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Goals

 Part I: Analyze over 40 years of water quality monitoring data 
for Osborn Cove

 Analyze trends over time

 Analyze seasonal trends

 Perform statistical analyses 

 Part II: Conduct a spatio-temporal analysis on dissolved 
oxygen over 30 years in the main stem

 Plot interpolated water quality data in three dimensions and over time

 Visualize the spatial and temporal change of water quality 

 Calculate magnitude of violation of water quality criteria



Part I: Osborn Cove

• Located on the Saint 

Leonard Creek, found within 

the Patuxent River

• Positioned between 

Grapevine Cove and Rollins 

Cove 

• Geography consists of a 

sandy spit and tide pond

• A small estuarine 

embayment

• Open water designated use
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Why is Osborn Cove Important?

Habitat for otters, snails 

and other organisms

Recreational area for 

boating, swimming, 

and fishing

Important to study small, 

local tidal waters



The Study Site: Sea Level Rise

Vegetation Cover Bar/Spit Change Sea Level Rise



The Process of Analyzing Osborn Cove

40 Year Long 
Dataset

Analysis of 
Water 

Quality 
Variables

Observations 
of Rapid 
Change

What is 
causing the 

change?

What do 
these 

changes 
mean?



Analysis Methods 

• Organize and compile data into excel sheets

• Quality-check the data

• Graph variety of parameters at Osborn Cove 

• Graph variables by season, by month and over forty years
⚫took average for every year for seasonal graphs 

⚫took average for each month for each time period 

⚫using all data points for forty years graphs

• Generalized Additive Model Analysis (GAMs)

• Spearman’s Correlation Analysis



Estuaries are complex environments. 

The response to restoration depends on location, season, and physical and biological 

factors. 
Images from: Tracey Saxby, Jane Thomas and Jane Hawkey, Integration and Application Network, University of Maryland Center for Environmental Science (ian.umces.edu/imagelibrary/)
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How are other tidal water quality indicators responding?
Slide modified from Jeni Keisman, USGS CBPO



Why Does Dissolved Oxygen Matter?

 Many species require at least 5 mg/L of 

dissolved oxygen 

 Used to assess water quality 

 As DO decreases, many species cannot 

survive long in these hypoxic or anoxic 

conditions

https://water.usgs.gov/edu/dissolve
doxygen.html



Surface Dissolved Oxygen
Osborn Cove                               Patuxent River

Rebecca Murphy



Bottom Dissolved Oxygen Rebecca Murphy

Summer

Osborn Cove                                   Patuxent River



Why Does Water Temperature Matter?

 Affects Dissolved Oxygen Content

- Chlorophyll a 

- Species diversity 

- Water Quality 

 Fewer species can live in warmer waters

 As water temperature rises, DO demand 

increases (water can’t hold as much 

oxygen the warmer it gets)

https://water.usgs.gov/edu/dissolve
doxygen.html



Water Temperature
Osborn Cove                                   Patuxent River



Possible Explanations for Change at Osborn 

Cove
Increase in air temperature              increase in water temperature             decrease in 

surface DO

Possible decrease in nutrients              increase in bottom DO

Decrease in secchi depth               decrease in plant life and water clarity

https://lincoln.ne.gov/city/pwork

s/watershed/home-

lawn/fertilizer.htm



Spearman’s Correlation

Rs value = -0.6306



Conclusion

 Everything is connected – but 

we can tease things apart

 Rapid change at Osborn Cove 

 Water quality is rapidly 

declining at Osborn Cove

 Citizen science monitoring is 

crucial 



Part II: 3D Mapping Dissolved Oxygen

 Interpolator Data                Format to be used in Arc GIS Pro

 3D Plots of dissolved oxygen spatially and temporally 

 How is dissolved oxygen changing over time? 

 Where is it changing or not changing? 

 Magnitude of violation? 



Assessing Water Quality Standards Attainment 

Qian Zhang



Interpreting the Data at CB3MH

• It is a large segment, 

so you can visualize 

spatial changes over 

grid cells

• It is a deep segment, 

so we can analyze all 

three dissolved 

oxygen designated 

uses

• Its attainment deficit 

(how far away from 

attainment it is) is 

changing over time



Formatting the Data

Dimensions

# of layers

UTM X UTM Y

DO values



3D Mapping Dissolved Oxygen



Challenges Faced

 Communicating science in an effective manner

 Bugs in Arc GIS Pro

 Manually creating each layer 

 22 layers x 3 designated uses x 4 months x 30 years

 Automating the 3D map making process

PRO
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