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Summary 
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Research questions

● Which waters are jurisdictional under Clean Water Act rules?

Approach

● Train deep learning model (“WOTUS-ML”) on jurisdictional decisions

● 34 input layers 

● Predict probability jurisdictional, separately by rule

● Apply to 4 million+ points across US



Summary
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● Model accuracy
○ All AJDs: 79% accuracy
○ Over half of sites: 90% accuracy
○ A fourth of sites: 95% accuracy

● Results
○ Stream miles: NWPR v. Rapanos deregulates 19 pp. 
○ Wetland acres: NWPR v. Rapanos deregulates 24 pp. 
○ NWPR v. Rapanos drinking water sources deregulated: 30%
○ PJDs: 40-50 pp. jurisdictional
○ ACE districts matter 



What is New Here

This paper:  First national estimate of legally-binding CWA jurisdiction

Three regulatory regimes:

1. 1986/88 Regulatory Definition + Rapanos v. United States, 2006 (“Rapanos”)

2. Clean Water Rule, 2015 (“CWR” or “Obama rule”)

3. Navigable Waters Protection Rule, 2020 (“NWPR” or “Trump rule”)

4. (Aug 29, 2023: Sackett rule)
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Summary: Potential Uses?
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● Government?
○ EPA
○ ACE
○ State agencies (e.g., CA Water Boards)

● Non-government?
○ Developers/landowners
○ Organizations: TU, ACWA, NAWM, …
○ Courts
○ Industry associations
○ Real estate websites
○ Regulatory advisory firms



How Can You Learn More?
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● Interactive map: 
https://simondgreenhill.github.io/

wotus-map/

● Explainer video: 
https://www.youtube.com/

watch?v=Jkhz5gVUo2w

● API? 

● Science article: 
https://www.science.org/doi/

10.1126/science.adi3794



Questions for NAWM

● How can we make this research and tool useful? 

● What important questions can this type of work can help answer?
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Overview
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● Motivation

● Data and Methods

● Model Accuracy

● Results

● Conclusions



The Clean Water Act (1972) protects the “Waters of the United States”

Section 404: dredge or fill material

Law targets pollution, Section 404 affects land use
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Examples

Definitely WOTUS Definitely not WOTUSAmbiguous

Lakes & ponds 
with surface flow 

to navigable 
waters

Navigable 
waters and 
their tributaries

Wetlands 
abutting 
navigable 
waters

Artificial ponds 
in uplands / 
drylands

Stormwater 
runoff

Most roadside 
ditches

Ephemeral 
streams

Isolated wetlands
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Problem:  No one knows exactly which waters are protected

● Congress did not define WOTUS

● Depends on rules, interpretation by EPA, ACE

● How do rules change CWA coverage?
○ AWWA: NWPR eliminates CWA protection for 

51% of U.S. wetlands and 18% of U.S. streams 

○ “This puts drinking water for millions of Americans 

at risk of contamination from unregulated 

pollution.” 

- Southern Environmental Law Center

Source: 
https://www.epa.gov/sites/default/files/2020-01/documents/nwpr_fact_sheet_-_
mapping.pdf 11
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Overview:  Use deep learning to recreate Army Corps decision problem 
about what is jurisdictional (“WOTUS”)

Input data:

● Remote sensing 
imagery

● Geophysical 
variables

● Non-geophysical 
variables

Labels:

Approved Jurisdictional 
Determinations (AJDs) -
official decisions on 
whether a water resource 
is WOTUS

WOTUS-ML:

Convolutional neural 
network
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Data:  Approved Jurisdictional Determinations (AJDs)

● 155,000 AJDs from Aug 2015 - May 2022

● AJDs are requested by developers who think 

waters on their land may be jurisdictional

● Pool AJDs across rules for model training 

Rule Rapanos CWR NWPR Total

# AJDs 84,314 7,900 62,934 155,148

14



Data:  Input layers

National Agricultural Imagery Program (NAIP) National Wetlands Inventory (NWI)

National Hydrography Dataset (NHD) gridded National Soil Survey (gNATSGO)
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Data:  Input layers
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Data:  Training, validation, and test sets are split geographically

AJD Geographic Distribution

AJDs with overlapping 
image footprints are 
placed in the same split 
to avoid leakage

17



Method:  WOTUS-ML uses a ResNet-18 neural network architecture
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Accuracy:  WOTUS-ML predicts AJD outcomes with 79% accuracy

True fraction 
WOTUS

WOTUS-ML 
score > 0.5

Accuracy N (test set)

All AJDs 0.35 0.29 0.79 15,970

Rapanos 0.41 0.37 0.78 8,198

NWPR 0.26 0.15 0.79 6,299

USACE field 
visit

0.46 0.38 0.74 7,198

USACE no field 
visit

0.26 0.21 0.82 8,772
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Accuracy:  Nearly unbiased estimate of jurisdiction
Share Regulated vs. Model Confidence
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Accuracy: WOTUS-ML has potential as decision support 
tool
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Percent of AJDs with High Accuracy



Accuracy: WOTUS-ML can save resources
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● Section 404 permit costs $5,000 to $39,000 (EPA 2022)

○ Out of pocket costs; economic costs larger?

○ No estimates for AJD cost?

● Imagine: use WOTUS-ML for cases with 95% accuracy

○ Would save $209mn to $1.6bn over our sample



Application:  Applying WOTUS-ML to 

1. 4 million randomly sampled points across the U.S.
○ Sampled 50 points in each of 0.1 x 0.1 degree grid cells

2. 3,000 points around Sackett property on Priest Lake, ID

3. 6,200 points along navigable waters
○ Regulated under every WOTUS rule
○ Test model’s out-of-sample performance

4. 101,000 Preliminary Jurisdictional Determinations (PJDs)
24
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Rapanos NWPR
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Many points change jurisdiction, Rapanos v. NWPR



Result:  WOTUS-ML says all navigable waterways regulated

Share predicted to be WOTUS

Rivers and streams Rapanos NWPR

        All 0.67 0.46

        Navigable 1.00 1.00

        Perennial 0.83 0.67

        Intermittent or 
        ephemeral 0.55 0.30
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Result:  NWPR deregulates 19% of rivers/streams

Share predicted to be WOTUS

Rivers and streams Rapanos NWPR

        All 0.67 0.46

        Navigable 1.00 1.00

        Perennial 0.83 0.67

        Intermittent or 
        ephemeral 0.55 0.30
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NWPR deregulates 608,000 stream miles

Equal to all streams/rivers in CA, FL, IL, NY, 
OH, PA, TX, combined



Result:  NWPR deregulates 24% of wetlands

Wetlands Rapanos NWPR

        All 0.52 0.27

        Emergent 0.47 0.20

        Forested 0.59 0.32

        Adjacent or 
        abutting

0.88 0.57

        Isolated 0.39 0.14

NWPR deregulates 32 million wetland acres

Equals 14% of wetland area in US at time of 
European settlement

$482bn in present flood mitigation value 
(Taylor & Druckenmiller 2023)

$406bn in land value (Nolte 2020)
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Result:  Case studies show what is regulated, how WOTUS-ML works

NAIP image Rapanos NWPR NAIP image Rapanos NWPR
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Result:  Case studies show what is regulated, how WOTUS-ML works
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Result:  Case studies show what is regulated, how WOTUS-ML works
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Result:  Case studies show what is regulated, how WOTUS-ML works
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Result:  Case studies show what is regulated, how WOTUS-ML works
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Result:  Case studies show what is regulated, how WOTUS-ML works
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Result:  Feature Importance Analysis Helps Open Black Box of ML
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Result: NWPR Deregulates Drinking Water Sources
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● Take locations of all identified US drinking water intakes

○ What share of streams, wetlands in same 

subwatershed (HUC12) lose jurisdiction between 

Rapanos and NWPR?

○ Answer: 30%
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Political debates: what should be regulated. This paper: what is regulated.

Results:
● NWPR (v. Rapanos) deregulated 19pp of stream miles, 24pp of all wetland acres
● Hundreds of billions of $ in flood mitigation, land value
● PJDs: only 40-50% jurisdictional
● ACE districts evaluate sites differently
● 30% of drinking water sources deregulated

Potential users: EPA? Developers? ACE? White House? 

Machine learning for regulatory implementation problems

Conclusion:  First National Estimate of Legally-Binding CWA Regulation
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Questions for NAWM

● How can we make this research and tool useful? 

● What important questions can this type of work can help answer?



How Can You Learn More?
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● Interactive map: 
https://simondgreenhill.github.io/

wotus-map/

● Explainer video: 
https://www.youtube.com/

watch?v=Jkhz5gVUo2w

● API? 

● Science article: 
https://www.science.org/doi/

10.1126/science.adi3794



Accuracy:  Similar for streams and wetlands (by Cowardin)

True fraction 
WOTUS

WOTUS-ML 
score > 0.5

Accuracy N (test set)

All rivers and 
streams

0.43 0.31 0.78 4,353

Wetlands 0.38 0.28 0.77 8,203

Uplands 0.00 0.17 0.83 2,529

Estuaries 0.99 0.94 0.94 304

Lakes 0.39 0.30 0.81 352
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Accuracy:  By Cowardin category, Rapanos vs. NWPR

True fraction 
WOTUS

WOTUS-ML 
score > 0.5

Accuracy

All rivers and 
streams

0.67 0.54 0.80

Wetlands 0.47 0.36 0.76

Uplands 0.00 0.19 0.81

Estuaries 1.00 0.96 0.96

Lakes 0.59 0.49 0.77

True fraction 
WOTUS

WOTUS-ML 
score > 0.5

Accuracy

0.30 0.15 0.77

0.26 0.16 0.80

0.00 0.09 0.91

0.88 0.79 0.73

0.10 0.05 0.90

Rapanos NWPR
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Data:  AJD geographical distribution

All rules

Rapanos

CWR

NWPR
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Data:  Types of water resources (Cowardin codes)
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Data:  Types of water resources (Resource types)
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Results:  Histograms of WOTUS-ML confidence scores
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Results:  Left and right tail accuracy on AJD test set
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Results:  Change in WOTUS-ML score, Rapanos vs. NWPR

Changing regulation, NWPR - Rapanos
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Results:  Nationwide WOTUS-ML scores under CWR 
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Results:  Stream miles and wetland acres regulated, by rule
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