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Overall Assessment 
Status: Fair 

Trends:  

10-Year Trend: Not assessed 

Long-term Trend (2000-2015): Unchanging 

Rationale: Land cover in the Great Lakes basin was classified as approximately 8% developed, 26% agriculture, and 
66% natural land cover. This indicates a medium risk of degraded water/habitat quality due to developed and 
agricultural land cover, and supports a status assessment of Fair (see Status Assessment Definitions and Table 3). 
From 2000 to 2015, there was an estimated net increase in developed land cover of 2,893 km2 and estimated net 
decreases in forest land cover of 2,900 km2 and in wetland land cover of 583 km2. Changes in agriculture land cover 
included nearly offsetting effects of conversion of natural to agricultural land and conversion of agricultural to 
developed land. Despite these changes, the long-term trend is considered “unchanging” (see Trend Assessment 
Definitions and Table 14). A separate trend was not calculated for the 10-year period, as it is expected to be similar 
to the 15-year trend. An accuracy assessment completed for this analysis suggests that rates of land cover change 
are likely lower than reflected herein. Table 1 presents the land cover classes used in this assessment, Tables 2-3 
and Figure 1 summarize information used in the status assessment, Tables 4-14 and Figure 2 summarize 
information used in the trend assessment, and Figures 3-8 present maps showing the distribution of land use/land 
cover basin-wide and for each lake watershed for 2015. 

Lake-by-Lake Assessment 
Lake Superior 
Status: Good 

10-Year Trend: Not assessed 

Long-term Trend (2000-2015): Unchanging 

Rationale: Land cover in the Lake Superior watershed in 2015 was classified as approximately 2% developed, 1% 
agriculture, and 97% natural land cover (Table 2 and Figure 1). This indicates a low risk of degraded water/habitat 
quality due to developed and agricultural land cover, and supports a status assessment of Good (see Status 
Assessment Definitions and Table 3). Approximately 76% of the land cover in the watershed is forest (Table 2 and 
Figure 1). From 2000 to 2015, there was an estimated net decrease in forest land cover of approximately 521 km2. 
Developed land cover increased by an estimated 177 km2, and agriculture land cover decreased by an estimated 14 
km2 (Table 4). The long-term trend is considered unchanging (Table 14 and Figure 2). An accuracy assessment 
completed for this analysis suggests that actual trends in land cover change during this period could be less 
significant (see Data Limitations). 

Lake Michigan  

Status: Fair

Sub-Indicator: Land Cover 
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10-Year Trend: Not assessed 

Long-term Trend (2000-2015): Unchanging 

Rationale: Land cover in the Lake Michigan watershed in 2015 was classified as approximately 10% developed, 
32% agriculture, and 58% natural land cover (Table 2 and Figure 1). This indicates a medium risk of degraded 
water/habitat quality due to developed and agricultural land cover, and supports a status assessment of Fair (see 
Status Assessment Definitions and Table 3). From 2000 to 2015, there was an estimated net decrease in forest 
land cover of approximately 353 km2. Developed land cover increased by an estimated 528 km2, and agriculture 
land cover decreased by an estimated 297 km2 (Table 5). The long-term trend is considered unchanging (Table 14 
and Figure 2). An accuracy assessment completed for this analysis suggests that actual trends in land cover change 
during this period could be less significant (see Data Limitations). 

Lake Huron (including St. Marys River) 

Status: Fair 

10-Year Trend: Not assessed 

Long-term Trend (2000-2015): Unchanging 

Rationale: Land cover in the Lake Huron watershed in 2015 was classified as approximately 6% developed, 22% 
agriculture, and 72% natural land cover (Table 2 and Figure 1). This indicates a low/medium risk of degraded 
water/habitat quality due to developed land, a medium risk of degraded water/habitat quality due to agricultural 
land, and supports a status assessment of Fair (see Status Assessment Definitions and Table 3). Approximately 
52% of the land cover in the watershed is forest. From 2000 to 2015, there was an estimated net decrease in forest 
land cover of approximately 1,064 km2 and an estimated net decrease in wetland cover of 217 km2. Developed land 
cover increased by an estimated 714 km2. Agriculture land cover increased by an estimated 386 km2, reflecting an 
estimated net conversion of natural to agriculture land cover of 627 km2 and a net conversion of agriculture to 
developed land cover of 241 km2 (Table 6). The long-term trend is considered unchanging (Table 14 and Figure 2). 
An accuracy assessment completed for this analysis suggests that actual trends in land cover change during this 
period could be less significant (see Data Limitations). 

Lake Erie (including St. Clair-Detroit River Ecosystem) 

Status: Poor 

10-Year Trend: Not assessed 

Long-term Trend (2000-2015): Deteriorating 

Rationale: Land cover in the Lake Erie watershed in 2015 was classified as approximately 18% developed, 61% 
agriculture, and 21% natural land cover (Table 2 and Figure 1). This indicates a medium risk of degraded 
water/habitat quality due to developed land, a high risk of degraded water/habitat quality due to agricultural land, 
and supports a status assessment of Poor (see Status Assessment Definitions and Table 3). From 2000 to 2015, 
there was an estimated net decrease in forest land cover of approximately 388 km2 and an estimated net decrease 
in wetland cover of 179 km2. Developed land cover increased by an estimated 762 km2. Agriculture land cover 
decreased by an estimated 224 km2, reflecting an estimated net conversion of natural to agriculture land cover of 
284 km2 and a net conversion of agriculture to developed land cover of 508 km2 (Table 7). The long-term trend is 
considered deteriorating based on the rate of net increase in developed land cover and rate of net loss of forest and 
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wetland to developed or agriculture land cover (Table 14 and Figure 2). An accuracy assessment completed for this 
analysis suggests that actual trends in land cover change during this period could be less significant (see Data 
Limitations). 

Lake Ontario (including Niagara River and International section of the St. Lawrence River) 

Status: Fair 

10-Year Trend: Not assessed 

Long-term Trend (2000-2015): Deteriorating 

Rationale: Land cover in the watershed in 2015 was classified as approximately 12% developed, 34% agriculture, 
and 54% natural land cover (Table 2 and Figure 1). This indicates a medium risk of degraded water/habitat quality 
due to developed and agricultural land cover, and supports a status assessment of Fair (see Status Assessment 
Definitions and Table 3). From 2000 to 2015, there was an estimated net decrease in forest land cover of 
approximately 574 km2 and an estimated net decrease in wetland cover of 184 km2. Developed land cover 
increased by an estimated 712 km2. Agriculture land cover increased by an estimated 34 km2, reflecting an 
estimated net conversion of natural to agriculture land cover of 422 km2 and a net conversion of agriculture to 
developed land cover of 388 km2 (Table 8). The long-term trend is considered deteriorating based on the rate of net 
increase in developed land cover and rate of net loss of forest and wetland to developed or agriculture land cover 
(Table 14 and Figure 2). An accuracy assessment completed for this analysis suggests that actual trends in land 
cover change during this period could be less significant (see Data Limitations). 

Status Assessment Definitions 
Status assessment definitions are based on provisional thresholds representing degrees of risk of degradation of 
water/habitat quality of receiving waters. For the purposes of this sub-indicator, high risk of degradation corre-
sponds to greater than 27% land cover classified as developed or greater than 50% land cover classified as agricul-
ture. Moderate risk of degradation corresponds to between 6% and 27% (inclusive) land cover classified as devel-
oped or between 20% and 50% (inclusive) land cover classified as agriculture. Relatively low risk of degradation 
corresponds to less than 6% land cover classified as developed and less than 20% land cover classified as agricul-
ture. See Ecological Condition and Additional Information sections for further discussion. 

The status assessment is based on a combination of the risk levels from both developed and agriculture land cover. 

Good: Risk of water/habitat quality degradation is low for both developed and agriculture land cover proportions 
(where less than 6% land cover is classified as developed and less than 20% land cover is classified as agriculture). 

Fair: One or both land cover classes correspond to medium risk of water/habitat quality degradation, and neither 
land class corresponds to a high risk of water/habitat quality degradation (where between 6% and 27% land cover 
is classified as developed, or between 20% and 50% land cover is classified as agriculture). 

Poor: One or both land cover classes correspond to high risk of water/habitat quality degradation (where more than 
27% land cover is classified as developed or more than 50% land cover is classified as agriculture).  

Undetermined: Data are not available or are insufficient to assess condition of the ecosystem components.  
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Trend Assessment Definitions 
Trend assessment definitions were revised from previous reports to reflect the nature of land cover change as a 
potential stressor on the Great Lakes ecosystem. Previous trend assessments focused on absolute change in land 
cover area by class as a proportion of the watershed area (e.g., change in area of developed land cover as a 
proportion of total area of watershed). The revised approach measures trends based on relative change in area of 
each land cover class from a baseline (e.g., change in developed land cover from 2000 to 2015 as a proportion of 
developed land cover in 2000). The revised approach focuses on the rate of increase or decrease in a land cover 
class and is better aligned with the concept of a stressor. 

The trend assessment reflects the understanding that net increases in developed and agriculture land cover and net 
losses in natural land cover (forest and wetland) represent an increased risk of degradation of water/habitat quality. 
The thresholds used in the trend assessment correspond to an average rate of net change (increase or decrease) of 
1% by land cover class over a 10-year period, or an average of 0.1%/year. The long-term trend was characterized 
as “deteriorating” when the analysis estimated both an increase of ≥0.1%/year in developed and/or agriculture land 
cover and a decrease of ≥0.1%/year in forest and/or wetland land cover. For long-term trend assessment, a baseline 
year of 2000 was used, representing the earliest year for which reliable and consistent data across the U.S. and 
Canadian areas of the Great Lakes basin are available. 

Land use change analysis is subject to significant uncertainty, and rates of actual land cover conversion among the 
classes considered in the trend assessment are likely lower than those based on measured change (see Data 
Limitations). Therefore, the effective threshold being applied in this sub-indicator is likely lower than 0.1%/year. 
However, this threshold is considered a reasonable indicator of an actual trend, particularly as a measure of trends 
in land cover conversion from natural or agricultural to developed land cover. Estimates of less than 10 km2 change 
for any land cover class are not reported in the lake-by-lake summaries, as this is considered within the range of 
error for the change estimation process. 

Improving: Net decrease in developed or agriculture land cover of ≥0.1%/year or net increase in forest or combined 
wetland (forest wetland and wetland) land cover of ≥0.1%/year and no class-specific trend assessment of 
“deteriorating.” 

Unchanging: No land cover class-specific trend assessment of “improving” or “deteriorating.” 

Deteriorating: Net increase in developed or agriculture land cover of ≥0.1%/year and net decrease in forest or 
combined wetland (forest wetland and wetland) land cover of ≥0.1%/year. 

Undetermined: Metrics do not indicate a clear overall trend, or data are not available to report on a trend. 

Endpoints and/or Targets 
In the absence of established targets that reflect relationships between land cover and ecosystem health at a 
watershed scale, provisional operational targets have been used for this sub-indicator. Provisional targets for 
developed and agricultural land cover were established in previous reports and were used for this assessment(see 
Status Assessment Definitions). Trend assessment thresholds reflect the target of stability and/or reduction in land 
cover types associated with increased stress on ecosystems and stability or increase in land cover types that protect 
or contribute to improved ecosystem health. The trend thresholds reflect a target of no net increase and/or net 
decrease in developed and agriculture land cover and no net loss and/or net increase in natural land cover. 
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Sub-Indicator Purpose 
• Assess the status of natural land cover within the Great Lakes Basin 

• Inform inferences about the major proximate causes of changes and trends in other biological 
communities, physical habitat, and water quality indicators that are more direct indicators of the health of 
the Great Lakes ecosystem 

Ecosystem Objective 
This sub-indicator best supports work towards General Objective #9 of the 2012 Great Lakes Water Quality 
Agreement, which states that the Waters of the Great Lakes should “be free from other substances, materials, or 
conditions that may negatively impact the chemical, physical, or biological integrity of the Waters of the Great 
Lakes.” 

Measure 
This sub-indicator measures estimated areal extent (km2) of different land cover types and change in the areal 
extent of land cover types over time. Land cover classification data, including change in land cover classification at 
different points in time, is analyzed at a 30x30-m resolution and reported at a lake-by-lake watershed scale. Two 
land cover datasets were used in the assessment of land cover status and change for this sub-indicator. The 
National Land Cover Database (NLCD) (Dewitz 2019) was used to evaluate land cover for the Great Lakes basin in 
the U.S., and land use data developed by Agriculture and Agri-Food Canada (AAFC) (AAFC 2021a) were used to 
evaluate land cover for the Great Lakes basin in Canada. The NLCD dataset extends back to 2001, and the most 
recent update reflects land cover conditions in 2016. AAFC updates land use maps every 5 years. The most recent 
product includes time series data from years 2000 to 2015 (AAFC 2021b). 

Land cover classes were harmonized as described in Table 1 to be comparable on both Canada and U.S. sides of 
the basin. Land cover status is reported based on the most recent years included in both the AAFC and NLCD 
datasets: 2015 and 2016, respectively. Land cover trends are evaluated by comparing change in the harmonized 
land classification based on the 30x30-m pixels in each dataset between the years of 2000 and 2015 (AAFC) and 
2001 and 2016 (NLCD). This change was analyzed for each dataset separately and the results were combined to 
calculate basin-wide and lake-specific statistics and trends. 

NCLD data were collected from satellite imagery captured during the nominal year identified in the dataset and, to 
some extent, the preceding and succeeding years (USEPA 2021). Therefore, NCLD data for nominal years are 
considered to represent conditions for the nominal year +/- one year. Given this and rates of land use change at a 
watershed scale, status and trend data from the two sources are considered temporally comparable despite the 
nominal one-year offset. For simplicity, the nominal date for the land cover assessment is described as 2015 and 
the nominal start and end dates for the land cover trend assessment are described as 2000 and 2015, respectively. 
An accuracy assessment was performed to help interpret land cover change results. See Data Limitations for a more 
complete description of the methods used for this sub-indicator. 
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Ecological Condition 
Changes in land cover at a watershed scale provides an indication of potential stressors on water quality and 
associated ecological conditions. When interpreted with other information (see Linkages section), land cover change 
can provide an indication of whether water quality and ecological stressors are increasing, remaining stable, or 
abating.  

Research supports the understanding that increased developed land cover is associated with degradation of water 
quality and ecological condition due to increased impervious surface cover and likelihood of point source pollution 
(Bartsch et al. 2015, Cuffney et al. 2010, Morse et al. 2003, Paul and Meyer 2001, Thomas et al. 2018). Research 
also supports the understanding that increased agricultural land cover is associated with degraded water quality 
and ecological condition, though this is sensitive to regional conditions, crop types and management practices 
(Bosch et al. 2014, Michalak et al. 2013, Pearce and Yates 2020, Wang et al. 1997). Research suggests a positive 
relationship between natural land cover and water quality and ecological condition as a result of nutrient uptake into 
biomass and runoff storage and filtration (Pearce and Yates 2020, Price 2011). The influence of natural land cover 
on water quality and associated ecological conditions are greatest near shorelines and riparian zones. 

Land cover in 2015 for the Great Lakes basin and each lake-specific watershed is shown in Figures 3-8. General 
variation in land cover and spatial distribution of land cover classes across the Great Lakes basin is similar to that 
observed in the previous report. The predominant land cover in the Lake Superior watershed is forest (Figure 4). The 
Lake Michigan and Lake Ontario watersheds include a relatively even distribution of agriculture and forest land 
cover, with significant pockets of developed land cover near urban centers (Figures 5 and 8). Land cover in the Lake 
Huron watershed varies geographically, with predominantly forest cover in the northern area of the watershed, 
agriculture land cover in the southeastern area, and a mix of agriculture, forest and developed land cover in the 
southwestern area (Figure 6). Land cover in the Lake Erie watershed is predominantly agriculture with significant 
developed land cover in urban areas (Figure 7). 

The variation in land cover among and within the Great Lakes watersheds reflects a combination of factors, 
including variation in climatic and soil conditions, suitability for agricultural production, population growth and 
migration, and economic driving forces affecting land use (Pijanowski and Robinson, 2011). The extent and 
distribution of land cover across the Great Lakes basin suggests that Lake Erie and to a lesser extent Lakes 
Michigan, Huron, and Ontario, are most susceptible to water quality and ecological impacts associated with 
agricultural land use. All of the Great Lakes are susceptible, to different degrees, to water quality and ecological 
impacts associated with urban development. 

Analysis of the harmonized spatial data across the entire Great Lakes basin showed an estimated net conversion of 
2,775 km2 from natural land cover to developed or agriculture land cover over the 15-year period from 2000 to 
2015 (Table 9). The majority of this was associated with forest loss, with an estimated net conversion of 1,838 km2 
of forest land cover to developed or agriculture land cover (Table 10). An estimated net 613 km2 of wetland land 
cover, including forest and other wetland land cover types, was converted to developed or agriculture land cover 
(Table 11). Estimated net change in agriculture land cover was relatively low on a basin-wide scale (115 km2, or 
<1% of land area) (Table 13). However, this number obscures spatially distributed trends across the Great Lakes 
basin associated with conversion of natural to agriculture land cover in some areas and an offsetting conversion (on 
a watershed scale) of agriculture to developed land cover. The analysis also indicated net conversion of land cover 
among natural land cover types. While some of this change among natural land cover types likely reflects natural 
ecosystem progression or other factors, some may also be associated with uncertainty in the use of Landsat data 
for assessing change among natural land cover classes (AAFC 2015, Wickham et al. 2017). 
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On an absolute basis, the estimated net increase in developed land cover in the Lake Erie watershed was highest 
among the Great Lakes during the 15-year period (762 km2). The net estimated increase in developed land cover 
was on a similar scale for Lake Huron and Lake Ontario (714 km2 and 712 km2, respectively). The average rate of 
increase in developed land cover exceeded 0.1%/year (1% over a 10-year period) in all lake watersheds (Tables 12 
and 14). It is estimated that the Lake Huron watershed experienced a net increase in agriculture land cover of 386 
km2. The analysis estimated that net agriculture land cover decreased most significantly in the Lake Michigan and 
Lake Erie watersheds (297 km2 and 224 km2, respectively) (Table 13). On an absolute basis, the greatest estimated 
losses in forest and wetland land cover occurred in the Lake Huron watershed (1,064 km2 and 216 km2, 
respectively). The rate of conversion of forest to developed or agriculture land cover exceeded 0.1%/year in the Lake 
Erie and Lake Ontario watersheds (Tables 10 and 14). The rate of conversion of wetland to developed or agriculture 
land cover exceeded 0.1%/year in these same two watersheds (Tables 11 and 14). 

Rates of land use change provide an indicator of risk of degradation to water quality and ecological conditions in the 
Great Lakes basin. Increased developed land cover in all Great Lakes watersheds indicates increased risk of 
degradation, and while sources of potential degradation (e.g., contaminated runoff) would be localized in urban 
areas, effects could be lake-wide. The extent and spatial distribution of conversion of natural land to agriculture land 
cover and the extent and spatial distribution of losses in forest and wetland land cover indicate potential stressors 
on the Great Lakes ecosystem. Overall, the trend assessment for the 2000 to 2015 time period suggests an 
increase in developed land at the expense of agricultural lands, forests, and wetlands. 

Other Spatial Scales  
Land cover is an indirect predictor of water quality and associated ecological condition. The effect of land cover on 
water quality and ecological condition is subject to a wide array of factors including, for example, spatial 
arrangement of land cover, terrestrial ecosystem conditions, and near-stream and instream abiotic factors (Bartsch 
et al., 2015, King et al. 2005, Pearce and Yates 2020, Wickham et al. 2014). Among these factors, consideration of 
spatial relationships among land cover, tributaries, and coastal areas could be used to supplement and help 
interpret watershed-scale land cover data. King et al. (2005) and Wickham et al. (2014) describe methods for 
accounting for spatial distribution of land cover that could be considered for future enhancements to the sub-
indicator. 

Linkages 
Land cover change from natural land cover types to developed and agriculture land cover can result in increased 
stressors on the Great Lakes ecosystem. Potential implications of land cover change can be interpreted by 
considering the following other sub-indicators used to assess the state of the Great Lakes ecosystem (please refer 
to individual sub-indicator reports for more information): 

• Coastal wetlands: extent and composition – land cover change in the vicinity of coastal wetlands can 
disrupt coastal and nearshore processes, flow and littoral circulatory patterns, ecosystem connectivity, 
and nearshore and coastal habitat structure 

• Nutrients in lakes – watershed scale change in agriculture and developed land cover near coastal areas 
and tributaries provide indications of change in nutrient loading potential in tributaries and lakes  

• Forest cover – the forest cover sub-indicator uses a similar approach with a more explicit focus on forest 
cover in riparian zones and linkages between forest land cover and stream water quality and habitat 

7



 

 

STATE OF THE GREAT LAKES 2022 TECHNICAL REPORT 

• Human population – human population growth is one driver of developed land cover; assessing 
relationships between population and land cover change can provide insights into trends in spatial 
patterns of development and associated implications of the effects of population growth on water quality 
and habitat degradation  

Climate change can affect and be affected by land use and land cover (USGCRP 2018). Changing climate conditions 
affect transition of land cover among natural land cover types in response to changing precipitation patterns, 
temperature conditions, solar radiation, and related impacts (Fei et al. 2017, Kulmatiski and Beard 2013, Nemani et 
al. 2003, Woodall et al. 2018). Changing climate conditions also affect agricultural production choices and irrigation 
water availability and socio-economic factors that affect agricultural land use, population demographics, and land 
development extent and patterns (Bowling et al. 2020, Lambin et al. 2001). In turn, large-scale changes in land 
cover, land use practices, and patterns of development contribute to feedback loops by affecting global circulation 
patterns, surface reflectivity, greenhouse gas emissions, and carbon sequestration (Pielke et al. 2011, Sleeter et al. 
2018).  

Assessing Data Quality 

Data Characteristics  Agree 
Neutral or 
Unknown 

Disagree 
Not  

Applicable 

Data are documented, validated, or quality-assured 
by a recognized agency or organization 

X    

Data are from a known, reliable and respected 
generator of data and are traceable to original 
sources 

X    

Geographic coverage and scale of data are 
appropriate to the Great Lakes Basin 

X    

Data obtained from sources within the U.S. are 
comparable to those from Canada 

X    

Uncertainty and variability in the data are 
documented and within acceptable limits for this 
sub-indicator report 

 X   

Data used in assessment are openly available and 
accessible 

Yes 

NLCD: https://www.mrlc.gov/ 
AAFC: 
https://open.canada.ca/data/en/ 
dataset/fa84a70f-03ad-4946-b0f8-
a3b481dd5248  

 

8

https://www.mrlc.gov/
https://open.canada.ca/data/en/dataset/fa84a70f-03ad-4946-b0f8-a3b481dd5248
https://open.canada.ca/data/en/dataset/fa84a70f-03ad-4946-b0f8-a3b481dd5248
https://open.canada.ca/data/en/dataset/fa84a70f-03ad-4946-b0f8-a3b481dd5248


 

 

STATE OF THE GREAT LAKES 2022 TECHNICAL REPORT 

Data Limitations 
Land cover status and trends were analyzed using NLCD and AAFC land use and land cover datasets. NLCD 
datasets classify land cover and land use at a 30x30-m resolution for the entire conterminous United States. A 
consistent set of NLCD data are available for the years 2001, 2006, 2011 and 2016 (Jin et al. 2019). Land cover 
classes used in NLCD are at the approximate Anderson et al. (1976) Level II thematic detail (Homer et al. 2004). 
AAFC land use maps classify land use and land cover for all areas of Canada south of 60°N at a 30x30-m resolution 
for the years 1990, 2000, 2005, 2010, and 2015 (AAFC 2021b). Land use classes used in the AAFC dataset follow 
the protocol of the Intergovernmental Panel on Climate Change (IPCC) (IPCC 2003). Combined, the NLCD and 
AAFC land cover and land use datasets cover the entire area of the Great Lakes basin. Previous versions of the sub-
indicator report relied on Southern Ontario Land Resource Information System (SOLRIS) data, which excluded 
northern portions of the Lake Superior, Lake Huron, and Lake Ontario watersheds. 

Dataset integration required translation of land use/land cover classes from the two datasets into a single, 
harmonized set of land cover classes (Table 1). The resulting set of land cover classes generally aligns with classes 
used in previous reports with the exception that a new class, “forest wetland” was created to support analysis 
across the NLCD and AAFC datasets. NLCD defines “woody wetlands” as areas where forest or shrubland 
vegetation accounts for greater than 20 percent of vegetative cover and the soil or substrate is periodically 
saturated with or covered with water. AAFC defines “forest wetland” as wetland areas with forest canopy cover 
>40% (AAFC 2021b). To harmonize the land use classifications, pixels classified in NLCD as “woody wetland” were 
subdivided into “forest wetland” and “wetland” classes using NLCD tree canopy data, as described in Table 1. Tree 
canopy data are not available in the NLCD 2001 dataset. Pixels classified as “woody wetland” in 2001 were 
reclassified as “forest wetland” for this analysis unless the harmonized 2016 class for the pixel was “wetland” or 
“water,” in which case the pixels were classified “wetland.” AAFC pixels classified as “forest regenerating after fire 
<20 years” were reclassified as “forest wetland” if the pixel was previously or subsequently classified “forest 
wetland” in the time series. 

Dataset harmonization required use of land cover classes comparable to Level I thematic detail versus the more 
detailed land cover classes (comparable to Level II) available in the individual datasets. For example, NLCD includes 
four sub-classes and AAFC includes six sub-classes corresponding to developed land cover (see Table 1). For this 
study, the single developed land cover class was used for simplicity. Different types of developed land cover can 
affect ecological condition differently. The use of harmonized Level I classes results in loss of information relative to 
use of Level II classes. This affects the descriptiveness but not the overall conclusions of the land cover status 
assessment as currently defined. This data limitation does not affect the overall trend assessment conclusions. 

In general, the use of harmonized Level II land cover classes combined with other data would help improve land 
cover status and trend assessment. Use of harmonized Level II land cover classes would improve upon the current 
approach. However, even the Level II land use/land cover classes available in existing data products do not capture 
important differences in land quality. Urban design, agricultural practices, and forest management practices affect 
ecological outcomes but are not adequately captured in the necessarily simplified classes used in land use/land 
cover products created using remote sensing. Additional information (e.g., impervious surfaces, tree canopy cover) 
could be combined with land use/land cover class data to help address this data limitation. 

Land cover data are updated at different intervals and at frequencies that do not correspond to the State of the 
Great Lakes three-year reporting cycle. This results in a lack of temporal concordance among different land cover 
products and confounds analyses of both land cover status and trends across the Great Lakes basin. NLCD land 
cover data for the year 2019 and AAFC land use data for the year 2020 are expected to be available for the next 
State of the Great Lakes report. 

9



 

 

STATE OF THE GREAT LAKES 2022 TECHNICAL REPORT 

Developing any land cover and land use dataset and evaluating change in land cover using data collected and 
classified for different periods is subject to error. Accuracy assessment is used to characterize uncertainty in land 
cover analyses (Homer et al. 2020, IPCC 2003, Oloffson et al. 2014). Overall accuracy of NLCD 2001 and 2016 land 
cover products was estimated at 89.2% and 90.6%, respectively, for the aggregated (Level I) land cover classes 
(Wickham et al. 2021). Overall accuracy of AAFC 2010 land use data was estimated at 93% (AAFC 2015). 
Accuracy assessment of AAFC 2015 data has not been published, but consistent improvements in the accuracy of 
AAFC land use data products over time suggest that the accuracy of the 2015 data should be similar or improved. 
Higher levels of misclassification in data products with published accuracy assessments was generally associated 
with natural and agriculture land cover (AAFC 2015, Wickham et al. 2021). 

Less than 2% of the area in the Great Lakes basin was mapped as grassland in the NLCD and AAFC datasets. 
Historically, grassland has been a difficult land cover class to map, and what is mapped as grassland is often a mix 
of developed and agriculture land use with low herbaceous vegetation (AAFC 2015, Gray et al. 2013, Wickham et 
al. 2017, Wickham et al. 2021). As a result, land cover change from grassland to agriculture and grassland to 
developed detected in the type of analysis used for this sub-indicator are subject to significant uncertainty. 
Therefore, land cover changes from and to the grassland land cover class were not used in the trend assessment. 

In an accuracy assessment of land cover change based on NLCD data for the 2001-2016 change period, Wickham 
et al. (2021) estimated accuracies of forest land cover loss from 2011 to 2016 of ~75%, accuracies for developed 
land cover gain of 51% (user’s accuracy) and 64% (producer’s accuracy), accuracies for other natural land cover 
gain or loss between 27% and 80%, and accuracies for agricultural gain of less than 50%. A streamlined accuracy 
assessment was conducted for this sub-indicator report to assess uncertainty in the long-term land cover trend 
assessment (2000 to 2015). The accuracy assessment focused on the following land cover changes: agriculture to 
developed, forest to developed, forest to agriculture, wetland to agriculture, and wetland to developed. Accuracies 
on the order of 50% were estimated for this analysis for land cover change in both the AAFC and NLCD datasets. 

Relationships between land cover change and water quality and ecological outcomes are highly complex, 
particularly at the watershed scale of this sub-indicator. The utility of this sub-indicator could be enhanced by 
supplementing the existing approach with validated methods that more explicitly examine these relationships. For 
example methods used to estimate the effects of observed land cover change on nutrient export (see, e.g., Wickham 
et al. 2008 and USDA 2018) could be used to supplement the sub-indicator trend assessment. 

Additional Information 
As natural lands become converted to agricultural or urban uses, ecosystem goods and services provided by those 
lands, such as timber, water storage and purification, wildlife habitat, carbon storage, recreation, and aesthetic 
beauty, are changed. Direct consequences for the Great Lakes ecosystem can include increased runoff and associ-
ated increased inputs of sediment, nutrients, and contaminants to inland waters and the Great Lakes (Bartsch et al. 
2015, Cuffney et al. 2010, Michalak et al. 2013, Pearce and Yates 2020, Seilheimer et al. 2013, Thomas et al. 2020, 
Wolter et al. 2006). High rates of land conversion place stress on natural ecosystems and are typically associated 
with inefficient land uses, such as those resulting from urban sprawl. Spatial patterns of land conversion affect wild-
life habitat and associated wildlife populations and communities. Fragmentation of natural or semi-natural lands can 
create migration barriers or inhospitable habitats for wildlife and interfere with other ecological processes. This is a 
particular concern under changing climate conditions. Forest interior breeding birds in the Great Lakes and other 
ecoregions have higher breeding success in relatively unfragmented landscapes than fragmented landscapes (Rob-
inson et al. 1995). The size and number of natural habitat patches has a significant influence on a variety of wildlife 
populations, including populations in the Great Lakes region (Saunders et al., 2002). Finally, small ownership parcels 
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found in fragmented landscapes complicate management and cooperation at landscape and watershed scales (Pi-
janowski and Robinson 2011).  

Possible future enhancements to the land cover sub-indicator include the following: 

• Development of thresholds for assessing land cover status based on natural land cover types based on 
research demonstrating linkages between natural land cover, water quality, and ecological condition 

• Development of thresholds for assessing land cover trends based on research demonstrating linkages 
between rate of conversion among land cover classes and stressors on water quality and ecological 
condition 

• Incorporation of additional information regarding land cover quality (e.g., impervious surfaces, tree 
canopy cover) to better align and allow for more detailed, harmonized land cover classes and/or support 
more robust land cover status and trend assessment 

• Incorporation of more formalized accuracy assessment to quantify uncertainty in land cover change and 
trend analysis 

• Incorporation of more explicit spatial relationships between land cover data, inland waters, and the Great 
Lakes to identify land cover changes occurring in proximity to water resources that represent greater risk 
of degradation to the Great Lakes ecosystem 

• Incorporation of supplemental analyses and methods to more explicitly examine relationships between 
observed land cover change and water quality and ecological outcomes of interest  
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Table 1. Harmonized land cover classification system used for 2022 State of the Great Lakes Land Cover Sub-
indicator. Refer to Jin et al. (2019) and AAFC (2021b) for land cover class definitions. Forest wetland class was 
created to facilitate harmonization of land cover classes between datasets and required reclassification of NLCD 
Woody Wetlands (90) and AAFC Forest Regenerating after Fire <20 years (49) land cover classes. See Measure 
section. 

Harmonized 
Level I Land 
Cover Class 

NLCD Level II Land Use/Land Cover Class 

(Land Use/Land Cover Code) 

AAFC Level II Land Use/Land Cover Class 

(Land Use/Land Cover Code) 

Developed • Developed, Open Space (21) 

• Developed, Low Intensity (22) 

• Developed, Medium Intensity (23) 

• Developed, High Intensity (24) 

• Settlement (21) 

• High Reflectance Settlement (22) 

• Settlement Forest (24) 

• Roads (25) 

• Vegetated Settlement (28) 

• Very High Reflectance Settlement (29) 

Agriculture • Hay/Pasture (81) 

• Cultivated Crops (82) 
• Cropland (51) 

• Annual Cropland (52) 

Forest • Deciduous Forest (41) 

• Evergreen Forest (42) 

• Mixed Forest (43) 

• Forest (41) 

• Forest Regenerating after Harvest <20 years (43) 

• Forest Regenerating after Fire <20 years (49) 
that was previously or subsequently Forest (41) 

Grassland • Shrub/Scrub (52) 

• Herbaceous (71) 
• Grassland Managed (61) 

• Grassland Unmanaged (62) 

Forest 

Wetland 
• Woody Wetlands (90) where 2016 NLCD 

Tree Canopy cover > 40% 
• Forest Wetland (42) 

• Forest Wetland Regenerating after Harvest <20 
years (44) 

• Forest Regenerating after Fire <20 years (49) 
that was previously or subsequently Forest 
Wetland (42) 

Wetland • Woody Wetlands (90) where 2016 NLCD 
Tree Canopy cover ≤ 40% 

• Emergent Herbaceous Wetlands (95) 

• Wetland (71) 

Barren • Perennial Snow/Ice (12) 

• Barren Land (31) 
• Other land (91) 

Water • Open Water (11) • Water (31) 
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Table 2. Estimates of land cover area by land cover class in km2 based on analysis of 2015 AAFC and 2016 NLCD 
datasets. Values rounded to the nearest 10 km2. 

Watershed/Basin Developed Agriculture Forest Grassland Forest 
Wetland 

Wetland Barren Total Land 

Lake Superior 2,370 1,480 96,370 1,890 19,080 5,610 250 127,040 

Lake Michigan 11,430 35,970 33,420 3,990 22,120 5,910 460 113,310 

Lake Huron 7,080 27,000 65,020 2,540 18,240 4,180 240 124,310 

Lake Erie 13,320 46,150 10,860 390 3,660 1,300 160 75,850 

Lake Ontario 7,830 21,460 23,010 700 7,520 2,320 90 62,920 

Great Lakes Basin 42,010 132,060 228,690 9,520 70,630 19,320 1,210 503,440 

 

Table 3. Status assessment based on risk of degraded water/habitat quality. Percent land cover is calculated based 
on total land area. Area covered by water (e.g., streams, ponds, lakes) is excluded from the calculation. Refer to 
Status Assessment Definitions section for rationale for cover-specific and overall assessment. See Data Limitations 
section for discussion of uncertainty in estimated numbers. 

Watershed/Basin 

Land Cover: Developed Land Cover: Agriculture 

Overall Status 

Assessment 
Percent 

Watershed Area 

Risk of 
Water/Habitat 

Quality 
Degradation 

Percent  

Watershed 
Area 

Risk of 
Water/Habitat 

Quality 
Degradation 

Lake Superior 1.9% Low 1.2% Low Good 

Lake Michigan 10.1% Med 31.7% Med Fair 

Lake Huron 5.7% Low 21.7% Med Fair 

Lake Erie 17.6% Med 60.8% High Poor 

Lake Ontario 12.4% Med 34.1% Med Fair 

Great Lakes Basin 8.3% Med 26.2% Med Fair 
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Table 4. Estimated net change in area by land cover class from 2000 to 2015 in Lake Superior watershed. Negative 
numbers represent net losses and positive numbers represent net gains in land cover class. Values displayed to the 
nearest 1 km2; as a result, component values shown may not sum to total in “sources of net change” section. See 
Data Limitations section for discussion of uncertainty in estimated numbers. 

Description of 
Change 

Estimated Net Change in Area (km2) 2000 to 2015: Lake Superior Watershed 

Developed Agriculture Forest Grassland 
Forest 

Wetland 
Wetland Barren Water Total 

Area 2000 2,191 1,492 96,894 1,507 18,989 5,701 250 96,424 223,449 

Area 2015 2,368 1,478 96,373 1,887 19,079 5,607 252 96,404 223,449 

Total change 177 -14 -521 380 90 -94 2 -20 0 

Change as %2000 8.1% -0.9% -0.5% 25.2% 0.5% -1.6% 0.7% 0.0% 0.0% 

Annual change 0.54% -0.06% -0.04% 1.68% 0.03% -0.11% 0.05% 0.00% 0.00% 

Sources of Net Change 

From Developed 0 -6 -156 -5 -6 -1 -3 0 -177 

From Agriculture 6 0 5 10 -2 -5 0 0 14 

From Forest 156 -5 0 371 -1 1 3 -3 521 

From Grassland 5 -10 -371 0 -1 1 0 -6 -380 

From Forest 
Wetland 6 2 1 1 0 -98 0 -2 -90 

From Wetland 1 5 -1 -1 98 0 -1 -8 94 

From Barren 3 0 -3 0 0 1 0 -1 -2 

From Water 0 0 3 6 2 8 1 0 20 

Total change 177 -14 -521 380 90 -94 2 -20 0 

Net Conversion of Natural Land to Developed or Agriculture Land Cover 

 

Net area converted --- --- -151 5 -8 -7 --- --- --- 

% Net area 
converted --- --- -0.2% 0.3% 0.0% -0.1% --- --- --- 

Annual change --- --- -0.01% 0.02% 0.00% -0.01% --- --- --- 
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Table 5. Estimated net change in area by land cover class from 2000 to 2015 in Lake Michigan watershed. Negative 
numbers represent net losses and positive numbers represent net gains in land cover class. Values displayed to the 
nearest 1 km2; as a result, component values shown may not sum to total in “sources of net change” section. See 
Data Limitations section for discussion of uncertainty in estimated numbers. 

Description of 
Change 

Estimated Net Change in Area (km2) 2000 to 2015: Lake Michigan Watershed 

Developed Agriculture Forest Grassland 
Forest 

Wetland 
Wetland Barren Water Total 

Area 2000 10,899 36,272 33,776 3,890 21,949 6,082 492 61,204 174,564 

Area 2015 11,427 35,975 33,423 3,991 22,120 5,913 463 61,252 174,564 

Total change 528 -297 -353 101 171 -170 -28 48 0 

Change as %2000 4.8% -0.8% -1.0% 2.6% 0.8% -2.8% -5.8% 0.1% 0.0% 

Annual change 0.32% -0.05% -0.07% 0.17% 0.05% -0.19% -0.38% 0.01% 0.00% 

Sources of Net Change 

From Developed 0 -355 -73 -55 -24 -8 -9 -4 -528 

From Agriculture 355 0 13 -128 -9 49 6 11 297 

From Forest 73 -13 0 285 -2 5 2 2 353 

From Grassland 55 128 -285 0 0 3 0 -1 -101 

From Forest 
Wetland 24 9 2 0 0 -203 0 -3 -171 

From Wetland 8 -49 -5 -3 203 0 -1 17 170 

From Barren 9 -6 -2 0 0 1 0 27 28 

From Water 4 -11 -2 1 3 -17 -27 0 -48 

Total change 528 -297 -353 101 171 -170 -28 48 0 

Net Conversion of Natural Land to Developed or Agriculture Land Cover 

 

Net area converted --- --- -60 -182 -33 41 --- --- --- 

% Net area 
converted --- --- -0.2% -4.7% -0.2% 0.7% --- --- --- 

Annual change --- --- -0.01% -0.31% -0.01% 0.04% --- --- --- 
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Table 6. Estimated net change in area by land cover class from 2000 to 2015 in Lake Huron watershed. Negative 
numbers represent net losses and positive numbers represent net gains in land cover class. Values displayed to the 
nearest 1 km2; as a result, component values shown may not sum to total in “sources of net change” section. See 
Data Limitations section for discussion of uncertainty in estimated numbers. 

Description of 
Change 

Estimated Net Change in Area (km2) 2000 to 2015: Lake Huron Watershed 

Developed Agriculture Forest Grassland 
Forest 

Wetland 
Wetland Barren Water Total 

Area 2000 6,361 26,617 66,089 2,351 18,294 4,346 274 68,786 193,118 

Area 2015 7,075 27,003 65,024 2,543 18,245 4,179 244 68,805 193,118 

Total change 714 386 -1,064 192 -49 -168 -30 18 0 

Change as %2000 11.2% 1.4% -1.6% 8.2% -0.3% -3.9% -10.9% 0.0% 0.0% 

Annual change 0.75% 0.10% -0.11% 0.54% -0.02% -0.26% -0.73% 0.00% 0.00% 

Sources of Net Change 

From Developed 0 -241 -413 -11 -27 -12 -9 -1 -714 

From Agriculture 241 0 -369 -75 -63 -124 1 4 -386 

From Forest 413 369 0 279 0 2 1 0 1,064 

From Grassland 11 75 -279 0 0 1 0 0 -192 

From Forest 
Wetland 27 63 0 0 0 -40 0 -2 49 

From Wetland 12 124 -2 -1 40 0 -2 -4 168 

From Barren 9 -1 -1 0 0 2 0 21 30 

From Water 1 -4 0 0 2 4 -21 0 -18 

Total change 714 386 -1064 192 -49 -168 -30 18 0 

Net Conversion of Natural Land to Developed or Agriculture Land Cover 

 

Net area converted --- --- -782 -86 -90 -136 --- --- --- 

% Net area 
converted --- --- -1.2% -3.6% -0.5% -3.1% --- --- --- 

Annual change --- --- -0.08% -0.24% -0.03% -0.21% --- --- --- 
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Table 7. Estimated net change in area by land cover class from 2000 to 2015 in Lake Erie watershed. Negative 
numbers represent net losses and positive numbers represent net gains in land cover class. Values displayed to the 
nearest 1 km2; as a result, component values shown may not sum to total in “sources of net change” section. See 
Data Limitations section for discussion of uncertainty in estimated numbers. 

Description of 
Change 

Estimated Net Change in Area (km2) 2000 to 2015: Lake Erie Watershed 

Developed Agriculture Forest Grassland 
Forest 

Wetland 
Wetland Barren Water Total 

Area 2000 12,553 46,369 11,250 376 3,727 1,420 167 27,779 103,641 

Area 2015 13,315 46,146 10,862 394 3,664 1,303 162 27,793 103,641 

Total change 762 -224 -388 18 -62 -117 -4 15 0 

Change as %2000 6.1% -0.5% -3.4% 4.9% -1.7% -8.2% -2.6% 0.1% 0.0% 

Annual change 0.40% -0.03% -0.23% 0.32% -0.11% -0.55% -0.18% 0.00% 0.00% 

Sources of Net Change 

From Developed 0 -508 -188 -26 -20 -7 -9 -5 -762 

From Agriculture 508 0 -146 -10 -49 -99 8 12 224 

From Forest 188 146 0 52 0 1 0 1 388 

From Grassland 26 10 -52 0 0 0 0 -2 -18 

From Forest 
Wetland 20 49 0 0 0 -6 0 -1 62 

From Wetland 7 99 -1 0 6 0 0 7 117 

From Barren 9 -8 0 0 0 0 0 3 4 

From Water 5 -12 -1 2 1 -7 -3 0 -15 

Total change 762 -224 -388 18 -62 -117 -4 15 0 

Net Conversion of Natural Land to Developed or Agriculture Land Cover 

 

Net area converted --- --- -334 -36 -69 -106 --- --- --- 

% Net area 
converted --- --- -3.0% -9.5% -1.9% -7.4% --- --- --- 

Annual change --- --- -0.20% -0.64% -0.12% -0.50% --- --- --- 
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Table 8. Estimated net change in area by land cover class from 2000 to 2015 in Lake Ontario watershed. Negative 
numbers represent net losses and positive numbers represent net gains in land cover class. Values displayed to the 
nearest 1 km2; as a result, component values shown may not sum to total in “sources of net change” section. See 
Data Limitations section for discussion of uncertainty in estimated numbers. 

Description of 
Change 

Estimated Net Change in Area (km2) 2000 to 2015: Lake Ontario Watershed 

Developed Agriculture Forest Grassland 
Forest 

Wetland 
Wetland Barren Water Total 

Area 2000 7,115 21,423 23,581 659 7,580 2,446 88 22,306 85,199 

Area 2015 7,827 21,457 23,007 705 7,518 2,323 86 22,277 85,199 

Total change 712 34 -574 46 -61 -123 -2 -30 0 

Change as %2000 10.0% 0.2% -2.4% 6.9% -0.8% -5.0% -2.7% -0.1% 0.0% 

Annual change 0.67% 0.01% -0.16% 0.46% -0.05% -0.34% -0.18% -0.01% 0.00% 

Sources of Net Change 

From Developed 0 -388 -272 -9 -27 -9 -5 -2 -712 

From Agriculture 388 0 -239 -17 -56 -113 2 2 -34 

From Forest 272 239 0 65 -1 0 0 -2 574 

From Grassland 9 17 -65 0 -2 0 0 -4 -46 

From Forest 
Wetland 27 56 1 2 0 -24 0 -1 61 

From Wetland 9 113 0 0 24 0 0 -22 123 

From Barren 5 -2 0 0 0 0 0 -1 2 

From Water 2 -2 2 4 1 22 1 0 30 

Total change 712 34 -574 46 -61 -123 -2 -30 0 

Net Conversion of Natural Land to Developed or Agriculture Land Cover 

 

Net area converted --- --- -512 -26 -84 -121 --- --- --- 

% Net area 
converted --- --- -2.2% -3.9% -1.1% -5.0% --- --- --- 

Annual change --- --- -0.14% -0.26% -0.07% -0.33% --- --- --- 
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Table 9. Estimated net change in area by land cover class from 2000 to 2015 in Great Lakes basin. Negative 
numbers represent net losses and positive numbers represent net gains in land cover class. Values displayed to the 
nearest 1 km2; as a result, component values shown may not sum to total in “sources of net change” section. See 
Data Limitations section for discussion of uncertainty in estimated numbers. 

Description of 
Change 

Estimated Net Change in Area (km2) 2000 to 2015: Great Lakes Basin 

Developed Agriculture Forest Grassland 
Forest 

Wetland 
Wetland Barren Water Total 

Area 2000 39,120 132,173 231,589 8,783 70,538 19,995 1,271 276,499 779,970 

Area 2015 42,013 132,058 228,689 9,520 70,627 19,324 1,208 276,531 779,970 

Total change 2,893 -115 -2,900 737 88 -671 -63 32 0 

Change as %2000 7.4% -0.1% -1.3% 8.4% 0.1% -3.4% -5.0% 0.0% 0.0% 

Annual change 0.49% -0.01% -0.08% 0.56% 0.01% -0.22% -0.33% 0.00% 0.00% 

Sources of Net Change 

From Developed 0 -1,498 -1,102 -105 -104 -37 -35 -12 -2,893 

From Agriculture 1,498 0 -736 -219 -181 -293 17 29 115 

From Forest 1,102 736 0 1,052 -4 10 6 -2 2,900 

From Grassland 105 219 -1,052 0 -3 6 1 -13 -737 

From Forest 
Wetland 104 181 4 3 0 -372 1 -9 -88 

From Wetland 37 293 -10 -6 372 0 -4 -11 671 

From Barren 35 -17 -6 -1 -1 4 0 50 63 

From Water 12 -29 2 13 9 11 -50 0 -32 

Total change 2,893 -115 -2,900 737 88 -671 -63 32 0 

Net Conversion of Natural Land to Developed or Agriculture Land Cover 

 

Net area converted --- --- -1,838 -324 -284 -329 --- --- --- 

% Net area 
converted --- --- -0.8% -3.7% -0.4% -1.6% --- --- --- 

Annual change --- --- -0.05% -0.25% -0.03% -0.11% --- --- --- 
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Table 10. Estimated net change in forest land cover from 2000 to 2015, including total net change and net 
conversion to/from developed and agriculture land cover types. Negative numbers represent net losses and positive 
numbers represent net gains in forest land cover. See Data Limitations section for discussion of uncertainty in 
estimated numbers. 

Watershed/Basin 

Forest Land Cover Change (2000 - 2015) 

2000 2015 Total 
Conversion to 
Developed or 
Agriculture 

Area 
(km2) 

% Land 
Area 

Area 
(km2) 

% Land 
Area 

Area 
(km2) 

Annual 
Rate 

Area 
(km2) 

Annual 
Rate 

Lake Superior 96,894 76.3% 96,373 75.9% -521 -0.04% -151 -0.01% 

Lake Michigan 33,776 29.8% 33,423 29.5% -353 -0.07% -60 -0.01% 

Lake Huron 66,089 53.2% 65,024 52.3% -1,064 -0.11% -782 -0.08% 

Lake Erie 11,250 14.8% 10,862 14.3% -388 -0.23% -334 -0.20% 

Lake Ontario 23,581 37.5% 23,007 36.6% -574 -0.16% -512 -0.14% 

Great Lakes Basin 231,589 46.0% 228,689 45.4% -2,900 -0.08% -1,838 -0.05% 

 

Table 11. Estimated net change in forest wetland and wetland land cover (combined) from 2000 to 2015, including 
total net change and net conversion to/from developed and agriculture land cover types. Negative numbers 
represent net losses and positive numbers represent net gains in forest wetland and wetland land cover. See Data 
Limitations section for discussion of uncertainty in estimated numbers. 

Watershed/Basin 

Forest Wetland and Wetland Land 
Cover 

Change (2000 - 2015) 

2000 2015 Total 
Conversion to 
Developed or 
Agriculture 

Area 
(km2) 

% Land 
Area 

Area 
(km2) 

% Land 
Area 

Area 
(km2) 

Annual 
Rate 

Area 
(km2) 

Annual 
Rate 

Lake Superior 24,690 19.4% 24,686 19.4% -4 0.00% -15 0.00% 

Lake Michigan 28,031 24.7% 28,032 24.7% 2 0.00% 8 0.00% 

Lake Huron 22,640 18.2% 22,424 18.0% -216 -0.06% -227 -0.07% 

Lake Erie 5,147 6.8% 4,967 6.5% -179 -0.23% -175 -0.23% 

Lake Ontario 10,026 15.9% 9,841 15.6% -185 -0.12% -205 -0.14% 

Great Lakes Basin 90,534 18.0% 89,951 17.9% -583 -0.04% -613 -0.05% 
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Table 12. Estimated net change in developed land cover from 2000 to 2015. Positive numbers represent a net 
increase in developed land cover. See Data Limitations section for discussion of uncertainty in estimated numbers. 

Watershed/Basin 

Developed Land Cover Change (2000 - 2015) 

2000 2015 Total 

Area 
(km2) 

% Land 
Area 

Area 
(km2) 

% Land 
Area 

Area (km2) Annual Rate 

Lake Superior 2,191 1.7% 2,368 1.9% 177 0.54% 

Lake Michigan 10,899 9.6% 11,427 10.1% 528 0.32% 

Lake Huron 6,361 5.1% 7,075 5.7% 714 0.75% 

Lake Erie 12,553 16.5% 13,315 17.6% 762 0.40% 

Lake Ontario 7,115 11.3% 7,827 12.4% 712 0.67% 

Great Lakes 
Basin 

39,120 7.8% 42,013 8.3% 2,893 0.49% 

 

Table 13. Estimated net change in agriculture land cover from 2000 to 2015, including total net change and net 
conversion to/from developed land cover. Negative numbers represent net losses and positive numbers represent 
net gains in agriculture land cover. See Data Limitations section for discussion of uncertainty in estimated numbers. 

Watershed/Basin 

Agriculture Land Cover Change (2000 - 2015) 

2000 2015 Total 
Conversion to 

Developed 

Area 
(km2) 

% 
Land 
Area 

Area 
(km2) 

% 
Land 
Area 

Area 
(km2) 

Annual 
Rate 

Area 
(km2) 

Annual 
Rate 

Lake Superior 1,492 1.2% 1,478 1.2% -14 -0.06% -6 -0.03% 

Lake Michigan 36,272 32.0% 35,975 31.7% -297 -0.05% -355 -0.07% 

Lake Huron 26,617 21.4% 27,003 21.7% 386 0.10% -241 -0.06% 

Lake Erie 46,369 61.1% 46,146 60.8% -224 -0.03% -508 -0.07% 

Lake Ontario 21,423 34.1% 21,457 34.1% 34 0.01% -388 -0.12% 

Great Lakes 
Basin 

132,173 26.3% 132,058 26.2% -115 -0.01% -1,498 -0.08% 
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Table 14. Trend assessment based on average annual change in land cover from 2000 to 2015. Trend assessment 
is based on average annual change of ±0.1%, or a 10-year average change of ±1%, where positive change for 
developed and agriculture land cover (increase) is defined as deteriorating condition and negative change in natural 
land cover to developed or agriculture land cover (loss of natural land cover) is defined as deteriorating condition. 
Refer to Trend Assessment definitions section. Annual change in agriculture land cover is based on total change in 
agriculture (Table 13, column 7), which includes estimated net conversion of agriculture land cover to and from all 
land cover classes. 

Watershed/Basin 

Annual Change in Land 
Cover 

Annual Change from Natural to 
Developed or Agriculture Land 

Cover 
Trend 

Assessment 
Developed Agriculture Forest Wetland 

Lake Superior 0.54% -0.06% -0.01% 0.00% Unchanging 

Lake Michigan 0.32% -0.05% -0.01% 0.00% Unchanging 

Lake Huron 0.75% 0.10% -0.08% -0.07% Unchanging 

Lake Erie 0.40% -0.03% -0.20% -0.23% Deteriorating 

Lake Ontario 0.67% 0.01% -0.14% -0.14% Deteriorating 

Great Lakes 
Basin 

0.49% -0.01% -0.05% -0.05% Unchanging 
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Figure 1. Estimates of land use/land cover area by land cover class across the Great Lakes basin and watersheds, 
2015. Source: AAFC (2021a) and Dewitz (2019). 
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Figure 2. Trend assessment based on estimated average annual net change in developed, agriculture, forest, and 
combined wetland land cover from 2000 to 2015. Trend assessment is based on average annual change of ±0.1%, 
or a 10-year average change of ±1%. “Deteriorating” conditions were determined for the Lake Erie and Lake 
Ontario watersheds based on net estimated increases in developed land cover of ≥0.1%/year and net estimated 
decreases in forest and combined wetland (forest wetland and wetland) land cover of ≥0.1%/year in each 
watershed. 
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Figure 3. Distribution of land use/land cover across the Great Lakes basin, 2015. Sources: AAFC (2021a) and 
Dewitz (2019). 
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Figure 4. Distribution of land use/land cover across the Lake Superior watershed, 2015. Sources: AAFC (2021a) and 
Dewitz (2019). 
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Figure 5. Distribution of land use/land cover across the Lake Michigan watershed, 2015. Sources: AAFC (2021a) 
and Dewitz (2019). 
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Figure 6. Distribution of land use/land cover across the Lake Huron basin, 2015. Sources: AAFC (2021a) and 
Dewitz (2019). 
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Figure 7. Distribution of land use/land cover across the Lake Erie basin, 2015. Sources: AAFC (2021a) and Dewitz 
(2016). 
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Figure 8. Distribution of land use/land cover across the Lake Ontario basin, 2015. Sources: AAFC (2021a) and 
Dewitz (2019). 
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