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Inlet naturally shifts and closes, re-dig on a ~5 year cycle
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Three decadal observations:
growing seasons 1990, 2000, and 2010

Band 4 Surface Reflectance (x10%)

Row/Col=1933/3002
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Landsat NIR (band 4) cloud-screened observations converted to surface reflectance using LEDAPS. Pixel row 1999,
column 3002; WRS-2 path 12, row 31




Multiple clear observations,
growing seasons 1984-2010

Band 4 Surface Reflectance (x10%)
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All clear observations ever acquired
for this location: 1984-2010

Band 4 Surface Reflectance (x10%)

Row/Col=1393/3002
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Continuous Change Detectionn and
Classification (CCDC)

Mathematical prediction models fit to clear observations

Row/Col=1333/3002
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land cover using all available Landsat data. Remote Sensing of Environment 144:152-171.



Band 4 Surface Reflectance (X10%)
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Gradual Change vs Abrupt Change

Simple Linear Trend (SLT)
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Gradual Change vs Abrupt Change
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Algorithm Refinements

 More clear observations, more accurate time series
models

e Least Absolute Shrinkage and Selection Operator
(LASSO) fit

* Temporally adjusted threshold

* Change vector magnitude and probability-based
threshold

* Good training strategy



Training data: USGS Land Cover Trends

a USGS

science for a changing world

Level III Ecoregions

March 1999 Edition United States Land Cover Trends

1. Coast Range
2. Puget Lowland . . .
3. Willamette Valley National Center for Earth Resources Observation and Science (EROS)
: Cascades
5. Sierra Nevada
6. California Chaparral and Oak Woodlands
7. Central California Valley
8. Southern California Mountains
9. Eastern Cascades Slopes and Foothills
10. Columbia Plateau
11. Blue Mountains
12. Snake River Basin
13. Central Basin and Range
14. Mojave Basin and Range
15. Northern Rockies
16. Montana Valley and Foothill Prairies
17. Middle Rockies
18. Wyoming Basin
19. Wasatch and Uinta Mountains
20. Colorado Plateau
21. Southern Rockies
22. Arizona/New Mexico Plateau
23. Arizona/New Mexico Mountains
24. Chihuahuan Deserts
25. Western High Plains
26. Southwestern Tablelands
27. Central Great Plains
28. Flint Hills
29. Central Oklahoma/Texas Plains
30. Edwards Plateau
31. Southern Texas Plains
32. Texas Blackland Prairies
. East Central Texas Plains
. Western Gulf Coastal Plain
35. South Central Plains
36. Ouachita Mountains
37. Arkansas Valley
38. Boston Mountains
39. Ozark Highlands
40. Central Irregular Plains
41. Canadian Rockies
42. Northwestern Glauated Plains
43. Northwestern Great Pl
44. Nebraska Sand Hills
45. Piedmont
. Northern Glaciated Plains
47. Western Corn Belt Plains
48. Lake Agassiz Plain
49. Northern Minnesota Wetlands
:O. Northern Lakes and Forests
. North Central Hardwood Forests
57. Driftless Area
. Southeastern Wisconsin Till Plains
. Central Corn Belt Plains
. Eastern Corn Belt Plains
. S. Michigan / N. Indiana Drift Plains
Huron/Erie Lake Pllams
. Northeastern Highlands
Northeaster cf‘isﬁau Tone 1992 U.S. Land Cover
. Northern Appalachian Plateau and Uplands
61. Exie Drift Plains P Il Open Water
62. North Central Appalachians
63. Middle Atlantic Coastal Plain enni e
64. Northern Piedmon! [ perennial Ice/Snow Shrubland
65. Southeastern Plains
66. Blue Ridge Mountains [ Low-Intensity Residential  [JJJl] Woody Cultivated
67. Ridge and Valley
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. Central Appalachians

Land Cover Classes

B Forest
[_] Grassland/shrubland

] Agriculture

B Developed

[ Barren (naturally)

B Mining/quarrying

B Mechanically disturbed
B Non-mech. disturbed
Bl Wwater

[ ] Wetland

[_] Snowrice

Hey
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= 20 km Sample Block

= 10 km Sample Block

2% yencm Allegheny Flatos Il Commercialindust/Transport. [ ] Hay/Pasture

72. Interior River Lowland

73. Mississippi Alluvial Plain [ Bare Rock/Sand/Clay [ Row Crops

74. Mississippi Valley Loess Plains

75. Southern Coastal Plain 1o Mil . i

76. Southern Florida Coastal Plain [ strip Mine/Quarry/Gravel Pit [JI] Small Grains

77. North Cascades

76, Klamath Mountains [ Transitional Barren [T Fallow/Bare Field .
79. Madrean Archipelago Kilometers
gg-~ bt Rl:‘nse - Deciduous Forest [] urbany/Other Grasses 500 0 500 1000

82. Laurentian Plains and Hills i

83, Eastern Great Lakes and Hudson Lowlands I Eversreen Forest [] Woody Wetland Miles

84. Atlantic Coastal Pine Barrens 500 0 500
[ Mixed Forest [ Herbaceous Wetland

U.S. Department of the Interior
U.S. Geological Survey



Ecoregion 71, Sample 955
1972 to 2000 Change
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Developing Good Training Strategy




Good Training Strategy

1. Equal proportion or equal number?

o Answer: Equal proportion (5%~15% increase in overall accuracy)
2. What is the optimum number of pixels?

o Answer: 20,000 (1%~3% increase in overall accuracy)

3. What is the best minimum and maximum number of training pixel for each
class?

o Answer: 600 minimum and 8000 maximum (similar overall accuracy but
significant increase in producers and users accuracies for small classes)

4. Is ancillary data helpful, if yes, which variable is more important?

o Answer: It is important. The tested ancillary data include: DEM, DEM
derivatives (aspect, slope, positional index, compound topographic index),
wetland index, Fmask statistics (water probability, snow probability, and
cloud probability), CCDC change detection ancillary data (number of change
and length of change). The important variables are in bold letters. (0%~4%
increase in overall accuracy)

5. Is outlier removal helpful or not?
o Answer: Not helpful



Land Change Monitoring, Assessment, and Projection (LCMAP)

Monitoring: continuously monitoring and characterizing changes in land cover,
use, and condition.

Assessment: Assessing land change processes, characteristics, and consequences
(climate, water, ecosystems/biological process, natural hazards, etc.).

Projection: Forecasts of future LULC patterns and types, and forecast on the
impacts of LULC change on ecosystem health, carbon dynamics, climate change
adaptation, etc.

Engergy-deyvelopment

Channel dynamics




Stakeholder interests
and info needs
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cyclical phase shifts; other gradual change
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« Comparison across variety of regional environments and landscape
settings (20 path/rows)

« Effects on regional change statistics: Puget Lowlands Ecoregion
demonstration study




Preliminary “look™ at some output for a Landsat
scene area (path 46/row 27) with output from the
Continuous Change Detection and Classification
(CCDC) algorithm.






Timing of change

1985 - 1986

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 1987

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 1988

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 1989

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 1990

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 1991

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 1992

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 1993

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 1994

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 1995

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 1996

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 1997

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 1998

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 1999

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2000

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2001

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2002

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2003

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2004

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2005

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2006

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2007

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2008

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2009

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2010

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2011

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2012

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2013

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

1985 - 2014

Year of Most
Recent Change

I 1986
[ 1987
[ 1988
[ 1989
[ 1990
[ 1901
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
1 2002
[ 2003
[ 2004
3 2005
I 2006
B 2007
I 2008
B 2009
B 2010
B 2011
Bl 2012
Bl 2013
Bl 2014




Timing of change

Year of Most
Recent Change

B 1986
I 1987
[ 1988
[ 1989
3 1990
[ 1991
[ 1992
[ 1993
[ 1994
[ 1995
[ 1996
[ 1997
[ 1998
[ 1999
[ 2000
[ 2001
[ 2002
[ 2003
3 2004
B 2005
B 2006
Bl 2007
B 2008
Bl 2009
Bl 2010
Bl 2011
Bl 2012
Bl 2013
Bl 2014




Distribution of landscape samples in Landsat PR 46/27 from the
USGS Land Cover Trends Project

Land Cover Classes

B Forest
[_] Grassland/shrubland

] Agriculture

Bl Developed

[ Barren (naturally)

B Mining/quarrying

B Mechanically disturbed
B Non-mech. disturbed
Bl water

] Wetland
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Trends Block 2000
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Current Status of LCMAP

The C version of CCDC continuous change detection component
has finished

Change detection has done for 18 path/rows, and classification is
underway ...

Three kinds of output (change map, cover map, condition map) will
be produced in middle July.
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Conclusions

CCDC is evolving fast.

Land Cover Trends blocks are great, but not perfect.
Use them with care.

Selecting training data from Land Cover Trends
blocks based on good strategy can significantly
improve CCDC classification accuracy.

LCMAP is ambitious, but we are on the way ......



