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Project Background

Goals of the project: 
• Quantify historical and potential future impacts of changes in 

land use, management practices
• Quantify impacts of climate change on ecosystem structure 

and function at land/water interfaces of the Great Lakes Basin
• Changes are mediated through altered deliveries of water and 

nutrients from the landscape to the coast and through 
resulting plant invasions

Funded through the NASA Interdisciplinary Science Program

Special Thanks to the Ontario Ministry of Natural Resources

Presenter Notes
Presentation Notes
This project is meant to quantify how global change and land use legacies affect ecosystem processes at the land water interface across the Great Lakes Basin. Project caused creation of the Great Lakes Wetlands Ecohydrology Science Team = MSU, Umich, MTU, UNI, Texas stateThis work was completed by an interdisciplinary team between MTRI, University of Michigan, MSU, University of Northern Iowa, and Texas State University funded by NASA. This team has been working together in the great lakes on several projects and has formed the Great Lakes Wetlands Ecohydrology Science team in order to … READ GOALS. “To quantify historical and potential future impacts of changes in land use, management practices, and climate on ecosystem structure and function at land/water interfaces of the Great Lakes Basin. These changes are mediated through altered deliveries of water and nutrients from the landscape to the coast and through resulting plant invasions.”Do this through…remote sensing, field measurements, and hydrologic and ecosystem modeling to simulate coastal wetland dynamics and track invasive species spread. ….Significant anthropogenic activity and water level changes throughout the Great Lakes Basin, with over 50% of historical coastal wetlands lost (Krieger et al. 1992).  Anthropogenic pressure growing with 10% Americans and 30% Canadians living in the Great Lakes Basin (EPA 2019).



First Ever Bi-National GL Basin Classification

A baseline land cover map created 
using multi-source, multi-
temporal, moderate resolution 
remote sensing imagery for the 
entire Great Lakes basin.

• LANDSAT-TM and L-band PALSAR 
data with thousands of training data 
polygons classified using Random 
Forests classifier

• Coastal areas >90% accuracy, overall 
accuracy >80%

To view or request data: 

https://geodjango.mtri.org/coastal-wetlands/ Bourgeau-Chavez et. al., 2015 
Baseline land cover map

Presenter Notes
Presentation Notes
In order to study change throughout the great lakes basin as a whole, our team created the first bi-national great lakes land cover map using moderate resolution multi-sensor, multi-season remote sensing data, field data, machine learning... data circa c. 2010 included 20 unique classes, including key wetland species such as invasive species cattail (typha) and phragmities australis. This map is used as a baseline to parameterize modeling, quantify land cover, and estimate wetland invasion extentsPut citation  - Bourgeau-Chavez, L., Endres, S., Battaglia, M., Miller, M. E., Banda, E., Laubach, Z., ... & Marcaccio, J. (2015). Development of a bi-national Great Lakes coastal wetland and land use map using three-season PALSAR and Landsat imagery. Remote Sensing, 7(7), 8655-8682.Baseline Land Cover Map = link to https://geodjango.mtri.org/coastal-wetlands/

https://geodjango.mtri.org/coastal-wetlands/


Historic Land Cover Classifications
Problem: 
• There are no consistent bi-national 

land cover products at medium to 
high resolution

• Available land cover products for the 
USA and Canada often differ 
temporally and categorically 

Solution: 
• Can we use temporally smoothed 

Landsat imagery to create annually-
interpolated land cover between 
categorical maps from two times?

Baseline land cover map

https://geodjango.mtri.org/coastal-wetlands/


Interpolated Land Cover using LandTrendr
“Fitted” LandTrendr imagery is used to 
filter out spectral variations in Landsat 
time-series

Fitted imagery highlights pixel changes 
while smoothing values during stable 
times
Training data was drawn using 1990 
land cover and historic imagery and 
classified with random forest

1990 2000

1985 1995

https://emapr.github.io/LT-GEE/landtrendr.html
Land Cover Change in an Urban area

Presenter Notes
Presentation Notes
“LandTrendr is a set of spectral-temporal segmentation algorithms used for change detection in a time series of Landsat  (moderate resolution satellite imagery) and for generating trajectory-based spectral time series data largely absent of inter-annual signal noise.” Fitted imagery: “The ability to interpolate new values for years between vertices is very useful. It ensures that each observation is aligned to a trajectory consistent with where the pixel has been and where it is going. We can think of this as hindsight-enhanced image time series data. It has two practical utilities. It can fill in data from missing observations in the time series (masked because of cloud or shadow) and it maintains consistency in predictive mapping through time”



Land Cover Products

Year Location Source

c.1985 USA Coastal Change Analysis Program 
(CCAP)

c.1985 Canada Interpolated land cover using 
Landtrendr & supervised 

classification

c.1995 USA CCAP

c.1995 Canada Interpolated land cover using 
Landtrendr & supervised 

classification

c.2010 USA & 
Canada

MTRI Bi-National Great Lakes 
Basin Map

Formulated to fit model requirements

Presenter Notes
Presentation Notes
Land cover products reclassified to preserve as much land cover detail as possible and to best represent hydrological process occurring over the landscape. Land cover classes were chosen to preserve as much land cover detail as possible and to best represent hydrological process occurring over the landscape.-- acknowledgements of Canadian orgs that gave us information



Hybrid Change Analysis

Examples of Change Analyses

Presenter Notes
Presentation Notes
To detect change between two mapped time periods, we used a hybrid change analysis approach. This methodology utilizes the traditional categorical changes between classes in conjunction with the radiometric magnitude change information, derived from a change vector analysis (CVA) (Johnson and Kasischke, 1998) in order to reduce false change caused by differences between two categorical maps caused by map production methods.2. Pixel-based categorical change (resampled to same classes) performed and change areas were then segmented using the open source Python package WhiteBoxTools’ clump feature (Lindsay, 2014). Clumping: This feature groups all pixels that are touching and have the same change value, and assigns each clump of pixels with a unique identifier (Figure 2). This clump product is similar to that of a shapefile but reduces the need to convert raster data to vector format which can be computationally expensive and uses a lot of memory when working in landscape regions. 3. time series of Landsat TM imagery preprocessed with Landtrendr tools in Google Earth Engine (Kennedy et al., 2018). Landtrendr --Images were cloud-masked and mosaiced before running the temporal segmentation algorithm of Landtrendr. Spectral indies tasseled cap greenness (TCG), tasseled cap wetness (TCW), and normalized difference vegetation index (NDVI) were normalized to the temporally segmented and used as the spectral axes 4. Categorical change clumps for both change periods were intersected with the corresponding CVA magnitude image. Mean change magnitude was calculated for each unique change clump. User defined change magnitude thresholds for each change type were used to determine if categorical change was real



Land Cover Change 1980-1995

Land Cover Change in Green Bay, Detroit, 
Saginaw Bay, and northern Ontario

• Approximately 776,854 ha of land 
changed from c.1980 – 1995

Presenter Notes
Presentation Notes
Approximately 776,854 ha of land changed from c.1980 – 1995. Largest land cover gains were urban, suburban, barren, and shrublands for c.1980 – 1995Largest land cover losses were agriculture and deciduous forest for c.1980 – 1995The image on the right is meant to illustrate the urbanization in cities such as Detroit MI and Green Bay WI. It also depicts the current state of wetland growth in Saginaw Bay, MI, and in forestry in northern Ontario. The graph on the left displays the net land cover change in different categories from 1980-1995. You can really see the decrease in agriculture and deciduous forest in this graph, and an increase in suburban areas.Battaglia -- Manuscript



Urbanization in Michigan

Land Cover Change 1980-1995

Presenter Notes
Presentation Notes
These are visual representations of land cover transitions from the 1985-1995 and 1995-2010 time periods. In the flow diagram, columns represent the transitions from each land cover into the others. Land cover patterns such as forestry cycles, where forest is harvested leaving barren ground or grasslands, then it begins to regrow to shrublands, and finally to forest, are well demonstrated in the flow figure on the right. Then the graphic on the left displays land cover change in the form of urban spread in the Detroit area from 1985-2010.



Land Cover Change 1995-2010

Land Cover Change in Green Bay, Detroit, 
Saginaw Bay, and northern Ontario

• Approximately 998,400 ha of land 
change from c.1995 - 2010 

Presenter Notes
Presentation Notes
Approximately 998,400 ha of land change from c.1995 - 2010 Largest gains shrublands and suburban and woody wetland for c.1995 - 2010 Largest land cover losses were deciduous forest, grasslands, and agriculture for c.1995 - 2010Manuscript in the worksThe image on the right demonstrates the increase in urbanization in Detroit MI and Green Bay WI since the 1985-1995 tracking period. It also depicts and increase in wetland grown in Saginaw Bay, MI (unfortunately mostly due to invasives like Phragmites), and an increase in forestry in northern Ontario. 



Deforestation in Ontario

Land Cover Change 1995-2010

Presenter Notes
Presentation Notes
In the flow diagram, columns represent the transitions from each land cover into the others. Land cover patterns such as forestry cycles, where forest is harvested leaving barren ground or grasslands, then it begins to regrow to shrublands, and finally to forest, are well demonstrated in the flow figure on the right.  



Validating Change with TimeSync

487 of the 540 validation plots were correctly identified as real land cover change

Presenter Notes
Presentation Notes
Land cover change was validated to inspect correct identification of change type and change timing using TImeSync (Cohen et al., 2010). A summary of the validation results are displayed in the tables to the right. Results were summarized to observe change occurring from one class into any of the other classes (labeled change from) as well as any class changing to each of the other land cover classes (labeled change to). Results were summarized this way to observe how each land cover class was being detected during the change detection process. A total of 487 of the 540 validation plots were correctly identified as real land cover change



Dynamic Wetlands & Invasive Species

Saginaw Bay, MI Green Bay, WI St Clair Flats, MI

Presenter Notes
Presentation Notes
1985-2010 dynamic land cover changes in our three study areas: Saginaw Bay MI, Green Bay WI, and St. Clair Flats MI As more spaceborne SAR sensors become available, detailed land cover classifications that discriminate wetland classes will improve monitoring of dynamic wetlandsLater in St. Clair there was treatment of Phragmites



Summary and Implications

• Developed methodology to detect 
change through remote sensing

• Ecological processes drive land cover 
change (e.g. succession and water 
level) 

• Anthropogenic factors are the 
dominant source of land cover change 
(e.g. urban expansion and forestry)

• Additional work has quantified the 
extent and dynamics of Phragmites 
australis and Typha invasion

Presenter Notes
Presentation Notes
This project led to the development of a hybrid categorical and radiometric change methodology using remote sensing data that can be integrated into future  monitoring of wetland ecosystems throughout the great lakes basin. Using this methodology, we were able to quantify both ecological and anthropogenic change phenomenon such as succession, water level fluctuations, urbanization, and resource extraction. the ability to identify these natural and human-induced cycles provides insight for broader ecosystem modeling and invasive species management. 
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For questions please contact:

Dorthea Vander Bilt
djleisma@mtu.edu

Laura Bourgeau-Chavez
lchavez@mtu.edu

Nancy French
nhfrench@mtu.edu
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