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Research on emissivity directionality of radiometric calibration sites
for optical sensors
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Abstract: The research on the surface emissivity directionality is a hot and difficult issue in the international thermal in-
frared quantitative remote sensing area. The existing emissivity directional models for sandy area in thermal infrared
bands have some disadvantages, such as too many prior parameters, low accuracy and poor applicability. Therefore,
with the aid of long-time series (2018-2020) multi-angle observations from geostationary-orbit MSG/SEVIRI and polar-
orbit AQUA/MODIS, after data pre-processing related to inter-sensor calibration, atmospheric correction, spatial and
temporal matching, we retrieved the directional emissivity under different viewing zenith angles (VZAs) between 0~65°
over five pseudo-invariant calibration sites based on the thermal infrared radiation transfer equation, including Algeria3_
lkm, Algeria5 lkm, Libyal 1km, Mauritanial lkm and Mauritania2 lkm. Subsequently, a model for retrieving the
kilometer-scale directional emissivity was established, and its uncertainty was evaluated. The result shows that the sur-
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face emissivity decreases with the increase in VZA, and the directional effect decreases with the increase in the MODIS

band central wavelength; AlgeriaS_1km has the smallest directional effect, and Mauritanial 1km has the strongest ef-

fect, the uncertainty of the directional emissivity model in each region increases with VZA, and is better than 3%.

Key words: thermal infrared remote sensing, land surface emissivity, directional model, error propagation theory

51

T

b 3% K& 5% (Land Surface Emissivity , LSE) 8§ 7
FATRI AT 2R BT, H AR SR T B AR G 5 R AR AR
SR FO AR, A Sy b 3K 2 T Y — o T TR e, S
FHHY b ARSI £ B S e 1 38R S R
FA R LSE Ryt b sk 3R 11 & 4 i S AR Y
Y3 ar | 2 A5 E R R PR P AE ) B 2] (Interna-
tional Geosphere Biosphere Program, IGBP )}l 3¢ {7 J&
) S S0, TR0 W) B i) A 2 M I 0 RE 1
ST EA T IZ R

AT $0 3R LU A 8 b R TR S B vk 2
PR B A Cn 4 s R 3R IR A
2 ) A PR B RRAE ) | 240 b 3R LU 5 S 232 1) M 800
PR RS 3 A X i B ST B S B A 3 UE
A5 75 THT RS BE 7 AR B Coll 3 AT 2017 4R
PASE BT, 43 AT AATSR B R A S AL 5244 ik
7 4k BROF AR IBCHD 2 52 J8 Tk B Bt , FLAs SRR - 4
Xof B R RRR BT, RO £ R ROV B
MR SEW2E N 1.6~3.3 K 5 0.7~2.2 K7,
FIH , PAKR S/ L SR S 28T ) PR R R B003 Ay R 5 1
ALY LA G A A S B BB IR A
SR R AR T RO | BT X 4 VB K
KAREE H AR B LU S 2307 ) PR RUAR X 520, O HL
R AS A e T S % DA P AR R R T A T
B, 75 R R IERERE B D RO A R A R R
M - S 30 B N - S LB % S LR A R
T 3 T LT A S 3 B 7 o R B IE R
T BB PR S 7 I PR Z R TR
YD UNER CE K BN SN2 TN S EI PN
AT EE, JF B HBIRUR B2 32 2 A\ S 806
AORR , )RR T vE Al TS 22 AR RIE T
189 1 27 288 J2% A3 AT E A B R BE 7 o I — A 8 R
Ko

ARSI FH G L RO A TR A A O8I 22 A A
B BT L AME SR 7 R SR UR S E AR 7
[0 1 b 3 LR 3, PR R B UL I A 2 4 7 1k L
A8 HAR 0 RUBEE M 3R LR SRRy T AR A L[]
I, B TR 22 4% 0 TG 0 B A PP AG R 0 25 TR

Xt U S 23T o) PRI A 82 0, S i — 2D A1 L 4
S5 1A AR A SR AR HE

1 ARXEBIBNA

1.1 ARXNE

2008 4 [F] R T 5 Xof 1 WL 22 51 43 2 b 5 L5
PEKS 56 2H (Committee on Earth Observation Satellites ,
CEOS) PPt 1 1Y 5 A AAE € #3537 ( Pseudo Invari-
ant Calibration Sites, PICS) , H N # i 4 y vb st A1 %
BE | M FOP 30, s B s SR A — ST R
A PE RAF, s FOCTE R R E AR AT WG -4l Ak
P B (0. 4~2. 5 wm) =5 [A] 25—k 5 I [A] 52 7E P 200
T3% " HETE ) Z I T Landsat \SPOT IKO-
NOS NOAA | ALOS 45 T3 2 1) 48 5§ 7E b 96 1E A 48 5
FEVERR E M2 BT, DA R 38 SRR 2 A 119 28 SUHR S b
FgE

g 1 R 3 FL A v A 1) 4 — P LN TR AR E Y X
B, AR SO T Bl B R R AT b 3R A ) 2 — My
7, 3 F) FH 2R 5 2 %50 (Coefficient of Variation, CV)38
PREAT LA S A8 I (B R85 P 20 B, sk ) AR LT A
B 1km 25 [0 RUEE R, Algeri3_1km , AlgeriaS_1km  Lib-
yal_lkm, Mauritania_lkm 2 Mauritania2_1lkm 3 =]
e 1 H AR DX (UL BT 1), He2s 8] 5 1 A i 25 12
/NT0.3 K, 13 R S AR )RR E PR T 29%
Horbg AR R K TR AN R R R

F 1 BEREMERES

Table 1 Geographic information of the regions of in-
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Fig. 1 MODIS images over Algeria3, Algeria5, Libyal, Mauritanial and Mauritania2 areas (study area is shown in red square)
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Table 2 AQUA/MODIS and MSG-2/SEVIRI thermal

infrared bands parameters

I B 2 15 -
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29 8.55 8.4~8.7 0.05K
30 9.73 9.58~9. 88 0.25K
31 11.03 10. 78~11. 28 0.05 K
MODIS 32 12.02 11.77~12.27 0.05 K
33 13. 335 13. 185~13. 485 0.25K
34 13. 635 13.485~13.785 0.25K
35 13.935 13. 785~14. 085 0.25K
36 14. 235 14. 085~14. 385 0.35K
6 6.25 5.35~7.15 0.75 K
7 8.7 8.3~9.1 0.28 K
SEVIRI 8 9. 66 9.38~9.94 1.5K
9 10. 8 9.8~11.8 0.25K
10 12 11~13 0.37K
11 13.4 12.4~14.4 1.80 K
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Fig. 3 ECMWF /ERAS5 atmospheric profile data over Algeria3 1 km
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Fig. 5 Multi-source sensor method/MYD21 directional emissivity results and comparison
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Table 3 Number of samples under different viewing

zenith angle intervals in each study area

0°~ 10°~ 20°~ 30°~ 40°~ 50°~ 60°~

LI K T5 £ . . . . . . .
10°  20° 30" 40° 50° 60° 65

Algeira3_lkm 1294 1382 845 1617 2364 2695 2695
Algeira5_lkm 1286 1450 686 2940 2342 2940 2574
Libyal_lkm 1372 837 833 1519 2058 1323 2842
Mauritanial _1km 637 476 927 827 1323 1862 1519

Mauritania2_lkm 637 619 670 815 1315 1503 1911
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Fig. 6 Uncertainty tree of emissivity directional model
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Table 4 Empirical radiance directional model for each target area

HARIX 35, B 2R AR TR RMSE

29 £(0) = 0.000610 — 2. 758 — 056% + 0.7657 0.002 3

Algeria3_1 km 31 £(0) = 8.857¢ — 050 — 9. 889 — 060 + 0. 957 7 0.001 7
32 £(6) = 0.000550 — 1. 705¢ - 056 + 0.973 0. 000 3
29 £(0)=0.7102 + 0.032 17 X cos (wh) + 0. 016 26 X sin(w) (w = 0. 043 25) 0.003 4

Algeria5_1 km 31 £(6)=0.8159 + 0. 1362 X cos(wh) — 0. 01005 X sin(w8) (w = 0.009 1) 0.0019
32 £(8) = 0.966 +0.007 8 X cos () + 0. 0024 X sin (00) (w = 0.048 17) 0.001 1
29 £(8)=0.00116 - 3. 194¢ — 056% + 0. 722 3 0.003 4

Libyal_1 km 31 £(8) = 0.000950 — 2. 771e — 056> + 0.961 7 0. 003
32 £(6)=0.9433 +0.0270 X cos(wh) + 0. 02548 X sin(w8) (w = 0.0342) 0. 003

29 £(8) = 0.000299 — 2. 721e — 056% + 0. 771 4 0.0029

Mauritanial_1 km 31 £(8)=0.000218 - 1.293¢ — 056% + 0. 954 3 0.000 8
32 £(0)=0.944 1+ 0.0357 X cos(wh) + 0. 011 8 X sin(wd) (w = 0.03105) 0.0007

29 £(8) = 0.001 149 — 4. 677¢ — 056% + 0. 7672 0.007 1

Mauritania2_1 km 31 £(8) = 0.000 668 — 2.262¢ — 056% + 0.951 7 0.003 4
32 £(8) = 0.000286 — 1. 397 — 056% + 0. 9762 0.001 5
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Fig. 7 Model uncertainty caused by initial emissivity value
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Fig. 8 Model uncertainty caused by atmospheric temperature and humidity profiles
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