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What has been done?

through 2018
* unquantified!



320 impaired segments → 237 impaired segments (2010-2018)



Number of impaired assessment units have increased



• Administrative listing and delisting are imperfect indicators

• Environmental improvement can be achieved without delisting

• Natural conditions can mask improvements from BMPs



Compare trends (slopes) in station specific E. coli concentrations:

• Stations after TMDLs

• Stations before TMDLs

• Stations without TMDLs

• Compare both raw trends and flow-normalized trends



• Mann-Kendall test on pre and 

post data sets.

• Mann Kendall test on seven- 

year period 2015-2021 for 

sites without a TMDL.

• Stations with a TMDL adopted 

after 2015 were excluded. 

Trend Analysis Flow normalization

• Mann-Kendall test was fit to 

the residuals of a 

semiparametric regression fit 

to the station’s concentration 

discharge relationship. 

Odds Ratios

• Estimated odds of water 

quality improvement based on 

the slope and p-value of the 

station specific Mann-Kendall 

test.

• Negative Slope and p <0.1 

were considered as stations 

with decreasing E. coli.





E. coli
Stations without TMDLs: 9.2% (n=552)

Stations before TMDLs: 11% (n=146)

Stations after TMDLs: 7.3% (n=164)



E. coli
Stations without TMDLs: 4.7% (n=148)

Stations before TMDLs: 10% (n=10)

Stations after TMDLs: 17.4% (n=46)



E. coli

Station Type Odds Ratio 95% CI N

Post TMDL 1 - 164

Pre TMDL 1.56 [0.72 - 3.49] 146

No TMDL 1.29 [0.69 – 2.59] 552

For Pre TMDL stations, the odds of decreasing E. 

coli is 1.56 times that of a Post TMDL station, but 

the difference is not significant at the 95% 

confidence level.

For stations without a TMDL, the odds of 

decreasing E. coli is 1.29 times that of a Post 

TMDL station, but the difference is not significant 

at the 95% confidence level.



E. coli

Station Type Odds Ratio 95% CI N

Post TMDL 1 - 46

Pre TMDL 0.53 [0.03 - 3.45] 10

No TMDL 0.24 [0.08 – 0.70] 148

Compared to Pre TMDL stations, Post TMDL 

stations had 1.88 times the odds of decreasing 

flow normalized E. coli, but the difference is not 

significant at the 95% confidence level.

Compared to stations without a TMDL, Post TMDL 

stations had 4.17 times the odds of decreasing 

flow normalized E. coli (significant at 95% 

confidence level)



E. coli

WHY?

• Some uncontrollable sources:
• Reported FIB naturalization in stream sediment/bank soils.

• Wildlife

• Probable increases in population, urbanization, impervious surfaces 
in TMDL watersheds.

• We don’t know if EQIP funding or related adoption of Agriculture 
BMPs increase in TMDL watersheds.

• Nonpoint sources are challenging – lots of work remain on BMP 
performance, scaling, and maintenance.



We can and should evaluate water 

quality responses to programs, 

policies, and regulations.

Link water quality 
outcomes to actions.

Hydrologic conditions masked 

some of the improvements 

achieved at individual stations. 

Natural hydrologic 
conditions matter.

No evidence that TMDLs are 

associated with improving H2O 

quality.

Can we improve TMDL 
implementation? 

Can we collate data on watershed 

level funding, ordinances, projects, 

stakeholder involvement, etc. 

across the state? 

What is associated with 
water quality improvement?

Are there natural or human 

influenced watershed 

characteristics that prevent 

improvement? 

What hinders 
improvement?

Can we more extensively use BST, 

QMRA, and other novel methods to 

inform progress in reducing human 

health risk in recreational water?

Other opportunities 
to measure success.
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• All E. coli data for SWQM 

stations 2001-2021.

• Split data by pre, post, and no 

TMDL.

• Discard data with <3 samples 

per year over seven years.

Station specific E. coli Streamflow

• SWQM stations linked to 

nearest mainstem USGS gage 

within 4 km. 

TMDLs

• Assessment units with 

bacteria TMDLs obtained from 

ATTAINS.

• Spatially linked to stations 

using NHDPlus.



- Quarterly sampling is not 
sufficient for detecting small 
trends. See Schramm 2021.

- Sites with quarterly sampling 
are limited to detecting 
~40% reductions.

- On average, sites needed 
67-84% reductions to meet 
standards so this was 
considered adequate.
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- Trends are often non-linear 

and can be sensitive to 
values starting and ending 

values.

- This assess monotonic 

changes to provide single 
comparable endpoints

- Non-linear changes might be 

locally relevant.
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