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Chesapeake Bay Program Land Use/Land 
Cover (LULC) Project: A Brief History

Land Use/Land Cover Monitoring 
With each newly mapped year, the previous year(s) are remapped using the same methods for consistent change detection



Spatial Extent and 
Resolution

• Mapped extent
• 205 counties intersecting or adjacent to the 

Chesapeake Bay watershed

• 99,000 square miles

• Spatial Resolution

• 1-meter2 cells

• Temporal Resolution

• 2013/14, 2017/18, 2021/22

• Categorical Resolution

• 56 Land Use/Land Cover classes



Highest Pollution:

Cropland

High Pollution:

Impervious Surfaces

Lowest Pollution:

Forest & Wetlands

Why Monitor Land Use/Land Cover?

Although designed to monitor impacts of land use 

on water quality, the Chesapeake Bay Program 

also uses the data to report:

1. Impervious cover

2. Farmland conversion
3. Forest land conversion

4. Wetland conversion

5. Riparian dynamics

Assess sources of pollution to the Bay



What is Land Cover?
The physical characteristics of the land surface (e.g., impervious, tree 
canopy, herbaceous)
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What is Land Use?
How humans use the land (e.g., residential, agriculture, recreation)

Parcels

Land Cover

Inputs* Process Land Use
Rule-based, geospatial model in open-
source Python to produce vector overlays 
and reconcile them into a land use raster
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Cropland Data Layer (CDL)

* Subset of inputs shown (over 25 ancillary datasets used)
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What is Land Use/Land Cover (LULC)?
The combination of land use and land cover, reflecting both the physical 
surface and how humans make use of the land.

Land Use Land Cover
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Land Use / Land Cover

28 classes 11 classes 56 Land Use/Land 

Cover Classes

Example

Natural Succession

+

Shrubland
=

Natural Succession 

Shrubland



Development
Roads

Structures

Other Impervious 

Solar Field Panel Arrays

TC over Roads

TC over Structures

TC over Other Impervious

Turf Grass

Tree Canopy over Turf Grass 

Bare Developed

Solar Field Barren

Solar Field Herbaceous

Solar Field Shrubland

Suspended Succession Barren

Suspended Succession Herbaceous

Suspended Succession Shrubland

Extractive Barren

Extractive Impervious

Natural
Forest
Riverine Wetlands Forest
Terrene Wetlands Forest
Tidal Wetlands Forest
Forested, Other
Riverine Wetlands Tree Canopy
Terrene Wetlands Tree Canopy
Tidal Wetlands Tree Canopy
Natural Succession Barren
Natural Succession Herbaceous
Natural Succession Shrubland
Bare Shore
Harvested Forest Barren 
Harvested Forest Herbaceous
Riverine Wetlands Harvested Forest
Terrene Wetlands Harvested Forest
Tidal Wetlands Harvested Forest
Riverine Wetlands Barren
Riverine Wetlands Herbaceous
Riverine Wetlands Shrubland
Terrene Wetlands Barren
Terrene Wetlands Herbaceous
Terrene Wetlands Shrubland
Tidal Wetlands Barren
Tidal Wetlands Herbaceous
Tidal Wetlands Shrubland

Agricultural
Cropland Barren 

Cropland Herbaceous 

Orchards and Vineyards Barren 

Orchards and Vineyards Herbaceous 

Orchards and Vineyards Shrubland

Pasture and Hay Barren

Pasture and Hay Herbaceous

 

Water 
Tidal Waters

Lakes and Reservoirs

Riverine Ponds

Terrene Ponds

Streams and Rivers

Land Use / Land Cover (LULC) 56-Class Schema



Aggregating Land Use/Land Cover Classes

Land Cover (11) Land Use (28) General Land Use (18) Macro Land Use (4)



Land Use/Land Cover in the Chesapeake Bay Watershed 2021/22
Development

Agriculture

Natural

5,277,662 acres (13% of watershed land area)
• 40% of the developed area is impervious (e.g., roads, 

structures, parking lots, solar panels, surface mines)

• 60% of the developed area is pervious (e.g., turf grass, 

trees over turf grass, transmission line and road rights of 

way, landfills)

7,868,667 acres (19% of watershed land area)
• 50% of the agricultural area is cropland (e.g. corn, 

soybeans, orchards, vineyards)

• 50% of the agricultural area is pasture and hay (e.g., lands 

used for grazing livestock or producing fodder)

27,456,881 acres (68% of watershed land area)
• 85% of the natural area is forests outside of wetlands

• 9% of the natural area is successional lands (e.g. timber 

harvest regrowth)

• 4% of the natural area is forested wetlands

• 2% of the natural area is non-forested wetlands



Land Use/Land Cover Change Trends in the Chesapeake Bay 
Watershed 2013/14 – 2021/22

Timber Harvesting Development

Largest acreage change in the watershed

• 585,004 acres of forest transitioned to a successional state 

(i.e. harvested forest and natural succession)

• 150,812 acres of successional lands came back to forest

Buckingham, Virginia has the highest net forest “loss” of the 

counties in the watershed – BUT the net change lacks the 

context of the nature of the change

Second largest acreage change in the watershed

• 105,192 acres of land converted to impervious

• 39,110 acres of land converted to turf grass

Crozet, Virginia is the town with the greatest decrease in tree 

canopy per acre– BUT the mapped change only explains the 

what, where and how much. Local context is necessary to 

answer questions such as, why did this change occur? What 

are the impacts of this change?

Developed Forest Succession Agriculture Wetland Water

Development -   85 968 34 1 10 

Forest 730 -   39,815 176 72 27 

Succession 332 14,494 -   95 15 28 

Agriculture 127 26 629 -   -   10 

Wetland 0 28 0 -   -   1 

Water 12 11 16 1 1 -   

Increase 1,202 14,643 41,429 306 89 76 

Decrease 1,098 40,820 14,965 792 29 41 

Net Change 104 (26,177) 26,464 (487) 60 35 



Static Accuracy
• Sampled 7,000 points across the mapped region to 

assess the accuracy of the land cover.

• About 96% of the region is static (i.e. was not mapped 
as land cover change between 2013/14 and 2021/22)

Overall Accuracy*: 95%

* Represents fuzzy (3x3-meter window) accuracy between 5 classes

Land Cover Producer’s* User’s*

Water 99% 98%

Herbaceous 94% 95%

Tree Canopy 97% 95%

Impervious 89% 91%

Barren 40% 63%

Water
Water

Barren
Barren

Tree Canopy
Tree Canopy
TC over Structures
TC over Other Impervious
TC over Roads

Impervious
Structures
Other Impervious
Roads

Herbaceous
Low Vegetation
Shrubland
Emergent Wetlands



Change Accuracy

• Sampled over 23,000 points of mapped land cover 
change

• About 4% of the mapped region was mapped as 
land cover change between 2013/14 and 2021/22

Overall Accuracy**: 86%

 Producer’s: 96%

 User’s: 77%

** Represents fuzzy (3x3-meter window) accuracy 
between change and no change



https://www.cbf.org/news-media/newsroom/2023/maryland/historic-forest-
preservation-legislation-approved-by-maryland-general-assembly.html

Supported the reauthorization of the forest conservation 
act in Maryland



https://chesapeaketrees.net/understand-your-canopy/



What is different in the new data?
Addressed confusion of Pasture and Hay with successional lands



What is 
different in the 

new data?

Refined Tree 
Canopy classification



What is different in the new data?
Refined Turf Grass mapping



What is different in the new data?
Addressed missing Solar Field Panel Arrays class



What Data Can I Download?

• County-scale Cloud-Optimized GeoTIFFs (COGs) for 
three dates: 2013/14, 2017/18, 2021/22

• State-scale Virtual Raster Tiles (VRTs)

• Visualization layers (ArcGIS .lyrx and QGIS .qml) for 
the four aggregation schemas (including land cover)

• Crosswalk table (Comma-separated values or CSV) 
of each unique raster value to all aggregated 
schemas

https://doi.org/10.5066/P14BEBRC

• Tabular data (Excel Workbooks) of the acres of 
Land Use/Land Cover for the three mapped dates 
by county, state, and the Chesapeake Bay 
watershed portion of both

• Tabular data (Excel Workbooks) of the acres of 
the net Land Use/Land Cover Change for the 
three mapped change periods by county, state, 
and the Chesapeake Bay watershed portion of 
both

Land Use/Land Cover (LULC) Rasters 

Land Use/Land Cover Change (LULCC) Rasters 

• County-scale Cloud-Optimized GeoTIFFs (COGs) for 
three change periods: 2013/14 – 2017/18, 2017/18 – 
2021/22, and 2013/14 – 2021/22 

• State-scale Virtual Raster Tiles (VRTs)

• Visualization layers (ArcGIS .lyrx and QGIS .qml) for 
the four aggregation schemas (including land cover) 
for both the start and end of the change period

• Crosswalk table (Comma-separated values or CSV) 
of each unique raster value to all aggregated 
schemas

Land Use/Land Cover Change (LULCC) Tabular Matrices 

• Tabular matrices (Excel Workbooks) by county, 
state, mapped region, and the Chesapeake Bay 
watershed portion of each for the three change 
periods

Region, State, and County Summary Tables 

https://doi.org/10.5066/P14BEBRC


Where do I Start?

The User Guide on the main landing page is 
the best place to start as it includes detailed 
information on:

1. Structure of the data release (how to 
navigate the ScienceBase page)

2. Log of updates since the last release

3. Tips on how to use the provided 
visualization layer files

4. Definitions of each class for all of the 
aggregated schemas (land cover, land use, 
land use/land cover, general 18-classes, 
and macro classes)

5. Examples of how to read the change 
matrices

6. Citations for all ancillary data used to 
produce the land cover and land use 
datasets

LULC_User-Guide_2024-Edition.pdf

Quick Tip: Scroll down to 

Attached Files to find the User 

Guide
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Final Thoughts

• High-resolution land cover, land use, and hydrography data representing 
every square meter of the Bay watershed are:

• Foundational- informing most CBP Outcomes managed by every Goal 
Implementation Team.  

• Authoritative- providing a fully transparent, accurate, and verifiable 
representation of landscape conditions and change over time.

• Transformative- affecting the ways that we, and our partners, 
understand, interpret, and manage the landscape and make local-level 
decisions.  

https://doi.org/10.5066/P14BEBRC

https://doi.org/10.5066/P14BEBRC
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