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Kim AR 2023-06-28; 1EITHEA: 2023-12-14
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method , DFM ) 7] FH 1 15 2V o B T 45152 T AN R A
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1.1 HREER

YLJRAE T 5L (N31°14 ~32°37'  E118°22" ~
119°14") A TR IEvE75 P8 RE 38, i 37 1 42 R
JE KRR, mAN 6 587.02 km™™™ | d £ JL
AR, M R T T kT AR, Tk Az
MHERS R BRI YIR R T PBE s
D 248 11 s 1) Tl X 28 S fe i R T L R T, HE
T H R U ) B i Y SR T S A R R AR
TR

1.2 WRBFEFERE AL E

1) Landsat8 (5., 7K 3¢ F 2 H H Landsat8 OLI
BCHE TV P M DR RO 25 5 B Y SO IS . A
T FE 00 FH A B A 45 Landsat8 C2L1 K2 TR
NS5 R EUHE (top of atmosphere reflectance, TOA)
LK C2L2 2% i 36 ) 5 R 50 HE (surface reflectance ,
SR) (https: // earthexplorer. usgs. gov) , &% C2L1
QRS C212 ZURUE RS XML SCHFH R b R 4K
HEATRERRSRIL TOA 5 SR, F44 g 5047 B X A 3 )
AT I R S BB 5 3k O ) AR e i
Pl — 30, ARBFFE i 1 T 2016 %] 2019 4F 1] 2= /)y
T 25%I1 Landsat8 OLI $i#i (£ 1),

%=1 Landsat8 OLI #[#E5|%
Tab.1 A list of Landsat8 OLI data

JAE Y Z/ % A B/ % ) R/ Y%
2016-01-08 17.90 2017-05-18 6.60 2018-10-28 0.06
2016-01-24 2.50 2017-06-03 22.00 2018-11-13 18.20
2016-02-09 22.97 2017-07-21 1.13 2018-11-29 20.54
2016-02-25 0.25 2017-08-06 22.14 2019-09-13 1.13
2016-03-12 1.64 2017-08-22 22.38 2019-09-29 17.96
2016-03-28 0.72 2017-10-09 0.07 2019-10-15 5.73
2016-04-29 1.64 2017-10-25 2.96 2019-10-31 0.26
2017-03-15 6.30 2017-11-26 0.21 2019-11-16 18.25
2017-04-16 24.80 2018-10-12 7.82

2) uli KON B . AW 5 BT >R FH B¢ b T U0
AR CE318 K BHOERE T, A T B 5t AL 2% (N32.
21°, E118.71°, 4K 2 62 m) B 505 B TR Kk
JRBERETI, {8 ] ASTPwin B AR HEAT 25 2 0 128 7 7%
Level 1.5 2 0 KR 18 7 iy, HOR0 5 0 B 60
AERONET K2tk B2 R F 1A ek 858 i s 2 /N i
PN UL 235 SR A A AR e (L

3) HoAfl A . A W5 [R] {1 MODO4 _3K 7
BV R L, HJ2: MODIS Level2 G051 55 1L
VRIS S AE SO, 1 T ERAS (The fifth
ECMWF reanalysis data, ERAS ) %4, B R A 8 %
TR O XS 1950 4F 1 Z=A R R RS AR
KA R, Ho—Fh i S PR B e
H ECMWEF 9 IFS( Integrated Forecast System) [ 4D—
var data assimilation Fl CY41R2 BRI j= A A
Jr H 4 J& total column water vapour 45 total column

omone TRHHR
2 HRAREESR
2.1 IR

7 42y AR A HL R KA 2 — g AR 19 L
DR ARG B F I R A5 5 R

Proalse, i, ,9) =p (u, ., ,0) +
T )T(,) ps(, b, ,9)
(1 _RS(/*Lsal"(’\ 90)‘8) ’

s ooy ARSI A (TLE LI S B SR ) 5
Py FIRTRERE SRS (R PH AR S5 7 A% i i A v 52 R A%
Y0 R I TORE HICHT i 31 3 15 AR B AR ) 5 R
LRSS E p, R R TR AR %5 e, UL
KWHBIRZ; O XTI T (n,) HKHEE
HARKTIEIL R T (n,) WHRFILEA IR
B Ry S R AR IR, TR EUR,S 5
T(w)T(w,) (J5SCIFR TT) R T HRR BT L,
AOD LIRS ICELST AR pR B P, AR SCHT T DEM 53
ERHIR RGBS R TT #E4T AOD S, HXH HUH AR
PRECHAT BRI PRI S % DM S 45 R 1 5%
Wi P 2207 M RAHAE & o0, A KRR S 3R 2%
(ECIR

po(A) =po(A) =TT(RI(A) - RA(A)) ,(2)

fh‘:fj p(',()\) %ﬂ pi(/\) ﬁ’%”j‘] X, ,xzﬂ/‘Ji"sz%fi%ﬁ%;
RY(A) FIRI(A) 535K x, ,x, (B R, TT H
KABTH,

SFM Bk BRI TR T 2 M4 15 8. H R
FOr A [ FE B 520, DFM BRIR 2 5L T 3

(1)
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Y R R TR 1) T B Xt 52 2 I AT 211
FH, FEFE 48 % HE BT S0 32 06 546 40 AT
SRS A o, (x,) W

o (x))=m - _[961_5\72] %)

o

Kof m HRESEIRE , m=0; o HEMHAT, o
=0; k HIEBHERG v, — 2, | 308 )2, RO BLSE
BEBS . B 102 1A 4341 3 T 4 T A
1 P Rl 5 R 42 T 5 38 o 0y LR T 25

HIEEIRBIEBOCR A K ASCGEH k=2, 3L
S ok IO T e v B, A 1 T X T R A
FRAE BT RAF IR BUCR

1 T ARG A4 B ok BT B F T 4 it M v 1
HUL R 5 HAUAR R =2 1] A K J3E 22 S 1, Tk i
B IR R RRAE . DI, AR SOl SR s v 11 A B
MG ERAAR IS AR, F T PO A5 R 00 8 S8
R TR R TR RAS SE R« Rl
N A3 N RS R BT

(=3 3 puw—map-J—(x_%J] , (4)

e x; jeé(x)
A E(x") 4« BIARHEH, E(x') = (o 2" -
vl <30/42 )5 [p(a') = p(x) | FH TR L
PEEZ 2 o sl R, T il A0 50 O
i,j NIZRAIRTI S

gia30(2) 5 (3) AlHl, x, F x, A FW S5
Y RF R 220 RN N
Oroa(x1) = @roa(y) = TT(@gp(x,) — @p(x,)) , (5)
R 0o (2,) Flgroa(a0y) G308 o, ,, A0 FE SIS
RY TERRIMZ 225 og(x)) = sp(a,) M xy w0, AbHb
Ry R Rz 22, FIH 68 BRI HENT KR
BIE TT 5 A0D AR, 2T (4) R i 4% X
W AR HOR EE HAA 0 (5) 5 AR R E A
& AOD &, HAOREEAE 1 fiR,

Landsat8 OLT§ 1%

TiskE

Y

m§§§$ i H ik

R SR RUKIFHR

L&) e/
(oSt |
Ljﬁiﬁ_ﬁt% J
FRAL AR R
[AOD i j«———
s FE BAIE
AODZE 8] 431

1 SBERAFEERERE
Fig.1 Flow chart of AOD inverting process
22 HRGR
22.1 IR E
A SR S SR 00— 1
JKARFE %L ( modified normalized difference water index
MNDWI) | IH — 4k #% #% 48 %4 ( normalized difference

g

vegetation index , NDVI) WGk 8 45031 T i 37 5
251, MNDWI,NDVI HHANF

_ Pcreen ~ Pswir

Punxowt = , (6)
Pereey T Pswir
Pnxir ~ Prep
Prpvi = + , (7)
NIR T PRreD

KA 2 Poreen » Pswin » Paie M pren 73510 OLL 5 3 55
6.5 5 ANE 4 P BRMLR % . #£ MODIS €6.1 %,
Ve RO R NDVE>0.3 H MODIS 5 7 (rh4r
A0 W BERWLR A AN T 0.1 1Y HFRMR Tl R i H
PRMZIT , FERIIE S AT 0 1 U5 — kK IR FE 4
MNDWI>0 e K AR oT > AR5 —
10 x 10 XIRF8 1, 5% H M AR R G
FEIk B 509 I, 32 DSl D s 5 bs, i S 3EmE H
PRI AL SR AR R I, A 52 AR
222 bERBAFEME

AR S R e S S AR AR R G
N T B RO R, A TR T T B/ IMEAS %
SRR IBCH RS U 11 3 35 52 5 %45 B, BRIVt A ) —
N ARV T & W LA AR AT L 3R S 3 e e 4
A —ZE AT RAR AT 3 R A 2
RIEHRIE,
223 6S ERAME

] 68 4 S5 A A5 AU ASE AU A AN W] WL L Ar
FAFT R REAERTP AE RR id REHEA T S RO
DM e KRS RO E T

1) WU 264 o 53531 el DR B SR T A R BH
LA WL K TR AW 7 2 ffy 4 D SHERIK

2) RAMEA, R 8, i A R S 5K
1R (https: // cds.climate. copernicus. eu/cdsapp
#! /home)

3) RIS HAE . B BRI/ DE S R A4S
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3,68 WRBIRNAFEESHOLE 41 3870
oM 0~2.0, [E][% 0.05, RIEANEE A 0 Jir LA 4R 1
40.000 1, <A KRRV S, 2800 1,
2.3 EEHE#R AOD Ri&E

1 Kaufman 25 BF 58 ) 24 KR4 R4
SRORBEAE T WYL BRI BE LA K 2.1 wm 214N
BUY RS RN CR, H 2.1 pm BULFAR
TR LRSI 0 B A5 T R U %
R KR 2.11~2.29 wm 4 OLL 46 7 P Bese A% h
[EEESTEEEY b Ve AP

R.i =pswi/2 (8)
Ry =Psw/4 (9)

A poy N Landsat8 55 7 J7 B TOA; R, 5 R, 57
IR S BB SR, BRI C 4iE
B T v R A 2 DXl T E i mT LA
PAT RUFHYSCGEACR . ABFFERAT 10x10 T8 H
TR T8 0N BT RS EAE D XA, A

(8) F1(9) FRIULL W5 I BE SRy TRl A48 7% 11 P IS
GICILT TSI BE TOA . AR5, i W6 5 40 6k B
AR M (3) HEATHAAA, 23 ) B 21 0 I
B AOD 8, FEUFI & B NE A e R a5
2.4 =ZH#¥rAOD RiE

AR 1010 K/ F 8 0 o =2 9"
RS PRBOEA Y SRR B RRAE (A R B
SRIEE L 5 A (4) F(5) RECK GBS R, i
2 MBI ITIREA R AOD, B 45 R E R
FEZ 300 m, TR RERIE 8, NIA bR H
AR B SR, R, AR SCE ST DFM B LT
ARl R s PR

3 AOD %% 5% JZ ik

3.1 AOD RiE&R
FIF DFM 255347 AOD F i, 15 2 i1 45 S 4
Kl 2 Fis,

(e) 2017-06-03 (f) 2017-10-09

AN

(i) 2018-10-28

(j) 2019-09-13
2 SBERAEFEEZES
Fig.2 The image of AOD spatical distribution
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ZIRM A FET R B AT R IO R R R =299 -

H & 2 AT UL R[] I R 5 T AOD 15 YL e B2 AN
] EAE S [a] 40 A0 - HA B AR, Rt AOD
FAR S LR SPIR AR, ARV 2 1) e G R
K, X — S Tl A R E I OE, KT R
S 11 Hi T R 3K 118 7K R 8 30 o A2 DX ) o 3 ol
Bk A LT Y HE R B0Z KB A R E 1
5 AOD Hity,

TERG R AL, AOD 43 A FRAE K W77 7, H:
TEARFRE O T 53] 0.8 DA b X FEZ 05 A F W
DRI PN VR4 B ACHE I 3t 2 5 g HE e DA % S B T
SER R, SR, A2 T 0 R R X R, AOD {E S
TR, T RE S R IR T S SCAR A 6, Bl ek 5 g

S AR A, S EOZ ML IX AR AOD A5 A
X

AN TETT X LARG , [ 5845 VL7 8 X AR —
AOD =i, Bl F 5 VLT I & DX AS Wi T R gt
B, HYG YK AR N, X — 25 R SRR A
(5T 25 SR — 3
3.2 TEEWIE

ARSI FH Sl B B 6 DL S T 2 SR AT TR
JERGES , [A) B 3K B MODO4 7= 5 3R 47 T %) e 4 #r
2 2 g LA £ ot 15 kmx 15 km KB AS
[ AOD S Ry’

&2 AOD REHRMLHHE
Tab.2 Comparison between AOD retrieved with the proposed algorithm

1% F 1 CE318 K FHY% MOD04 DB MODO4 DT DFm AOD DB &k SFM ik
. g BE I 2% S =i Bk Jrdi ot RHEER REEER
2016-01-08 0.970 0.84 0.83 1.28 1.31 1.10
2016-01-24 0.230 0.19 0.19 0.37 0.56 0.54
2016-04-29 0.970 0.72 1.10 1.25 1.13 1.21
2017-04-16 1.200 0.74 0.75 1.21 1.21 1.42
2017-06-03 1.100 0.83 1.04 1.14 1.40 1.21
2017-10-09 0.473 0.10 0.23 0.41 0.51 0.68
2017-10-25 0.470 0.23 0.40 0.55 0.70 0.75
2018-10-12 0.403 0.25 0.46 0.33 0.46 0.76
2018-10-28 0.208 0.05 0.16 0.30 0.45 0.56
2019-09-13 1.000 0.44 0.72 0.83 1.01 1.10
2019-10-12 0.403 0.08 0.14 0.46 0.84 0.68

7% 3 Al H 48 it 48 #5397 #R 1% 2% (root mean
square error, RMSE) | -4 % 13 2% ( mean absolute
error, MAE ) | 3F ) 40 %f 1% 22 ( mean relative error,
MRE) AAXTFEH) 2 (relative mean bias, RMB) ¢
IR SEME R EC(R) P MODIS A3 i 11 28 15 22
(expected error, EE) FliR 2% [t (error ratio, ER) %J
A R AT o A, o) ER e ) £k HE BT AR
G AR bR T . AN

EE =+ (0.05+0.27) , (10)
ER =N, /N x 100% (11)
N
il x, -V,
MAE =" (12)
N

RMSE:J;V_Z (X, -Y)* , (13)

i X, - Y, |
i=1 X,‘
MRE = : , (14)
N oY
25
RMB = , (15)
N

A X, 0 CE318 KFHDEEETH AOD WIMZER ; v,
LA S AOD Z5RH 3 Ny iR 22T AR R IR 221G
FINEEAA B N O REA B8 7 O CE318 SRFHDE
FETT AOD ML 2%
%3 AOD RE%RHTIMERLITE
Tab.3 Statistical table of uncertainty based on

AOD inversion results

DEM DB & SFM
- AOD A ; MOD04  MODO4
PR . BRI BRK
J2 i , DB DT
ghL b £
ERES
MAE ~ 0.120 0.196 0.235 0.269 0.162
MRE/% 22.700 47.300 58.300 45.400 25.900
RMB 1.139 1.473 1.583 0.546 0.791
RMSE  0.151 0.243 0.251 0.306 0.205
R 0.936 0.916 0.983 0.914 0.895
ER/%  72.700 54.500 45.500 27.000 63.600

DFM B35 1) AOD S i 45 ER 9 72.7%, H
b2 F ,MODIS DB 5 DT 8k [ i 45 FAUH 27.0%),
63.6% 4L T EE U [l P, R SOR A G DFM 53k
FEoJ& MODIS DB 53k [ i, 73% I T EE T RR,
XRIIZHLIX MODIS b 36 5 5 % A A e 3 T
SRR R I, DT 5 s g Rt
36.4% KT EE TFR , 3t i Fiz X Sl R AR AE 5
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PrE.

4 FwE R 9T

4.1 FEEHFFERBIR T L 5547

it b3 pR R AR S R RO TR, R AT - L
AR B — S0, XHFE T AR sR AR R B, n =k
(16) Fimt,

F= Zw(xl _xz) Xf[p(x]) _P(xz)] , (16)

Kb FONAS B SERRE; x, F x, 50000 R B 2
MAFNETT; p(x,) Flp(x,) FXRNAZTCHJEMEE ;
w(x, —x,) AG x,, 0, 0 B ERKEL
[p(x,) = p(xy) ] HEBEPEACH REL, 7ER 4
S5 T R A AR R R U R EIOE X JE R A G
P ez (AR @ AR DG . HAE pRAIUE SE A
[l PR BOE 2, X W2t — 3 R AR AR X 51, 5% 4
N(h) AR AB s N BEES Ry h AR A4k, Bdls

Gy BRYE B pR B ) AL

—(x_%j Hg F s
(o2

1

St PRAA VR

SEREMRILRAAR B0 23 ) (o2 AR A

®4 BEBESTREHEN

Tab.4 Comparison between data theory with the structure function

Hig HEUE R LA SRR
PR ZZ' | BRI lp, —p; | lx = i1 *
i=1/=1 e =Pl T ! " s
N(h)
EREK s 3 D) ~p(x + ) ] [p(x) = px, +h) ]2 :
i=1

2N(h)

3 SR 2017 4 7 ARk OG5 2544 PR

45

oL

40 =N OSR
35 §§ ESFM
o 30 §§
530 NN s
n = | BN
g 20 = =N
- = | BN
ST e AN | B
o By &N R | oy
= = =Y | BN
stEN IE§ N N _‘I
BN (BN BN BN (BN e (e o
= 8 & ¥ @B ¥ K =& & 2
S =3 =1 = =3 & =3 = =3 =3
S = d o4 F 9 8 = &L 9
s & =& =2 8 =2 =2 8 S 2
H— k758

B3 2017 £7 ARFEMRRHEER EHEHS
EEHF—LFEITEFE
Fig.3 Histogram of surface reflectivity, structure
function and data field in the fall of 2017
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(&l 4 Ry 55T AH R b SR 43 3R DB 35
WY SFM BT DU OAR SCHY DFM BL IR 52
GH R 23 AIRRIEAS B . 45 WoRixX 3 o7 ik EUp)
i ZRFFIEZS 8] A BAA B ny — 8k, Horp ff
18 S PR RSO AR A B ) fi o 1 0 E 25 S am o WA W
HASCR T AR T 3R S 5 3R 5 78 S RSB A

KI5 k32 11 524853 5l i DFM, SEM
F1 DB 3 Ak LI T SO 0 3 kmx3 km X,
T ZE SR DL I EE (9 EFRS RBR, M %
P, DFM SLiEZE 95 A BE 105 R 72.7% , it T
DBHE ¥ 1954.5% FMSFMB ¥ 1945.5% , [ i | 1=
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(b) Z5¥ R Ko B
4 &R T S

Fig.4 The image of the surface spatial features
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Fig.6 Statistics of surface reflectance data field values with 300 m resolution data
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underlay surfaces
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Inversion of aerosol optical depth in Nanjing City based on data field method

MIAO Chenyang, CHEN Jian, MA Benhao
(School of Remote Seneing & Geomatics Engineering, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: The inversion of aerosol optical depth ( AOD) above the bright surface holds great significance for
monitoring urban atmospheric environment and investigating urban pollution islands. This study proposed an AOD
inversion method using the data field method ( DFM) by incorporating both spectral and spatial characteristics of
pixels. Using the Land OLI data, this study conducted AOD inversion over Nanjing and analyzed the impacts of
different spatial structures, data field intensity, and underlying surface features on the DFM. This method was then
compared with the traditional Deep Blue algorithm and MODO04 products through a detailed comparative analysis.
The results indicate that the DFM inversion results had a correlation coefficient of 0.936 with observations obtained
using aCE318 sun photometer, a root mean square error of 0.151, a mean absolute error of 0.120, an average
relative error of 22.7% , a relative mean deviation of 1.139, and an error ratio of 72.7% , demonstrating high
consistency with ground —based measurements. In areas with surface data field intensity exceeding 12, the DFM
algorithm exhibited superior inversion performance and proved more effective in the spring and summer than in
autumn and winter. Particularly, this algorithm achieved enhanced inversion results in rural and industrial areas
characterized by rapid changes in their underlying surfaces.

Keywords: aerosol optical depth; data field method; 6S model; structure function method
(REHRE: BFRR)





