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ABSTRACT 

Terra MODIS has provided continuous global observations for science research and applications for more 
than 18 years. The MODIS Thermal emissive bands (TEB) radiometric calibration uses a quadratic function 
for instrument response. The calibration coefficients are updated using the response of an on-board blackbody 
(BB) in quarterly warm-up and cool-down (WUCD) events. As instrument degradation and electronic 
crosstalk of long-wave infrared (LWIR) bands 27 to 30 developed substantial issues, accurate calibration is 
crucial for a high-quality L1B product. The on-board BB WUCD temperature ranges from 270 K to 315 K 
and the derived nonlinear response has a relatively large uncertainty for the offset, especially for these LWIR 
bands, which affects the measurements of low brightness temperature (BT) scenes.  

In this study, the TEB radiometric calibration impact on the L1B product is assessed using selected cold 
targets and the measurements during regular lunar rolls. The cold targets include Antarctic Dome Concordia 
(Dome-C) and deep convective clouds (DCC) for the calibration assessment, focusing on bands 27 to 30. 
Dome-C area is covered with uniformly-distributed permanent snow, and the atmospheric effect is small and 
relatively constant. Usually the DCC is treated as an invariant earth target to evaluate the reflective solar band 
calibration. The DCC can also be treated as a stable target to assess the performance of TEB calibration. 
During a scheduled lunar observation event with a spacecraft roll maneuver to view the moon through the 
space view port, the instrument cavity provides a stable reference for calibration assessment. The long-term 
trending of BT measurements and the relative difference between scan mirror sides and detectors are used for 
the assessment of the calibration consistency and stability. The comparison of L1B products over the selected 
targets before and after the calibration coefficients update can be used to assess the impact of a calibration 
look-up table (LUT) update. This assessment is beneficial for future calibration algorithm and LUT update 
procedure improvements for enhancing the L1B product quality.  
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1. INTRODUCTION

The Moderate Resolution Imaging Spectroradiometer (MODIS) onboard the Terra satellite has operated for 
more than 18 years in mission since its launch in 1999 [1-4]. The instrument has provided continuous global 
observations for science research and applications. Measurements from the MODIS instrument have 
produced an unprecedented amount of science data products with primary applications for studies of the 
Earth’s land, ocean and atmosphere [5-9]. MODIS has 36 spectral bands, where bands 1 to 19 and 26 are 
reflective solar bands (RSB) covering a wavelength range of 0.41 μm to 2.1 μm and bands 20 to 25 and 27 to 
36 are thermal emissive bands (TEB) with a wavelength range of 3.8 μm to 14.2 μm. The onboard solar 
diffuser (SD) and Blackbody (BB), together with lunar observations and Earth view measurements, are used 
for post-launch calibrations. After 18 years of on-orbit operation, the electronic crosstalk among bands 27 to 
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30 has increased substantially which caused biases in the EV brightness temperature (BT) measurements, 
surface feature contamination, and other downstream products such as water vapor and cloud mask. The 
crosstalk in these bands has been characterized and corrected using lunar measurements. The calibration 
coefficients obtained from lunar measurements are updated regularly to maintain accuracy and consistency of 
the L1B product, especially for the increasing contamination from electronic cross-talk in the PV LWIR 
bands. This is particularly important to characterize the instrument response change after the February 2016 
safe mode [10]. The electronic cross-talk correction for bands 27–30 of Terra MODIS is derived using 
observations of the Moon. Lunar roll event are scheduled monthly and the cross-talk coefficients are updated 
whenever the change in the coefficients exceed the update criterion. The correction of the PV LWIR bands 
cross-talk has been implemented in Collection 6.1 (C6.1) for both on-orbit calibrations and Earth radiance 
retrieval over the entire mission [10]. The implementation of cross-talk correction results in improvement of 
calibration accuracy and reduction of image artifacts. 

During quarterly-scheduled warm-up and cool-down (WUCD) on-orbit calibrations, the BB temperature 
ranges from 270 K to 315 K. The instrument nonlinear coefficients, which are derived using the WUCD data, 
are updated following the LUT delivery procedure [11, 12]. Due to the challenge of accurately determining a0 
from these on-orbit WUCD calibrations, the C6.1 algorithm handles a0 differently for the two mirror sides. 
To assess the impact of the a0 uncertainty, cold targets can be used to provide a good indication for the 
calibration consistency between the two mirror sides. Due to the degradation in the instrument performance 
after the safe mode event of Feb. 2016, it has become necessary to revisit the existing a0 and a2 coefficients 
update procedure, particularly for the PV LWIR bands.  

This paper focuses on the analysis of the Terra MODIS TEB nonlinear calibration coefficients a0 and a2 LUT 
update procedure and its impact on the Level 1B (L1B) product for C6.1 [10-12]. The cold targets, Dome-C 
and deep convective clouds (DCC), are used for this assessment. The scheduled lunar events provide the 
measurement of the cavity temperature that is lower than the BB nominal temperature. Cavity measurements 
provide another reliable data source to assess the calibration consistency. Section 2 presents the background 
of the MODIS calibration algorithm for the TEB and the Terra safe mode in February 2016. The Terra 
calibration update and its impact on the L1B product are presented in section 3. Section 4 discusses the 
assessments using cold targets and scheduled lunar events.  

 

2. BACKGROUND 

2.1 MODIS calibration algorithm and Collection 6.1  

MODIS has 16 TEB covering the mid-wave infrared (MWIR: bands 20-25) and long-wave infrared (LWIR: 
bands 27-36) spectral regions. All TEB are located on two cold focal plane assemblies (CFPAs): a short-wave 
and mid-wave infrared (SMIR) FPA and a long-wave infrared (LWIR) FPA. Bands 20-30 consist of ten 
photovoltaic (PV) detectors per band, while bands 31-36 consist of ten photoconductive (PC) detectors per 
band. The CFPAs are nominally controlled on-orbit at 83K using a passive radiative cooler. An on-board 
calibrator blackbody (BB) is used for the TEB calibration, with a variant temperature ranging from instrument 
ambient temperature (about 270 K) to 315 K measured using a set of 12 uniformly-distributed thermistors. 
Normally, it is set at 290 K for Terra MODIS, as shown in Figure 1. The on-board BB serves as the primary 
calibration source while the space view (SV) provides a reference for the instrument background and offsets. 
MODIS TEB calibration uses a quadratic calibration algorithm on a scan-by-scan basis for each TEB detector 
and for each side of the scan mirror. The BB WUCD is used to characterize the instrument nonlinear response 
coefficients on-orbit. The linear coefficient of the response function for each TEB is calibrated scan-by-scan 
with the nonlinear coefficient and offset from a LUT [11, 12].  
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The TEB calibration is based on a quadratic algorithm that converts the digital response of the sensor to 
calibration radiance (LCAL). The calibration radiance from the BB is adjusted for instrument self-emission due 
to the response versus scan angle (RVS) effect,  
              
஼஺௅ܮ   = ܴܸܵ஻஻ߝ஻஻ܮ஻஻ + (ܴܸ ௌܵ௏ − ܴܸܵ஻஻)ܮௌெ + ܴܸܵ஻஻(1 −  ௖௔௩             (1)ܮ௖௔௩ߝ(஻஻ߝ
 
where ε is the emissivity of the sources and L is the radiance from BB, scan mirror, and cavity. A quadratic 
function is used for the calibration of the instrument response, as shown in Eq. (2) 
஼஺௅ܮ			  = ܽ଴ + ܾଵ݀݊஻஻ + ܽଶ݀݊஻஻ଶ                                                                                          (2) 
 
Equations (1) and (2) are used for the WUCD calibration, with the offset term a0, the quadratic term a2 and 
digital response of the BB given in digital count (dnBB). The linear coefficient for Earth radiance retrieval can 
be expressed as  
 
  ܾଵ = ሾܴܸܵ஻஻ߝ஻஻ܮ஻஻ 	+ (ܴܸܵௌ௏ − ܴܸܵ஻஻)ܮௌெ 		+ ܴܸܵ஻஻(1 − ஼஺௅ܮ௖௔௩ߝ(஻஻ߝ − ܽ଴ − ܽଶ݀݊஻஻ଶ ሿ/݀݊஻஻ 
             (3) 
With the calibration coefficients, retrieval of Earth view radiance can be found using  
 
ா௏ܮ     = ଵோ௏ௌಶೇ ሾܽ଴ + ܾଵ݀݊ா௏ + ܽଶ݀݊ா௏ଶ −(ܴܸܵௌ௏ − ܴܸܵா௏)ܮௌெሿ               (4) 
 
 
In the above calibration equations, the terms RVS and ε, are determined pre-launch whereas the a0, a2, and the 
band 21 b1 coefficients are updated quarterly (if necessary) using on–board BB WUCD measurements. 
Equations (1) and (2) summarize the calibration operation performed on all TEB detectors on a scan-by-scan 
basis. The calibration terms a0 and a2 shown in Equation (2) are computed on a quarterly basis during the BB 
WUCD process and after the cross-talk correction for the PV-LWIR bands.  
 
The strategy for these updates in Terra C6.1 are summarized in Table 1. In addition, band 21 b1 is derived 
using BB cool down events with the offset and nonlinear term forced to zero in the fitting (not shown in Table 
1). For C6.1, the BB dn is corrected for PV LWIR bands 27-30 cross-talk.  
 

 
Figure 1. The BB temperature during an on-orbit WUCD event. The red symbols are the WU data, 
with the CD data in blue used for calibrations. For C6.1, CD data are used for deriving the 
coefficients. 

Proc. of SPIE Vol. 10785  107851C-3
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

 

 

 

 

2.2 Terra s

The Terra s
adjust mane
were closed
mode, with 
CFPA temp
with increa
stable behav
03/02/2016 
03/10/2016 
calibration c
magnitude o

Table 1. Te

safe mode  

spacecraft ent
euver. This c
d. On 02/22/2

the key telem
perature, stab
sed noise lev
vior and band
to 03/05/201
(2016/070). 

coefficients a
of electronic c

erra MODIS C

tered safe mo
aused MODI
016, the Terr
metry temper
bilized after d
vels. Figure 2
ds 27 and 30 h
16. With upda

The 2016 s
and noise equ
crosstalk cont

C6.1 calibrati

ode in Februa
IS to enter sa
ra spacecraft w
atures, such a

day 02/27/201
2 shows the 
have large cro
ated QA and 
afe mode ca

uivalent tempe
taminations f

 

 

ion algorithm

ary of 2016 (
afe mode as w
was successfu
as BB, instru
16. A gain ch
response cha
oss-talk impa
calibration c

aused a large
erature differ

for these band

 

m and procedu

(02/18/2016:
well in which
ully recovered
ment tempera
hange was ob
anges of sele
acts. A WUCD
coefficients (a
 impact on r

rence (NEdT)
ds was also sig

ure for LUT up

14:33:17Z) d
h the nadir an
d from safe m
ature, electron
bserved for m
cted TEB wh

D calibration 
a0, a2), the LU
response and
), on PV LWI
gnificantly af

pdates. 

during an inc
nd space view
mode back to 
nic temperatu
most detector
here band 31
was performe

UT was deliv
d stability, in
IR bands 27-
ffected [10]. 

 

clination 
w doors 
science 

ure, and 
rs along 
1 shows 
ed from 

vered on 
ncluding 
30. The 

Proc. of SPIE Vol. 10785  107851C-4
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

Figure 2
(middle

 

2. The instrum
e), and 31 (bo

ment response
ttom).  The d

e changes due
dashed line ind

e to safe mod
dicates the sa

e for each det
afe mode. 

 
tector of bandd 27 (top), 30 

Proc. of SPIE Vol. 10785  107851C-5
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

 
The long-te
events, such
averaged ca
(mirror side
average of 4
the a0 coeffi
of the previ
coefficients
WUCD cali
product. In 
procedure w
coefficients
uncertainty 
assessment 
has large im

 

Figure 3. Th
a0 is set to 
mode.  

 

erm trending 
h as the safe

alibration coef
e 1 a0 is set to
4 WUCD eve
icient updates
ious 4 WUCD
 show an up
ibration was p
addition, the 

was reestabli
 began trendi
impact on th

of a2 uncertai
mpact. 

he long-term 
0) of deliver

3. TE

of calibration
e mode in Fe
fficients a0 an
o 0) are relat
ents. After sa
s were derive
D events, wit
pward trend b
performed on
algorithm of

ished after 4
ing nominally
he L1B prod
inty impact. F

trending of b
red LUTs for 

ERRA TEB C

n coefficients
ebruary 2016
nd a2 of bands
ively stable b
afe mode, bec
d from each i
th the a0 coef
before the sa
n 2016/062. T
f a0 coefficien
4 WUCD eve
y. The use of 
duct before a
From the feed

band-averaged
bands 27 to 

CALIBRATI

s shows the 
6. Figures 3 
s 27 to 30, res
before safe m
cause the inst
individual WU
fficient showi
afe mode eve
These coeffic
nt is different
ents (approxi
cold targets c

and after this
dback from sc

d calibration 
30. The line

ION UPDAT

instrument st
and 4 show 
spectively. Th

mode and the u
trument beha
UCD event ra
ing a jump fo
ent. After rec
ient jumps m
t for the two 
imately one 
can be very he
s event. The 
cience team an

coefficients a
e is the averag

TE 

tability and im
the long-term

he a0 coefficie
updated coef

avior showed 
ather than fro
or these 4 ban
covery from 

might cause an
mirror side. T
year after sa
elpful for the 
warm secen 
nd our analys

a0 for mirror 
ge of the coe

mpact of inst
m trending o
ents for mirro
fficients are fr

significant c
om a moving 
nds. Similarly
safe mode, t

n impact on t
The moving 
afe mode) on
assessment o
should be u

sis, the a0 unc

side 2 (mirro
efficients befo

trument 
of band-
or side 2 
from the 
changes, 
average 

y, the a2 
the first 
the L1B 
average 
nce the 
of the a0 
used for 
certainty 

 
or side 1 
ore safe 

Proc. of SPIE Vol. 10785  107851C-6
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

Figure 4. Th
to 30. The a

 

 
4.1 Assessm

4.1.1 Dom
 

Dome-C (7
targets for 
Earth View
region with
winter to 2
loading and
tracking the
targets for e
Observation
the Univers
Automatic W
intervals an
Because Do
near-nadir M
affects. 

 

he long-term 
a2 for the two 

ment using D

me-C BT me

75.12⁰S, 123.
evaluating an

w (EV) targets
h a mean elev
250 K in sum
d wind speed
e calibration s
evaluating an
n Satellites-W
sity of Wisco
Weather Stati
nd the data is
ome-C is a hi
MODIS obser

trending of b
mirror sides 

4. CALIB

Dome-C 

easurement 

395⁰E) in An
nd validating
s and is situa
vation of 320
mmer. Due to
d, low cloud
stability and 

nd validating t
Working Grou

nsin-Madison
ion (AWS) at
s available th
igh-latitude si
rvations of D

band-averaged
are very close

BRATION C

ntarctica, as 
g the sensors 
ated near the

00 m. The typ
o relative uni
d cover and 
consistency o
the calibratio
up on Calibra
n's Antarctic 
t Dome-C col
hrough the F
ite, Terra pas
ome-C are us

d calibration c
e.  

ONSISTENC

shown in Fig
calibration a
 Italian-Frenc
pical seasona
iformity, long
frequent sate

of satellite se
n accuracy o

ation and Val
Meteorologic
llecting vario
ile Transfer 

sses over the 
sed in order to

coefficients a

CE ASSESSM

gure 5, has b
accuracy. It i
ch base of C

al temperature
g-term stabili
ellite overpas
ensors. It has 
f different se
lidation (CEO
cal Research 
ous meteorolo
Protocol site
site multiple 
o eliminate an

a2 of delivered

MENT  

been identifie
is one of the 

Concordia in 
e variation ra
ity, dry atmo
sses, Dome-C
been identifi
nsors by the 

OS-WGCV) [
Center (AMR

ogical measur
 (//amrc.ssec
times per day

ny possible bi

d LUTs for b

ed as one of 
most homog

a high polar 
anges from 20
osphere, low 
C is well-sui
ied as one of 
Committee o
[13-15]. Sinc
RC) has oper
rements at 10
c.wisc.edu/pub
y. In this wor
ias due to sca

 
ands 27 

ground 
geneous 
plateau 

00 K in 
aerosol 

ited for 
f ground 
on Earth 
ce 1995, 
rated an 
-minute 
b/aws/). 
rk, only 
an angle 

Proc. of SPIE Vol. 10785  107851C-7
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

Fig

 

4.1.2 Res
 
In this pape
defined as m
from 200 K
low tempera
January 201
dates of the 
the trend of 
mode, the m
of safe mod
 
 

gure 5. Illustr

sults 

er, the assessm
mirror side 2 m

K to 250 K and
atures. Figure
18, with the re
calibration c

f mirror side d
mirror side dif
de along with 

ration of Dom

ment focuses o
measurement
d provides fea
e 6 shows the 
ed vertical da
oefficients a0

differences fo
fferences grad
the difference

me-C site used

on the mirror 
t minus mirro
asibility to ass
mirror side d

ashed line indi
0 and a2 LUT 
r these bands
dually return t
es between th

d for sensor p

side differen
r side 1 meas
sess the impa

difference for 
icating the sa
deliveries. Th

s, which is lik
to pre-safe m

he a0 calibrati

erformance tr

nces at low BT
surement. Typ
act of the a0 un

bands 27 to 3
afe mode even
he safe mode 

kely due to the
mode levels. T

on algorithms

rending and c

T. The mirror
pical Dome-C
ncertainty on 
30 from Janua
nt and the pur
event causes 

e a0 LUT upd
his assessmen
s of the two m

comparison. 

r side differen
C temperature

the L1B prod
ary of 2015 to
rple lines are t
a discontinui
ate. After saf
nt shows the i
mirror sides. 

 

nce is 
 ranges 
ducts at 
o 
the 
ity in 
fe 
impacts 

Proc. of SPIE Vol. 10785  107851C-8
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

Figure 6. Th
red vertical 
coefficients

 

 
4.2 Assessm

4.2.1 DC
 

DCCs are c
reflectance 
vapor and a
comparison
verify instru
the calibrati
of the work
reflective ba

The homog
DCC pixel 
Potential DC
the latitude 
the visible 
pixel. If the

he mirror side
dashed line i
 a0 and a2 LU

ment using D

CC characteri

cold bright ta
in the visible
aerosols when

n for the refle
ument calibra
ion of geostat

k associated w
ands. DCCs a

geneity of the
identification
CC pixels are
range of 30°
0.6 μm reflec

e standard dev

e difference fo
ndicates the 2

UT deliveries. 

DCC 

ization 

rgets that are
e and near inf
n viewed fro
ective bands 
ation and instr
tionary (GEO

with DCCs is c
are also used f

 visible reflec
n and selectio
e identified a
°N to 30°S ov
ctance were 
viation of the

for bands 27 to
2016 safe mo
  

e near-Lambe
frared (VIS/N

om space, ma
of satellite se
rument gain d

O) sensors that
currently focu
for MODIS p

ctance and IR
on in this wo
s any pixel w
ver all surface
computed ov
e IR temperat

o 30 from 20
de and the pu

ertian at low s
NIR) spectrum
akes them sui
ensors [16, 1
degradation [1
t typically hav
used on senso

performance a

R BT can be 
rk followed t

with a 11-μm 
e types. The 

ver all 3 x 3 
ture was larg

15 to January
urple lines are

solar and vie
m, combined 
itable targets 
7].  Doelling

16]. DCC tech
ve limited on
or inter-comp
assessments [

used to remo
the procedure
(MODIS ban
standard dev
pixel blocks 

ger than the th

y 2018 from th
e the dates of 

w zenith ang
with a minim
for sensor c

g et.al using 
hniques have
-orbit calibrat

parison and sta
18, 19]. 

ove pixels at 
e described in
nd 31) BT les
iations of the
surrounding 

hreshold of 1

 
he Dome-C si
the calibratio

gles. Their co
mal amount o
calibration an
a DCC techn
 also been ap
tion capabilit
ability assess

the cloud ed
n reference [
ss than 205 K
e IR temperat
each potentia

1K or the refl

ite. The 
on 

nsistent 
of water 
nd inter-
nique to 
pplied to 
ty. Most 
ment of 

dge. The 
16, 18]. 

K within 
ture and 
al DCC 
lectance 

Proc. of SPIE Vol. 10785  107851C-9
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

standard de
from the clo

Fig

 

4.2.2 Res
 

The BT of 
temperature
showing ba
normalized 
mode impac
difference in
for bands 2
lines indica
LUT delive
a0 LUT cha
mode levels
of the two m
 

eviation was l
oud edges. Fig

gure 7. An ex

sults 

f DCCs for M
e distribution 
and 31 and t
to its maxim

ct. For band 2
n band 27 be
7 to 30 from 

ating the safe 
ries. The safe

ange. Similar 
s. This assess
mirror sides.  

larger than 3
gure 7 shows 

xample of a D

MODIS band
between the

the bottom p
mum. For band
27, however, t
ecomes enlarg

2015 to Janu
mode event 

e mode event 
to the Dome

sment also sh

%, this poten
a DCC imag

DCC image fro

d 31 should b
e two mirror 
plots showing
d 31 there is n
there is a slig
ged after the s
uary 2018, de

and purple l
causes a jum

e-C results, th
ows the impa

ntial DCC pi
ge from MOD

om MODIS o

be below 20
sides before 

g band 27. T
no significant

ght mirror side
safe mode ev

erived from D
lines are the 

mp in the mirro
he mirror side
acts of safe m

xel was disca
DIS observatio

observations (

05 K. Figure 
and after sa

The distribut
t mirror side 
e difference b

vent. Figure 9
DCC observat

dates of the 
or side differe
e difference g

mode and diffe

arded to rem
ons.  

 
(granule 2014

8 shows the
afe mode, wit
tion is define
difference an

before safe mo
9 shows the m
tions, with the
calibration c

ence which is
gradually retu
ference of a0 c

move the DCC

4305.0125). 

e comparison
th the top tw
ed as the his
nd no signific
ode. This mir

mirror side dif
e red vertical
oefficients a0

s generally du
urns back to p
calibration alg

C pixels 

n of the 
wo plots 
stogram 
ant safe 

rror side 
fference 
 dashed 

0 and a2 
ue to the 
pre-safe 
gorithm 

Proc. of SPIE Vol. 10785  107851C-10
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

Figure 8. Th
mode. The t
while right p

he compariso
top two plots 
plots are for a

n of the temp
are for band 

after safe mod

perature distrib
31 and bottom
de. Blue is fo

bution betwe
m plots for ba
r mirror side 

 

 

 

en the two mi
and 27. Left s
1 and red is f

irror sides be
side plots are 
for mirror side

fore and after
before safe m
e 2. 

  
r safe 

mode 

Proc. of SPIE Vol. 10785  107851C-11
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

Figure 9. Th
2018. The r
coefficients

4.3 Assessm
 

4.3.1 Sched
 

MODIS lu
characteriza
sensor band
and sensor 
monthly wi
moon view
nighttime u
Earth view 
measuremen
the schedule

he mirror side
red vertical da
 a0 and a2 LU

ment using ca

duled lunar e

unar observa
ation, includi
d to band reg
calibration in

ith the lunar p
wed through 

sing spacecra
sector. In th

nts are used r
ed moon even

e difference d
ashed line ind

UT deliveries. 

avity temper

event  

ations have 
ng radiometr
istration (BB
nter-comparis
phase angle w
the SV port

aft roll maneu
his work, to 
rather than the
nts. 

derived from D
dicates the saf

  

rature of sche

been exten
ric stability m

BR) and modu
son [20, 21].
within a sma
t. The sched
uvers. A data 

assess the c
e moon image

DCC observa
fe mode and p

 

eduled lunar

nsively used 
monitoring fo
ulation transfe
. MODIS lun
ll range of 55

duled lunar o
sector rotatio

calibration im
e. Figure 10 s

ations for band
purple lines ar

r event 

to support
or RSB and T
fer function (M
nar observatio
5 º to 56º for

observations
on is applied

mpact on cold
shows the MO

ds 27 to 30 fr
re the dates o

t the on-orb
TEB, spatial 
MTF), optica
ons are sched
r Terra MOD
are made du
to capture th

d targets, the
ODIS cavity a

rom 2015 to J
f the calibrati

bit calibratio
characterizat

al leak and cr
duled approx

DIS, with the 
uring the spa

he moon imag
e cavity temp
and the image

January 
ion 

on and 
tion for 
rosstalk, 
ximately 

waning 
acecraft 

ge at the 
perature 
e during 

Proc. of SPIE Vol. 10785  107851C-12
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

 

Figure 10. T
correspondi

4.3.2 Resul
 
The selectio
temperature
side differen
bands 27 to 
indicates the
deliveries. T
LUT change
mode, the m
safe mode a
 

The top image
ing to the SV.

ts 

on of the porti
e.  The selecte
nces. The spa
30 from 201

e safe mode e
The safe mod
e. These resu

mirror side gra
and difference

e during a lun
. The lower im

ion of the cav
ed frame are u
ace view is us
5 to January 2
event and pur
e event cause
lts are consist
adually return
e in the a0 cal

nar event with
mage shows t

vity during lun
used for all th
sed as backgro
2018 with foc
rple lines are t
es a jump in th
tent with Dom
ns to pre-safe 
ibration algor

 

h data sector r
the cavity BT

 

 

nar events us
he bands to as
ound. Figure 
cus on the saf
the dates of th
he mirror side
me-C and DC
mode levels.

rithm of the tw

 
 

rotation. The 
T of band 31 a

es band 31 B
ssess the calib
11 shows the
fe mode impa
he calibration
e difference w

CC results. Af
 This assessm
wo mirror sid

moon is show
after the lunar

T around the 
bration consis
 BT mirror si

act. The red ve
n coefficients 
which is gener
fter the jump c
ment also show
des.  

wn in the fram
r observation.

telemetry cav
stency of the m
ide difference
ertical dashed
a0 and a2 LUT
rally due to th
caused by saf
ws the impact

 
mes 
    

vity 
mirror 
es for 
d line 
T 
he a0 
fe 
ts of 

Proc. of SPIE Vol. 10785  107851C-13
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

Figure 11. T
measuremen
are the date

The crossta
years, espec
changed rap
safe mode 
(approximat
Collection 6
determinatio
work focus
product.  

The use of 
The cold ta
work. Due t
also scene 
should be B
This variatio
stable since
DCC is mor
reliable than

 

The BT mirro
nts during lun
s of the calibr

alk effects on 
cially after th
pidly and the 
4 WUCD av
tely one yea
6.1, the PV L
on and update
es on the ass

observations 
argets, Dome
to the atmosp
dependent an

BT dependent
on can cause 

e the pixel sel
re stable. The
n other Earth 

or side differen
nar events. Th
ration coeffic

the Terra M
he safe mode
a0 coefficient
verage. The 

ar after safe m
LWIR crossta
e of the offse
sessment of c

over cold tar
-C, DCCs, an
heric effects, 
nd seasonal d
t. The Dome
changes of th

lection uses b
e cavity BT is
view measur

nces for band
he red vertica
cients a0 and a

5. 
MODIS PV LW

e in February
t update deriv
moving aver

mode), with 
alk is charact
t coefficient u
calibration co

rgets provide
nd cavity me
the results fr

dependent. Fo
-C temperatu
he mirror side
band 31 BT. 
s stable and th
ements aroun

ds 27 to 30 fro
al dashed line 
a2 LUT delive

SUMMARY

WIR bands 2
y 2016. After
ved from each
rage procedu
the a0 uncer

terized and c
using measur
onsistency an

e feasibility o
easurement du
rom Earth targ
or the impac

ure has season
e difference fo
The atmosph

here is no any
nd the same B

om 2015 to Ja
indicates the 

eries.   

Y 

27 to 30 have
r this event, 
h individual W
ure was reest
rtainty having
corrected usin
rements from 
nd the deliver

f analyzing th
uring schedu
gets may have
ct from uncer
nal variation 

for the same a
heric effect on
y atmospheric 
BT range. 

anuary 2018 u
safe mode ev

e increased si
the instrume
WUCD event
tablished afte
g impacted t
ng lunar mea
BB WUCD a
ry procedure 

he offset imp
uled lunar eve
e extra bias. T
rtainty of a0, 
and range fr

a0 error. DCC 
n DCC is low

effect. The r

 
using the cavi
vent and purp

ignificantly in
ent response 
t rather than t
er 4 WUCD
the L1B prod
surements. A
are challengin

impact on th

pact on the pr
ents are used
The extra bias

the impact o
rom 200 K to
temperature 

wer. The resul
esult should b

ity 
ple lines 

n recent 
initially 
the pre-
 events 
duct. In 

Accurate 
ng. This 
he L1B 

roducts. 
d in this 
s can be 
on L1B 
o 250K. 
is more 
lts from 
be more 

Proc. of SPIE Vol. 10785  107851C-14
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

REFERENCES 

[1] W. L. Barnes and V. V. Salomonson, “MODIS: A global image spectroradiometer for the Earth 
Observing System,” Crit. Rev. Opt. Sci. Technol., vol. CR47, 285–307, 1993. 

[2] W. L. Barnes, V. V. Salomonson, B. Guenther, and X. Xiong, “Development, characterization, and 
performance of the EOS MODIS sensors,” in Proc. SPIE, 5151, 337–345, 2003. 

[3] W. L. Barnes, X. Xiong, and V. V. Salomonson, “Status of Terra MODIS and Aqua MODIS,” J. Adv. 
Space Res., 32(11), 2099–2106, 2003. 

[4] V. V. Salomonson, W. L. Barnes, X. Xiong, S. Kempler, and E. Masuoka, “An overview of the Earth 
Observing System MODIS instrument and associated data systems performance,” in Proc. IEEE 
IGARSS, 1174–1176, 2002.  

[5] C. L. Parkinson, "Summarizing the first ten years of NASA's Aqua mission", IEEE J. Sel. Topics Appl. 
Earth Observ. Remote Sens., 6(3), 1179-1188, 2013. 

[6] Yue, H., C. He, Y. Zhao, Q. Ma; Q. Zhang, “The brightness temperature adjusted dust index: An 
improved approach to detect dust storms using MODIS imagery”. INTERNATIONAL JOURNAL OF 
APPLIED EARTH OBSERVATION AND GEOINFORMATION, 57, 166-176, 2017. 

[7] Skakun, S., CO Justice, E Vermote, JC Roger Transitioning from MODIS to VIIRS: an analysis of inter-
consistency of NDVI data sets for agricultural monitoring” International journal of remote sensing, 39(4), 
971-992, 2018 

[8] Gupta, Pawan; Remer, Lorraine A; Levy, Robert C; Mattoo, Shana, “Validation of MODIS 3 km land 
aerosol optical depth from NASA's EOS Terra and Aqua missions” Atmospheric Measurement 
Techniques; Katlenburg-Lindau 11 (5),  2018 

[9] R. C. Levy, S. Mattoo, L. A. Munchak, L. A. Remer, A. M. Sayer, F. Patadia, and N. C. Hsu, “The 
Collection 6 MODIS aerosol products over land and ocean”, Atmos. Meas. Tech., 6, 2989–3034, 2013 

[10] Wilson, T., A. Wu, A.. Shrestha, X. Geng, Z. Wang, C. Moeller, R. Frey, and X. Xiong, "Development 
and Implementation of an Electronic Crosstalk Correction for Bands 27–30 in Terra MODIS Collection 
6", Remote Sensing, vol. 9(6), issue 569, 2017 

[11] Xiong, X., B. Wenny, A. Wu, and V. Salomonson, "Aqua MODIS Thermal Emissive Bands On-orbit 
Calibration, Characterization, and Performance", IEEE Trans. Geosci. Remote Sens., vol. 47, issue 3, pp. 
803-814, 2009 

[12] Xiong, X., A. Wu, B. N. Wenny, S. Madhavan, Z. Wang, Y. Li, N. Chen, W. Barnes, and V. 
Salomonson, "Terra and Aqua MODIS Thermal Emissive Bands On-Orbit Calibration and Performance", 
IEEE Transactions on Geoscience and Remote Sensing, vol. 53, issue 10, pp. 5709 - 5721, 2015. 

[13] Xiong, X., A. Wu, and B. Wenny, "Using Dome C for MODIS Calibration Stability and Consistency", J. 
Appl. Remote Sens., vol. 3, no. 033520, 2009. 

[14] Cao, C., S. Uprety, X. Xiong, A. Wu, P. Jing, D. Smith, G. Chander, N. Fox, and S. Ungar, 
"Establishing the Antarctic Dome C Community Reference Standard Site towards Consistent 
Measurements from Earth Observation Satellites", Canadian Journal of Remote Sensing , vol. 36, issue 5, 
2010 

[15] Wenny, B., and X. Xiong, "Using a Cold Earth Surface Target to Characterize Long-term Stability of the 
MODIS Thermal Emissive Bands", IEEE Geosci. Remote Sens. Let., vol. 5, issue 2, pp. 162-165, 2008 

[16] Doelling, D. R., L. Nguyen, P. Minnis (2004), On the use of deep convective clouds to calibrate 
AVHRR data, in Proc. SPIE, Earth Observing Systems IX, pp. 281-299 

[17] Doelling, D.R., G. Hong, D. Morstad, R. Bhatt, A. Gopalan, and X. Xiong (2010), The Characterization 
of Deep Convective Cloud Albedo as a Calibration Target Using MODIS Reflectances, in Proc. SPIE, 
Earth Observing Missions and Sensors: Development, Implementation, and Characterization, vol. 7862, 
78620I-1 to 78620I-10 

Proc. of SPIE Vol. 10785  107851C-15
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

[18] Chang, T., X. Xiong, A. Angal, and Q. Mu, "Assessment of MODIS RSB detector uniformity using deep 
convective clouds", Journal of Geophysical Research: Atmospheres, vol. 121, issue 9, pp. 4783–4796, 
2016 

[19] Mu, Q., A. Wu, X. Xiong, D. R. Doelling, A. Angal, T. Chang, and R. Bhatt, "Optimization of a Deep 
Convective Cloud Technique in Evaluating the Long-Term Radiometric Stability of MODIS Reflective 
Solar Bands", Remote Sensing, vol. 9 (6), issue 535, 2017 

[20] Barnes, W., X. Xiong, R. E. Eplee, Jr., J. Sun, and C. Lyu, "Use of the Moon for Calibration and 
Characterization of MODIS, SeaWiFS, and VIRS", Earth Science Satellite Remote Sensing, vol. 2, New 
York, Springer-Verlag, pp. 98-119, 2006. 

[21] Xiong, X., J. Sun, S. Xiong, and W. Barnes, "Using the moon for MODIS on-orbit spatial 
characterization, Sensors, Systems, and Next-Generation Satellites VII", Proc. SPIE, vol. 5234, pp. 480-
487, 2003 
 

 
 
 
  
 
 

Proc. of SPIE Vol. 10785  107851C-16
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 22 Jul 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use


