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Landsat Archive Calibration Issues
and: Potentiall Strategy.

Outline

s [lhematic Mappers
L5 TM to L7 ETM+
14 TM to L5 TM

x M to MSS
L5 TM to MSS
L4 TM to MSS

= L1 to L5 MSS
14/5/ MSS
|4 to L3' MSS — the critical step
L1 to L3 MSS — capturing the first decade



[landsat 5 Radiometric Gain Update
Using Multiple Calibration Seurces

Desert Sites used ini L5 calibration
tipdate

s Saharan location: Pathi 181 Row: 40
s Collaboration with CNES

s Processing steps:
Center 3000 x 3000 pixels used
level OR data
Check for saturated pixels (Band 5)
Sun angle > 48.5°
Earth-sun distance and SZA correction
Outgassing correction for cold focal bands




Desert Site LS Gain Model, IC LS Gain Model, UAZ and SDSU Data, Band1
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Desert Site L5 Gain Model, IC L5 Gain Model, UAZ and SDSU Data, Band1 Desert Site L5 Gain Model, IC L5 Gain Model, UAZ and SDSU Data, Band2
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L5 TM Radiometric Gain Model

Radiometric gain of L5 TM based on
cross-calibration with L7 ETM+.

3 independent calibration sources in
excellent agreement (<2%): L7 cross-
calibration, U. of Arizona vicarious
calibration, pseudo-invariant site
trending.

Accuracy better than 5% early in life
and improving to 2% after the first
three years.

Results reported in “Updated
Radiometric Calibration for the
Landsat 5 Thematic Mapper
Reflective Bands” accepted for
publication in [EEE-TGRS.

Landsat 5 Radiometric Gain Model

Parameters
Band d, ay ad,
1 0.2901 | 0.1399 | 1.209
2 0.1246 | 0.1045 | 0.63
3 0.0839 | 0.2386 | 0.903
4 0] 0] 1.082
5 0) 0) 7.944
7 0) 0) 14.52




Proposed [ 4 TM Radiometric
Calibration

Overview: of Procedure

Current calibration based solely on IC lamp regression and pre-launch gain
estimates

Proposedi model based on cross-calibration with Landsat 5 TM via near-
coincident collects
Several test sitesiused in middle-east, Sahara, and! North America.

Eesults firom this analysisi provided: absolute calibration' estimates oni several individual
ates.

Spectral filters on/ L4 TM and L5 TM nearly identical.
IC lamps used as a trending tool
Lamps appear much better behaved than L5, andl used less often.

Noilamp discontinuities as in: L5, all' threeilampsi trended quite smiliarly: unlike L5, two
lamps virtually identical in response.

Pseudo-invariant sites used to provide an independent measure of gain trending
Muchless data available due to limited usage of L4
Best timel series was situated: in Middle-East: Iraq and Saudil Arabia
s Conflictsiin the gulfregion added extral difficulty to theranalyses!

Resultingl model integrates precedingl three methodologies into an overall
recommendation for L4 TM calibration
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Acquisition Dates for P166R39

1988 1989 1990 1991 1992 1993
2/6/19881 | 4/15/1989 | 9/7/1990 2/14/1991 | 6/24/1992 | 2/19/1993
2221988 | 5/15/1989 | 10/9/1990 | 3/2/1991 | 7/26/1992 | 3/23/1995
3/9/1988F | 5/31/1989 | 12/28/1990 | 5/5/1991 | 8/27/1992 | 5/26/1993
3/25/1988! | 7/2/1989 5/21/1991 | 9/28/1992
8/16/1988" | "8/3/1989 6/6/1991

10/19/1988 | 8/19/1989 7/ 81991
11/20/1988 7,/ 24/1991
8/9/1991

7 scenes | 6 scenes |3 scenes 8 scenes | 4 scenes |3 scenes

Total: 31 scenes

Selected: 13 scenes (highlighted in light blue)




Data Analysis (Comparisoni of Invariant Site Data
with IC data and L5 CrossCal)

Landsat 5 cross calibration

s [ 4/L5 cross calibration ratios (L4/L5) scaled by L5 Gain Modell (LUT07)
give l.andsat 5 cross calibration; points.

IC
s Fit a simple model to the Landsat 4 post-gap IC data.

s Scale the [Landsat'4 poest-gap I€ moedel tor Landsat 5 cressi calibration
pPoInts using least square method.

Invariant Site

s [wo subregions firom P166R39 (First=-16639 and! Second-16640) and one
subregion from P166R40I (First-16640) were used.

= (Calculate the nermalization| factor at Year =1988.63! (Year 1988/DOY.
229). Theyear 1988.65 was selected as this year Was common to beth
the invariant siteés P166R39 and P166R40:

s Scale datal using the same factor that has been| used o, scale Landsat 4
post-gap IC Model.

= Averages of the invariant sites data from the 3' subregions off the two
sites falling within short period of time are determined.




L4 TM IC Model and Invariant Site Model, Band2
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L4 TM IC Model and Invariant Site Model, Band1 L4 TM IC Model and Invariant Site Model, Band2
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|4 TM Recommendations

Recommend the adeption off a LUNT approach for the 4 TM post-gap
periodl based! onl the invariant site trend tied to the L5 cress-cal

POINtS.
Band % Change in Gain firem NLAPS
1 +6
2 -5
3 -7
4 -2
5 -3
/ ~(

Further investigations' required: tor consider hew: te: handle the: pre-
dap time period.
Further consideration off Band! 1 calibration may’ alsorbe warranted.



MSS Calibration Plan Outline

Goals:

Ultimately: to consistently’ radiometrically: calibrate the entire Landsat
archive. This segment I0oks backwards in time to Landsat: 1 and
1972. The comglete story' alsorleoks forward in time to the OLI
Instrument:and beyond.

o determine the limits on the calibration accuracy. of the; Landsat
archive back to Landsat 1.

Te build upon the calibration knowledge ebtained from: the, TM
Instruments to optimally calibrate the MSS instruments.

I calibration: improvements are impossible, then at least determine
the probable error bounds ini current: calibration appreaches tothe
MSS archive.




MSS Calibration Plan Outline

L5 MSS Calibration
s (Calibrate to L5 1M throughi ceincident scenes
= Develop trend through' usejof invariant sites
= Develop trend through' use of internal cal wedge data

L4 MSS Calibration
s Calibrate to L4 1Ml throughs coincident scenes
s (Calibrate to 'S MSSithrough coincident or near-coincident scenes
= Develop trend through use of invariant; sites
s Develop trend through' use of callwedge data

L3 MSS Calibration

s (Calibrate to L4 MSS through coincident or near coincident scenes
Note: this is likely the highest risk point im the process!

= Potentialf cross-calibration to 4 TM throughs coincident or near coincident scenes
= Develop trend through' usel offinvariant, sites
= Develop trend through' use of'call wedge data

Landsat 2 MSS Calibration
s Calibrate to L3 MSS through coincident or near coincident scenes
= Develop trend through' usel of invariant; sites
= Develop trend through' use of' callwedge data

Landsat 1 MSS Calibration
s (Calibrate to L2 MSS, through coincident or near coincident scenes
= Develop trend through' use of invariant sites
= Develop trend through use of callwedge data



MSS Calibration Plan Outline

LANDSAT 1 :
1972 . FLANDSﬂT 2 &‘
WS LANDSAT 3 2

1978 LANDSAT 4

LANDSAT 5
LANDSAT 7
1989

f

Critical overlap period to
extend calibration to the
July 16, 1982  March 31, 1983 first decade of Landsat!



Example of L5 MSS Lifetime Cal
Wedge Data

BZD1 W3 _avqCalWedgeData




Example of L1 MSS Lifetime Cal
Wedge Data

B30T Wi _avgCalWedgeData
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Satellite specific breakdown

Total MSS scenes from L1 to L5 (Total 649431)

200000 187669
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Overlap Timeline

Sensor Overlap Timeline




Overlap Timeline

Year

1972

1973

1974

1975

1976

19747

1978

1979

1980

1981

1982

1983

1984
1985
1986
1987 353409

1988
1989
1990 7039

1991
1992
1993
1994 I

Total Scenes 147727 187669 87516 53619 172900
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Available 1L4/1LS MSS scenes for known Calibration Sites

Cal Site Path Row Total L4 MSS scenes Total LS MSS scenes
Algeria 3 192 39 0 14
Algeria 5 195 39 0 19
Amburla 102 76 1 0
Arabia 1 164 47 0 15
Arabia 2 162 46 1 10
Barreal Blanco 232 82 0 21
Dunhuang 137 32 0 0
Dunrobin 94 76 18 0
Egypt 1 179 41 0 22
Egypt 2 177 44 2 5
59 99
La Crau 196 30 0 21
Lake frome o7 81 0 0
Libya 1 187 43 0 20
Libya 2 182 43 0 21

©2
=



Available 1.4/1L.5 MSS scenes for known Calibration Sites

19 Mali 1 198 47 0 16
20 Mauritania 1 201 47 0 8
21 Namib Desert 1 179 T4l 0 iy
22 Namib Desert 2 182 72 0 )
23 Niger 1 188 46 1 24

Niger 2 188 45 1 23

IROGEISHDIAL
27 Sechura Desert 10 64 0] 25

Sanorln Desent

29 Sudan 1 177 45 0 17
30 Taklamakan Desert 146 32 0 0
31 Tinga Tingana 97 80 0 0
32 Uyuni Salt Flats 233 74 1 27
e Warrabin 95 78 19 0
96 76 1 0

Yemen Desert 1 164 48 0 16
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L4/L5 MSS Scenes from White Sands (P33R37)

30

25

20

15

20 20

Fal Fal

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Year

L4/L5 MSS Scenes from RRV (P40R33)

H

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Year



Examples of
.3/1.4 MSS/(TM); Coincident/Near
Coincident: Scenes



L3 MSS

ID: LM304103

Cloud Cover: 90% Qlty: S
Date: 1962/12/51
tion

n Eleva

sun
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=

Azimuth 147

81982365AAA03

L4 MSS

ID: LM403803819

fJol d rovAr

: 1983/1/22

Elevation

Azimuth

R

° =)

022AAA05

10% Qlty: S

S0Nnoran beser

€

L |

114 ™M
ID: LT4038038
Cloud Cover:

Date: U'“/I/

Sun Elevation 28.11
Sun Azimuth 147.24




L3 MSS

ID:
LM30430331983002AAA03

Cloud Cover: 0% Qlty: 9
Date: 1983/1/2

Sun Elevation 22

Sun Azimuth 150

Railroadl Valley

L4 MSS

ID:
LM40400331982353AAA03

Cloud Cover: 10% Qlty: 9
Date: 1982/12/19

Sun Elevation 22

Sun Azimuth 152

L4 TM

ID:
LT40400331982353XXX04

Cloud Cover: 10% Qlty: 9
Date: 1982/12/19

Sun Elevation 22.56
Sun Azimuth 152.66
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White Sands

L3'MSS L4 MSS

1D: s ID:
LM30350371982269AAA05 LM40330371982272AAA03
Cloud Cover: 0% Qlty: 9 = Cloud Cover: 30% Qlty: 9
Date: 1982/9/26 «  Date: 1982/9/29

Sun' Elevation 46 u  Suni Elevation 46

Sun Azimutn 136 = Sun Azimuth 138




L2/L3 MSS Near Coincident
Scenes



Sonoran Desert (WRS1 P41R38)

ID: LM20410381981073AAA03 ID: LM30410381981082AAA04
Cloud Cover: 10% Qlty: 9 Cloud Cover: 0% Qlty: 7
Date: 1981/3/14 Date: 1981/3/23

Sun Elevation 42 Sun' Elevation 45

Sun Azimuth 129 Sun Azimuth 125




White Sands (WRS1 P35R37)

ID: LM20350371979042AAA03 1D LBUSSU37197 905 A2 105
Cloud Cover: 10%: Olty: 7 Cloud Cover: 10% Qlty: 9
Date: 1979/2/11 Date: 1979/2/20

Sun Elevation 30 Sun Elevation 35

Sun: Azimuth 136 Sun Azimuth 137




L1/L2 MSS Near Coincident
Scenes



Rallroaal Valley (WRS1 PA4SR55

= ID: LM10430331977318AAA01 = ID: LM20430331977312AAA03
= Cloud Cover: 0% Qlty: 4 = Cloud Cover: 0% Qlty: 5

. Date: 1977/11/14 «  Date: 1977/11/8

= Sun :Ie\/aclom 18 ? % Sun Elevation 26 ?

“  Sun Azimu 133 n” .SU

unr Azimuth 144




White Sands (WRS1 P35R37)

ID: LM10350371976265AAA04
Cloud Cover: 10%, Qlty: 5
Date: 1976/9/21

Sun Elevation Z10)

Sun Azimuth 122

ID: LM20§50371976274AAA03L
Cloud Cover: 0% Qlty: 5
Date: 1976/9/30

Sun Elevation 43
Sun Azimuth 134




o ID: LM10410381975348AAA01 = ID: LM20410381975357AAA01
= Cloud Cover: 10% Qlty: 4 = Cloud Cover: 10% Qlty: 4

“ Date: 1975/12/14 «  Date: 1975/12/23

m - Sl :Ievauon 25 = Sun :Jevauon 26

~ Sun Azimu 143 ~  Sun Azimu 147




L1—1'5 MSS' Data Example

Landsat 5 MSS:
Railroad Valley

Path 40 Row 33
August 1, 1999
Bands 4/2/1

Two Regions of
Interest:
Agricultural
and RRV Playa
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L4 MSS 7/24/92

L5 MSS 8/1/99

L2 MSS 9/30{81




Spectral Response Issues: TM vs.

1.040

0417 0452 0423 05232 0.552 05994 0629 BB4 0.¥y00 0O.735 0770 0.8068 0241 0876 0912 0.94F7 0932

Rsr Selected avelength in Microns
= lLandsats TM m| andsats MSS

Spectra Selected
mlLawn Grass

Substantial, diffierences exist between the spectiall respenses of
M and MSS

= MSS bandwidths, in general, are larger tham TM bandwidths

= Spectral overlap between sensors varies widely across bands
MSS 4 RSR =~ TM 4 RSR
MSS Band' 3 RSR has no TM!equivalent
MSS Band 2 RSR ‘related” to TM Band 3 RSR
MSS Band 1 RSR ‘related” toi TM Band 2 RSR
= MSS Band 3 straddles the ‘red edge’

s Fundamental limitation on cross-calibration from TM to MSS



L1-L5 MSS Spectral Filter
Responses Band 2

Landsat 1 Landsat 2 Landsat 3 o Landsat 4 1 Landsat 5

Substantiall differences in' RSR exist across the 5 sensors
L1—L 3t MSS'RSRS have never been digitized
Fundamental limitation to the cross-calibration accuracy,

|l4—5 MSS RSR's/ notably: more consistent than
predecessor spectral filters



landsat 3' MSS Spectral Filter
Response Bandz Detectors 1-6

B

Individual spectral filters used
for each detector in MSS.

Substantially differing RSR's
within a single band!



Summary.

Landsat 5 TM

= Lifetime: calibration essentially: finished

= Tlightly cross-calibrated to L7 ETM~+

s Accuracy from 5% early in life tor 2% : late in life

s Usefitiness off Pseudo-invariant site approach validated
Landsat 4 TM

a Cross-calibration to LLandsat 5 TM established through near coincident collects on multiple datesi using
multiple sites worldwide

= Lifetime trend established! through) consistent response of IC lamps and pseudo-invariant sites
Band 1 is a possible exception

s Accuracy predicted to be 10%: or better
Work continuesyon ‘pre-gap’ timeframe

Landsat 4/5 MSS
s Data sets exist from whichi te establish this cross-calibration
s Fundamental limitation will'be in spectral response differences

s Usefulness off these data for the science community limited
Why not just use TM data?

= Critically important, though, for establishing consistent calibration to L1-LL3 MSS
Landsat 3 MSS
= Critical link for obtaining consistent calibration; fior the first decade of Landsat observations

n Veér%/ limited number of everlappingl scenesi available for pseudo-invariant site approachi forlinking L3 to/ 4
M

s Usefulness off on-board calibration information (‘cal' wedge”) unknown at this time for instrument trending
Landsat 1/2 MSS

= Substantial numbers) of scenes exist for' pseudo-invariant site calibration approach

= Fundamentally limited tor near-coincident collects due:to orbital mechanics

s Fundamental limitations exist in' RSR differences

s Usefulness off on-board calibration information: alse; still TBD



Summary. (2)

Current Activities
s SDSU Image Processing Lab) preject with EROS toraddress, MSS
calibration
Initial feasibility: study nearing completion

s EROS committed to building ani MSS Image Assessment: System
(SITAS))

MSIAS will join TMIAS which has joined the IAS to form a comprehensive
Landsat image assessment system

ALIAS also exists for the EO-1 Advanced Land Imager

[ssues

= [imeframe needed to complete this activity’ Is limited
Sooen all eyes will berupoen; OLT!
TM calibration took us nearly a decade; can we do 5 MSS instruments in two
years???
s Importance ofi the llandsat histerical archive of the Earthi needs, to be
emphasized at every: opportunity



