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Abstract: Various earth observation satellites need to provide accurate and high-quality data after
launch. To maintain and enhance the quality of satellite data, it is crucial to employ a cross-calibration
process that accounts for differences in sensor characteristics, such as the spectral band adjustment factor
(SBAF). In this study, we utilized Landsat-8 and Sentinel-2A satellite imagery collected from desert
sites in Libya4, Algeria3, and Mauritania2 among pseudo-invariant calibration sites to calculate and
apply SBAF, thereby compensating the uncertainties arising from variations in bandwidths. We
quantitatively compared the reflectance differences based on the similarity of bandwidths, including
Blue, Green, Red, and both the near-infrared (NIR) narrow, and NIR bands of Sentinel-2A. Following
the application of SBAF, significant results with reflectance differences of approximately 1% or less
were observed for all bands except NIR. In the case of the Sentinel-2A NIR band, it exhibited a
significantly larger bandwidth difference compared to the NIR narrow band. However, after applying
SBAF, the reflectance difference fell within the acceptable error range (5%) of 1-2%. It indicates that
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SBAF can be applied even when there is a substantial difference in the bandwidths of the two sensors,
particularly in situations where satellite utilization is limited. Therefore, it was determined that SBAF
could be applied even when the bandwidth difference between the two sensors is large in a situation
where satellite utilization is limited. It is expected to be helpful in research utilizing the quality and

continuity of satellite data.
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Fig. 1 PICS sites used for callbratlon (Committee on Earth Observation Satellites, 2019)

Table 1. Landsat-8/OLI and Sentinel-2A/MSI spectral band and spatial resolution

Band Spectral bands (nm) Spatial resolution (m)
o Landsat-8 Sentinel-2A Landsat-8 Sentinel-2A
Blue Band 2 450-510 Band 2 458-523
Green Band 3 530-590 Band 3 543-578 10
Red Band 4 640-370 Band 4 650-680 30
Band 8 (NIR) 785-900
NIR Band 5 850-880 —
Band 8A (NIR narrow) 855-875 20
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Table 2. The coincident date and coordinates of two
satellites for Libya4, Algeria3, and Mauritania2

Latitude
©)

Coincident dates
(YearMonthDay)

20150812
20160627
20160915
20161204
20170222
20170513
20170801
20171020
20150724
20151231
20160320
20160608
20160827
20170203
20160404
20160623
20160911
20170509
20171016

Longitude

Site )

Libya4 28.55 2339

Algeria3 30.32 7.66

Mauritania2 20.85 -8.78
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Fig. 2. Relative spectral response of Landsat-8 and Sentinel-2A.
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A AFsF3 2. Table 33} 2t Libya4of A W= W
SBAF %2 AFi H 1 Blue, Red+= 2F 0.96, Green¥} NIR
narrow= OF 0,99, NIRS OF 1,130 2 A& E|glt}. E3],
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Table 3. The average SBAF from Landsat-8/OLI and Sentinel-
2AMSI for three PICS

Band Libya4 Algeria3 Mauritania2
Blue 0.961 0.973 0.966
Green 0.999 1.007 1.009
Red 0.963 0.959 0.961
NIR 1.137 1.132 1.167
NIR narrow 0.999 0.999 0.998

-367 —



Korean Journal of Remote Sensing, Vol. 39, No. 3, 2023

3.3. SBAF M % E7t
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NIR B == Libyad 2] 79 -8.159%01| 4] 4.388%= ®F
Ab= Zpo] 7} 48t 0.1, HEAME Z}o) 7} 5% o] =
Frou] et A37F LRt Algeira3 9] 7-p- -6.191%0]
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T} Sentinel-2A 2] NIRS Wi & o] & 2-9] Z}o| 7} oF 38| =
oh2 s cjelof u]a] =LA 2ol 7k LAk, 372)

Table 4. TOA reflectance with applied SBAF on Libya4

Libya4 9TOA OLI YTOA MSI 9TOA MSI (SBAF apply) | Before “diff (%) After diff (%)
Blue 0.246 0.255 0.245 3.673 -0.352
Green 0.337 0.337 0.336 -0.068 —0.190
Red 0.462 0.478 0.460 3.576 -0.233
NIR 0.583 0.535 0.608 -8.159 4.388
NIR narrow 0.583 0.590 0.589 1.247 1.144
¥ Landsat-8 OLI TOA reflectance.
Y Sentinel-2A MSI TOA reflectance.
9Sentinel-2A MSI SBAF apply TOA reflectance.
9 {(Sentinel-2A TOA reflectance — Landsat-8 TOA reflectance) / Landsat-8 TOA reflectance} x 100.
Table 5. TOA reflectance with applied SBAF on Algeria3
Al L;g‘isjtef S?(t)“ﬁff‘* Sen(uslgﬁigﬁg = Before dift (%) |  After diff (%)
Blue 0.176 0.179 0.174 1.896 —0.865
Green 0.256 0.253 0.255 -1.173 -0.504
Red 0.410 0.425 0.408 3.745 -0.523
NIR 0.524 0.491 0.556 —6.191 6.178
NIR narrow 0.524 0.528 0.528 0.898 0.778
Table 6. TOA reflectance with applied SBAF on Mauritania2
Mauritania2 LandsatS Sentnel 24 Se‘}g’ﬁtggg ref Before diff (%) | After diff(%)
Blue 0.183 0.191 0.185 4.543 0.966
Green 0.256 0.256 0.258 0.142 1.050
Red 0.407 0.426 0.409 4.684 0.561
NIR 0.525 0.482 0.562 -8.278 7.071
NIR narrow 0.525 0.535 0.534 1.937 1.733

- 368 —



Landsat-8S &

BE X} Afo] E o] 4] SBAF A& 0] 5% U] 9] (4-7%)
o 25 Bk

4, 9oF 9 A&

ATE 4 WA T AR B
o] WRT SBAF 4 9 B7HE 5o
SBAF /-8 %3 AlAjul} }2 RSR Aol & 2
St} PICS 5 Libyad, Algeria3, Mauritania20]] 4 20154 7
Lol A 2017 10€71A] 2218t Landsat-837}+ Sentinel-2A
AJAF 715 2 Blue, Green, Red, NIR, NIR narrow B =
i o] TRl SBAF 4h& B A)-8-5 53 5}o] NIR W=
O] SBAF 21-¢ 7Fe A= A&A o= Hrtskqiet

Libya4, Algeria3, Mauritania2 AFO] Eof| Al SBAF 2A-&
T A3E A EH NIR HEE A|<]g E W =of A
SBAF 2}-§- % WEALIE 2}o] 7} 4%0]| A 2% o] &2 A7
A AL SIS S chRe) e el
A Libyad AFo| E T} WHAE 7ol 7} 27 Lehygten)
otz ATH 0.2 Y Ho| T AT HAIES FhA
ROJE A7 gt 5 R ek 248 AR,

2 ot MY Ao A 3514 29 Landsat-8

2
2
X

A
o

o rlr

ok
R
|o
=

tlo

g T

-3} Sentinel-2A NIR H1 = 9] SBAF 284S
20l 2 9217} Ik NIR HE ] 49 RSR £
5 mhorat7] 9Jh MARE o1 4| 9] OFS A H 3k
0] oF 3949] Aol 7} Lpebk AR, SBARE 4§ 5 1)
AFIE 2} 7} Libyad 2] 74 -9- 4.388%, Algeira3-2 6.178%,
Mauritania2+= 7.071%=2 YEF T Libyad= HEALE 2}
o7} 518 2 A9l HESHE At bk,
Algeria3@} Mauritania2+= 3]-& @A e} oF 1-2% =}
o7k ek whebA 914 TG0l ARA AT A
WA WD E Hpo] 7} 2 A 9o = SBARS 2.8

o Jm L
oX

-

i

~
>
o
o
&

REES 7T O AR ES

= d
7 Ao 7gE

25t Sentinel-2A Near Infrared Z{'22| Spectral Band Adjustment Factor M&4 7t

XA}

Conflict of Interest

No potential conflict of interest relevant to this article

was reported.

References

Barsi, J. A., Alhammoud, B., Czapla-Myers, J., Gascon,
F., Haque, M. O., Kaewmanee, M. et al., 2018.
Sentinel-2A MSI and Landsat-8 OLI radiometric
cross comparison over desert sites. European
Journal of Remote Sensing, 51(1), 822-837.
https://doi.org/10.1080/22797254.2018.1507613

Chander, G., Mishra, N., Helder, D. L., Aaron, D., Choi,
T, Angal, A. et al., 2010. Use of EO-1 Hyperion
data to calculate spectral band adjustment factors
(SBAF) between the L7 ETM+ and Terra MODIS
sensors. In Proceedings of the 2010 IEEE
International Geoscience and Remote Sensing
Symposium, Honolulu, HI, USA, July 25-30, pp.
1667-1670. https://doi.org/10.1109/IGARSS.
2010.5652746

Chander, G., Mishra, N., Helder, D. L., Aaron, D. B,
Angal, A., Choi, T. et al., 2012. Applications of
spectral band adjustment factors (SBAF) for
cross-calibration. [EEE Transactions on Geoscience
and Remote Sensing, 51(3), 1267-1281. https:/
doi.org/10.1109/TGRS.2012.2228007

Committee on Earth Observation Satellites, 2019. CEOS
Cal/Val portal. Available online: http:/calvalportal.
ceos.org (accessed on May 13, 2023).

- 369 —


https://doi.org/10.1080/22797254.2018.1507613
https://doi.org/10.1109/IGARSS.2010.5652746
https://doi.org/10.1109/IGARSS.2010.5652746
https://doi.org/10.1109/TGRS.2012.2228007
https://doi.org/10.1109/TGRS.2012.2228007
http://calvalportal.ceos.org
http://calvalportal.ceos.org

Korean Journal of Remote Sensing, Vol. 39, No. 3, 2023

Cosnefroy, H., Leroy, M., and Briottet, X., 1996. Selection
and characterization of Saharan and Arabian
desert sites for the calibration of optical satellite
sensors. Remote Sensing of Environment, 58(1),
101-114. https://doi.org/10.1016/0034-4257(95)
00211-1

Farhad, M. M., Kaewmanee, M., Leigh, L., and Helder,
D., 2020. Radiometric cross calibration and
validation using 4 angle BRDF model between
Landsat 8 and Sentinel 2A. Remote Sensing,
12(5), 806. https://doi.org/10.3390/rs12050806

Helder, D., Anderson, C., Beckett, K., Houborg, R.,
Zuleta, 1., Boccia, V. et al., 2020. Observations
and recommendations for coordinated calibration
activities of government and commercial optical

satellite systems. Remote Sensing, 12(15), 2468.

https://doi.org/10.3390/rs12152468

Markham, B. L. and Helder, D. L., 2012. Forty-year
calibrated record of earth-reflected radiance from
Landsat: A review. Remote Sensing of Environment,
122, 30-40. https://doi.org/10.1016/j.rs¢.2011.06.026

Mishra, N., Haque, M. O., Leigh, L., Aaron, D., Helder,
D., and Markham, B., 2014a. Radiometric cross
calibration of Landsat 8 operational land imager
(OLI) and Landsat 7 enhanced thematic mapper
plus (ETM+). Remote Sensing, 6(12), 12619—
12638. https://doi.org/10.3390/rs61212619

Mishra, N., Helder, D., Angal, A., Choi, J., and Xiong,
X., 2014b. Absolute calibration of optical satellite
sensors using Libya 4 pseudo invariant calibration
site. Remote Sensing, 6(2), 1327-1346. https://doi.
org/10.3390/rs6021327

- 370 —


https://doi.org/10.1016/0034-4257(95)00211-1
https://doi.org/10.1016/0034-4257(95)00211-1
https://doi.org/10.3390/rs12050806
https://doi.org/10.3390/rs12152468
https://doi.org/10.1016/j.rse.2011.06.026
https://doi.org/10.3390/rs61212619
https://doi.org/10.3390/rs6021327
https://doi.org/10.3390/rs6021327

