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Lots of Remote Sensing Systems launched since 1972
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NASA satellite secures new Guinness world
record
Landsat 5 was only designed to operate for three years, but has lasted 29

By SPACE.com

Related Topics: MASA, Space

Landsat-5

Most early remote
sensing satellites have a
design life of ~5 years

Landsat 5§ has secured & new word record title for being the longest-oparating Earth obsersation
safellite sfer almosl thies decades m ol

1n Guinness World Records sent an email confiration to NASA's Goddard Space Flight Center in

1971 h Landsat_1 Greenbelt, Md , informing space agency oficials of the hanar, NASA, officials said in a
171
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New Global moderate resolution era

Landsat 8, 9, Next

Sentinel 2A
Sentinel 2B

T 2021

Landsat 10 )
2027

ESA Sentinel 2A & 2B



Global median 16 days

S2 & L8

~ Global median 4.5 days

.

S2A, S2B, L8

S2A & S2B

Global median 3.7 days

Average satellite revisit interval (days)
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Li and Roy, 2017
A global analysis of
Sentinel-2A,
Sentinel-2B

and

Landsat-8

data revisit
intervals

and implications
for terrestrial
monitoring,
Remote Sensing,
9,902.



Landsat 9 successful launch
11:12 am September 27 2021

Vandenberg Space Force Base, California
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Day of burning
MODIS

500m MCD64
July 2016
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Day of burning
MODIS

500m MCD64 C6
Sept. 2016
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MODIS 500m MCD64 C6
31 10° x 10 tiles

August 2019




Sentinel-2 & Landsat-8 30 m
2861 109 x 109 km HLS tiles

August 2019

vasa  Harmonized Landsat Sentinel-2




S
S
™
00

Sentinel-2 & Landsat




NASA MODIS 500m Burned Area Product
Stage 3 Validation by comparison with higher spatial resolution
30m Landsat derived independent reference data

== ¥ O

L8 acquisition date
1 MAR 2014 20 MAR 2015

S o Boschetti, Roy, Giglio, et al. RSE, 2019

Locations of 558 two date Landsat image pairs selected by stratified
random sampling in space and time; pairs were visually interpreted
into burned, unburned, and unmapped classes



Sentinel-2 & Landsat-8 30 m
2861 109 x 109 km HLS tiles

August 2019

vasa  Harmonized Landsat Sentinel-2




Lots of Remote Sensing Systems launched since 1972

I | | rl II |
Since 1999 commercial high
= spatial resolution data have
become available for
environmental applications
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IKONOS (1999, US Company)

the first of a series of commercial satellites launched and operated by private
opanies sometimes on behalf of governments.
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Multispectral 3. 2 m pixels
(R,QB NIR) }
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RapidEye (2008)
five satellite constellation

Standard Image Product Specification

Specification

Spectral Bands Blue 440-510 nm
Green 520-590 nm
Red 630-685 nm
Red Edge 690-730 nm
NIR 760-850 nm

Ground Sampling 6.5m

Distance (Nadir)

Pixel Size 5m

(orthorectified)

Swath Width 77 km

Revisit Time DAILY

Equator crossing 11:00 a.m. (approximately)

time

Image Capture 4 Million km?2 DAILY

Capacity

-
—1RapidEye
geo facts
turned into knowledge




Geokye-1 (2008)

High spatial
resolution commercial satellite sensor |
(financed in part by a $500-million
NextView contract with the National
Geospatial-Intelligence Agency)

Panchromatic 0.41 x 0.41 m

Multispectral 1.64 x 1.6 m
(R,G,B,NIR)

GeoEye-1 can “revisit” any point
on the globe every three days or
sooner, depending upon the
required look angle

GOOGLE has exclusive rights
among online mapping sites to
GeoEye-1 imagery

B_a)ra @bamf\'s mauguratlon January 21 2009
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DigitalGlobe launches super-sharp
WorldView-3 Earth imager

About 60% of DigitalGlobe’s buginess is with the US government - for both military and cnil applications

The most powerful commercial imaging satellite ever built has just
gone into orb#-from Calitornia, Us.

DigitalGlobe's WorldView-3 spacecraft will return pictures of the Earth's
surface down to a resolution of 31cm

Until recently, the company was restricled to selling images sharper than
50cm only o the US government

Pt e [anwiliar i anyoe-

DigitalGlobe HerSTogle of Bing
maps - both ren on views captured by the firm's satellites.

But its pictures also find wide applicalion in areas such as scientific
investigations, urban planning, forestry and agricultural monitoring, and
in mineral exploration.

WaorldView-3 is an important moment for the Longmonl, Colorado-based
company, however,

The market place for commercial Earth imagery is getting increasingly
competitive, and being able to go to sub-0.5m resolutions gives
DigitalGlobe a stand-out advantage over its rivals

“It's important for them to be able to differentiate themselves by being
able to say, ‘we have the most high-resoclution and highest-accuracy data
available’ " commented Adam Keith, the director of space and Earth
observation at industry-watchers Euroconsult

BALL AEHOSFPALE

More from
Jonathan

Roswtta: ‘Spuds in

space

Arigra 6: Customers
§ll the shots

Rosetta edges
towards Comat ETP

MHITO: Refined
analysis drives new
search area




High spatial
resolution
commercial
satellite
data

used

to infer

human
activities

19 August 2021
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High spatial resolution commercial satellite data potential to
resolve small and spatially fragmented burned areas

3




But high temporal resolution also needed to capture many burns
spectra of a pre-burn & burned grass fuel 1 hour, 6 days, 12 days after burning

B G R NIR LNIR SMIR SMIR

Pre-burn Response
Grass

Postburn Response
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Landsat 8

Kafue
National park,
Zambia

Day 155 2016

2000 x 2000 30m
pixels

false color surface
NBAR




Sentinel 2A

Kafue
National park,
Zambia

Day 164 2016

2000 x 2000 30m
pixels

false color surface
NBAR
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PlanetScope constellation
« ~200 sensors
« 461- 594 km altitude
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PlanetScope average revisit interval
December 2019 — November 2020

9.6% of global land points have
average annual revisit intervals
<24 hours (blue tones)

71.8% have average.annual
revisit intervals <36 hours (blue
and dark green tones),

88.4% have average annual
revisit intervals <48 hours
(blue, dark & light green tones)

\ Roy, Huang, Houborg,
e T Martins, A global analysis of
average revisit (hours) A e the temporal availability of

T S ) - PlanetScope high  spatial
e & =% B " S N & resolution multi-spectral
planet imagery, RSE, 2021.




s BlackSky Data Catalog o

Data Archive Coverage
BlackSky has a constellation of 14, L3 —

Harris/Excellis SpaceView-24 satellites, 2 blocks
of builds

e 0./-1.3 [m] RGB and Pan

e 500-600 km orbit

o ~3yrlife

e Payload mass: <10 kg

The evaluation will target basic image products.

Basic Image Products Constellation Details

Launched 2018+ (Global)

Spoctral Bands an. RGB Orbit Polar & Mid-inclination
Repeat period 14 observations per day (constellation)
(Minknum GSD: 0.83m GSD Varies between satellite & orbit

Estimatad MRS

Cacslast 31 besh Ag € U 0y o M CESD




BlackSky's First To Know Insights
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BLACK(SKY o
Seven Collects in Seven Hours

Valparaiso, Chile
December 5, 2021
BlackSky Constellation

Spectra Al Site Monitoring 08:09 Local Time

Rapid Revisit Collection Spectra Al Derived Insights

SEVEN COLLECTS IN SEVEN HOURS




Sensor: Sentinel 2A
Spatial Resolution: 10 m
Date: 2021/12/27

Time: 16:17:01 UTC
Solar Elevation: 49°

Location: SAL Airport, San Luis Talpa, =
La Paz, El Salvador

Dimension: 2
300 x 300 ¢ el r-" w'ﬁ.‘ r | i



Sensor: Landsat 9
Spatial Resolution: 30 m
Date: 2021/12/27

Time: 16:18:37 UTC
Solar Elevation: 46°

Location: SAL Airport, San Luis Talpa, -
La Paz, El Salvador

Dimension:
100 x 100




Sensor: Planetscope
Spatial Resolution: 3 m
Date: 2021/12/28
Time: 15:33:44 UTC
Solar Elevation: 39°

Location: SAL Airport, San Luis Talpa, |
La Paz, El Salvador |

Dimension:

1000x 1000+ f
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Sensor: BlackSky
Spatial Resolution: 1 m
Date: 2021/12/28
Time: 22:25:50 UTC
Solar Elevation: 15°

Location: SAL Airport, San Luis Talpa, @
La Paz, El Salvador

Dimension:
3000 x 3000



Sensor: Sentinel 2A
Spatial Resolution: 10 m
Date: 2021/12/30

Time: 16:27:01 UTC
Solar Elevation: 49°

Location: SAL Airport, San Luis Talpa,
La Paz, El Salvador

Dimension: .- -, .,
300 x 300 o gl



Sensor: BlackSky
Spatial Resolution: 1 m
Date: 2021/12/30
Time: 16:29:02 UTC
Solar Elevation: 47°

Location: SAL Airport, San Luis Talpa,
La Paz, El Salvador

Dimension:
3000 x 3000




Sensor: Planetscope
Spatial Resolution: 3 m
Date: 2021/12/31
Time: 15:32:57 UTC
Solar Elevation: 39°

Location: SAL Airport, San Luis Talpa,
La Paz, El Salvador

Dimension: "'
1000 x 1000



Sensor: BlackSky
Spatial Resolution: 1 m
Date: 2021/12/31
Time: 22:04:40 UTC
Solar Elevation: 20°

Location: SAL Airport, San Luis Talpa,
La Paz, El Salvador




Sensor: Planetscope
Spatial Resolution: 3 m
Date: 2022/01/01
Time: 15:34:37 UTC
Solar Elevation: 39°

Location: SAL Airport, San Luis Talpa, 9
La Paz, El Salvador

Dimension: =
1000 x 1000 | "



Sensor: Sentinel 2B
Spatial Resolution: 10 m
Date: 2022/01/01

Time: 16:16:49 UTC
Solar Elevation: 48° il

Location: SAL Airport, San Luis Talpa, -
La Paz, El Salvador

Dimension:
300 x 300 [iEEEaEs . R »
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Sensor: BlackSky
Spatial Resolution: 1 m
Date: 2022/01/01
Time: 21:25:39 UTC
Solar Elevation: 28°

Location: SAL Airport, San Luis Talpa,
La Paz, El Salvador

Dimension:
3000 x 3000




Sensor: Planetscope
Spatial Resolution: 3 m
Date: 2022/01/02
Time: 16:10:53 UTC
Solar Elevation: 45°

Location: SAL Airport, San Luis Talpa,
La Paz, El Salvador




Sensor: BlackSky
Spatial Resolution: 1 m
Date: 2022/01/03
Time: 21:25:59 UTC
Solar Elevation: 28°

Location: SAL Airport, San Luis Talpa,
La Paz, El Salvador

Dimension:
3000 x 3000




Sensor: BlackSky
Spatial Resolution: 1 m
Date: 2022/01/05
Time: 16:03:37 UTC
Solar Elevation: 44°

Location: SAL Airport, San Luis Talpa,
La Paz, El Salvador

Dimension: ;
3000 x 3000




Sensor:

Spatial Resolution:
Date: 2022/01/05
Time: 17:01:25 UTC
Solar Elevation: 51°

Location: SAL Airport, San Luis Talpa,
La Paz, El Salvador

Dimension:
10001000 = = 0 . &g



Sensor: Planetscope
Spatial Resolution: 3 m
Date: 2022/01/06
Time: 16:21:16 UTC
Solar Elevation: 46°

Location: SAL Airport, San Luis Talpa, :
La Paz, El Salvador

Dimension: X
1000 x 1000 =~ o "



Sensor: Sentinel 2A
Spatial Resolution: 10 m
Date: 2022/01/06

Time: 16:27:53 UTC
Solar Elevation: 48°

Location: SAL Airport, San Luis Talpa, L
La Paz, El Salvador

Dimension: |
300 x 300 [l Cag | '



Sensor: BlackSky
Spatial Resolution: 1 m
Date: 2022/01/06
Time: 18:38:37 UTC
Solar Elevation: 53°

Dimension:
3000 x 3000




Sensor: Landsat 9
Spatial Resolution: 30 m
Date: 2022/01/12

Time: 16:18:34 UTC
Solar Elevation: 46°

Location: SAL Airport, San Luis Talpa,
La Paz, El Salvador

Dimension:
100 x 100 =
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Before normalization

20 PlanetScope images

17130 x 7480 3m pixels
Jan. 1 —Jan. 30, 2019 Sool, Somaliland




After normalization

20 PlanetScope images

17130 x 7480 3m pixels
Jan. 1 —Jan. 30, 2019 Sool, Somaliland




Before
normalization

False-color
mosaic
(NIR, red, green)

15 PlanetScope
images

June 3 — June 29,
2019

16250 x 14570
3m pixels

Benguela,
Angola



After
normalization

False-color
mosaic
(NIR, red, green)

15 PlanetScope
images

June 3 — June 29,
2019

16250 x 14570
3m pixels

Benguela,
Angola



Before
normalization

False-color

mosaic (NIR,
red, green)

15 PlanetScope

images

2019

15480 x 12670
3m pixels

Mpumalanga,
South Africa




After
normalization

False-color
mosaic (NIR,
red, green)

15 PlanetScope
images

May 1 — May 25,
2019

15480 x 12670
3m pixels

Mpumalanga,
South Africa




Before normalization
11 PlanetScope images
July 7 — July 30, 2019

15050 x 84400 3m pixels
Lunda Sul, Angola




After normalization
11 PlanetScope images
July 7 — July 30, 2019

15050 x 84400 3m pixels
Lunda Sul, Angola




NASA MODIS 500m Burned Area Product
Stage 3 Validation by comparison with higher spatial resolution
30m Landsat derived independent reference data

== ¥ O

Took years and a team of
students to collect the
Landsat validation data

L8 acquisition date
1 MAR 2014 20 MAR 2015

S o Boschetti, Roy, Giglio, et al. RSE, 2019

Locations of 558 two date Landsat image pairs selected by stratified
random sampling in space and time; pairs were visually interpreted
into burned, unburned, and unmapped classes



DBSCAN

) Naive Bayes
_ K-Means Agglomerative SVM
Mean-Shift K-NW Decigion Trees
Fuzzy C-Means w Classification) Logistic Regression
Euclat
Linear Regression
Apriori ( Pattern search

Regressiony Polynomial
FP-Growth _ Regression

Ridge/Lasso

Regression

DIMENS|ON REDUCTION
(geveralization)

t-SNE LDA
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CLASSICAL
LEARNING

Random Forest
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ASC (baw) CatBoost

NEURAL
NETS AND
DEEP LEARNING

Convolutional

Perceptrons
(MLP)

Recurrent

Neural Networks
LSM (RNN) seq2seq
Gernerative
Adversarial Networks
LSTM (GAN)

GRU

https://vas3k.com/blog/machine_learning/
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Fast prototyping with the NASA

Landsat burned area training data

20
'l

10
1

Total: 12,497 Planetscope images
(2019-2020)

all with cloud cover <30%

-10
i

Counts
* 1-10
11-20
21-30
31-40

-20
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-30
1

41 -50

0 1,250 2,500
I 1IKm
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Deep Learning high resolution burned
area mapping by transfer learning
from Landsat-8 to PlanetScope

Martins, V.S. 2, Roy, D.P. 2b" Huang, H. 2, et al.,
Remote Sensing of Environment, In Review

Down-selected 12,497 Planetscope images to

607 two-date image pairs:

* images acquired one day apart

« 225 km? overlapping spatial area that was
=275% cloud- and shadow-free in both images

« solar zenith angle differences between
images <5°

« fell within or intersected the 30 m Landsat
burned area reference mapped areas

Set aside 20 two-date image pairs and

interpreted them into burned/unburned for
validation.

30
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-20 -10

10 20 30

40 50

-10
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D Landsat-8 scenes
# of PlanetScope pairs
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20190728_093248_73_106b_3B_AnalyticMS_SR.tif

2019 07 28



20190729 093412 47 106¢_3B_AnalyticMS_SR.tif

2019 07 29
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U-Net classification
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Independent reference




20190718_064446_101e_3B_AnalyticMS_SR.tif

2019 07 18




20190719 _064113_104a_3B_AnalyticMS_SR.tif

2019 07 19




U-Net classification

roydavi1@msu.edu



Independent reference

‘

roydavi1@msu.edu




20190109_084515_103c_3B_AnalyticMS_SR.tif

2019 01 09




20190110 084428 1014 3B_AnalyticMS_SR.tif

20190110
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U-Net classification
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Independent reference




Analysis of different sizes of burned area

July 24

PlanetScope
3m

false color
(NIR/R/G)

July 25

Cuanza Sul,
Angola

Classification

roydavii@msu.edu



Validation results considering
20 manually interpreted
Planetscope image pairs

Reference

Classified Bgrned Unl:_)urned Total

[pixels] [pixels] [pixels]
Burned
[pixels] 1,383,404 136,572 1,519,976
Unburned
[pixels] 136,060 337,737,527 337,873,587
Total
[pixels] 1,519,464 337,874,099 339,393,563
Overall:

Commission error = 8.98%
Omission error = 8.95%

30
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Summary

* Medium resolution Sentinel-2 and Landsat-8 data enable mapping of
- small (~30 m) spatially fragmented burns
- low combustion completeness burns

« Landsat Next and next generation Sentinel-2 will continue the medium global
resolution record

« Commercial high spatial & high temporal resolution data
- new potential for automated burned area mapping of small (<5 m) burns
- issues with low sensor calibration, band pass differences, geolocation
- deep learning has real potential
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Comparison of July burned proportions mapped
by 3 m PLANET reference and 30 m Landsat-8 & Sentinel-2

PLANET reference
8093.4 km2 (assumed to be truth)
compared
Burned Unburned Row total
[km?] [km?] [km?]
Preliminary Burned 83.7 56.4 140.7
example [km?]
validation Landsat-8 & Unburned 173.6 80.3 953
: nburne 73. 7780. 7953.7
results Sentinel-2 km?]
Column total 257.0 7836.7 8093.4
[km?]

Overall accuracy = 97%  Omission error [0-1] = 0.40 Commission error [0-1] = 0.67



630 nm IR 4 ' July 12nd 2019
820 nm | ' - i - :
545 nm

surface reflectance

Isalo National Park
Madagascar

15.4 x 10.7 km
5134x 3568 3 m pixels

roydavil@msu.edu




630 nm IR i July 16t 2019
820 nm o AR 5 % . o |
545 nm

surface reflectance f&

Isalo National Park|
Madagascar

15.4 x 10.7 km
5134x 3568 3 m pixels

roydavil@msu.edu




Dove-R

July 25t 2019

630 Nnm
820 nm
545 nm

surface reflectance

Near Johannesburg,
South Africa

6.4 x 6.0 km
2123 x 1997 3 m pixels

roydavii@msu.edu



Dove-R

July 30t 2019

630 Nnm
820 nm
545 nm

surface reflectance

Near Johannesburg,
South Africa

6.4 x 6.0 km
2123 x 1997 3 m pixels

roydavii@msu.edu



Fast prototyping - use the previously collected Africa Landsat 30m 2-date training
data to derive a U-Net and investigate its utility (i.e., transfer learning)
for 2-date PlanetScope classification into burned and unburned classes

L8 acquisition date
1 MAR 2014 20 MAR 2015

Locations of 558 Landsat-8 two date image pairs interpreted Yellow vectors = Interpreted burned areas occurring
into burned, unburned, and unmapped classes between the two Landsat images sensed 16-days apart

roydavii@msu.edu



PlanetScope
July 3

630nm
820 nm
545 nm

Preliminary
Example
validation

Zambia
Western Province

110 x 110 km
anet. 36600 x 36600 3m pixels




PlanetScope
July 31st

630nm
820 nm
545 nm

Preliminary
Example
validation

Zambia
Western Province

110 x 110 km
@- net. 36600 x 36600 3m pixels
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Comparison of July burned proportions mapped
by 3 m PLANET reference and 30 m Landsat-8 & Sentinel-2

PLANET reference
8093.4 km2 (assumed to be truth)
compared
Burned Unburned Row total
[km?] [km?] [km?]
Preliminary Burned 83.7 56.4 140.7
example [km?]
validation Landsat-8 & Unburned 173.6 80.3 953
: nburne 73. 7780. 7953.7
results Sentinel-2 km?]
Column total 257.0 7836.7 8093.4
[km?]

Overall accuracy = 97%  Omission error [0-1] = 0.40 Commission error [0-1] = 0.67



Burned Areas Characterized by

deposits of charcoal and ash

* removal of vegetation
 alteration of vegetation structure
e exposure of underlying material

Erik Boren Cheikh Mbow,
Idaho Senegal

roydavi1l@msu.edu
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The effects of
burned areas

may persist on
the landscape

Landsat 8,

30m true color,
Week 23 2014
South Africa/Moz.
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August 19th 2001, Botswana
open savanna grassland, fossil dune system, bright Kalahari Sand
Landsat 30m pixels, bands 5 (1.65um), 4 (0.82um), 3 (0.66um)
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September 4t 2001, Botswana
open savanna grassland, fossil dune system, bright Kalahari Sand
Landsat 30m pixels, bands 5 (1.65um), 4 (0.82um), 3 (0.66um)
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“Typical” spectral reflectance of
charcoal (immediately post-fire), green & dry grass
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I.e. burning reduces reflectance at reflective wavelengths
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		0.74		6.1529		39.8806		50.3140

		0.75		6.2622		44.2822		50.8703
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		0.79		6.4113		48.0140		53.1313
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		0.82		6.3947		48.909		54.7998

		0.83		6.5107		49.1375		55.3558

		0.84		6.6598		49.366		55.9853

		0.85		6.3119		49.67		56.5413

		0.86		6.4610		49.974		57.0975

		0.87		6.5107		50.197		57.7638

		0.88		6.5604		50.42		58.2465

		0.89		6.4113		50.605		58.8760

		0.90		6.5935		50.79		59.4318

		0.91		6.5107		50.9255		60.0615

		0.92		6.5604		51.061		60.7138

		0.93		6.6101		50.9025		61.4320

		0.94		6.7592		50.744		61.8780

		0.95		6.7592		50.243		62.1405

		0.96		6.8255		49.742		62.3298

		0.97		7.0077		49.629		62.5553

		0.98		6.5935		49.516		62.7810

		0.99		6.9083		49.8155		63.0435

		1.00		6.7592		50.115		63.3795

		1.01		6.8089		50.53		63.6420

		1.02		6.9580		50.945		63.8310

		1.03		7.0574		51.379		64.0565

		1.04		6.8255		51.813		64.2458

		1.05		6.8089		52.15		64.5448

		1.06		7.0574		52.487		64.8440

		1.07		7.0077		52.449		65.0330

		1.08		6.9580		52.411		65.2220

		1.09		7.1071		52.327		65.3378

		1.10		7.0574		52.243		65.4898

		1.11		7.2065		52.051		65.6058

		1.12		7.1899		51.859		65.6110

		1.13		7.3059		51.1155		65.6168

		1.14		7.1899		50.372		65.6220

		1.15		7.1568		49.134		65.6275

		1.16		7.3210		47.896		65.5963

		1.17		7.2533		47.21		65.4185

		1.18		7.3512		46.524		65.1303

		1.19		7.5483		46.606		65.0990

		1.20		7.5471		46.688		65.7285

		1.21		7.4972		47.1615		66.6150

		1.22		7.3151		47.635		66.8408

		1.23		7.3482		48.2235		66.8463

		1.24		7.4806		48.812		66.8150

		1.25		7.5468		48.867		66.7105

		1.26		7.6446		48.922		66.8260

		1.27		7.6927		48.7515		67.3820

		1.28		7.7738		48.581		67.4978

		1.29		7.4912		48.1105		67.3933

		1.30		7.7045		47.64		67.3253

		1.31		7.8848		46.4995		67.1840

		1.32		7.9659		45.359		66.9325

		1.33		7.7825		43.6295		66.5708

		1.34		7.9296		41.9		66.0255

		1.35		7.8785		40.4275		65.2973

		1.36		8.1923		38.955		64.4950

		1.37		7.7298		35.878		63.8033

		1.38		8.0932		32.801		62.7808

		1.39		7.9776		27.928		61.3545

		1.40		8.1595		23.055		59.9655

		1.41		8.1279		19.9345		58.5025

		1.42		8.3608		16.814		57.4063

		1.43		8.3295		15.8945		56.4568

		1.44		8.4634		14.975		55.6913

		1.45		8.2336		14.8115		55.2563

		1.46		8.2667		14.648		55.0783

		1.47		8.4320		15.24		55.1205

		1.48		8.4320		15.832		55.5295

		1.49		8.4816		16.906		56.2695

		1.50		8.4320		17.98		56.7520

		1.51		8.6800		19.2985		56.9045

		1.52		8.4981		20.617		57.0200

		1.53		8.6304		21.8835		56.9888

		1.54		8.7627		23.15		56.7375

		1.55		8.7792		24.2655		56.7795

		1.56		8.9611		25.381		57.0720

		1.57		8.8784		26.518		57.9663

		1.58		8.7957		27.655		58.7063

		1.59		8.9776		28.47		59.2993

		1.60		9.0600		29.285		59.6715

		1.61		9.0254		29.9795		59.7873

		1.62		9.0897		30.674		60.0130

		1.63		9.2201		31.241		60.0183

		1.64		9.3503		31.808		60.0240

		1.65		9.1668		32.0325		59.9928

		1.66		9.2805		32.257		59.6680

		1.67		9.3117		32.418		59.0860

		1.68		9.3428		32.579		58.5775

		1.69		9.3574		32.4555		58.2528

		1.70		9.6363		32.332		58.0013

		1.71		9.5535		31.9165		57.7865

		1.72		9.6690		31.501		57.7188

		1.73		9.6525		30.9905		57.6140

		1.74		9.8670		30.48		57.6930

		1.75		9.8505		29.627		57.8085

		1.76		9.8670		28.774		57.9975

		1.77		9.8505		28.271		58.1500

		1.78		9.8340		27.768		58.3758

		1.79		10.0485		27.709		58.6380

		1.80		10.0640		27.65		58.8638

		1.81		10.1393		27.3885		58.9428

		1.82		10.0157		27.127		59.0953

		1.83		10.0735		26.49		59.1743

		1.84		10.3286		25.853		58.9958

		1.85		10.1569		23.729		58.4143

		1.86		10.3181		21.605		56.7678

		1.87		10.5460		17.4315		54.2767

		1.88		9.9854		13.258		52.0790

		1.89		10.3939		10.27295		50.0290

		1.90		10.5395		7.2879		47.4650

		1.91		10.7836		6.22685		45.4883

		1.92		10.9291		5.1658		44.6128

		1.93		10.7792		5.1106		45.1688

		1.94		11.0230		5.0554		45.6883

		1.95		10.8235		5.30465		46.4280

		1.96		10.9157		5.5539		47.7550

		1.97		11.1057		6.03815		48.7148

		1.98		11.1316		6.5224		49.4545

		1.99		11.0430		6.9598		50.1573

		2.00		11.1811		7.3972		49.9793

		2.01		11.1618		8.07205		49.3608

		2.02		11.3758		8.7469		48.3385

		2.03		11.4691		9.23105		47.2060

		2.04		11.5034		9.7152		46.2938

		2.05		11.4340		10.3066		45.6385

		2.06		11.5668		10.898		45.2035

		2.07		11.4578		11.6065		44.8053

		2.08		11.5431		12.315		44.5540

		2.09		11.9187		12.9695		44.5960

		2.10		11.8096		13.624		44.6015

		2.11		11.8457		14.2525		44.8640

		2.12		11.9766		14.881		45.1633

		2.13		12.0043		15.3205		45.4623

		2.14		12.2123		15.76		45.7618

		2.15		12.1120		16.0955		45.8038

		2.16		11.9925		16.431		45.7725

		2.17		12.1250		16.6665		45.7780

		2.18		12.2258		16.902		45.7833

		2.19		12.5287		16.996		45.7890

		2.20		12.4045		17.09		45.6475

		2.21		12.4580		17.2385		45.4328

		2.22		12.4189		17.387		45.1083

		2.23		12.5660		17.239		44.7098

		2.24		12.6050		17.091		44.1280

		2.25		12.6020		16.7235		42.8488

		2.26		12.7223		16.356		41.5328

		2.27		12.6867		15.964		40.8043

		2.28		12.9675		15.572		40.6260

		2.29		13.0990		15.0905		40.4480

		2.30		13.0267		14.609		40.3803

		2.31		13.3028		13.999		40.2753

		2.32		13.3842		13.389		40.2810

		2.33		13.5036		12.8855		40.2863

		2.34		13.5902		12.382		40.4388

		2.35		13.7031		12.043		40.4443

		2.36		13.9780		11.704		40.4130

		2.37		13.5797		11.161		40.4553

		2.38		13.6085		10.618		40.4608

		2.39		13.9505		10.16525		40.3563

		2.40		13.8844		9.7125		40.0315

		2.41		13.8499		9.23275		39.5598

		2.42		14.0073		8.753		38.9410

		2.43		14.1326		8.35425		37.8820

		2.44		14.1938		7.9555		36.5660

		2.45		13.9826		7.3731		35.6533

		2.46		14.1878		6.7907		34.9238

		2.47		14.5051		6.51335		34.1585

		2.48		14.3740		6.236		33.3930

		2.49		14.5951		6.23285		32.6473

		2.50		14.8328		6.2297		32.5853
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Must account for spectrally confusing land cover changes i.e.,
that look like burning but are not
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Must account for spectrally confusing land cover changes i.e.,

that look like burning but are not
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Must account for spectrally confusing land cover changes i.e.,
that look like burning but are not
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Must account for spectrally confusing land cover changes i.e.,
that look like burning but are not
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Must account for spectrally confusing land cover changes i.e.,
that look like burning but are not

roydavi1@msu.edu 31 km x 23 km



Must account for spectrally confusing land cover changes i.e.,
that look like burning but are not

Cloud
shadows
and
burned
areas look
similar in
this image
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To first order the change in reflectance due to
burning is dependent on the fraction of area
burned f and combustion completeness cc

UNBURNED BURNED INCOMPLETE
MIXED PIXEL COMBUSTION

roydavil@msu.edu



Linear Spectral Mixture Model

Two linear mixture equations

a pixel with fraction of area burned f
and combustion completeness cc:

Roy, D, Landmann, T (2005) Characterizing the surface heterogeneity of fire effects using
multi-temporal reflective wavelength data. International Journal of Remote Sensing 26, 4197-4218.
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Synthetic training data Landsat-8 & Sentinel-2
spectral library Spectral Response Functions

f. cc model i e
f : i f X CC, ppre flresensor band- ppos fire sensor band
X CC, ppre—flrekl ppos— Ire7L

\ J | ) | J
! ! !

L-8 30m tiles

Roy, Huang, Boschetti, Giglio,
Yan, Zhang, Li, 2019, Landsat-8
and Sentinel-2 burned area
mapping - a combined sensor
multi-temporal change
detection approach, RSE, 231,

S-2 30m tiles

Random Forest Classification 111254.
to 30m f x cc
i i Temporal
Consistency
o0 0o —> Wedge —
approach
based on
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Current algorithm requires only 3 parameters approach
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