
Compatibility of field campaign experiments and 
RadCaTS results on ASTER vicarious calibration

Hirokazu Yamamoto*1 , Jeffrey Czapla-Myers *2, and Satoshi Tsuchida*3

(My name is displayed as “山本浩万” (KANJI) on MS Teams.)
*1 Digital Architecture Research Center  (DigiARC), AIST

*2 Wyant College of Optical Sciences, UArizona.
*3 Geological Survey of Japan  (GSJ), AIST

(Contents in this material have been partially presented on IGARSS2022)

CEOS WGCV IVOS 34
31 Aug., 2022



ASTER Users Handbook    

Subsystem Band 
No. 

Spectral Range (µm) Spatial 
Resolution, m 

Quantization 
Levels 

1 0.52-0.60 
2 0.63-0.69 

3N 0.78-0.86 

 
VNIR 

3B 0.78-0.86 

 
15 

 
8 bits 

4 1.60-1.70 
5 2.145-2.185 
6 2.185-2.225 
7 2.235-2.285 
8 2.295-2.365 

 
 
SWIR 

9 2.360-2.430 

 
 
30 

 
 

8 bits 

10 8.125-8.475 
11 8.475-8.825 
12 8.925-9.275 
13 10.25-10.95 

 
 
TIR 

14 10.95-11.65 

 
 
90 

 
 

12 bits 

 
Table 1: Characteristics of the 3 ASTER Sensor Systems. 
 
 

 
Figure 2: Comparison of Spectral Bands between ASTER and Landsat-7 Thematic 
Mapper. 
(Note: % Ref is reflectance percent). 

 
The Terra spacecraft is flying in a circular, near-polar orbit at an altitude of 705 km. The orbit is 
sun-synchronous with equatorial crossing at local time of 10:30 a.m., returning to the same orbit 
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lASTER is a cooperative 
effort between NASA, Japan's 
Ministry of Economy, Trade 
and Industry (METI), and 
Japan Space Systems (JSS). 
AIST has been involved in 
ASTER project from the 
development stage. 
lASTER is the instrument 
aboard the NASA's Terra 
satellite, which was launched 
on Dec. 18 1999.
lThe ASTER VNIR bands are 
evaluated radiometrically by 
reflectance-based various 
calibration methods for more 
than 20 years.

ASTER instrument

https://www.nasa.gov/mission_pages/terra/spacecraf
t/index.html

https://asterweb.jpl.nasa.go
v/instrument.asp



• Sites
– Alkali Lake (US)
– Railroad Valley (US)
– Ivanpah Playa (US)
– Lake Lefroy (Australia)
– Coyote Lake (US)
– Roach Lake (US)
– Primm Valley (US)

Vicarious Calibration for ASTER sensor

90
m

60~80m
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AIST ASTER vicarious calibration area 
at Railroad Velley

ASTER imagery Captured on 8 Aug., 2021

OCO-GOSAT joint team 
(JPL and JAXA)

Fig. 1. (a) ASTER vicarious calibration (ViCal) experi-
ments (b) Ground-Viewing Radiometers (GVRs) at Radio-
metric Calibration Test Site (RadCaTS)

Fig. 2. Measurement area for the ASTER vicarious calibra-
tion and RadCaTS ( ASTER band 3N image captured on Jan
15, 2016 )

rectified Top-Of-Atmosphere (TOA) radiance data, and the
ASTER absolute radiance LASTER can be calculated by the
following equation[5]: ASTER data were radiometrically
corrected by the L1 processing using the radiometric cali-
bration coefficients (RCC) in the radiometric database (DB).
The latest ASTER radiometric DB is version 5 (RCC5), and
ASTER L1T reprocessing based on RCC5 has been con-
ducted in 2021.

LASTERRCC5 = (DNASTER � 1)⇥ UCC, (1)

where DNASTERRCC5 is the recorded digital number,
and UCC means Unit Conversion Coefficients (W/m2strµ),
which is calibrated by onboard or recalibrated coefficients.
ASTER has four gain modes (High, Normal, Low1, and
Low2), and all bands of ASTER L1T used in this research are
normal gain modes, which means that Band1 UCC = 1.688,
Band2 UCC = 1.415, and Band3N UCC = 0.862[5].

RadCaTS data are available available from March 2013
to present, and ASTER ViCal experiments has not been con-
ducted after 2020 due to the impact of COVID-19, so Rad-
CaTS and ASTER ViCal data obtained from 2014 to 2019
are used in this research (There are no ASTER ViCal data in
2013). We calculated the ratio of TOA spectral radiance be-
tween ASTER TOA radiance and TOA radiance derived from
ASTER ViCal or RadCaTS data.

4. RESULTS

Ratio of TOA spectral radiance for the period 2014 to 2019 is
shown in Fig.3. 25 RadCaTS data and 16 ASTER ViCal data
were successful collections during the period 2014 to 2019.
Both of RadCaTS and ViCal error bars are 0.03. Fig.4 de-
picts a summary of ASTER ViCal and RadCaTS results for
the period 2014 to 2019.

5. CONCLUSIONS

The latest ASTER L1T radiometric performance was eval-
uated using ASTER ViCal and RadCaTS data. The results
derived from RadCaTS data are mostly agree with ASTER
ViCal experiments conducted for the period 2014 to 2019. Vi-
Cal results are closer to ASTER L1T TOA radiance processed
by the latest radiometric DB Ver5 than RadCaTS results. This
results make sense because the latest radiometric DB Ver5 re-
flects AIST ViCal results. Evaluation of current ASTER ra-
diometric DB ver5 shows that ASTER Band1, Band2, and
Band3N percent difference are within 5%.

It is hard to conduct the vicarious calibration experiments
in recent years due to the impact of COVID-19. The results of
this research indicate that RadCaTS data can be used instead
of ASTER vicarious calibration experiments.
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ASTER degradation curve (Dec, 1999 ~ Dec, 2019)
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AIST ASTER measurement area at Railroad Valley and 
Radiometric Calibration Test Site (RadCaTS)
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ments (b) Ground-Viewing Radiometers (GVRs) at Radio-
metric Calibration Test Site (RadCaTS)

Fig. 2. Measurement area for the ASTER vicarious calibra-
tion and RadCaTS ( ASTER band 3N image captured on Jan
15, 2016 )

rectified Top-Of-Atmosphere (TOA) radiance data, and the
ASTER absolute radiance LASTER can be calculated by the
following equation[5]: ASTER data were radiometrically
corrected by the L1 processing using the radiometric cali-
bration coefficients (RCC) in the radiometric database (DB).
The latest ASTER radiometric DB is version 5 (RCC5), and
ASTER L1T reprocessing based on RCC5 has been con-
ducted in 2021.

LASTERRCC5 = (DNASTER � 1)⇥ UCC, (1)

where DNASTERRCC5 is the recorded digital number,
and UCC means Unit Conversion Coefficients (W/m2strµ),
which is calibrated by onboard or recalibrated coefficients.
ASTER has four gain modes (High, Normal, Low1, and
Low2), and all bands of ASTER L1T used in this research are
normal gain modes, which means that Band1 UCC = 1.688,
Band2 UCC = 1.415, and Band3N UCC = 0.862[5].

RadCaTS data are available available from March 2013
to present, and ASTER ViCal experiments has not been con-
ducted after 2020 due to the impact of COVID-19, so Rad-
CaTS and ASTER ViCal data obtained from 2014 to 2019
are used in this research (There are no ASTER ViCal data in
2013). We calculated the ratio of TOA spectral radiance be-
tween ASTER TOA radiance and TOA radiance derived from
ASTER ViCal or RadCaTS data.

4. RESULTS

Ratio of TOA spectral radiance for the period 2014 to 2019 is
shown in Fig.3. 25 RadCaTS data and 16 ASTER ViCal data
were successful collections during the period 2014 to 2019.
Both of RadCaTS and ViCal error bars are 0.03. Fig.4 de-
picts a summary of ASTER ViCal and RadCaTS results for
the period 2014 to 2019.

5. CONCLUSIONS

The latest ASTER L1T radiometric performance was eval-
uated using ASTER ViCal and RadCaTS data. The results
derived from RadCaTS data are mostly agree with ASTER
ViCal experiments conducted for the period 2014 to 2019. Vi-
Cal results are closer to ASTER L1T TOA radiance processed
by the latest radiometric DB Ver5 than RadCaTS results. This
results make sense because the latest radiometric DB Ver5 re-
flects AIST ViCal results. Evaluation of current ASTER ra-
diometric DB ver5 shows that ASTER Band1, Band2, and
Band3N percent difference are within 5%.

It is hard to conduct the vicarious calibration experiments
in recent years due to the impact of COVID-19. The results of
this research indicate that RadCaTS data can be used instead
of ASTER vicarious calibration experiments.
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ments (b) Ground-Viewing Radiometers (GVRs) at Radio-
metric Calibration Test Site (RadCaTS)

Fig. 2. Measurement area for the ASTER vicarious calibra-
tion and RadCaTS ( ASTER band 3N image captured on Jan
15, 2016 )

rectified Top-Of-Atmosphere (TOA) radiance data, and the
ASTER absolute radiance LASTER can be calculated by the
following equation[5]: ASTER data were radiometrically
corrected by the L1 processing using the radiometric cali-
bration coefficients (RCC) in the radiometric database (DB).
The latest ASTER radiometric DB is version 5 (RCC5), and
ASTER L1T reprocessing based on RCC5 has been con-
ducted in 2021.

LASTERRCC5 = (DNASTER � 1)⇥ UCC, (1)

where DNASTERRCC5 is the recorded digital number,
and UCC means Unit Conversion Coefficients (W/m2strµ),
which is calibrated by onboard or recalibrated coefficients.
ASTER has four gain modes (High, Normal, Low1, and
Low2), and all bands of ASTER L1T used in this research are
normal gain modes, which means that Band1 UCC = 1.688,
Band2 UCC = 1.415, and Band3N UCC = 0.862[5].

RadCaTS data are available available from March 2013
to present, and ASTER ViCal experiments has not been con-
ducted after 2020 due to the impact of COVID-19, so Rad-
CaTS and ASTER ViCal data obtained from 2014 to 2019
are used in this research (There are no ASTER ViCal data in
2013). We calculated the ratio of TOA spectral radiance be-
tween ASTER TOA radiance and TOA radiance derived from
ASTER ViCal or RadCaTS data.

4. RESULTS

Ratio of TOA spectral radiance for the period 2014 to 2019 is
shown in Fig.3. 25 RadCaTS data and 16 ASTER ViCal data
were successful collections during the period 2014 to 2019.
Both of RadCaTS and ViCal error bars are 0.03. Fig.4 de-
picts a summary of ASTER ViCal and RadCaTS results for
the period 2014 to 2019.

5. CONCLUSIONS

The latest ASTER L1T radiometric performance was eval-
uated using ASTER ViCal and RadCaTS data. The results
derived from RadCaTS data are mostly agree with ASTER
ViCal experiments conducted for the period 2014 to 2019. Vi-
Cal results are closer to ASTER L1T TOA radiance processed
by the latest radiometric DB Ver5 than RadCaTS results. This
results make sense because the latest radiometric DB Ver5 re-
flects AIST ViCal results. Evaluation of current ASTER ra-
diometric DB ver5 shows that ASTER Band1, Band2, and
Band3N percent difference are within 5%.

It is hard to conduct the vicarious calibration experiments
in recent years due to the impact of COVID-19. The results of
this research indicate that RadCaTS data can be used instead
of ASTER vicarious calibration experiments.
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https://wp.optics.arizona.edu/rsg/resources/radcats/
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Validation of ASTER VNIR radiometric performance using the reflectance-based vicarious calibration 
experiments and RadCaTS data (2013(2014) - 2021)

ASTER Band 1 (554 nm) ASTER Band 2 (661 nm)

ASTER Band 3N (807 nm)

RadCaTS data are available available from March 
2013 to present, and ASTER ViCal experiments has 
not been conducted after 2020 due to the impact of 
COVID-19, so RadCaTS and ASTER ViCal data 
obtained from 2014 to 2019 are used in this research 
(There are no ASTER ViCal data in 2013).

Result 1
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RadCalNet RVUS data results agree with our vicarious calibration results.
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Table 1. ASTER acquisition date, time, and VNIR pointing angle [deg] at the time of RadCaTS and AIST ViCal simultaneous

measurements.

Date Time (UTC) VNIR pointing Angle [deg]

Sep 6, 2014 18:39:04 -0.019

Jun 26, 2017 18:38:41 -0.019

Jul 28, 2017 18:38:55 +0.019

May 3, 2018 18:45:42 +8.586

Jul 15, 2018 18:40:06 -0.017

Aug 19, 2019 18:38:28 -0.019

Fig. 3. Ratio of TOA spectral radiance

(ASTER RCC5/RadCaTS or ASTER RCC5/ASTER ViCal)

Fig. 4. A summary of the ASTER ViCal and RadCaTS simul-

taneous measurement results (2014-2019).

5. CONCLUSIONS

The latest ASTER L1T radiometric performance was eval-

uated using ASTER ViCal and RadCaTS data. The results

derived from RadCaTS data are mostly agree with ASTER

ViCal experiments conducted for the period 2014 to 2019. Vi-

Cal results are closer to ASTER L1T TOA radiance processed

by the latest radiometric DB Ver5 than RadCaTS results. This

results make sense because the latest radiometric DB Ver5 re-

flects AIST ViCal results. Evaluation of current ASTER ra-

diometric DB ver5 shows that ASTER Band1, Band2, and

Band3N percent difference are within 5%.

It is hard to conduct the vicarious calibration experiments

in recent years due to the impact of COVID-19. The results of

this research indicate that RadCaTS data can be used instead

of ASTER vicarious calibration experiments.
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Conclusion
• The latest ASTER L1T radiometric performance was evaluated using 

ASTER ViCal and RadCaTS data.
• The results derived from RadCaTS data are mostly agree with ASTER 

ViCal experiments conducted for the period 2014 to 2019.
• ViCal results are closer to ASTER L1T TOA radiance processed by the 

latest radiometric DB Ver5 than RadCaTS results.
• This results make sense because the latest radiometric DB reflects 

AIST ViCal results.
• Evaluation of current ASTER radiometric DB (ver5) shows that ASTER 

Band1, Band2, and Band3N percent difference are within 5%.
• The results of this research indicate that RadCaTS data can be used 

instead of ASTER vicarious calibration experiments.
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