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Project motivation

• Watershed restoration in Chesapeake Bay has focused on best 
management practices (BMPs) intended to reduce nutrients and 
sediments

• Need to effectively measure whether these BMPs work

• Storms and baseflow contribute to pollutant loads

• Natural variability (dry years, wet years) can mask BMP effects

• Monitoring streams to measure loads is expensive

• Need to optimize resources and decide how many weeks per 
year to monitor within one site



Project goal

•Use existing datasets and statistical analysis / 
modeling to recommend needed stream sampling 
frequency to confidently estimate loads at a site



Approach (for total annual loads)
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To identify the 
minimum # of weeks 
needed to detect 
changes in nutrients, 
we used data from 
SERC in which samples 
were collected every 
week at many stations

(each station is a 
different watershed)



• SERC uses volume-
weighted sampling 

• Use sites that were 
sampled every week 
of the year

• All sites are on the 
coastal plain 
(different landuse)

• 267 estimated annual 
loads at 38 stations



Using the SERC dataset, we:

1. Estimated variability

2. Defined acceptable margin of error at 15% of total 
annual load

3. Defined acceptable confidence at 90% level

4. Used (1)-(3) to calculate the recommended sample 
size



Recommended sample size is related to 
variability of weekly loads

Variability (standard deviation / average weekly load) 
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Summary of recommended sample sizes 
across all the watersheds
Percentage of 
watersheds

Min 25% 50%
(half)

75% Max

Recommended 
sample size

23 37 43 47 53

• For all watersheds, at least 23 weeks or sampling per 

year is required (half year)

• For half the watersheds, at least 43 weeks of sampling 

is required



Acceptable error is a 
management choice

Recommended sample 
size decreases as you 
allow for more error.

The sensitivity to these 
changes is watershed-
specific.

(confidence level fixed at 90%)
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Conclusions

• Even with high-coverage data, as produced at SERC, 
there is a chance of missing important storm events 
responsible for large loads

•As a remedy against that, the calculations suggest 
large sample sizes to obtain estimates of the total 
loads with acceptable confidence and margin of error
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Can we detect effects of stormwater best
management practices at the watershed scale

using two Monitoring Design Types:
Before-After-Control-Impact and Before-After (No

Control)?
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Project motivation

Hypothesis: Before After Control Impact (BACI) allows
detection of load reduction given unpredictable discharge

OBJECTIVE

To detect change in loads before and after restoration,

To optimize resources and decide how many days and sites to
monitor.

D. Liang, V. Lyubchich, L. Harris, J. M. Testa, S. Filoso BACI Power Analyses
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Study Headwater Streams with Sub-urban and Forest Land
uses

1 Headwater - Contrasting Landuses

Pond Branch - Forest
Glyndon - Suburban
McDonogh - Agriculture

2 Slightly Larger

Baisman - Exurban
Gwynnbrook - Suburban
Dead Run - Urban +
Suburban

3 Larger

Villa Nova - Suburban
Gwynns run - Ultra-urban
big sewer leaks

4 Carroll Park - Watersheds combined

D. Liang, V. Lyubchich, L. Harris, J. M. Testa, S. Filoso BACI Power Analyses
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Urban streams are flashy and forested streams are seasonal
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A simulation approach to sample size calculation is more
flexible than classical statistical approach.

Parameter to test best management practice effectiveness
1 total Nitrogen

Study designs tested in suburban and forested watersheds
studied

1 Before/After
2 Before/After, Control Impact - One Control
3 Before/After, Control Impact - Two Controls

D. Liang, V. Lyubchich, L. Harris, J. M. Testa, S. Filoso BACI Power Analyses
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Modeling the Long Term Ecosystem Study dataset, we:

Liang et al. in prep. 2019
D. Liang, V. Lyubchich, L. Harris, J. M. Testa, S. Filoso BACI Power Analyses
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Capturing effects of restoration and variability in Before
After (No Control) versus Before-After-Control-Impact,
what can we learn from modeling?

1 Effect Sizes - How do suburban and forest watersheds differ in
yields?

Average Daily Ratios of Yields
Yield = Concentration x Discharge / Area

2 Variability - How variable are day to day yields?

Without Control: Variance of Daily Yields
With Control: Variance of Daily Ratios of Yields

D. Liang, V. Lyubchich, L. Harris, J. M. Testa, S. Filoso BACI Power Analyses
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If we restore the entire suburban watershed to forest, what
average difference in yields or loads can we see?

Concentration Discharge Load Yield

Modeling Results (Suburban vs Forest)
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In BACI design, adding a control site is expected to reduce
variability, but instead, having just one control site
increased it, making signals harder to detect

Before−After(Without Control) Before−After Control−Impact
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It is hard to detect a reduction in TN concentration.
Factors that improve chances of a restoration signal
include more control watersheds, or higher change in TN
(80% versus 50%)

modeled 20% reduction 
 in TN Conc.

modeled 50% reduction 
 in TN Conc.

modeled 80% reduction 
 in TN Conc.
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Trying this comparison at a smaller scale: Using Carriage
Hills

Modeling Study repeated as
before

Severn River in Anne
Arundel

Cabin Branch Watershed

Restoration 2010

Sampling: Monthly
Baseflow; Event-based
Stormflow

D. Liang, V. Lyubchich, L. Harris, J. M. Testa, S. Filoso BACI Power Analyses
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Carriage Hills, Less sampling needed to detect differences
at project/catchment scale versus larger watershed scale.

modeled 20% reduction 
 in TN Conc.

modeled 50% reduction 
 in TN Conc.

modeled 80% reduction 
 in TN Conc.
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Sampling design baseflow and stormflow helps!

D. Liang, V. Lyubchich, L. Harris, J. M. Testa, S. Filoso BACI Power Analyses



13/14

Lesson Learned: Spatial Scales and Statistical Power

Water-shed scale cumulative impact

Moderate reduction in concentration is un-detectable
Control at watershed scale is challenging

Restoration scale local impact

Moderate reduction in concentration is detectable
Control at local scale is effective
Sampling baseflow versus stormflow helps

D. Liang, V. Lyubchich, L. Harris, J. M. Testa, S. Filoso BACI Power Analyses
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Optimal (Required?) Monitoring Methodology to  
a)  quantify pollutant load of a system, and  
b) quantify change in load due to restoration 
  

What does it mean for me? 

• How much/how often you sample depends on  
• Your sampling strategy (how many control sites do you have? None? 1? 3?) 
• How big your system is 
• How much natural variability is in your system 

 
• Before I start sampling, I should try to figure it out to see if it would even be 

possible to detect my hypothesized load or difference.   



Optimal (Required?) Monitoring Methodology to  
a)  quantify pollutant load of a system, and  
b) quantify change in load due to restoration 
  

What does it mean for me? 

 
• For example: 

• To figure out load in an average watershed, need at least 23 weeks of 
sampling, and often need as many as 43 weeks. 

 
• For big watersheds, even if my reductions due to restoration are 50%, I would 

need 3 years of data to see it if I have no control sites, but only 9 months of 
data if I have 3 control sites.  I can’t detect reductions as low as 20%, even if I 
had 10 years of data. 

 
• For smaller watersheds, if my reductions due to restoration are 50%, I would 

only need 15 days of sampling if I have 3 control sites, and I can detect smaller 
reductions (20%) 



What might I do with this info if I am a: 

Practitioner: 
- Figure out what absolute load/change in load is reasonable to 

detect.   
- You may have to invest time and $ in a power analysis.  It can 

be money well spent.   
- Decide if you have the budget to do the monitoring right 
 
Regulator: 
- Assess what you will really be able to tell with any prescribed 

monitoring regime for a specific restoration project.   
- If you are looking to a permittee to demonstrate “success,” 

decide whether it’s possible if you are not requiring control 
sites in the monitoring regime.   

- How much will the monitoring cost compared to the 
restoration project? 


	UMCES V.Lyubchich Sampling Frequency 6-29-18
	UMCES D.Liang BACI Power Analyses 6-29-18
	UMCES Translation Slides

