Priorities for Landsat MSS improvements
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Why: time is powerful

How: (we do it)

How: (it could be done better)

Discussion



What: harmonious imagery across all sensors
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Spectral Comparison
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Spatial Accuracy

m———

Spatial resolution (m)

MSS Georegistration 50 L1T images (n) =3923

| RMSE = 0.75
Terrain correction

— Of 6965 MSS images from

LCMS and Haiti, 56.3% were
L1T

I Mean RMSE = 0.49

Count

250-
°

Many L1Ts worth improving
(Figure)
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Why: time is powerful

* |Increased observation
— More durable temporal pattern identification
— Better estimate of change rates

— Better anomaly identification
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Why: time is powerful

Figure 1. Average Drought Conditions in the Contiguous 48 States,

Historical disturbance
pattern and monitoring
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Figure 3. Damage Caused by Wildfires in the United States, 1984-2012
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Insect Ihfestéfion

Wood-boring beetles are devastating B Spruce beetle G X
conifer forests across western North B Mountain pine beetle r‘{' y:-‘br
America. The map shows the locations of . I Pifion ips beetle b TR v<§:

recent large-scale infestations by three \'\
species of bark beetles. The graph shows
the total area affected by one species.

Forest area affected by mountain pine beetle
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Why: time is powerful

Before/after effect of
policy change.

1970’s environmental
movement.
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Why: time is powerful

-Practical rationale: overcome the problem of reflectance saturation in dynamic
vegetative cover.
-Knowing the history of a pixel can enhance prediction of current condition
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Using Landsat-derived disturbance history (1972-2010) to predict current
forest structure
Dirk Pflugmacher **, Warren B. Cohen °, Robert E. Kennedy ?

* Department of Forest Ecosystems and Society, Oregon State University, 321 Richardson Hall, Corvallis, OR 97331, USA
" USDM Forest Service, Podfic Northwest Research Station, Forestry Scences Laboratory, 3200 SW Jefferson Way, Corvalls, OR 97331, USA



How: (we do it)

Problem Solution

-Radiometric calibration USGS LPGS processing, (Chander et al. 2009, Helder et
al. 2012)
-Geolocation USGS LPGS L1T processing, LandsatLinkr::MSSwarp

(Kennedy & Cohen 2003)

-Atmospheric correction/ LandsatLinkr::MSScost (Chavez, 1996)
Surface reflectance

-Cloud masking LandsatLinkr::MSScvm (Braaten, et al. in review)

-Spectral integration LandsatLinkr::MSScal




Radiometric Calibration

* LPGS uses cross-calibration gains, biases, and time-

dependent variables to map MSS data to TOA radiance
using the Normalized Radiance method

— Radiance values are scaled to a 0-255 range with O reserved for
fill, 1 (QCalMin) for low saturation value (LMin), and 255
(QCalMax) for high saturation value (LMax)

— LMin, Lmax, QCalMin, and QCalMax reported as image
metadata for conversion to top-of-atmosphere (TOA) radiance

* All MSS sensors are cross-calibrated to Landsat 5 MSS, so
TOA reflectance calculations possible, but need to use
Landsat 5 MSS parameters for ESUN

 Thank you Helder (et al. 2012, Chander et al. 2009, EROS
LPGS!)

USGS



LandsatLinkr

Step 1:
Prepare MSS LPGS MSS

MSSunpackr

MSSwarp

Step 2: Prepare
TM/ETM+ LEDAPS TM/ETM+

MSSdn2refl MSScost

TMunpackr

Surface
reflectance Cloud mask

Surface

TOA Reflectance reflectance

MSScvm

Cloud mask

MSScal

Step 3: MSS/TM Indices
Lesend Calibrate MSS
® to TM/ETM+
image

Composites

composites




Geolocation

Step 1:
Prepare MSS

MSSwarp

Surface
reflectance

Step 2: Prepare
TM/ETM+

Surface
reflectance

LEDAPS TM/ETM+

Legend

I D T

Step 3:
Calibrate MSS
to TM/ETM+
and create

image
composites




LandsatLinkr::MSSwarp

Geolocation

* Automated image-to-image tie-point search and warp

Reference image

Y . —_ W TR

. Reference image chip

Fix image chip

Correlation result chip

@ Focal pixel




Atmospheric Correction/Surface Reflectance

Step 1:
Prepare MSS
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MSScost

TOA Reflectance

Surface
reflectance

Step 2: Prepare
TM/ETM+

LEDAPS TM/ETM+

Surface
reflectance
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Input

Legend
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Step 3:
Calibrate MSS

to TM/ETM+ ( )

and create
composites




LandsatLinkr::MSScost

Atmospheric Correction/Surface Reflectance

Band 1 dark object value = 26 Band 2 dark object value =9

Dark object subtraction
with automated dark

20000
20000

object value identifier 5 :
based on band-specific F )
brightness histogram X ¥
Calculate surface
reflectance:



Cloud and Shadow Masking

Step 1:
Prepare MSS
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Step 2: Prepare
TM/ETM+

LEDAPS TM/ETM+

Surface Surface
TOA Reflectance reflectance reflectance

MSScvm
Cloud mask o
Step 3:
Legend Calibrate MSS
i to TM/ETM+ ( )
( ) and create
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LandsatLinkr::MSScvm

Cloud and Shadow Masking

A

/ *B1(0.5-0.6 um) /

“AllMSS band inputs
arefirst convert from
DN to TOA radiance

B1>14000

then scaled by a

4 factor of 100 and
/ *B2(0.6-0.7 pm) / e 7500< ::ds e - ( Cloud Pixels ) rounded to the
(Bl’BZ]/(B]&BZ] > 0.045 (CP' nearestinteger,
B . v : D

/ *B4(0.8-1.1 pm)

Elevation Model

/

:

Minnaert topographic
correction (k = 0.55)

X, =mean(B4c#CP)

Y

=0.40* X; + 536.94

Spatial filtering and buffering:

1. Assign unique values to: CP, SP, and # to CP or SP

2. Spatial sieve: minimum patch size = 10 pixels
(four-neighbor rule)

3. Add two pixel buffer to CP and SP patches
(eight-neighbor rule)

X,=mean(B4c>Y & = CP)

0.47 * X; + 158.56

|
Shadow Pixels
(SP)
\

v
Cloud and
Hlumination- Shadow Threshold /
S > Shadow Mask
N VA
L | A [
C Key
/ Terrain Slope Model / Water Pixels (WP)
(Deg.) (ﬂlte‘red) Input D
/ *B2(0.6-0.7 pm) | Logic -
Spatial sieve:
Minimum patch size = 4 pixels
/ *B4(0.8-1.1 pm) (eight-neighbor rule) Class

(B4-82)/(B4+B2) < -0.30 & Slope< 0.50

(B4-82)/(B4+B2) <-0.20 & Slope = 0.00

or

——————————————————————————————— - 7/ Water Pixels (unfiltered) /

A = Cloud Identification

B = Shadow Threshold
Identification

C = Water Identification

D =Filtering and Buffering

-Clouds and shadows obscure
land cover, contaminating
change detection analyses —
need to mask them out

-Developed automated cloud
and shadow identification
system (MSScvm)

-With no thermal band,
identification is based on
reflectance brightness
thresholding, differential
brightness between bands,
and topography



LandsatLinkr::MSScvm

Accuracy Assessment

-Clear

-Core cloud
-Cloud edge
-Shadow core
-Shadow edge

X

NLCD land cover
classes




LandsatLinkr::MSScvm

Accuracy Assessment

Mask class

Wetlands -

Shrubland -

Planted/Cultivated -

Perennial lce/Snow -

Open Water

Herbaceous Upland -

Forest -

Developed

Barren -
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%

Cover class



Error (%)

LandsatLinkr::MSScvm

Accuracy Assessment

Overall accuracy (%)

-MSScvm = 81.0
-Fmask = 86.7
Clear Cloud Shadow

Error type

. Fmask commission
Fmask omission

.MSchm commission

- . I MSScvm omission




LandsatLinkr::MSScvm

Accuracy Assessment

Clear

Cloud

Shadow

Developed

Forest

Herbaceous Upland

Open Water

Perennial lce/Snow

Planted/Cultivated

Shrubland

Wetlands

Error type
Fmask commission
Fmask omission

. MSScvm commission
MSScvm omission



LandsatLinkr::MSScvm

MSScvm Reference




LandsatLinkr::MSScvm

MSScvm Reference Fmask




Spectral Integration

Step 1:
Prepare MSS
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Step 2: Prepare
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MSScal

MSS/TM Indices
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LandsatLinkr::MSScal

Spectral Integration

e Corresponding indices:
— Tasseled Cap brightness
— Tasseled Cap greenness
— Tasseled Cap Angle
— Tasseled Cap Distance
— NDVI
* Modeled indices:
— Tasseled Cap brightness (r = 92%)
— Tasseled Cap greenness (r = 92%)
— Tasseled Cap wetness (r = 85%)
— Tasseled Cap Angle (r=92%)
— Tasseled Cap Distance
— NDVI
— NBR
— EVI
— NDWI



LandsatLinkr::MSScal

Spectral Index Modeling

TM TC greenness

MSS M Regressmn
o O o
1984 DOY236 © o °
o O o
o O o
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o
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1984
1988
1992
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Aggregate

model

MSS TC greenness




Spectral index

LandsatLinkr::MSScal

MSS Pixel-level Spectral Index Adjustment
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difference

A A A
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Image year-day
B 1™
A MSS Correct for pixel-level offset by taking the mean of
o all pair-wise offsets and adjusting all MSS values
Pair-wise

according to the result.
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LandsatLinkr::MSScal
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LandsatLinkr::MSScal

Standard Tasseled Cap Planes - MISS to TM comparison
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LandsatLinkr::MSScal

TC BGW/RGB display — MSS to TM comparison
with standardized stretch




Seamless annual TC time series




How: (it could be done better)
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How: (it could be done better)

Standard surface reflectance algorithm
Standard cloud mask algorithm

Standard cross-sensor spectral index
Processed by USGS
Easy access



Discussion

* |s there general interest in making MSS a more
usable product?

— How would you want to use it?

e |s it feasible?

— Algorithm development
— USGS-processed and distributed

* Next steps



