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BT DL B I 400~700 nm I 4L B PAR {457
VERFITRERE B, SEILT GF-1/WFEV 38 0D6a A 3wt
M) S 78
1 AREXER

SRR T AHEAL T IR rp SR A L AR A ST A b
PRSI . BT AL T IR A, AR R

Wi, kb 116022117 ~ 116°45'00"E , 36°41'36" ~
37°12'13"N, TRt 4 58 km, AHRIGTEZ) 33 km, A
| lOfO‘F. 1 IST’O'F. IZOTO'F_

THAN 990 km®. 3k 17 b A Ny Siia] v R IR BT I, A
P, PR A ARG ARY, MR 27.27 m, K
19.2 mo JRBERAT K FEZE A%, DUZRor i, TR 2=
W, BERAL. FTVFWARE 133 °C, FTFHHFEKE
555.5 mm, PR 202d, EHME 254620, 4F
SERRGE 2.5 m/s, e AR A P R R R BRI T A
RIRAE R, FERAEY L NEZRTE K, R F
MAFERTE B4 PHINEAEY), JFRRGEE BT
T A RAEWIE B 5T AR
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2 HHRIRER AL

ORI 2014 4E 4 1 14 HE 2014 48 12 J1 29 H3t
12 5t GF-1/WFV G T EE 800 s, TR A
ML IRRS . B S SRR T e 1 BT
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Table 1 Information of 12 phases GF-1/WFV images
A % S BRI ]
Series Sensor ID Product ID Acquiring time

1 WFV1 203495 2014-04-14
2 WFV2 227348 2014-05-17
3 WFV4 235700 2014-05-26
4 WFV3 247322 2014-06-07
5 WEFV1 274542 2014-07-13
6 WFV2 286596 2014-07-26
7 WFV1 371501 2014-10-03
8 WFV4 427928 2014-11-02
9 WFV1 450997 2014-11-13
10 WFV3 454185 2014-11-14
11 WFV3 468481 2014-11-18
12 WFV3 552188 2014-12-29

GF-1 T [ o e MW R 48 50 1 i
2, 72013444 A 26 HEIh RS . GF-1 LEKF 4 &
16 m SHER L 6N (WEVI~WFV4) , &5 4HNL 4

Location of Yucheng study area

M (450~890 nm) , ALk Al LA 800 km )
W %E, PRRREIR NN 4 do B P4k BE E B RS S LA
IE AESHERR . RS RS U E RT3
14 HH B2 T 2% (rational polynomial coefficient,

RPC) 24, 454y DEM Fdl AT IESHALIE . AL E Ak
P e YR AN R R GF-1/WEV AHHLEE S 2
PR RE, K lihh DN (ESE B A AR NI AL SR e B
B, FERRIE AR TR S, IRBGEAR R H . KB
RIiff KT MAEER, HERMRG . Habe
HIAH DB AR °T 2 WAHSCSCHRE, AR SOR 3R .

3 WRAZE

3.1 FARBEZ

KH GF-1/WFV ¥l 47 PAR [ [ i, FEAHH
Iy RARTUAREE . I H BRI . TR Rl 41 I B R
FELfEmfE . AOD i, PAR Sid%s 5 AP, HARELR
AR 2. m G A 3 250 FTak . 185 H ARk
FEEM I B NDVIL BE 1 7 2R A 4 X 451
IR o VR R A L1 WE I B S e LUAEL A AR AR 55 L b T i
1 R PRI R Bl o 1S R A, I GF-1/WFV AH
T BV v ) 1. R A AR T AR M AR S S R IR R
AOD i 2 AR 52 GO JUART B KA v e 41 F S
T BB AR AOD {EREUILA K A SEI R N R R, 1E
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Fig.2 PAR invertion by GF-1 satellite image

3.2 HEB#RENEERAE

T sk 56 05— P A e i Ese B E 1 7 Sk s H
Fr, NDVIHEA, Hrms H st e . NDVI #iF
HALW
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NDVI= (D

ref, +ref,
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U

I BRI NDVI S I BIE, (EAN IR ]
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S B . — M JEUN S ELRE T H AS SR L
DL AR X3 AOD J i R85 iR S o0 A 75 3K o 76 S B If R4
RIS B A e SO R IR E A i ) 208 B
RAFE, Gl RS EISEA RN ZE R AL, T EAB Ik
IR R A, HASE K TR,
3.3 MWL, BEEERSEERTE

4 LR %00 MODIS %5 1 2R IR H ARkt 4T
ARG . Kaufinan 2505 i K200 38 W 7E Rt X
1, MODIS 0. #GHHR O 544 SWIR
W (2.1 pm) FMU I 2 A A AR I R 3R, T
SWIR Y B SEAANZ S, PRk o] DL A0
SRRSO, W BHR IR, MM T IR R
. BT GF-1 BAIJFAH#% SWIR B, Joik A H
27, AEAT DUR PR 2T . Ik B 3 S S R 2 TR R

UMM S RIE N LR 4, RN BIFR S  T fErp &
SRR JERE o IX 5 105 1R SRR it A o A o
Fw BFRL . WS B S 3 LAl . Kaufinan Z50BUHF5Y
A MODIS 41, 53 Bt S S R 2 Ly 2, )2 iy 22
25 i) MODIS 41, W5 3 Bt R SR 2 Lel 4 1.786,
rhELEBIA L ) CBERS02B TR L0 B 2 el 1.55. 1
FAZ AR AL A R AL B AT A — B M 25 5, A SOxt
GF-1 PR MLUHE B B R ATV H .

SR USGS $AM 14 i 780 479t e R4 A48 0 3%
HE, ¢ GF-1/WFV ALIEISR H bR . 200 B
KPS LU . 55 GF-1 LART HARL . W3R S %
ZIAFE R RN (2) Frs, N, refy WG
BRI R, refy NIECIBURIN %, av b L0 T
ERES 4

ref; = a-ref, +b 2

JEAb, X TRYL an b BRI ECR T
TE o ASCH, 52 [ 5T A e B A 1) o 7R R A e
FE S(A), it GF-1 PRGN ek £ E(L), FIHBER
M7 SRR X SR B (A0S . 20, T2i4h 3 DB
MR LA (3) ) .

ref,, =(jfS(A)E(z)d/l)/(jfb:(/z)dz) (3)

SR B R S, VR NDVI A,
fiiiE L NDVI KT 0.5 250, IL43 8] 73 Pl Rk 4,
INT AR BRI R KR, W 3 iR, RAHHR
¥ a=1.7977, b=0.0034, whiE RZEIL 0.9826.
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Fig.3 Relationship of GF-1 red and blue band surface reflectance of
typical vegetation

3.4 EHRRILIHER AD EFEZ

KH 6S (second simulation of a satellite signal in the
solar spectrum) FE ALY, FEIRIAF 5t GF-1 £ di Wi
DURF ] ORI JLATAE RIS F, JEAT 6S B A S
AOD ZEfth ZH M Bk, He TN AR IAN A
VIR T R AGE I R R A HUE A
NARENER IS Wi B RE T H R SN %,
B PR LL WG e B OB B 0 BIAR LUAB ) RS B 5 A, BT
G HARIX I AOD A5 KA S HURIH AR, PR 25 0] 4
{E P LASRER A5 1500 1 1) AOD A5 KA S 4R s 45 L
PAUR e . gt by st i) HAR itk . i
BRI A AR, A IR N 8 Ak VAT 38 P o 3 o8 PR ]
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A i 0y 3t 2 L4 S AR S o gk B 23, a5 (4)
Bizme A, T RRALIRE AL EAL AR SE, 1o KR
&% (path radiance) , 1, W D3t i S Sh K BHAR S 281K
2 U BZ S T 1 AR IS IR A fiE

I(#o»#»¢):[0(ﬂ05ﬂa¢)+11 @
BAX @ 8L EIF
Ti=poEoy (o) (rstry(rp)rs(rp) +.. )y(u) (5

X po=cosO, O NANFHRIIA, Eg N RKSINZNFHEEST
AEL, p(ue0) 09 K BH R S % A7 ORI B b i H FR 1K
SEIERE, N KA MTIEIL 2, IXFE poEoy(uo) it
Hh ISR ROK B S e . s A MR IRITEE, p K
FCEBRIIRE,  (rer(rp)trrp) . BN T 52 5 2 48
Tt RS- R 22 U0 S 30 S (R0 4 T S5 SR A 8 50 s ee) g AAHIL T
LRI R ABATLDIEN 2, XK EATEL#,
e, RInT43 Al (6)

I,
1(/”05/”5¢):10(ﬂ05ﬂ9¢)+$/u0E0y(ﬂ) (6)

A (6) B R SHARR — N AT R, A
FH 68 KA HR SHL AR, v LU 2 S IR Oe 2% )& AOD
HRXP SRS AR R

TR S s B Y e, R LR K BH
sy KBATTAL M. DE®EM. BETAM. 0.
HH KA. ARl (—ch KB Hu
WA B Y R SR, ARSI N 20 NIRRT
JEEE (0.01. 0.1, 0.2, 0.3, 0.4, 0.5. 0.6 0.7. 0.8, 0.9,
1.0, 1.1. 1.2, 13. 1.4. 1.5, 1.6, 1.7. 1.8, 1.95) ,
MRS o BHEL % S, CBHEEAT
ST S AARBOE L T, CBLFE BAT TR N AT
Ty FHES LAENKRSISH, IR EHRE.
WIEA (60 5 W HAR sl i EI BERI LI 6 B 4y Jil vl LA
FIFE—AN TR, FEA A0 () M. B
RN RR, =AW, FHAHKE, RInrkig
ref;. ref;, JRIEIRIN AOD {H.

=2 REREN ARG, ERbREE T, Rt
BRI EB A A AEERE, M LUT &> AOD
RO R RS EL, THE I B AR &N B
RATE, BT D B L, 5 RSO I LU E
WATXEE,  RURTHEA T3 & A5 AOD .

F2 BEHRFETH
Table 2 Simplified example of look-up table

AOD T T S, S, p IJ(WmZum™)
0.01 099314 0.99337 091517 091776 0.13091  34.28603
0.1 099314 0.99337 0.89305 0.89658 0.14787  37.91097
0.2 099314 0.99337 0.86852 0.87307 0.16399  41.97809
1.95  0.99314 0.99337 0.48985 0.50207 0.27948  103.24684

F: AOD NS BICHFIESE: Ty Tov Siv Sin py L5300 EAT. FATA
GBI A, AT FATEUNE 2, KPRk M, T .

Note: AOD represent aerosol optical depth; T, T., S., S, p, lo represent
upward, downward gaseous transmittance, upward, downward Rayleigh and
aerosol scattering, spherical albedo and path radiance.

3.5 AEBYEHREREE

AOD &% PAR K/MHEE ¥, 4l AOD M
LUT F3REOG WK A S8, BIZESHARAN AL (D
2 (12) , BRI B PAR. 5T 10 nm [17]
RN ] OGS Y (400~700 nm) 4554 e S R
WA, /M7 GF-U/WFV SR Bl 3 MR B (40, 4.
W) Hh AR S RE AR ) AP BRI R A C R,
R AT SEIN GF-1/WEV B0 (106 A1 R i s i

FIH LUT SRECEHE FATR &L % S, KRR
WK py MTARRBOE SR T, B4R L, TR X

FE ref, VERAX (7)o (8) .
1-1
X, =— 7
EngSca
ref= Xy (8)
I+X,-p

KRR G, Aia KRR R R, Ll
At T 22 G 8 () R S R AR 7 PP 1 - OM TR P
HOYBE R F) o ARIE KA FATIE L R BT RS S
AU ELRK FORBA ST RS A Rl FS, PEL AR
(9 . a0 . an

F*=F'+F} 9
Fl =ET!Sin (10)
Fl =(F} oref” - p) [(1-ref?) (an

I o 8 g v 23 TR AR T 3 AN B (4L 4.
W [ IR e R, 2 0 07 U A T
WICTEER (400~700 nm) [IZE A5 AE R .

FH ARG 0, i TR0 1 6 &5 A 2k o
{19 95% LA - SEAHIOK 1 K FA 1 BB sk £, kA
H-SAREAE AR /o B 4 SR RS S A s A
VO EZU NN CIPNGE S NEIWIPId) 22 € T & i NN
Pefga RIS oAt Zk, rTLAEH, gk AR,
HRAMATHEA 30, XA BT 3 AN Bk A
IR 25" &: NI RE N il 7 S S

kB SR AT
Solar radiation/{ W-mgm")

605 045 685

405 445 485 525 565
Fit Wavelength/nm

B4 FRE4&MHTR@EK K LRSS F bk
Fig.4 Distribution curve of direct radiation absorbed by surface in
different conditons

e 400~700 nm (AT WG B A% I 10 nm (1))
REHEAT 20 B, FERBOE N BN 1, RS AR
6S AL, WU ARG E R . KA
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KBRS TSRS N IOESE L, FRA N AT
LR 3 DNEHUE B Ak, R anit HIL
5 ZRH N PR 2 O B PAR . HAR AT
000 5 o
PAR =PAR, +PAR =[ (Fr+Fl)a. a2

PAR, =a-F’+b-F&+c-F’ (13)

I3 VRIS NS N GF-1/WEV T2 40, 4k,

W B b T SOR BH B s o B, # AL (13) X

4 BHEIAT B A (B 400~500 nm, %t 500~

600 nm, £I. 600~700 nm) , 4% a=0.09156, »=0.09951,

¢=0.1007, AR PAR AN Wim?. [8]I 55 4t

BO13 AAFERSEME R PAR {8, SHUA BB TR

FEUAIE, 25 RRIFINEHREE N 99.89%, FIAIIE REUT

R BEE, AR BRI P R s B AT AN T LG T
B AT R S O RO AT IR o

4 HER5HH

R A SO 106 B IATIEIX. 2014 4F 4 H % 2014 4
12 AL 12 5300 GF-1/WFEV B2 83k a1 730
S, FERH E KSRGS AR SR

N
A 0 2040 60 80 km

LB ARG FKEF AN T LA fRIAR & 3t
DG A AR S H T S Bk, 0 & HG S A R A
WSS FATRG EIG AR, [RII 20 AT 40 05 I B LU B PAR
O B2 (52 e 1
4.1 SBERAXFEEREER

54517 2014 4F 7 H 26 H EIHIX E 4 AR 1)
JRAR AL PRI H AR RUR R IO R R
B WTLVEH, 7 H R, SAbPEEYRE R A 2 H
AEARKHERE, PRI H AR S )2 . iZHIX R 55 S
R, JEHOR AR T R 2 ARG KSR X Ik 55 5
Boh T, HOOH AR X, AR RIS R . 7E
AR, F5 S EIm T B AL RG], kit
TR IR, TERCR v e X S, B o I e 2
JELJE SO s R S AR S A & (B 5¢) , i
MPEE RN A ACT AOD {EIR K, AT 1.3~1.6; L&
PEALIX I, BRIREIX Ik AOD i5%] 1.3~1.4 4, HAXEK
1) AOD 7£ 1~1.2 Z[f]; #7511 AOD {i ) i A,
7E0.5~0.8 Z [0, TMfHrI— A1) AOD [RIFHREK, 153
T 11~1.5. WLUEH], Z5 AR AOD {H - ik 1
K, BEHKFEPAR [HEMK.
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a. GF-1 original image of b. Distribution of dark object c. Aerosol optical depth in Yucheng area,

Yucheng area in July 26, 2014

July 26, 2014

B5 201447 A 26 B &3kx X8 B A7 ERRA AR F FA
Fig.5 Dark objects and AOD in Yucheng area, July 26,2014

4.2 XEBMIRET PAR IiE

BLL 2014 45 7 H 26 H B3R rImFoe s 5o 61 3,
FIFH AOD Js i H kb X PAR. A& 6 7T LA . tH, PAR
RN G SRIR 624 L B DIAH OC o fE i 2556 . AOD
BRI, PAR /MK 270 W/im?, Ti4E 4K 7 AOD
BUNIX I, PAR f K lik 440 W/m?, PAR SARAEI A
WREM 61%. T CEARERS KNS RIEVIE
KAZDIMECR, L0551 0] BExt izt X AEY &K
P B IR . F 2014 52 7 H 26 H PAR [
gii, AR RN ARIEI AR X PAR [{AE 270~
300 W/m?, AL BRI AT 7F 300 W/m? 245 4k, iy
X A 300~320 W/m?® ZIf); 4E 28 5 5 50 A9 B 1
X, PAR WK, AL 350~390 W/m® 47
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PAR/(W-m~)

Z = 270
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Fig.6 Photosynthetically active radiation in
Yucheng area, July 26, 2014



5522 W

FRIRAE: BT HARER GF-1 [ARAEYDG & A R0 5 s 189

4.3 REBWIESGERERE

IS H AR, XS 3HhX A 2014 45 4—12 AL 12
SCA N GF-1 BALGEIE, TG 8RB R
AR o R FH 8 03 2 A 1 [i) —— ISF ) T 5200 PAR 3k
ITIRBAG AR . M 7 K3k 3 iTLLAEH, PAR 2l
RN RO IEAR ) A, P R RECEH] T 0.9752,
R ZELHE R 11.36 Wim?, “FRIRZE R 4.23%,
EKERERE]T 95.77%, AR GF-1 LR AR SASCH,
ART7EAT PAR (1) SO AT nT ATV SORS A 1 o

£33 IEBYREERE

Table 3 Precision of inversion PAR

AL Al T L
Data Inversion » Measulred_2 value/ Error/%
value/(W-m™)  value/(W-m™) (Wm?)
2014-04-14 312 297 -15 -5.05
2014-10-03 278 274 -4 -1.46
2014-07-26 326 327 0.6 0.18
2014-05-17 365.3 397.3 32 8.05
2014-12-29 136 140 4 2.86
2014-06-07 422 425 3 0.71
2014-11-18 148.78 152 3.22 2.12
2014-07-13 367 379 12 3.17
2014-11-13 223 208 -15 -7.21
2014-11-14 147.4 169 21.6 12.78
2014-05-26 388.3 363 =253 -6.97
2014-11-02 233.7 233 -0.60 -0.26
-
1y=0,9926x+0,6852 . 7
R2=0.9752 Lot
L »
')" i
-
‘.‘ l"

150 200 250 300 350 400 450
S L
Measure value/{ W-m)

B 7 PAR b5 R ig Est ik

Fig.7 Comparison of measured value and inversion value of PAR

4.4 IR ER EL{EXT PAR KBRS E 200

TEWE AR AOD A2 PAR R fH, 5 H bR AL
BB R AR A e 2 B0, (H R [A] L
8, ARHERFERBI AT R fEARFEFFTH,
AER/ANN 1.55~2 ANGE, TASCHE USGS Vi EHE S
) GF-1 BB B RE N 1.7977. TR
/I PAR SR (2 M O, 20 s B0 1.541.64
1.7, 1.8+ 1.9, 2.0, 2.1, JRH#EIEREN 0, X 12 5t GF-1
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Table 4 Effect of red and blue band ratio on PAR inversion

accuracy
PO fE PAR P28 PAR i 2-FH{H
Ratio Mean D-value of PAR/(W-m™) Mean error of PAR/%

1.5 19.28 8.21

1.6 16.91 7.19

1.7 14.54 6.19

1.8 12.29 5.23

1.9 13.58 5.77

2.0 15.72 6.68

2.1 15.14 6.44

5 #Zi5itit
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g7,

TESERRIs AT, WM (W H bR o LLEERH
WEV/NDVI [SE$EH . 25 18 30 20 W6 3% B s 3 % AR 7
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FESR AR GF-1/WEV 15, 4. 20U BGE Mot R B
KPHOGIR R, 55N AT WG B e & SR S i
B RE, av by ¢ 55 3 AFREG R 0.09156. 0.09951 Al
0.1007, FAAKEEE K 99.89%. KB GF-1/WFV L EA%4T .
WL gt 3 ANEHORBT T RO WO B A
RS, HRS R .
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N RS SO B B . 1SR
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Inversion of photosynthetically active radiation based on GF-1 image by
dark object method

Wang Limin, Yang Lingbo, Liu Jia, Yang Fugang, Shao Jie, Yao Baomin
(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Photosynthetically active radiation (PAR) is an important influential factor of vegetation photosynthesis, and the
study on its size and spatial distribution has an important significance in many fields such as ecosystem study, agriculture
monitoring, and ground-air energy exchange. To meet the demand of GF-1 satellite PAR remote sensing inversion, the paper
establishes an atmospheric parameter look-up table (LUT), utilized major atmospheric parameters, such as linear relation of
reflectivity between blue band and red band of dark dense vegetation as well as inversed aerosol optical depth (AOD), and
finally successfully inversed the ground PAR based on atmospheric radiation transfer model. The paper also conducted
accuracy verification on the inversion result by using actually measured ground PAR. Dark dense vegetation algorithm used
the fixed linear relation of reflectivity between blue band and red band of dark dense vegetation in the GF-1 images to inverse
the AOD. Identification of dark dense vegetation was mainly based on NDVI (normalization difference vegetation index)
values. Using typical vegetation spectral library provided by the USGS (United States Geological Survey), and based on GF-1
spectral response function convolution, the surface reflectivity of the vegetation in various wavebands were obtained, the
proportionality coefficient of ground surface reflectivity between red band and blue band was analyzed, and finally obtained
the proportionality coefficient of 1.7977 with the intercept of 0.0034, and the determination coefficient of 0.9826. By taking
linear relation of vegetation reflectivity between red band and blue band as constraint condition, and combined with radiation
transfer equation, the aerosol and atmospheric parameter LUT was established and the AOD was inversed based on the LUT.
Meanwhile, the spatial interpolation was made by using the property of continuity of AOD to acquire the AOD of the overall
study area. After the inversion of AOD, atmospheric parameters such as atmospheric transmittance and hemisphere albedo
were calculated. Finally ground solar radiation intensities in red, green and blue wave band of GF-1 satellite image were
calculated. By studying the relation between ground surface solar radiation intensities of blue, green and red waveband in GF-1
satellite image and overall 400-700 nm PAR value, the paper had worked out the 3 conversion coefficients of 0.09156, 0.09951,
and 0.1007 respectively, and thus realized the inversion from the ground solar radiation intensity of 3 discrete wavebands to
PAR. The study selected 12 pieces of GF-1 effective data from April 2014 to December 2014 in the study area in Yucheng City,
Shandong Province to inverse AOD and PAR, and verifies the results by comparing them with actually measured data in
Yucheng experimental station of Chinese Ecosystem Research Network (CERN). The result showed that the overall accuracy
of PAR had reached 95.77% with the average absolute error of 11.36 W/m? and the average error less than 5%, indicating the
correctness and precision of the method proposed by this paper, and also indicating the feasibility of PAR inversion by using
GF-1 satellite images. The study also showed that the spatial distribution of PAR had significant correlation with AOD, and the
higher the AOD was, the lower the PAR would be. By changing proportionality coefficient of vegetation reflectivity between
red band and blue band, the study had found that when the coefficient value was approximately 1.5-2.1, its impact on PAR
inversion accuracy was small. It was suggested to set the value to approximately 1.8 in order to achieve high accuracy. The
method proposed by this paper can accurately inverse clear sky PAR with only original GF-1 satellite images without
additional support data. This method was featured with simple production process and easy to be applied in the PAR operation
inversion. It can provide important early-stage product data support for crop production estimation based on PAR in
agricultural remote sensing monitoring practice.

Keywords: remote sensing; radiation; spectrum analysis; photosynthetically active radiation; GF-1; aerosol optical depth



