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Research approach: We developed 

a suitability analysis based on 

biophysical, economic, and 

policy/regulatory indicators of 

demand.

Analytical Workflow for Agricultural Water Quality Credit Trading 

and Stormwater Trading Models 
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Demand drivers explained: A range 

of biophysical, economic, and 

policy/regulatory drivers of demand 

were considered in our analysis.

Indicator of Biophysical Demand for Trading
Agricultural 

Trading

Stormwater 

Trading

Share (%) of land cover in agriculture X

Share (%) of land cover in impervious surface X

Presence of regulated point source facilities with permit limits discharging into impaired 

waters a pollutant potentially contributing to impairment, and which have a violation of 

effluent limits or compliance schedules in at least four of the last twelve quarters 

X X

Total annual load volume from NPDES sites (nitrogen [N], phosphorus [P], solids, and 

organics)
X X

Total average temperature change from NPDES sites X X

Nonpoint source contribution to pollution: Metric tons of nutrients (N+P) annual loss X
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Demand drivers explained: A range 

of biophysical, economic, and 

policy/regulatory drivers of demand 

were considered in our analysis.

Indicator of Economic Demand for Trading
Agricultural 

Trading

Stormwater 

Trading

Presence of POTWs reporting insufficient capacity/level of treatment X

Projected population growth X X

Projected impervious surface growth X

Presence of a city/municipality with >100,000 residents X X
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Demand drivers explained:  A range 

of biophysical, economic, and 

policy/regulatory drivers of demand 

were considered in our analysis.

Indicator of Policy/Regulatory Demand for Trading
Agricultural 

Trading

Stormwater 

Trading

303(d) listed impaired waters: Kilometers of 303(d) listed impaired waters for N, P, 

temperature, total suspended solids, and/or dissolved oxygen in the watershed
X X

Presence of water quality trading program with a trade completed in the last three years X X

Active or draft state-level trading regulation, policy, or guidance X X

Presence of a regulated MS4 with language supportive of stormwater offsets or mitigation X





Overall Demand 
Potential

Biophysical Demand 
Drivers

Total annual load volume from NPDES sites (N, P, 
solids, and organics)

Total average temperature change from NPDES 
sites

Nonpoint source contributions to pollution

Repeated violations of effluent limits or 
compliance schedules by regulated point sources 

discharging into impaired waters

Share (%) of land cover in agriculture

Economic Demand Drivers

Presence of POTWs reporting insufficient current 
capacity/level of treatment

Projected population growth

Presence of a city or municipality with >100,000 
residents

Policy/Regulatory Demand 
Drivers

303(d) listed impaired waters

Regulation, policy, or guidance supporting water 
quality trading

History of water quality trades

ENVIROATLAS USE CASE

This chart shows biophysical, 

economic, and policy/regulatory 

indicators used to develop an 

overall demand potential score for 

agricultural water quality credit 

trading for each watershed in the 

United States.



Indicator

Total annual load volume from 

NPDES sites (N, P, solids, and 

organics)

Total average 

temperature change from 

NPDES sites

Nonpoint source contribution to pollution: 

Metric tons of nutrients (N+P) annual loss

Data source

EPA National Pollutant Discharge 

Elimination System (NPDES)

EPA National Pollutant 

Discharge Elimination 

System (NPDES)

EnviroAtlas: Edge of field estimates for N and P 

deposition

Unit Volume (lbs) per HUC-12
Average temperature change 

(°F per HUC12)
Metric tons per HUC-12

Scoring method Quantile Quantile Quantile

Scores - - -

1 (low potential demand) 0 0 0

2 0 - 204.54 0 - 55.75 0-4

3 204.54 – 1,132.24 55.75 - 58.65 4-12

4 1,132.24 – 3,891.67 58.65 - 61.02 12-24

5 3,891.67 – 9,695.38 61.02 - 63.77 24-42

6 9,695.38 – 19,996.08 63.77 - 67.10 42-69

7 19,996.08 – 45,836.76 67.10 - 69.92 69-110

8 45,836.76 – 116,362.90 69.92 - 73.18 110-174

9 116,362.90 – 399,003.03 73.18 - 77.77 174-286

10 (high potential 

demand)

399,003.03 – 1,810,492,416 77.77 - 3930.22 286-1981

ENVIROATLAS USE CASE

This table shows the data source, 

unit, and scoring approach for each 

indicator of biophysical demand.

Biophysical Demand Drivers for Agricultural Water Quality Credit Trading: Indicators, Data 

Sources, and Scoring Method



Indicator

Presence of regulated point source (PS) facility with permit limits, 

discharging into impaired waters a pollutant potentially contributing to 

impairment, and which has a violation in at least four of the last twelve 

quarters of effluent limits or compliance schedules 

Share (%) of land cover in 

agriculture

Data source
EPA National Pollutant Discharge Elimination System (NPDES) and EPA 

Enforcement and Compliance History Online (ECHO)

EnviroAtlas: National Land Cover 

Database

Unit Facility High/Low

Scoring method Yes/No
High > 31.3022% (The average % in 

areas w/ a history of trading) 

Scores

1 (low potential demand) No regulated PS Low

2 - -

3 - -

4 - -

5 >0 Regulated PS -

6 - -

7 - -

8 - -

9 - -

10 (high potential 

demand)
>0 Regulated PS, including >0 PS Discharger(s) with Exceedances High

ENVIROATLAS USE CASE

This table shows the data source, 

unit, and scoring approach for each 

indicator of biophysical demand.

Biophysical Demand Drivers for Agricultural Water Quality Credit Trading: Indicators, Data 

Sources, and Scoring Method (continued)
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Results: This map displays regions 

(in dark green) with high scores for 

biophysical drivers of demand for 

agricultural water quality credit 

trading.

Results of Biophysical Demand Drivers Submodel: Agricultural Water 

Quality Credit Trading
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This table shows the data source, 

unit, and scoring approach for each 

indicator of economic demand.

Economic Demand Drivers for Agricultural Water Quality Credit Trading: Indicators, Data 

Sources, and Scoring Method

Indicator

Presence of POTWs reporting 

insufficient current capacity/level 

of treatment Projected population growth

Presence of a city/municipality with 

>100,000 residents 

Data source
EPA Clean Water Needs Survey 

2012

EPA Integrated Climate and Land-Use 

Scenarios (ICLUS)
USGS National Boundaries

Unit Count of facilities per HUC-12 % Change between 2005 and 2020 Presence in HUC-8 watershed

Scoring method Count Quantile, except <0 Yes/No

Scores

1 (low potential 

demand)
0 < 0 No

2 1 0 - 2 -

3 2 2 - 5 -

4 3 5 - 8 -

5 4 8 - 11 -

6 5 11 - 14 -

7 6 14 - 17 -

8 7 17 - 20 -

9 8 20 - 25 -

10 (high potential 

demand)

≥9 25 - 51 Yes
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Results: This map displays regions 

(in dark orange) with high scores for 

economic drivers of demand for 

agricultural water quality credit 

trading.

Results of Economic Demand Drivers Submodel: Agricultural Water 

Quality Credit Trading
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This table shows the data source, 

unit, and scoring approach for each 

indicator of policy/regulatory 

demand. Indicator

Kilometers of 303(d) listed impaired waters 

for N, P, temperature, total suspended solids, 

and/or dissolved oxygen in the watershed

Presence of water quality trading 

program with a trade completed in the 

last three years

Active or draft state-level trading 

regulation, policy, or guidance

Data source EnviroAtlas EnviroAtlas EnviroAtlas

Unit Km per HUC-12

Scoring method Quantile Yes/No Yes/No

Scores

1 (low potential 

demand)

0 No No

2 0 - 2.9 - -

3 2.9 - 6.4 - -

4 6.4 - 10.9 - -

5 10.9 - 16.7 - -

6 16.7 - 22.4 - -

7 22.4 - 30.4 - -

8 30.4 - 42.4 - -

9 42.4 - 66.6 - -

10 (high potential 

demand)

66.6 - 829.8 Yes Yes

Policy/Regulatory Demand Drivers for Agricultural Water Quality Credit Trading: Indicators, Data 

Sources, and Scoring Method
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Results: This map displays regions 

(in dark blue) with high scores for 

policy/regulatory drivers of demand 

for agricultural water quality credit 

trading.

Results of Policy/Regulatory Demand Drivers Submodel: Agricultural 

Water Quality Credit Trading
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Results: This map displays regions 

(in navy blue) with high scores for 

overall combined biophysical, 

economic, and policy/regulatory 

drivers of demand for agricultural 

water quality credit trading.

Overall Potential Demand for Agricultural Water Quality Credit Trading 

in United States Watersheds (HUC-12)
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This chart shows biophysical, 

economic, and policy/regulatory 

indicators used to develop an 

overall demand potential score for 

stormwater trading for each 

watershed in the United States.

Overall Demand 
Potential

Biophysical Demand 
Drivers

Total annual load volume from NPDES sites (of N, P, 
solids, and organics)

Total average temperature change from NPDES sites

Presence of regulated PS facility with permit limits, 
discharging into impaired waters a pollutant potentially 

contributing to impairment, and which has a violation in at 
least four of the last twelve quarters of effluent limits or 

compliance schedules 

Share (%) of land cover with impervious surface

Economic Demand 
Drivers

Urban areas (>100,000 residents)

Projected population growth

Projected growth in impervious surface

Policy/Regulatory 
Demand Drivers

303(d) listed impaired waters

Regulation, policy, or guidance supporting water quality 
trading or stormwater offsets/mitigation

History of water quality trades

Presence of a regulated MS4 with language supportive of 
stormwater offsets or mitigation
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This table shows the data source, 

unit, and scoring approach for each 

indicator of biophysical demand.

Biophysical Demand Drivers for Stormwater Trading: Indicators, Data Sources, and Scoring Method

Indicator

Total annual load volume 

from NPDES sites (N, P, 

solids, and organics)

Total average 

temperature change 

from NPDES sites

Presence of regulated PS facility with permit limits, 

discharging into impaired waters a pollutant potentially 

contributing to impairment, and which has a violation in at 

least four of the last twelve quarters of effluent limits or 

compliance schedules 

Share (%) of land 

cover with 

impervious 

surface

Data source

EPA National Pollutant 

Discharge Elimination 

System (NPDES)

EPA National 

Pollutant Discharge 

Elimination System 

(NPDES)

EPA National Pollutant Discharge Elimination System (NPDES) 

and EPA Enforcement and Compliance History Online (ECHO)

EnviroAtlas: 

National Land 

Cover Database

Unit Volume (lbs) per HUC-12
Average temperature 

change (°F per HUC12)
Facility High/Medium/Low

Scoring 

method
Quantile Quantile Yes/No

Scores - -

1 (low 

potential 

demand) 0 0 No regulated PS Low: < 5%

2 0 - 204.54 0 - 55.75 - -

3 204.54 – 1,132.24 55.75 - 58.65 - -

4 1,132.24 – 3,891.67 58.65 - 61.02 - -

5 3,891.67 – 9,695.38 61.02 - 63.77 >0 Regulated PS Medium: 5-15%

6 9,695.38 – 19,996.08 63.77 - 67.10 - -

7 19,996.08 – 45,836.76 67.10 - 69.92 - -

8 45,836.76 – 116,362.90 69.92 - 73.18 - -

9 116,362.90 – 399,003.03 73.18 - 77.77 - -

10 (high 

potential 

demand)

399,003.03 – 1,810,492,416 77.77 - 3930.22 >0 Regulated PS, including >0 PS Discharger(s) with 

Exceedances

High: > 15%
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Results: This map displays regions 

(in dark green) with high scores for 

biophysical drivers of demand for 

stormwater trading.

Results of Biophysical Demand Drivers Submodel: Stormwater Trading
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This table shows the data source, 

unit, and scoring approach for each 

indicator of economic demand.
Indicator

Urban areas: Presence of a 

city/municipality with >100,000 residents 

in the watershed Projected population growth Impervious surface area

Data source USGS National Boundaries
EPA Integrated Climate and Land-

Use Scenarios (ICLUS)

EPA Integrated Climate and Land-

Use Scenarios (ICLUS)

Unit Presence in HUC-8 watershed % Change between 2005 and 2020 % Change between 2010 and 2020

Scoring method Yes/No Quantile, except <0 Quantile, except <0

Scores

1 (low potential 

demand) No < 0 < 0

2 - 0 - 2 0 - 0.5

3 - 2 - 5 0.5 - 1.1

4 - 5 - 8 1.1 - 2.1

5 - 8 - 11 2.1 - 3.4

6 - 11 - 14 3.4 - 4.9

7 - 14 - 17 4.9 - 6.9

8 - 17 - 20 6.9 – 9.9

9 - 20 - 25 9.9 - 15.3

10 (high potential 

demand)

Yes 25 - 51 15.3 - 127.4

Economic Demand Drivers for Stormwater Trading: Indicators, Data Sources, and Scoring Method
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Results: This map displays regions 

(in dark orange) with high scores for 

economic drivers of demand for 

stormwater trading.

Results of Economic Demand Drivers Submodel: Stormwater Trading
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This table shows the data source, 

unit, and scoring approach for each 

indicator of policy/regulatory 

demand. Indicator

Kilometers of 303(d) listed impaired 

waters for N, P, temperature, total 

suspended solids, and/or dissolved 

oxygen in the watershed

Presence of water quality 

trading program with a 

trade completed in the last 

three years

Active or draft state-

level trading 

regulation, policy, or 

guidance

Presence of a MS4 with 

language supportive of 

stormwater offsets or 

mitigation

Data source EnviroAtlas EnviroAtlas EnviroAtlas

EPA National Pollutant 

Discharge Elimination 

System (NPDES)

Unit Km/huc 12

Scoring 

method
Quantile Yes/No Yes/No Yes/No

Scores

1 (low 

potential 

demand) 0 No No No

2 0 - 2.9 - - -

3 2.9 - 6.4 - - -

4 6.4 - 10.9 - - -

5 10.9 - 16.7 - - -

6 16.7 - 22.4 - - -

7 22.4 - 30.4 - - -

8 30.4 - 42.4 - - -

9 42.4 - 66.6 - - -

10 (high 

potential 

demand)

66.6 - 829.8 Yes Yes Yes

Policy/Regulatory Demand Drivers for Stormwater Trading: Indicators, Data Sources, and Scoring Method
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Results: This map displays regions 

(in dark blue) with high scores for 

policy/regulatory drivers of demand 

for stormwater trading.

Results of Policy/Regulatory Demand Drivers Submodel: Stormwater Trading
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Results: This map displays regions 

(in navy blue) with high overall 

combined biophysical, economic, 

and policy/regulatory scores for 

drivers of demand for stormwater 

trading.

Overall Potential Demand for Stormwater Trading in United States 

Watersheds (HUC-12)
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Our results include regions where 

trading is already active or in 

development, including 

Chesapeake Bay Basin states, 

North Carolina, the Willamette 

Valley, the Ohio River Basin, and 

Boise. Other areas suggest future 

potential, such as Sacramento, 

Akron, Cleveland, Toledo, Buffalo, 

Lexington, Fort Collins, Kansas 

City, and a number of major cities in 

Florida and along the Gulf Coast 

including Houston and Lafayette.

Active or Developing Trading Program

Overall Potential Demand for Agricultural Water Quality Credit Trading for United States 

Watersheds (HUC-12), and Active and Developing Trading Programs in 2018
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Our stormwater model suggests 

that demand potentially exists in a 

number of urban areas across the 

United States. At present, only 

Washington, DC has an active 

trading program. The Greater New 

York City area, Rochester, 

Syracuse, Ithaca, Providence, 

Greater Chicago, Green Bay, Coeur 

d'Alene, Fort Collins, St. Louis, 

Lexington, Chattanooga, Greater 

Charlotte, Durham, Memphis, 

Birmingham, Mobile, New Orleans, 

and most of Florida’s major cities all 

received scores of 8 or higher.

Overall Potential Demand for Stormwater Trading for United States Watersheds (HUC-

12), and Active Stormwater Trading Programs in 2018

Active program
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Mapping can also help identify 

opportunities for enabling policy. 

This map shows watersheds that 

scored well in biophysical and 

economic demand, but where low 

policy/regulatory demand scores 

were a limiting factor (defined as 

receiving a score of 5 or lower), 

suggesting that creating enabling 

policy/ regulatory conditions in 

these areas could help drive new 

growth in trading.  

Regions with Low Policy/Regulatory Demand Scores but High Biophysical and Economic 

Demand Scores, Agricultural Water Quality Credit Trading
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Interested in learning more?

•

•

•

•

•

http://nnwqt.org/action/
https://arcg.is/XLrDb
http://willamettepartnership.org/wp-content/uploads/2015/06/BuildingaWQTProgram-NNWQT.pdf
http://www.epa.gov/enviroatlas
https://www.forest-trends.org/publications/enviroatlas-use-cases/

