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Project Motivation

• Global trends in wetland degradation and loss have created an 
urgency to:

1. Monitor wetland extent and, 

2. Track the distribution and causes of wetland loss. 

• Satellite imagery can be used to monitor wetlands over time.

• Few efforts have attempted to distinguish anthropogenic 
wetland loss from climate-driven variability in wetland extent. 
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Approach

• Tracked inundation extent and land cover 
disturbance across the Mid-Atlantic region 
using the Landsat archive in Google Earth 
Engine.

• How to best remotely detect anthropogenic 
wetland loss (due to land cover change)?
• Decrease in inundation extent?

• Disturbance extent?

• Co-location of inundation decline and 
disturbance?
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Temporal Extent: 
2015-2018

Spatial Extent:



Annual Inundation (2013-2018)

• Uses Landsat ETM+ (n=1036), OLI 
(n=1086) images across study area.

• Applied USGS Dynamic Surface 
Water Extent (DSWE) algorithm to 
ETM+

• Advantage: unsupervised algorithm

• Modified DSWE algorithm for OLI

• Additional test for forested wetlands

• Reduced commission error for 
suburban areas
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DSWE Classes
Not Water
Water - High Confidence
Water - Moderate Confidence
Partial Surface Water Pixel
Water or wetland, low confidence



Regional surface water mapping challenges 
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Appalachian Mts create severe 
topographical shadowing

Delmarva Peninsula – high 
frequency of ephemeral wetlands

Lots of forest (60%) – limited 
surface visibility

Multiple urban areas – D.C., Baltimore, 
Philadelphia, Pittsburgh, Virginia Beach, 
Richmond

Lots of dynamic tidal 
wetlands



Response to regional challenges 
and big data challenges

(c) If high-confidence 
DSWE water class →
retain everywhere, 
otherwise, require more 
observations in uplands.

(b) Mask out 
slopes >7%.

(d) Intersect a 
NWI polygon
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(a)  January 1 – May 31
• ≥2 observations of 

inundation
• All DSWE confidence 

classes 



Algorithm maps sub-pixel 
inundation

• Surface water depends on:
1. DSWE water confidence 

class

2. Number of inundation 
observations per year

3. Ecoregion (lowland, upland) 
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Mapping Disturbance

1a.  Harmonic NDVI change analysis 
(17,956 images)

1b.  Increase in brightness (7,213 images)
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April 2016 April 2018
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Disturbance Output Examples
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Mining

Silviculture

Development

• 60% in NLCD forest (e.g., silviculture, development)

• 14% in NLCD developed classes – intensification of 
development

• 15% in NLCD agriculture (conversion from ag to 
development, or error)



Product Validation

Inundation Extent:

• Landsat ETM+ inundation: 18% OE, 1% CE

• Landsat OLI inundation: 19% OE, 4% CE

• ETM-OLI combined inundation: 13% OE, 4% CE

• MMU (1176 wetlands in WorldView imagery):
• 61% wetlands (0.4 – 1.0 ha)
• 84% wetlands (1.0 – 1.5 ha)

Disturbance Extent:

• Disturbance (Harmonic): 27% OE, 2% CE

• Disturbance (Brightness): 56% OE, 1% CE

• Disturbance (B-H combined): 15% OE, 2% CE

USACE Section 404 Permits (permitted aquatic resource loss (n=263))

• Detected 95% of USACE water fill points (71% disturbance only, 6% inundation loss only, 18%, 
disturbance and inundation loss)
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Products applied to examine 
aquatic resource loss

• Inundation loss (decline relative to 
previous 2 years) represented 7-11% of 
total inundation.

• Disturbance extent represented 0.25% 
(2016) to 0.35% (2015) of the study area.

• 99% of annual “inundation loss”  occurred 
without a disturbance event (i.e., climate 
variability).
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Disturbance extent with stream 
datasets can help identify potential 
impacts to waterbodies too narrow to 
be detected using Landsat surface 
water products alone.



Patterns of disturbance and potential aquatic resource 
loss were uneven across the SA.

• A total of 108.6 km2 (2015-2018) showed both 
disturbance and inundation loss. 

• A total of 186 km2 (2015-2018) intersected 
NWI polygons and disturbance.
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NWI density Inun. loss density

Disturbance density Inun. Loss-Disturb. 14



So what can we do with this information?

• Goal: Enable stakeholders to make informed, strategic decisions in a cost-efficient 
manner.

• Inundation: where is the water? What water is relatively stable? What water is 
most dynamic and most susceptible to changes in climate (e.g., droughts, floods)

• Disturbance: where are changes in vegetation actively occurring? Where are 
changes minimal?  Can this help us identify at risk regions or aquatic resource 
types? 

• Disturbance – NWI wetlands: what aquatic resources are potentially at-risk? 
Where can we prioritize restoration needs? 
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(2015-2018)
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[USGS Gitlab]
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Surface Inundation Code
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NDVI Harmonic Change Code
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NDVI Harmonic Change Code



24

NDVI Harmonic Change Code
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NDVI Harmonic Change Code

NDVI Harmonic Change Code
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NDVI Harmonic Change Code
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Brightness Change Code
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Brightness Change Code

Can adapt code to meet regional 
challenges.

Fallow Ag, Crop Type Shift
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Brightness Change Code

Can adapt code to meet regional 
challenges.

Turbid Water



Example from Leesburg, VA
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Brightness Change Code



Project and Product Summary

1. Disturbance, inundation extent, and the co-location of the 2 have applications 
for monitoring and managing wetland extent and condition.

2. Published products and code can be used as a jumping off point and adapted 
to work across different regions.  
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Thank You! Questions?
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Melanie Vanderhoof - mvanderhoof@usgs.gov

Products – ScienceBase:
https://www.sciencebase.gov/catalog/item/5e430b15e4b0edb47be845ce

Code – GitLab:
https://code.usgs.gov/gecsc/tracking-disturbance-and-inundation-to-identify-wetland-loss/-
/tree/master
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