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HERETERAR 2042 R
CBERS-04 satellite image of Dongtai, Yancheng

PEIIRERRFIEE ( CBERS ) HPEMARHRERADNEHET ARREREHH  EFEAEEMARNEMESFNESHN , BREH fme
BIFRNES" , TENATEL. k. KF, KRS FEEPSEEAEDN, NLFEE, CBERS-04 PEESHSHIRA S m2e, 10 mAISK
BB (PAN ), 20 m RIS ( MUX ), 40 m/80 m BILLHMER (IRS ) LAURSHHZTH 67 m RUSSIUAIEN, (WFL ), BRE T HBUFERENTs
HEZEHIRMEHER. HEERHTEEREEMAP IR , 72014 F£12 B 8 BFEENERES 5 m2685 10 m SXERETE , B
BT, R, ERELAR AR EERAIRE.

The China-Brazil Earth Resources Satellite program (CBERS) is a technological cooperation program between China and Brazil which
develops and operates earth observation satellites. CBERS-04 satellite will mainly be used in land use monitoring, forestry resource
survey, water conservancy planning, crop yield estimation, environmental protection and many other fields. The CBERS-04 satellite carries
four instruments: panchromatic imager (PAN) with 5 m spatial resolution for the panchromatic band and 10 m spatial resolution in the
other bands; multispectral camera (MUX) with 20m spatial resolution; the infrared medium resolution scanner (IRS) with 40 m and 80 m
spatial resolution, and a wide-field imaging camera (WFI) with 67 m spatial resolution. The cover image is the fusion of panchromatic and
multispectral images captured by CBERS-04 satellite, which shows Dongtai, Yancheng on December 8, 2014. In the image, ponds, rivers,
roads and fields with different crops can be clearly identified.
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Fig. 1 Change of the average mass extinction efficiency with the relative humidity of each month( except February) in Beijing

TEEAIE A FsE AR v, 1 S X I B R A e
AR, DI AR T AR B R R AR R B AL (4
90% LA b)) 3 E B AH X B2 B g R A B4, (H
Tt EARTE S e (8, A5 40 Eidie s B AH
X S B AN W] ., SR X B AR A ) 4
EHMBL NG FE XX A S A, e gt E
AIREAR 341, R T 99% J3 (i $50FT 1% 313 85053 3l
YERAR E 1 BT BR B AT IX — XA Y £l &
B A0 TEAHRHE BEHE T i A (AN KT 98% ) B,
E 2 B — 2655 g S i W ARAEL, X T B2 th BAT &
T B 0 R R R S RS 1) (An 3 W 45 ) i
S A, R PR R RS i 98 % %k dE 25 Bk Ab
M 08 E 72 AT Bl 48 /), GE 5 580 H S ok 5
WA R AR

MET FalT LU WOk E =S < RH Y1
I i 2 3G K i A, WA B 0 Bk BR AN, AN (]
AR RAEA —E 20, Sk &, 7 RH
M 20% 3K B] 85% Fe A B, E WG H 27, 7E A
RH 2 85% i , E THIR SR G 1 , 7RI 2 Hel tf Al
I}, E B AT 35 0. 03 1112/111gO

M Tl LUE Y, &2 (12 1 ) FEAR Sy
i e ey, 5B A v 7R IO B Y L R AR R A
BESHIMRTE . 4 R ZHAEALE N LET0% LLTF, B
AR D ER o3 A 2 ) RH 3 70% . 78 RH M\
20% AR 0% s FE b BUREY) E K 2218, H R
PRARAL A K, 24 RH 155 90% I, 1 5 30 2 e 16 K

LI AR AR R D ML, B
(3 A4 H .5 A)FEA M i 3504 2tk A L, W Pk
PE— PSR . TERSR R R ARAS AR A KR A T
P, BRI R FE T 1 A, (B AR o AR A A
FAXE R BE AR T 85% W 3jAs . X THZE, B3 (6
H.T A 8 A ) BRI B i 1, 28 AR X
P RE HE— 2 1 i, AR 22 I Ak BE 42 3 A0 0, 5 R A X
WL (RH i 80% ) FT AR UMEAS K4k 83 2,8
A IS %39 A.10 A 11 H) =A%
MR BATA Ty, 18] 1 R B RN
TRREARRILA T 2, (BB T J 5 HEA )
M A& F R B AR . WK T gl LA
.8 1.9 A 10 A4 B 00 0 A A, SR IN TR
2y 85% Fe A — HEA M 15 5

3.2 ETFHREHAUENREEKEFITE

LR WL 45 SR A b 358 AR R
/INT 40% 1249 S5 B D6 RAR 1 F SRR T p
ST (RH <40% ) B9 B A RL T 197 29 5 0
BOR ARG (4) 2303035 A5 AR X RR D 65%
70% 75% .80% .85% F1 90% B} 4% F oy 1) W 4 44
KT fo (RH) (T 3 AR HEA G D, Bl
FeE2E, N 2 4) 19 d KAE L fie/MEL L F S B A
FHO ARG 22, 25 2R DL 20 AN TRIIR R A5 1 T 4%
P 249 J5 45 1 Ol 00 Y I 3 4 I A 1 A il 26
WK 2,



P aAE 5 Jbat DXRURLY) BT T DL G A AL B 5 17

*2 FZAREEETHREEKETF
Table 2 Hygroscopic growth factor of each month under different humidity

S(RH) 1A 4 H 5A 6 H 7H 8 H 9 A 10 A 1A 12 A

B/ ME 0.51 0. 64 1.07 0.41 0.57 0.31 0.41 0.69 0.62 0.15

N ] 1.49 3.52 3.46 7.59 2.66 5.78 3.69 2.95 2.23 4.11

0% S 0.90 1.87 2.03 2.32 1.62 1.48 1.37 1.85 1.34 1.44
RSD 0.39 0.39 0.37 1.00 0.38 0.68 0.61 0.39 0.389 0.47

Fe/ME 0.68 1.28 1.54 0.85 0.78 0.41 0.50 1.14 0.97 0.22

. N ] 1.77 3.61 4.68 9.45 3.31 3.68 4.66 4.03 2.28 2.79
0% e 1.14 2.42 2.73 3.31 1.87 1.75 1.84 2.21 1.61 1.62
RSD 0.32 0.33 0.33 0.74 0.39 0.52 0.55 0.37 0.25 0.35

Fe/ME 0.88 1.55 1.15 1.52 1.13 0.33 0.56 1.24 1.17 1.00

. ISP ] 1.55 4.07 5.97 13.33 3.94 4.78 4.45 8.76 4.10 2.02
n - E 1.22 2.45 2.76 4.32 2.18 2.16 1.84 3.24 1.73 1.66
RSD 0.39 0.34 0.45 0.69 0.32 0.54 0.56 0.64 0.36 0.22
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Fig.2  Monthly changes of averaged hygroscopic growth
factor f;, (RH) in different humidity
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Table 3 Previous research results of aerosol hygroscopic growth model in Beijing

EATIORE R
?;Jjg:i 2222:2;_?; ?;};’E 80(35) 1.63%0.19 %?;Zf;ff 50 ° ig?ﬁﬁ 3.07
fﬁfﬁi 2007-08-15 ?;;Tﬁ 80(35) I I 550 8 J1 3.7
%ﬁzﬂ(f)f 2223;1.2:2; (j;:ﬁ?;x) P30 21 bR 525 12 J1 1.31
%ﬁzﬂif 2222:_?2 Z; ?;;:;Lx) 80(40) 1.26 +0.15  Jfcm ity 525 12 A 1.31
ﬁ[fo; 2(2)2260—?)41?; ?ﬁg 80(40) L0—17  OREGREE 525 PO 3.41
fi(/)j(f) 22000066_?(:15_-71; i(fi;j;i’;ﬁ 80(40) 1.2—2.0  JfBeMUEIHEE 525 mi ZEH 3.82




P aAE 5 Jbat DXRURLY) BT T DL G A AL B 5 19

4 IR KA T

TERTIAFS 21 ) I RE 3 K AR dl FE il L, AR 0l
FRTE PR LA 4 Bl R AR B X AL 5t
PR T A 8 B i, R I 3 AR IR (R 1
B 2 FIRERY 3) |, o Jo AR AU 5 45 RAT A IX 3 A
RUFEAL 503 DX 1

4.1 |ERREEKERNE

WG RTIA , HETEBR b2 A% e W g A5
YRS 3 B S B A U IR R 5 f(RH)
BEAIXTERE RH 072840 C R, 38 UG 7 R I
%, Ko B LI S 56 2 B, BAEE A AR R 1
PRI R 3 K ] LT 4 DAL AT 3 G
( Kotchenruther %, 1998 ,1999 ; Im %, 2001 ; Magi £l
Hobbs ,2003) ,,

FEA 1 (50(5) ) J2& Kasten (1969) 4 i f9, 1% 45
RUJE BT 5 A VR - A7 5 B HE ST A
B, PRI, g RAKSE R
IR TRV RS I A I B 1 1S SR BRAR G, (B A 9
BRI 55 AT L3 DR T2 Y AT IS K R BN
( Kotchenruther £11 Hobbs,1998) , AN i ‘B A I B
fE P K ( Kotchenruther 25,1999 ) , 25 [E IMPROVE
I R T e 2 5, B g = 1, W F(RH) = 1/(1 -
RH/100) X} P 5C R AT G 22 A (2005) 42
KM (S) (B g = 1) G 7 A6 50T 0 R 1 K
T

fer) = (1 - £0) (5)

BRI 2 (2 (6) ), X TG & e s R T B
R HEC A 8 R PR RACR B8, HL 83t B P8 AR I
S5 ( Kotchenruther 11 Hobbs , 1998 ) | g JF S 74 i 82
% (Magi il Hobbs,2003) , W74, For . b )
BT

f(RH) =1+ a(ﬁTHo) (6)

B 3 (X (7)) I Song 25 A (2008) 1% J& X
VTR TF DGR PR Y IR R G I, ZE A Y 1 ) ity b gk
137 —E MBlt , 25 18 215 A8 A 0 I IR s 1
(ISZNR , FoHT, by (b by 53300 R 22 30 BB, X AR B
ARBFN 4 275 5330 25 HAS ] ) U

ﬂRH):bo+m(1_§%yl+@(1_§%yz

(7)

B 4 (3(8) ) SEPr AR 1 B 2 iz
“UM R TR, BEAE B 4 A AR SLURIORE 1 ) e a3 A
BRI IR I P (X, 2008 ), HeHb e b
c.d Fl g B UE REL

SCRH) = [1+ a(ILH)[’] o\ L{z -

100 .
st 10766 = s 1} (1 - i)
(25 s w10 (- ) ®

A 4 R IR I R IR IRAE K N T f(RH) Ry 22
BRI AT 3 R WSS, — T A R HIC) R 3 A
5 fCRH) Bt 35 AH 0F 8 2 6% 3 - 1 39 1<,
RN 1 AR 2 RIS RS 35 55 bl S I IO
MR PR FCRH) Bt ARG 0 Bk R s A 0
K, RIVSOREA) A7 2 2300 fige a5 LA b B4 RO IR 9 496
P, iy 40 B4 BFFEIESS , I ATl X I
MEHE R N 8 T T, o Bk R S A R
(XHTIE,2008) o %EF f(RH) M f (RH) fAH AL 75
SCARTOR 2R BRI ARAR 1Y f (RH)  FERE AL 1
B 2 MY 3 (YA L, 105 f (RH) BEAH R B
RH (2L ICZR TN 3 VB 50t IX i) i F 1
PATIEH

4.2 ETFHREHEAMEBHNIERBRKRIZK
AT

T f(RH) 5 f (RH) B3 SCHAL, A SCHE -3
R T G ROR I SE Rl LA B T R 2 A
B3 ARG 25 R 3 BB AE AL 5T b X A 35
O S A T G M XA T R R O
SRR B AR, S T XA 1 45 FL A5
PTG UE , B AL T A A v ) 358 43 B8 (29 10% —
20% ) FRAVER IS AT AR BRI TR

HRAE 2.2 J5 A9 538, B 4SS5 RH <40% B )
B T RO BT A FEAR S AR T
H7 55 T PR O ERCR E(dry) s R H(4)
B A S B K F £ (RH) 5 7E 3845
IR FEA SR fe (RH) JEAE L, 43 ) BE XA Y 1 45
A2 AL 3 BEATHAA , SRAS S (RH ) [ AH X 0 B2
RH {786 22,3 AR A LA 485 S UL IR 3. A
3ATLVE 3 AR HLA 2ol A IEA — 3L, 22
FIAK . 3 MERBIES H O LA 45 R 5 SRR
WM ARG R 1 AR AL 34t Wy & IS 1
FEREAR - F 18 A% A5 - 1 oz ke W 1 445 K R B 0



20

Journal of Remote Sensing

#ERFIR 2015,19(1)

ARG O, R R AE TR Bk 3 2,3 SRR fE

TR (R 0 B I A R, AR B 1 06 AN [ 2 4%

TR A S R 0 3G K DR PR B B ) 22 3 R RS F
30 30 30
20 20 20
g g g
2 S S
=~ 10 =~ 10 =~ 10
(b ._A:, e o 0 e = o R 0 o) i N
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
RH/% RH/% RHI%
(a)—H (b) =H (c) UH
(b) March (c) April
g ) )
< S <
< < <
. DN Y T R el 0 T .,:M.,..:
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
RHI% RHI%
(e) 7NH H-tH
(e) June (f) July
g ) )
&4 < 2
< < <
0 e e 0 o oS e
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
RH/% RHI% RHI%
(& \H (h) JLH i) +H
(g) August (h) September (i) October
30 30
20 20 — KR
S 3 g
S~ 10 S~ 10 — A3

20 40 60 80 100

20 40 60 80 100

RHI% RHI%
G +—H &k +—-H
(j) November (k) December

B3 3 AR A4,

Fig.3  Fitting results of the three models
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Fig.4 Fitting results of model 1, model 2 and model 3
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Particulate matter mass extinction hygroscopic growth model in Beijing

TAO Jinhua', WANG Zifeng', XU Qian’, LI Lingjun’, FAN Meng',
TAO Minghui', SU Lin', CHEN Liangfu'

1. State Key Laboratory of Remote Sensing Science, Institute of Remote Sensing and Digital Earih,
Chinese Academy of Sciences, Beijing 100101, China;
2. Betjing Municipal Environmental Monitoring Center, Beijing 100048, China

Abstract: Hygroscopic growth characteristics of particulate matter are one of the key issues that need to be addressed in satellite
remote sensing of ground-level particulate matter. To solve this problem, the characteristics of the extinction properties of particu-
late matter as they change with air relative humidity need to be understood, and an accurate hygroscopic growth model of particulate
matter should be established. A hygroscopic growth model suitable for Beijing is constructed by using the measurements from instru-
ments deployed on the ground.

First, the average particulate matter of mass extinction efficiency is calculated based on continuous measurements from the
ground sites in Beijing over a period of two years. Result shows that average mass extinction efficiency of particulate matter increa-
ses with relative humidity continuously. The increase in the average particulate matter mass extinction efficiency is moderate when
relative humidity increased from 20% to 85% , whereas it increased rapidly when relative humidity increased to 85% . Second, the
hygroscopic growth factors of particulate matter in different levels are calculated based on the average particulate matter mass extinc-
tion efficiency; the change trend with time of the hygroscopic growth factors are consistent, with the maximum value observed in
June and the minimum value in January. From January to June, the hygroscopic growth factors increased before gradually decrea-
sing from July to December. Their values in December were slightly higher than those in January. Third, three hygroscopic growth
models commonly used in Beijing are fitted based on these hygroscopic growth factors. The three models showed good applicability
in Beijing.

The third model is slightly better than the second model, and the second model is slightly better than the first. These models
can be used in satellite remote sensing of ground-level particulate matter.

Key words: aerosol, particulate matter, hygroscopic growth model, awerage mass exinction efficency, hygroscopic growth factor
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