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ABSTRACT 

Harmful Algal Blooms (HABs) are a natural phenomenon occurring 10-50 miles 

offshore, the size and concentration growing once they become more coastal.  These 

blooms carry a neurotoxin that are not only harmful to marine life, but humans too, 

creating respiratory problems that could lead to death. Natural conditions such as the 

amount of sunlight, salinity, and temperature influence their survival and growth but 

there is also a human factor that accounts to their toxic state. Nutrient rich coastal runoff 

can attribute to the size and length of time of a red tide; this includes industrial and 

municipal waste discharge which contains nitrogen and phosphorus, key nutrients that 

the algae need to grow. This study focuses on an exploration of variables that may or 

may not affect the size and concentration of the HAB, Karenia brevis, which is 

responsible for red tides in the Gulf of Mexico, particularly in Florida. I used point data 

sets for the years 2015-2020 to create density maps that included salinity levels, 

chlorophyll concentrations, and three Toxic Release Inventory categories to see which 

affects HABs using Exploratory Regression. Additionally, a hot and cold spot analysis 

on these six datasets were tested to see if there was any high probability of occurrence 

around Florida. After running the regression tool, no passing models indicated any 

variables are related to HABs. However, the criteria VIF and Koenker (BP) of each 

model did pass as well as hot spots to occur in the Tampa Bay area and Cape Coral. 
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CODE OF ETHICS 

This project aims to follow a code of ethics based on previous readings and 

videos I have accessed.  As more maps have been made readily available over the 

years, it is important to uphold a standard of morals that honors and respects the GIS 

community as well as the general public accessing these maps. Such ethics that are of 

concern include the accuracy of data and its mapping, having a neutral and unbiased 

view of the data being reported on, using data and symbolization that does not 

discriminate against any race, religion, sex, age etc., and finally do not plagiarize any 

others’ work. If this project was performed in a professional setting some additional 

ethics would include only undertaking an assignment that you are qualified for, not 

competing unfairly with anyone within the mapping sciences professional community, 

adhering to proprietary privacy laws within a company, and aim to strengthen the 

profession of mapping services. 

Some of these ethics mentioned above can be applied to my project. I decided to 

take on an environmental subject that was interesting to me and investigate it using the 

tools and analyses that I was educated in through the GIST Master’s Program. I 

imported and cleaned up data that was downloaded from trusted government websites, 

in hopes that these organizations also reported these datasets accurately. I also 

mapped these datasets using the most honest cartographic techniques I am aware of to 

represent accurate visualizations. The overall goal of this project is to bring awareness 

to those living along the shores of Florida about the dangers Harmful Algal Blooms have 

on marine life as well as humans without having any bias. I give credit to the many 

resources I have used throughout this paper and at the very end in the “References” 

section so that others who are interested can research on this topic, too
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INTRODUCTION 

 
Origins 

Harmful Algal Blooms naturally occur several miles from the coasts, but become 

a threat to all life forms, increasing in size and thus concentration as they move closer 

to the shores. The reason why they are categorized as harmful is due to the species of 

phytoplankton, which carries a neurotoxin that can attack the central nervous systems 

of marine life and cause respiratory issues to humans if inhaled or ingested through 

infected seafood. The HAB species I will focus on for this project is known as Karenia 

brevis, known commonly as a “red tide”, and found throughout the Gulf of Mexico. K. 

brevis is an opportunistic alga that can survive in water temperatures ranging from 50 - 

90 degrees but thrives in the 72 – 82 degree range (10 Tampa Bay, 2021). They feed 

on broad range of nutrients, but they particularly need phosphorus and nitrogen in or 

der to survive and multiply (10 Tampa Bay, 2021). 

There are numerous sources of phosphorus and nitrogen that K. brevis can 

utilize including natural and human related. According to a study carried out by MOTE, 

some of those sources include undersea sediments, decaying fish and other sea life, 

water flowing out of estuaries that can carry land-based nutrients, deposits from the 

atmosphere, nitrogen from the air “fixed” by cyanobacteria, other algal blooms and 

picoplankton, zooplankton waste and “granzing”, and from light created nutrients 

(Rutger, 2014). 

Unfortunately, as red tides kill fish and other marine life, more nutrients get 

released from the dead creatures as they float to the bottom of the water column. This 
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causes a sustainable life cycle as K. brevis moves closer to shore (10 Tampa Bay, 

2021). 

 

Effects on Environment 

It has been known for several decades that red tides cause adverse 

environmental impacts on all sea life including fish, plants, sea mammals, and humans 

living nearby shores. I recently learned that these red tides have had both a direct and 

indirect impact on Manatees. Not only can this HAB’s neurotoxins kill this sea creature if 

exposed, but they can also kill off the Manatee’s number one food source, seagrass. 

There have been reported Manatee deaths due to starvation because of their depleting 

food source throughout the shores of Florida (Stern, 2021). This is what first grabbed 

my interest in learning more about the causes and effects red tides have in the Gulf of 

Mexico. But why do we care about seagrasses and Manatees and why are they 

important? Based on Florida Fish and Wildlife Conservation Commission’s website, 

there are numerous benefits seagrass populations provide directly and indirectly. 

Seagrasses are an indicator to the overall health to coastal ecosystems. They 

not only provide food and shelter to marine organisms, but also help stabilize the ocean 

floor. Without their extensive root system to deter the seafloor currents, beaches and 

manmade structures could be subject to damage from strong storms and hurricanes. 

Seagrasses aid in water quality by trapping fine sediments and particles that are 

suspended in the water column, therefore increasing water clarity. Ironically, they also 

filter nutrients that come from industrial discharge and storm runoff, preventing them to 

wash out to sea where HABs could potentially utilize the nutrients they need to grow. 

Lastly, seagrasses can indirectly be a measurement of fishery and wildlife tourism 
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economics. If the seagrasses are healthy and thriving, then fish and other marine life 

will be abundant as a food source and recreation to humans. An overabundance of 

seagrasses though, then the waterways of Florida can become obstructed. That is why 

it is important to have Manatees present to help regulate any overgrowth form taking 

place (Florida Fish and Wildlife Conservation Commission, 2022.) With the presence of 

HABs, seagrasses risk being wiped out and therefore this unique ecosystem becomes 

out of balance, showing direct and indirect effects. 

Objectives 

This Master Report focuses on an exploration of variables that may or may not 

affect the size and concentration of the HAB, Karenia brevis, which is responsible for 

red tides in the Gulf of Mexico, particularly in Florida.  This project first aims to find 

three outcomes. First, a Density Analysis of HABs along with five possible candidate 

variables for the years 2015-2020 that would help explain the causes of HABs. These 

variables include three water-related Toxic Release Inventory datasets from the EPA 

and salinity and chlorophyll data from Gulf of Mexico Coastal Ocean Observing System. 

Next, a Hot Spot analysis of all six datasets to help determine if there is any clustering 

of occurrences. Finally, I will run Exploratory Regression using HABs as the 

independent variable and the other five as independent variables cumulatively for all six 

years. In order to test these questions, I ran various tools within ESRI’s ArcPro that 

included the Dissolve tool for Density Analysis, Hot Spot Analysis (Getis Ordi Gi), and 

finally, the Exploratory Regression tool. I then discuss the results and whether the 

models for Exploratory Regression pass or not as well as what steps need to be taken 

to further investigate the reasons for HABs. With these results, I hope to bring 

awareness to the general public and relevant government agencies about the factors 
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that cause the size, growth, and life cycle of K. brevis to inspire ways and methods to 

reduce its harmful effects. 
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DATA AND METHODS 

Data 

As mentioned earlier, red tides are natural occurrences that take place 10 to 50 

miles offshore but grow in concentration and size as they move closer to the shore due 

to an excess of nutrients available. Though these elements can be naturally available, it 

has been known that human activity has been a critical factor in contributing to the size 

of red tides from both air and ground pollution. There are six datasets that will be used 

for Density Analysis, Hot Spot Analysis (Getis Ordi Gi), and Exploratory Regression in 

ESRI’s ArcGIS Pro software. This will determine first, where there are concentrations of 

HABs and their possible factors around the shores of Florida and secondly, if there is 

any spatial correlation between HABs and the rest of the datasets. 

To carry out these procedures, I acquired the following datasets along with their 

metadata for the years 2015 to 2020, the first being the “Recent Harmful Algal Blooms,” 

the dependent variable of this study. (Florida Fish and Wildlife Conservation 

Commission, 2018). This shapefile For GIS data contains recent sampling locations for 

the phytoplankton, Karenia brevis, responsible for red tides. Sampling site dates of this 

shapefile cover the calendar year 2015 through the most recently available period. The 

HAB shapefile is a spatial representation of information gathered in the HAB Historical 

Database, which provides information on the presence and absence of Karenia brevis 

(Figure 2.1)   

For the five independent variables, I obtained csv files from the Toxic Release 

Inventory (TRI) database, that is over sought by the Environmental Protection Agency 

(EPA, 2022.) These tables list toxic chemicals released through the air, water, or ground 

and their amounts in pounds per state, county, city, industry, industry sector and facility 
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(Figures 2.3 - 2.5.) I focused on three categories of release: Total Amount of Chemicals 

Released as Surface Water Discharges (Water), Total Amount of Chemicals Released 

as Offsite Wastewater Disposal (M62), and Total Amount of Chemicals Released to Air, 

Water, and Land at Facility (Onsite Release). Additionally, I downloaded and created 

yearly Practical Salinity and Chlorophyll Concentration csv files from the Gulf of Mexico 

Coastal Ocean Observing System’s (GCOOS) website (Gulf of Mexico Coastal Ocean 

Observing System, 2022.) These tables contain monthly chlorophyll concentration 

levels and salinity levels from around the Gulf of Mexico. Measurements were taken 

every fifteen minutes and then combined into yearly csv files that were then converted 

to point shapefiles in ArcPro (Figures 2.6 - 2.7) These are the five variables that will be 

tested against the HAB dependent variable. For this project, there are a few 

assumptions to be made that may not reflect the real world and they include: sources of 

pollution in TRI data contain nutrients needed for red tide growth and there will be no 

consideration for currents/wind patterns, water temperature and upwellings that can 

also contribute to red tides. 
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Figure 2.1: Florida Harmful Algal Blooms 2015-2020. (Florida Fish and Wildlife 
Conservation Commission, 2018).   
 



 

15 

 
Figure 2.2 Total Amount of Chemicals Released as Surface Water Discharges 2015-
2020. (Environmental Protection Agency, 1987).  
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Figure 2.3 Total Amount of Chemicals Released as Offsite Wastewater Disposal 2015-
2020. (Environmental Protection Agency, 1987). 
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Figure 2.4 Total Amount of Chemicals Released to Air, Water, and Land at Facility 
2015-2020. (Environmental Protection Agency, 1987). 
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Figure 2.5 Total Salinity Concentration 2015 -2020. (Gulf of Mexico Coastal Ocean 
Observing System, 1995).  



 

19 

 
Figure 2.6 Total Chlorophyll Concentration 2015 -2020. (Gulf of Mexico Coastal Ocean 
Observing System, 1995).  
 

Methods 

The following tools were used in ESRI’s ArcGIS Pro to produce my results for the 

two objectives, the first being the Hot Spot Analysis (Getis-Ord Gi*) tool. This 

determines any cold or hot spot clustering patterns of each dataset. A hot spot is a 

cluster of high value data points while a cold spot is a low value data point. Second, 

Exploratory Regression will investigate one dependent variable against the other five 

variables as independent variables. It takes the top three Ordinary Least Square (OLS) 

regression models for each Summary outputted. For this project, the Harmful Algal 

Bloom is the dependent variable while the other five dataset are the independent 
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variables. I first created a 50 by 50 cell Fishnet based on the extent of all TRI data point 

locations to ensure all datasets are covered. From there I used the Spatial Join tool 

which combines all six variables’ mean values one at a time (TRI amounts, 

concentration levels, HAB counts) with the fishnet created from step one. This results in 

many rows where all six Mean variables are “Null” that were created due to the fishnet 

cells going beyond the point datasets. I then had to delete these rows by using the 

Select by Attribute Delete Rows tools. This outputs a shapefile and attribute table still 

with a Null value somewhere within the six variables. To search through the table and 

set these Nulls to 0, a python script that was developed by Alex Deleon helped solve 

this (Figure 2-8.) Finally, I was able to run Exploratory Regression, using the HAB Mean 

column as the dependent variable and the TRI Mean and Salinity and Chlorophyll Mean 

columns as the independent variables. I used ArcPro’s Model Builder to expedite this 

process for all six years of data (Figure 2-9.) The result is a table that explains the 

viability of the regression models, using the top three equations for each possible 

combination of variables that could help explain the relationship and causes of Harmful 

Algal Blooms. 
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Figure 2.7 Python Script used to search through all Null values and set them to 0 
developed by Alex Deleon. 
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Figure 2.8 Model Builder used for each year’s datasets that creates a Fishnet, spatially 
joins each variable, selects and deletes each row of Null values, and runs Exploratory 
Regression.  
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RESULTS 

Hot Spot Analysis 

After running Hot Spot Analysis (Getis Ordi Gi), I was able to generate six maps 

showing a range of cold to hot spots for all six variables. A hot spot indicates a high 

value of clustering while a cold spot means a lower value of clustering. I decided to 

display the results showing the confidence intervals, which then determines the z-

scores and p-scores for each level (Table 3-1.) It is subjective as to what Confidence 

Level and therefore the z-score and p-value is acceptable to reject the Null Hypothesis 

of Complete Spatial Randomness, meaning there is no pattern happening with the data. 

The resulting maps  

 

Table 3.1 Hot Spot output relationship 
 

z-score (Standard 
Deviations) 

p-value 
(Probability) 

Confidence 
Level 

<-1.65 or >+1.65 < 0.10 90% 
<-1.96 or >+1.96 < 0.05 95% 
<-2.58 or >+2.58 < 0.01 99% 

 

As you can see from the maps below, the Harmful Algal Blooms one had the 

strong high value hot spot clustering with a 99% Confidence Level as well as an 

associated z-score of <-2.58 or >+2.58 and a p-value of <0.01. This means we can 

reject the Null Hypothesis of CSR taking place in the Tampa Bay and Cape Coral areas 

and that there might be a pattern or reason as to why HABs are taking place here year 

after year. Conversely, there are lower value cold spots happening in the Pan Handle 

region and in the Southern tip of Florida, with Confidence Levels ranging from 90 to 
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95%. These areas are also danger zones even though they are of lower values of K. 

brevis. (Figure 3.1). 

There were only three independent variables that showed significant hot/cold 

spot clustering in relation to HABs. Total Amount of Chemicals Released to Air, Water, 

and Land at Facility shows a small 99% Confidence Level hot spot cluster in the 

Western Pan Handle near Pensacola where there is a 90% level hot spot for HABs. 

Chlorophyll shows a 95% level cold spot around Cape Coral where there is a 99% HAB 

hot spot and Salinity shows a 95% cold spot in the middle of the Pan Handle as well as 

near Palm Coast. Lastly, there is somewhat of a cluster of 90% Confidence for Total 

Chemicals Released as Surface Water Discharges just East of Tampa Bay, which could 

mean that the polluted waterways that feed into the Gulf could affect the HAB data 

(Figures 3.2 – 3.6). These results may indicate that there is some correlation between 

HABs and these three independent variables. 
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Figure 3.1 Hot/Cold Spot Analysis showing the confidence levels for all six years of 
HABs 
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Figure 3.2 Hot/Cold Spot Analysis showing the confidence levels for all six years of 
Total Chemicals Released as Offsite Wastewater Disposal 
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Figure 3.3 Hot/Cold Spot Analysis showing the confidence levels for all six years of 
Total Chemicals Released to Air, Water, and Land at Facility 
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Figure 3.4 Hot/Cold Spot Analysis showing the confidence levels for all six years of 
Total Chemicals Released as Surface Water Discharges 
 



 

29 

 
Figure 3.5 Hot/Cold Spot Analysis showing the confidence levels for all six years of 
Salinity levels 
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Figure 3.6 Hot/Cold Spot Analysis showing the confidence levels for all six years of 
Chlorophyll levels  
 
 

Exploratory Regression 

After running Model Builder cumulatively for all the years’ datasets, the general 

findings of each Exploratory Regression’s results are that none of the models passed. 

Table 3.2 describes which variables that were chosen as the top three OLS models for 

each Summary. Even though it is known that each variable is a condition for the growth 

and concentration of Harmful Algal Blooms, I was not able to prove spatially that the 

independent variables are indeed related to the HAB dependent variable. I will go over 
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both statistical and non-statistical reasons to explain why all models failed for all six 

years. 

Table 3.2 Independent variables used for each Summary, the top three OLS models 

Summary 1: 
Chlorophyll 
Salinity 
Onsite Release 

Summary 2: 
Onsite Release +Chlorophyll 
Water +Chlorophyll 
Salinity +Chlorophyll 

Summary 3: 

Onsite Release -Water +Chlorophyll 
Onsite Release -Salinity +Chlorophyll 
Onsite Release -M62 +Chlorophyll 

Summary 4: 
Onsite Release -Water -Salinity 
Onsite Release -M62 -Water +Chlorophyll 
Onsite Release -M62 -Salinity +Chlorophyll 

Summary 5: Onsite Release -M62 -Water -Salinity 
+Chlorophyll 

 

Results 

For this section, I will focus on the Exploratory Regression results appendix for all 

six years (Appendix 1.1) to describe what the statistical parameters mean and whether 

each of them passed or failed for all regression model combinations that failed. The first 

aspect of the model I noticed was that all Adjusted R squared values for all possible 

combinations were significantly close to zero. This measurement explains whether the 

independent variables are good or bad candidates for explaining the dependent variable 

with a percent range of 0 to 1. The higher the percentage, the better the explanation to 

the dependent variable. Since all combinations were in the range of 0.0 to 0.01, this 
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means that my variables were not useful candidates, even when I lowered the cutoff 

passing value to .4 from the .5 default. 

The next explanation of the regression model I looked at was the Akaike’s 

Information Criterion (AIC) values. In general, you want to have a model with the lowest 

AIC value because this means you needed less variables to help explain that model. 

Overall, the AIC values were only outputted a range of 24,096 to 24,104, not showing 

much significant variation amongst all the models for all five Summaries. The model that 

did have the lowest was the first one in Summary 1 with an AIC of 24096.44 for Mean 

Chlorophyll.  

The Jarque-Bera p- value (JB) for all models was 0. This measure explains 

whether the model residuals are normally distributed, therefore a higher p-value is a 

better indication of this and means there isn’t bias. None passed even when the 

threshold was lowered from 0.1 to 0.05. 

Another test that helps determine a passing model is the Koenker (Breusch-

Pagan) test which reports if there is any homoscedasticity amongst the residuals, 

meaning that they are equally scattered. If homoscedasticity is present, then the p-value 

will be greater than .05, and heteroscedasticity if it is less than .05. For all models in 

each Summary, homoscedasticity is present since all p-values range from .61 to 1.00. 

Variance Inflation Factor (VIF) describes how much redundancy or 

multicollinearity there is amongst the explanatory variables, and it is recommended to 

remove these variables if there are VIF values greater than 7.5. This was another 

passing part of the models for all six years’ worth of data, resulting in a value of 1.00. It 
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is safe to assume that all variables used in the regression analysis are independent of 

each other. 

The last criterion I looked at was the Spatial Autocorrelation p-value which 

checks for spatial clustering of residuals using Global Moran’s I. A typical passing p-

value is anything above 0.1, meaning that there are no missing explanatory variables for 

the regression model. Even after I lowered this threshold to 0.05 the SA p-value still 

failed in all models, with an overall value of 0.00. This means I am missing key variables 

for the regression analysis.  

After looking through each of the criteria, I would choose the first model in 

Summary 1, which has the highest AdjR2 value, lowest AIC value, while having passing 

threshold values for K(BP) and VIF. This indicates that Chlorophyll has the closest 

relationship to Harmful Algal Blooms for the year 2015-2020. However, much 

improvement must be made to this type of regression model in order to achieve valid 

passing Summaries.  

 

Table 3.3 Best model to explain HABs 

Highest Adjusted R-Squared Results 

AdjR2       AICc                 JB          K(BP)        VIF         SA                     Model               

 0.01     24096.44        0.00          0.61        1.00        0.00        +CHLOROPHYLL_MEAN*** 
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Reasons for Failed Models 

There is a range of reasons as to why the regression models failed after 

processing all six years of data. Some were explained in the above section by the 

statistical criteria, but there are other possible factors that can be considered. The first 

one has to do with Offsite Wastewater Disposal. Even though this category is 

considered offsite wastewater, the location is still being shown at the TRI land site. This 

can influence the spatial relation to HABs as further away from the wastewater source 

than they are. The flow and direction of this offsite wastewater needs to be considered 

and further investigated to see if it does indeed flow into the areas of HAB activity. 

There were also not enough Chlorophyll Concentration platforms located 

throughout Florida. As you can see on the 2015 – 2020 Chlorophyll Concentration map 

under Data and Methods, there are only a few monitoring platforms located only in 

Cape Coral, compared to the rest of HAB activity that is found throughout the entire 

Florida shoreline. Similarly, Salinity observations appear to be concentrated in the 

Southern tip of Florida compared to everywhere else, which would also give the wrong 

impression of salinity levels in the study area. For TRI data, Chemicals Released as 

Offsite Wastewater Disposal also had very sparse data points. 

Another possible explanation for the failed models may be due to enough M62 

data records. This category covers the Chemicals Released as Offsite Wastewater 

Disposal and most of the records were reported as 0. On average, there only about six 

records per year that reported any measurement. 

Collecting Temperature and Ocean Current data may help with being viable 

variable candidates. Since these two factors influence the growth of red tides, it may be 

beneficial to include these datasets in the models to see if they pass.  
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CONCLUSION 

This study sought to complete two objectives regarding Harmful Algal Blooms 

and their causes for the years 2015-2020, the first providing a Density Analysis by 

utilizing the Hot Spot Analysis (Getis Ord Gi*) tool. This proved that there are indeed 

HAB hot spots in the Tampa Bay area, Cape Coral, and Pan Handle region of Florida. 

Other variables that showed some significant hot or cold spots were Chlorophyll, 

Salinity, and Total Amount of Chemicals Released to Air, Water, and Land at Facility. 

The final objective ran Exploratory Regression using HABs as the dependent variable 

and the other five variables as the independent ones to prove or disprove any spatial 

correlation between them. All models failed in the five Summaries, but the Chlorophyll 

variable in Summary 1 had the “best” relationship based on the statistical indicators.    

Even though it is known that Harmful Algal Blooms are caused by natural and 

human activity, this project proved otherwise to present these factors spatially. None of 

the models passed, but Chlorophyll had the best model in Summary 1. If I were to 

continue with investigating which variables would prove their occurrence, I would maybe 

research other agencies/organizations that provide more observation locations 

throughout Florida for salinity, chlorophyll, water temperature, and currents. I would also 

consider another category within the TRI data other than Total Amount of Chemicals 

Released as Offsite Wastewater Disposal (M62) since this data is so sparse. 

Additionally, I would see if there are any point datasets on sources of nitrogen and 

phosphorus mentioned in the Introduction. Despite all the Exploratory Regression 

models failing, we at least know where the largest HAB hot spots are occurring each 

year which is useful in monitoring marine life health, including seagrasses. With this 
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info, one can perform some type of suitability analysis to present the dangers people 

who live and recreate at the beach and consume   
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APPENDIX A 

EXPLORATORY REGRESSION RESULTS 2015-2020 

 
Table 3.2 Exploratory Regression 2015-2020 Results 

****************************************************************************** 
Choose 1 of 5 Summary 
         Highest Adjusted R-Squared Results         
AdjR2     AICc   JB K(BP)  VIF   SA   Model               
 0.01 24096.44 0.00  0.61 1.00 0.00  +CHLOROPHYLL_MEAN*** 
-0.00 24103.13 0.00  0.99 1.00 0.00  +SALINITY_MEAN       
-0.00 24103.21 0.00  0.88 1.00 0.00  -ONSITERELEASE_MEAN  
       Passing Models        
AdjR2 AICc JB K(BP) VIF SA   Model 
****************************************************************************** 
Choose 2 of 5 Summary 
                   Highest Adjusted R-Squared Results                    
AdjR2     AICc   JB K(BP)  VIF   SA   Model                                    
 0.01 24098.32 0.00  0.87 1.00 0.00  -ONSITERELEASE_MEAN  +CHLOROPHYLL_MEAN*** 
 0.01 24098.36 0.00  0.87 1.00 0.00  -WATER_MEAN  +CHLOROPHYLL_MEAN***         
 0.01 24098.42 0.00  0.86 1.07 0.00  -SALINITY_MEAN  +CHLOROPHYLL_MEAN***      
       Passing Models        
AdjR2 AICc JB K(BP) VIF SA   Model 
****************************************************************************** 
Choose 3 of 5 Summary 
                           Highest Adjusted R-Squared Results                            
AdjR2     AICc   JB K(BP)  VIF   SA   Model                                                    
 0.01 24100.28 0.00  0.96 1.04 0.00  -ONSITERELEASE_MEAN  -WATER_MEAN  +CHLOROPHYLL_MEAN***    
 0.01 24100.31 0.00  0.95 1.07 0.00  -ONSITERELEASE_MEAN  -SALINITY_MEAN  +CHLOROPHYLL_MEAN*** 
 0.01 24100.33 0.00  0.96 1.01 0.00  -ONSITERELEASE_MEAN  -M62_MEAN  +CHLOROPHYLL_MEAN***      
       Passing Models        
AdjR2 AICc JB K(BP) VIF SA   Model 
****************************************************************************** 
Choose 4 of 5 Summary 
                                  Highest Adjusted R-Squared Results                                  
AdjR2     AICc   JB K(BP)  VIF   SA   Model                                                                 
 0.00 24102.27 0.00  0.99 1.07 0.00  -ONSITERELEASE_MEAN  -WATER_MEAN  -SALINITY_MEAN  
+CHLOROPHYLL_MEAN*** 
 0.00 24102.29 0.00  0.99 1.05 0.00  -ONSITERELEASE_MEAN  -M62_MEAN  -WATER_MEAN  
+CHLOROPHYLL_MEAN***      
 0.00 24102.32 0.00  0.99 1.07 0.00  -ONSITERELEASE_MEAN  -M62_MEAN  -SALINITY_MEAN  
+CHLOROPHYLL_MEAN***   
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       Passing Models        
AdjR2 AICc JB K(BP) VIF SA   Model 
****************************************************************************** 
Choose 5 of 5 Summary 
                                       Highest Adjusted R-Squared Results                                        
AdjR2     AICc   JB K(BP)  VIF   SA   Model                                                                            
 0.00 24104.29 0.00  1.00 1.07 0.00  -ONSITERELEASE_MEAN  -M62_MEAN  -WATER_MEAN  -SALINITY_MEAN  
+CHLOROPHYLL_MEAN*** 
       Passing Models        
AdjR2 AICc JB K(BP) VIF SA   Model 
****************************************************************************** 
************** Exploratory Regression Global Summary (HAB_MEAN) ************** 

               Percentage of Search Criteria Passed              
Search Criterion                    Cutoff Trials # Passed % Passed 
Min Adjusted R-Squared              > 0.40     31        0     0.00 
Max Coefficient p-value             < 0.10     31        1     3.23 
Max VIF Value                       < 7.50     31       31   100.00 
Min Jarque-Bera p-value             > 0.05     31        0     0.00 
Min Spatial Autocorrelation p-value > 0.10     15        0     0.00 
------------------------------------------------------------------------------ 
          Summary of Variable Significance          
Variable           % Significant % Negative % Positive 
CHLOROPHYLL_MEAN          100.00       0.00     100.00 
ONSITERELEASE_MEAN          0.00     100.00       0.00 
M62_MEAN                    0.00     100.00       0.00 
WATER_MEAN                  0.00     100.00       0.00 
SALINITY_MEAN               0.00      50.00      50.00 
------------------------------------------------------------------------------ 
       Summary of Multicollinearity        
Variable            VIF Violations Covariates 
ONSITERELEASE_MEAN 1.05          0 --------   
M62_MEAN           1.01          0 --------   
WATER_MEAN         1.04          0 --------   
SALINITY_MEAN      1.07          0 --------   
CHLOROPHYLL_MEAN   1.07          0 --------   
------------------------------------------------------------------------------ 
                    Summary of Residual Normality (JB)                    
      JB     AdjR2         AICc    K(BP)      VIF       SA   Model              
0.000000 -0.001106 24103.253143 0.898989 1.000000 0.000000  -WATER_MEAN         
0.000000 -0.001207 24103.334519 0.924557 1.000000 0.000000  -M62_MEAN           
0.000000 -0.001058 24103.214630 0.879182 1.000000 0.000000  -ONSITERELEASE_MEAN 
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------------------------------------------------------------------------------ 
                       Summary of Residual Spatial Autocorrelation (SA)                        
      SA    AdjR2         AICc       JB    K(BP)      VIF   Model                                    
0.000000 0.007329 24096.441496 0.000000 0.614985 1.000000  +CHLOROPHYLL_MEAN***                      
0.000000 0.006263 24098.322080 0.000000 0.871632 1.000037  -ONSITERELEASE_MEAN  
+CHLOROPHYLL_MEAN*** 
0.000000 0.006219 24098.357780 0.000000 0.874526 1.000027  -WATER_MEAN  +CHLOROPHYLL_MEAN***         
------------------------------------------------------------------------------ 
                    Table Abbreviations                      
AdjR2 Adjusted R-Squared                                      
AICc  Akaike's Information Criterion                          
JB    Jarque-Bera p-value                                     
K(BP) Koenker (BP) Statistic p-value                          
VIF   Max Variance Inflation Factor                           
SA    Global Moran's I p-value                                
Model Variable sign (+/-)                                     
Model Variable significance (* = 0.10; ** = 0.05; *** = 0.01) 
------------------------------------------------------------------------------ 
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