Fig 11(c) D AVI SERDG HHE
B CHE~FE~REDEH IV EW ThH D LHBITE 5. B, 1> FALEREHIIREERTH Y, S Tidend

PM2.5 KAJFHITHSE~E 7
~LETERIREIND.

EiIik, R CRRShD.
FIIEREEZOBEND D,

Air Pollution (Pakistan east, India northeast, Bangladesh, Assam, Széchwan-basin, Chinese east, sea)
(b) PM2.5 air pollution detection image (R,GB=band10,band9,T11)

gﬁ HROIT A~~~ TR
. THRRENS.

+2K BB TR

+1K IND. HFHNTENE

o« ELERNETRRSN

%. AL, FEEICkEA

-1K KRR & & IR

AL AVI>0 272 5H 2

. ok | B XEE oD
Y5O0,

DSS (Pakistan west, Tibetan plateau, Taklathakan Desert, Gobi Desert
(c) DSS detection image using AVI  (AVI=T12-T11)
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(d) T11 thermal image

Fig. 11  Aqua-MODIS images at 3:07-8:15 UT on 12 January 2013 (Display area:3-60N, 60-160E).
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(a) PM2.5 (b) Soil dust

Fig. 12 Surface concentration maps of PM2.5 and soil dust on 12 January 2013 by SPRINTARS.

HBITE BH.) F£72, Fig. 11 GO)OFROMAFOHFDOE 7 (KEIHREFRT) OE3IE, Fig. 10 DKAE DK
RIGYRE R GEE) SR THD.

7285, WPEHERZFUE N U7 REREY Q013 45 1 A 12 H R ERERE 13 BF) o PM2.5 JREIL, BREEE D Web
~—2 (http://www2.env.go.jp/pm25monitoring/data/csv/H_2014.zip) (= LAuiE, AL 458 ug/m’, FES 338 1 g/m’,
JEIN 14 10 g/m®, B 236 1 g/m® T -7, Z 0 HOALRTO PM2.5 HE DO AR 20 oD 886 1 g/m® TH-7-. =
D L A H AR R REKIGYLIRIEIZ 2 o T2 JRIKNE, BT OZER D% ZARIT L) KEDOFHRAMELL L,
TN L OVED R D T 350 H B E)s S HEH S 72 KREOTEYE A, RRERE] « AP - B IcEmkL, WL
== TH B,

Z Z°C, Figllb)c)DEMEMEAZF~DH. PM2S R 7e EO ki a > I 2 b—a U A BEET v E L
TRHM O =V SPRINTARS Ok & Fig.11(b)(c) & A L3 5. 7235, SPRINTARS &1, JUNRZFIG I A15-0T5EFT
KLV BB LI BEE T VT, RRFOZBRL-IRE (=7 1 Y)L) 12K 5 BRI O K258l
BLOKRKBLEORNE I 21— arT5650THS GERFER TIZ/AVY). Fig 12(a)ld PM2.5 O#IF R
DOHIT, Fig. 120b)iE kv (A5, /W) OMIFREOHK THS. 1 H Q4KH) Z@ELIcyIal—v
2 UHRERZ2 DT, Fig. 11(b)(c) DBLHIKE F & 1T HAMUZ 1T T E Ay, i35 2°2%. Fig. 11(b)(c) & Fig. 12(a)(b)
Z UL, IRIER USSR & 22> TV A DT, Fig LIO)IEZ S TH D LR TE 5.

8. HEOXREEDEBROEE L EhITHILT HEEERDH

Fig. 13 (X 2014 4= 10 H 17 H OHEREE 9 RO LRI & 2 R0 6 KM IRS % Wi 58 (IR
Thd. IV LT AREEETERDY, M ETRRIGY TR 600m e/ (BEHMFLEE) 20T A TR
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ZTW5D. BEE D Web ~X— (http://www2.env.go.jp/pm25monitoring/data/csv/H _2014.zip) 2 JAuiE, Z OFEH
W OILEHO PM2.5 JEEEIX 76 1 g’ TH - 72

Fig. 1413, A TERTFHOOF ¥ S ADHEZE T AT L TAE L72 2014 410 A 17 B 58720 43 UT (1
[EIRFME] 13 15F 20 43) @ Aqua-MODIS 7 —# %, f#pkt 7 —Z Wi 7 N7 =7 HDF-EOS & R gy 7 b o
=7 ER Mapper Z W CHEIGAER L, ZORER (Htg) ZHPRMEHR AT LY 7 M7 =7 ArcGIS & HvCTHIX
EHNADEFRRLIZbOTH D, ForliliTbid 37 B ~42 £, B 1135 E~1195 ETh5H. KRIGYTH
ELTUEEIUZEERLS 720 DT, Fig. 14(2)D hL—71 7 —[Eif, Fig. 14(b)D PM2.5 KEIHYLR G & H 12K
RIEY L CTHL EORE T3 D o B E A2 5. AT OBANIRO B TRENTWD. Z ORI O
D PM2.5 1L 105w g/m’ TIHH DT, Fig 14(b) TIERTIGRDIEEE~ L 7 TH E<BHESRL TN Z N
DD, ZOXINT, |BEFEL KBELOFELD BFEHIZ PM2.5 REAGRZ MBI TE 5.

Fig. 13 Picture of Tian’anmen Square viewed from Tian’anmen in Beijing on 17 October 2014 and its zoom lens pictures.

Beijing Beijing

4w iz SIETIEIE TN

PRERAAG )
IE0-y
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(a) True-color image (b) PM2.5 air pollution detection image
Fig. 14 Aqua-MODIS images at 5:20 UT (i.e., 13:20 CST) on 17 October 2014 which are displayed with ArcGIS.

9. #&

552 fiiTIE, AVIJER YDI{EOTRMRTED PM2.5 KE(GY AV L Ciddb 20335 Z LIZEH L, SEibin
HIED PM2.5 REIGYAR I ~OIEIE FTREVE 2 Mt L7255, MODIS 7 — % Z W o a, AVIVEDOYEBRITEE L
W2 &, YDIJE T ) band4, band3 X ¥ &K D band10, band9, band8 Zf# 5 & PM2.5 K&IGYE T
X ATREMEN D D Z &, Zab.

%5 4 i TIE, MODIS 7 —# % W =348 Ol 72 PM2.5 KRIGYMHEE 372912, 20134E 1 H 26 HD
Aqua-MODIS 7 —# & Fu TR x OEIGILER 21T > 7o fE 8, PM2.5 RGO 725D RGB AR 7 —Hifg
FROR EOMAR L L T{R,GB=bandl10, band9, T11}, 2 FHIZEVAE L L T{R,GB=band10, band8, T11}
B I OYR,GB=band9, band8, T11} & #&Z L 7-.

95, 57 HITE, RRETIE{R,GB=Dbandl0, band9, T11} % AW /Bl 2R L=, #2878 Clk, 4> K-
HEDD BARE TORFEMEICOWT, RETIEIC I D PM2.5 KKIBYRIH & AVIEIC X D8R 2170, i
G bbtisd 22 L2k 0, PM2.5 KRRIGY L BRI CE 5 Z LA m LT,

6T, KREIBIMBHEE LTREWVWEBED LN TWA KA LD FEEMRH L, ©OEE4H] (Fig. 10)

—24] —

This document is provided by JAXA.



MODIS it 7 — % & w72 PM25 KAG RO (201 @ BRI & o)

ZoR Uiz, & LCE 7810 Fig. 11(b)D 7R CPHH £ L 7-#aPH O PM2.5 KEIGYR HHFE RS, Fig. 10 & —F+sp2 &
oLz, A, AEETEZL, A R - FENSAARETOL D RIAWFEFIZH LT, AKAEDLDOHELD B
H{Z, PM25S KRGO EHHRTHZ LN TEDHDOTHS.

| L3
ABITENT, SCERRLEAE « SRk 23~27 SR EERASL R RIS OB T E EARIZ RIS S 6 TRkl 23617 2 BREBE D FHH
ERABTBET 2WIFEL AR (FZEERE - FILFER]) OBk A% TBY, EH7T5.
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