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Content

• Methodology
– Monitoring programs and data selection

• Period of Record (POR)

– Segmentation of SoFlo Basins
– Threshold analysis

• Period of Calculation

• Derivation of Numeric Nutrient 
Criteria



Data sources
• NOAA/UM/RSMAS 

(http://www.aoml.noaa.gov/sfp/data.shtml)

• DERM 
(http://www.gcrc.uga.edu/wqmeta/app/organizations.asp)

– Mr. Steve Blair

• USGS (http://sofia.usgs.gov/exchange/index.php)

• EPA (http://ww w.epa.gov/storet/)

• FIU/SERC (http://serc.fiu.edu/wqmnetwork/)

• FCE-LTER (http://fcelter.fiu.edu/data/)

• NPS
– Mrs. Sarah Bellmund.



Dataset selection criteria

• Long-term and sustained monitoring
• Regularity in sampling frequency
• Monitoring at fixed stations over the POR
• Spatial coverage to render representative and 

reproducible data
• Uniformity in field and laboratory protocols
• High quality results
• Include causal variables (i.e. nutrients), 

supporting variables (salinity, turbidity, DO, etc.) 
and ecosystem response variables (i.e. CHL-a)

EPA’s Guidance for the Data Quality Objectives Process 
(EPA 2004; http://www.epa.gov/quality/qs-docs/g4-final.pdf)
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Final segmentation Whitewater bay-Ten Thousand Islands



Subdivision of  Biscayne Bay waters
Caccia and Boyer (2005) 

Hunt and Todt (2006) 

Briceño et al (in prep, 2010) 



Biscayne Bay
Segmentation
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Z-Cusum 101
Lecture 1



Raw data

Cumulative anomaly Z-Cusum

Running sum of anomaly data
(deviation expressed in original units)

Running sum of z-scored data
(deviation expressed as multiples of σ)

Anomaly plot
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Data source: NOAA CPC
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and  soil conditions in Everglades

Source: NPS, Station TSB 

Below average Above average



and  soil conditions in Everglades

Source: NPS, Station TSB 

Low nutrient 
contribution

High nutrient 
contribution





Hurricane Impact
on

Water Quality







COMBINE:
Hurricane impact

+
Large vol. water delivery

+
Disturbance due to Road 

construction
=

Algal bloom





-Summary:
Period of Calculation should exclude pre-climate 
shift data and hurricane impacted data to better 
approach “normal” environmental conditions, 
supportive of its designated use.
Discarded impacted records corresponded in all 
instances to
1) pre-June 1995 data; and 2)sampling dates 
following extreme climatic events, especially after 
Hurricane Irene in 1999 and hurricanes Katrina, 
Rita and Wilma (KRW) in 2005

NOTE: Statistical outliers were not removed





1- Selection of Biogeochemical 
Indicator
2- Calculation of indicator 
threshold for each segment

Derivation of protective 
nutrient threshold



Boyer et al. 2009

Chlorophyll-a

INDICATOR



Total Nitrogen : Chlorophyll-a
Relationships

Annual data



Total Phosphorous : Chlorophyll-a
Relationships

Annual data



Threshold

Nutrient level that if surpassed 
would trigger “anomalous” above 
average phytoplankton biomass 
responses, as measured by CHLa 
concentration



Z-Cusum 101
Lecture 2

Z-Cusum data is a  measure of 
cumulative deviation from a target 

value, in our case, the mean…
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S:N = 0.23

Z-Cusum 
transformation 
is a low-pass 

filter



Resilience to data gaps
(hole-punching experiment)



Time-series 
components

Resulting time-
series



Time-series 
components

Resulting time-
series  and its 
Z-Cusum chart



End of Lecture 2
….and  back to:

Threshold analysis

Our Objective:
To establish the nutrient level (threshold) 

corresponding to an inflexion in the CHLa Z-
Cusum chart, which is preceded by a sustained 
below average portion of the CHLa time-series 
(negative slope in Z-Cusum chart) and is 
followed by  sustained above average CHL-a 
values (positive slope in Z-Cusum chart). 



Pine Island 
Segment





Threshold

Nutrient level that if surpassed 
would trigger “anomalous” above 
average phytoplankton biomass 
responses, as measured by CHLa 
concentration
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