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What are the Goals of the CHWA 2.0? 

Support the Chesapeake Bay Program and its jurisdiction partners in detecting 
signals of change in the state-identified healthy watersheds, providing information 
useful to support strategies to protect and maintain watershed health. ​

Provide vulnerability metrics that may help to provide an “early warning” to 
identify factors that could cause future degradation, allowing managers to take 
actions to head off these potential negative effects. ​

Support cross-connections to other CBP efforts, including stream health, fish 
habitat assessment, water quality, climate change, and local engagement. ​

Provide web-based visualization tools that make CHWA data available to a broad 
group of data users with an application and code that makes it easy to update based 
on new data.



How is 
CHWA 2.0 
Different than 
the Original 
Assessment?

Source: Chesapeake Healthy Watersheds Assessment, 
May 2020, P. 20

https://www.chesapeakebay.net/channel_files/26540/chesapeake_healthy_watersheds_assessment_report.pdf


How is 
CHWA 2.0 
Different than 
the Original 
Assessment?

Edited from Source: Chesapeake Healthy Watersheds 
Assessment, May 2020, P. 20

Use metrics as predictors in a Random 

Forest model to assess watershed health

https://www.chesapeakebay.net/channel_files/26540/chesapeake_healthy_watersheds_assessment_report.pdf
https://www.chesapeakebay.net/channel_files/26540/chesapeake_healthy_watersheds_assessment_report.pdf


Predictive Metrics

• CHWA 1.0 : An index was produced for each category, 

which were then used to create an overall index of 

watershed health.

• CHWA 2:0: The unique metrics within each category are 

used as predictors in the random forest model to assess 

watershed health.

• New metrics were calculated for 2.0, including 1:24k landscape 
and landscape change riparian metrics.

Landscape 
Condition

Hydrology 

Geomorphology 

Habitat

Biological 
Condition

Water Quality



Chessie BIBI

• Developed by Smith et al. (2017)

• Standardized, continuous biological 
index score from 0 to 100 and a 
categorical score, ranging from very 
poor to excellent

• Based on resampled diversity and 
species richness metrics driven by the 
sampled data for 1st-4th order 
streams at the 1:100k scale​

• CHWA 2.0 Assessment uses the 
median categorical score



Model Accuracy

BIBI / 

predicted

good fair poor

good 79 10 14

fair 36 22 26

poor 18 8 61

• Overall model accuracy is 0.59 with a Cohen’s 

Kappa of 0.38 (fair agreement).

• Confusion matrix and ROC curves to assess 

which classes are confused with one another.
• The largest confusion is the fair class being 

predicted as good. Followed by fair being 

predicted as poor.



Results: 
Predicting 
Watershed 
Health

Predicted Health Score

Predicted Health Score
Within State-identified 
healthy watersheds

Predicted Score 

(watershed) % Area

good 52%

fair 13%

poor 35%

• The watershed is 

predicted to be 65% 

good and fair.

• Within state-identified 

healthy watersheds, 

the model predicted 

80% good and fair.

Predicted Score 

(within State 

Identified Healthy 
watersheds) % Area

good 67%

fair 13%

poor 19%



Metric Importance

• The random forest model measures 
metric importance by calculating 
how effective the metric has at 
reducing uncertainty when creating 
decision trees within the random 
forest.

• Over 100 metrics have been 
compiled into CHWA 2.0, 60 of 
which were included in the model 
as predictors.

• The top 7 metrics represent 
conditions in the upstream 
watershed.

% Tree Cover with Unmanaged Understory 
2017/18 Watershed (% forest in the upstream 

watershed)

% Natural Land in Riparian 2017/18 Watershed 
(% forest, wetlands, and succession in the 

upstream watershed)

% Impervious Cover 2017/18 Watershed (% 
roads, structures, parking lots, etc. in the 

upstream watershed)

Housing Unit Density 2020 Watershed (housing 
units per area in the upstream watershed)

Road Density Watershed (road area per total 
area in the upstream watershed)

Top 5 Most Important Metrics



Visualization Tool

• A web-based visualization tool is 
to be complete this summer!

• This tool allows users and 
stakeholders to visualize and 
interact with over 100 metrics, 
predicted health scores, and 
numerous contextual overlay 
layers.

https://gis.chesapeakebay.net/chwa2.0

https://gis.chesapeakebay.net/chwa2.0


Map layers starts with 

predicted health score 

and contextual 

reference layers.

Users add layers 

one-by-one by 

selecting from 

drop-down menu.

How to: Add metrics to the map



Metrics found as 

important in 

predicting 

watershed health.

How to: Add metrics to the map



All metrics sorted 

by same 

categories as 1.0

How to: Add metrics to the map



Separate metrics by 

local catchment level 

and upstream 

watershed metrics.

How to: Add metrics to the map



Pick a metric from the 

list to add to “Map 

Layers”

How to: Add metrics to the map



How to: Add metrics to the map



Select filter button to open 

filters pane on the left.

How to: Pre-Defined Filters



Turn on pre-defined 

filter to show only state-

identified healthy 

watersheds.

How to: Pre-Defined Filters



Pre-Defined 
Filters: Example

What is the predicted health 
score within state-identified 
healthy watersheds?



How to: User-Defined Filters

Expand a category on 

filter pane. Add a min 

and/or max value to a 

metric to filter by.



• What is the predicted health scores in 
state-identified healthy watersheds that 
have less than 70% riparian forest 
buffers?

How to: Answer 
Science Questions 
with User-Defined 
Filters



How to: Navigate the Watershed Catchment Report

Zoom in and select a catchment 



Scroll through Watershed 

Catchment Report widget to 

view metrics in the application.

How to: Navigate the Watershed Catchment Report



Click a category to expand.

How to: Navigate the Watershed Catchment Report



Click a category to expand.
Hover over a metric for 

description.

How to: Navigate the Watershed Catchment Report



Click a category to expand.
Click link to open a 

new tab to the source 

data.

How to: Navigate the Watershed Catchment Report



Click “Generate Report” button 

to produce PDF of all metric 

values and maps.

How to: Generate a Watershed Catchment Report



How to: Generate a 

Watershed Catchment 

Report



How to: Answer 
Science Questions 
using CHWA 2.0 
Bivariate Maps

How protected are resilient 
lands?



Where are resilient lands 
vulnerable to future 
development?

How to: Answer 
Science Questions 
using CHWA 2.0 
Bivariate Maps



Click “Table” button to 

open a tabular version 

of the data.

How to: Access Table of Metrics



How to: Access Table of Metrics

Click drop-down to subset 

table by category of metrics.



How to: Access Table of Metrics

Click “Actions” button 

to export tabular data.



How to: Print Maps

Click “Print” button to 

open the print prompt.

Enter title.

Click “Print” button.



How to: Print Maps

Open Map.

Click “Print 

Result” tab.



How to: Print Maps

Open Map.

Click “Print 

Result” tab.



Next Steps

• FY’ 23: Release visualization tool and 
report.

• FY’ 23: Incorporate new metrics, 
including conductivity, 
“effective”/connected impervious cover.

• FY ‘24: Author journal article to better 
understand:

 Which metrics are most important in 
predicting watershed health.

 the difference in local catchment versus 
upstream watershed conditions in 
predicting watershed health.

• FY ‘24: Incorporate feedback on 
improvements on the visualization tool.



Contact

Sarah McDonald (she/her/hers)

Geographer

U.S. Geological Survey

smcdonald@chesapeakebay.net

smcdonald@usgs.gov

mailto:smcdonald@chesapeakebay.net
mailto:smcdonald@usgs.gov
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