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Abstract 

 

This research conducts a spatial and temporal analysis of the distribution of fecal 

coliform throughout the Capital Regional District (CRD) of southern Vancouver Island. 

The research is based on 17 years of historical data of stormwater samplings from 1995 

to 2011 in the nearshore region. ArcGIS is used to map the fecal coliform data collected 

within and adjacent to nearshore areas to identify peaks above a regulated threshold. 

Heavily polluted areas are in Victoria downtown, Esquimalt and the southeastern shore of 

Oak Bay. Land-use data and drainage patterns are used to determine relationships 

between fecal coliform levels and land-use by considering relevant, temporally dependent 

factors. Temperature is positively correlated with FC level and precipitation is negatively 

correlated. The residential land use is identified as the main source of bacterial 

contamination. This analysis leads to a regression model that indicates two peaks (July 

and October) of FC level occur in a 12-month period and positively related to minimum 

temperature and cloud cover ratio.  
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Chapter 1 Introduction 

 

The Capital Regional District (CRD) of southern Vancouver Island is a government 

body representing 13 municipalities and three electoral areas. The core area of CRD has 

approximately 270,000 people and 27,600 hectares including residential, industrial, 

commercial, institutional and agriculture zones. The area has approximately 8,350 

properties with onsite sewage disposal; and the others are connected to the sewer system 

(Stormwater, Harbours and Watersheds Program Environmental Sustainability, 2013). 

Assisting these municipalities in developing their stormwater management plans and 

infrastructure is one of the many services CRD provides and water quality monitoring is 

one vital aspect of this service.  

Contamination can be transported through rainwater, stormwater drains, and streams to 

finally enter our coastal area through stormwater outlets; thus, posing a potential risk to 

public health and the environment. Furthermore, the stormwater system could also be 

contaminated by sewage through infiltration or unintended connections with sewer 

systems and poorly maintained in-ground sewage disposal systems (Stormwater, 

Harbours and Watersheds Program Environmental Sustainability, 2013). This stormwater 

runoff bringing contaminants into receiving water bodies will often contain excessive 

levels of bacterial contaminants, which is directly related to disease outbreaks and 

negative impacts to aquatic life (Curriero et al., 2001; Gaffield et al., 2003). Therefore, 

stormwater quality should be monitored and managed scientifically for both health and 

environment aspects. 

Fecal coliform has historically been used as a fecal indicator that identifies the 

presence of microbial contamination in surface and ground waters (Ahmed et al., 2010; 
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Frenzel and Couvillion, 2002). Microbially contaminated water can be a serious source of 

intestinal disease through ingestion, or exposure through bathing or by consuming 

contaminated shellfish (Campos and Cachola, 2007). Thus, fecal coliform levels are often 

used as an indicator of surface water quality and safety.  

Coastal water quality has been a critical issue worldwide for nearshore inhabited 

regions, and it is affected by natural and human factors includes runoff, sewage 

wastewater, land reclamation and climate change (Bowen and Depledge, 2006; 

Kuppusamy and Giridhar, 2006). The implementation of monitoring programs is 

necessary and crucial to investigate and control coastal water contamination (Simeonov 

et al., 2003; Singh et al., 2004). The CRD collects pollutant levels within stormwater 

pipes, streams and nearshore areas throughout the CRD, including fecal coliforms, with 

an interest in identifying hotspots and remediating those areas of highest priority. This 

process includes collecting water samples and analyzing for fecal coliform bacteria in the 

sample. The collected data are used to estimate and analyze the distribution of microbial 

contamination and any possible public health concerns. This allows the jurisdictions 

involved to better manage limited funds and undertake remedial measures where most 

needed. Currently, the sampling frequency is regulated primarily by cost and capacity but 

increased sampling strategies are advised for locations observed above a certain 

threshold. However, it is known that fecal coliform contamination in stormwater runoff is 

directly influenced by climate and watershed properties (Sibanda, Chigor and Okoh, 

2012, Huang, Ho and Du, 2010, Tong and Chen, 2002). A regular sampling scheme that 

does not consider climate and weather will likely miss peaks in contamination.  
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Factors that could affect fecal indicator bacteria (FIB) levels have been learned from 

previous research (Stocker et al., 2016, Davis, Anderson and Yates, 2005, Sibanda, 

Chigor and Okoh, 2012). The main factors that cause degradation of water quality 

include non-point urban and agricultural land use, precipitation, temperature and climate. 

Sewage overflow, wildlife and stormwater runoff from urban and agricultural land use 

are important sources of fecal coliform affecting water quality (Hunter et al., 1999; 

Crowther et al., 2002). Non- point urban and agricultural land use zones have a 

significant impact on water quality and produce a large number of fecal bacteria to water 

bodies (Tong and Chen, 2002; Traister and Anisfeld, 2006). Precipitation and the wet 

seasons in a region are suggested to have a positive correlation to the concentration of 

fecal bacteria in the surface waters (Bolsad and Swank, 1997; Chu et al., 2014). Some 

studies have demonstrated that fecal coliforms peak after a storm event (Mallin et al., 

2001).  

Spatial analysis can be used to identify hotspots where abnormally high fecal coliform 

contamination usually appears. Many studies have stated that the contamination in coastal 

water quality is caused by the combined effects of human activity and environmental 

factors in coastal areas (Mallin et al., 2001; Martinez-Urtaza et al., 2004) The 

accumulated fecal coliform could be delivered into the ocean from nearshore land by 

runoff and sewage overflow during storm events (Patz et al., 2008; Arnone and Walling, 

2007). Land-use data, stormwater infrastructure maps, and drainage patterns are 

important information to determining relationships between fecal coliform levels and 

land-use by considering relevant temporally dependent factors at the same time. These 
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factors will significantly improve the accuracy of analysis results and the efficiency of 

future sampling processes.  

This research conducts a spatial and temporal analysis of the distribution of fecal 

coliform throughout the CRD region with attention to the municipalities of Esquimalt, 

Victoria, and Saanich. ArcGIS is used to map the logarithm of the geometric mean of 

fecal coliform data collected within and adjacent to nearshore areas to identify peaks 

above a regulated threshold. These data are then correlated to several hydroclimatological 

parameters calculated at each location: 7, 3, 2 and 1-day rainfall totals, 7, 3, 2 and 1-day 

mean temperature, degree day, maximum temperature, and antecedent dry period length. 

Then a combined regression analysis (using selected parameters) coupled with a simple 

bacterial growth-decay as a function of time and temperature is developed, calibrated and 

validated with the observations. This will help to provide insight into better sampling 

strategies. 
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Chapter 2 Literature Review 

2.1 Bacterial Contamination and Fecal Coliform 

Fecal coliform (FC) - a fecal indicator bacteria (FIB) - has been historically used to 

identify microbial contamination and the quality of surface and ground waters because it 

can indicate the presence of enteric pathogenic organisms in water bodies (Ahmed et al. 

2010; Frenzel and Couvillion 2002; Chigbu et al. 2004). Exposure to bacterial 

contamination can result in health problems affecting people through bathing in polluted 

water or consuming contaminated shellfish (Campos and Cachola, 2007). Bacterial 

contaminants can be transported by stormwater runoff and have serious negative impacts 

on the receiving water bodies. To monitor the bacterial contamination, fecal coliform is 

used to measure the bacterial contamination level and health risk of stormwater flow in 

nearshore areas of Southern Vancouver Island (Stormwater, Harbours and Watersheds 

Program Environmental Sustainability, 2013).   

Selvakumar, Borst and Struck (2007) studied bacterial die-off rates in urban 

stormwater to investigate the effect of temperature and sunlight on fecal indicators 

including fecal coliforms, fecal streptococci, E. coli, and enterococci. Among all 

environmental factors affecting bacteria die-off, temperature is the most important 

(Geldreich et al., 1968). The temperature study examined three temperatures: 10oC, 20oC, 

30oC. It showed fecal coliform has the lowest die-off rate for the 10oC group and the 

highest die-off rate in the 30oC group. The experiment also indicated that fecal bacteria 

concentration persisted at high levels with lower temperature. Sunlight is another 

important factor in bacteria die-off because strong light energy can damage the cell 

directly. The inactivation rate of fecal coliform could be 2-4 times higher compared to the 
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inactivation rate at low light intensity (Sinton et al., 1994). The experiment was 

conducted at 25oC with four different light intensities of 0, 20.86, 55.23, 94.7mW/cm2. 

The results indicated the die-off rate of all fecal bacteria is significantly increased with 

the increase of light intensity. Fecal coliform, total coliform and E. coli have a relatively 

lower sensitivity compared to Enterococci which was reduced 96% within one hour with 

94.7mW/cm2 light intensity. 

Guber et al. (2014) also showed that the increase in temperature is identified to help the 

growth of fecal bacteria, but the survival duration decreased at the same time. This study 

also examined three temperatures: 4oC, 20oC, 35oC. The maximum growth rate appeared 

at 20oC temperature, and high concentrations lasted for the entire growth stage. The least 

growth was observed at 4oC, which grows at a much lower rate. During the survival 

experiment, the die-off rate of bacteria showed an increase as the temperature increased. 

The die-off rate is slowest at 4oC and fastest at 35oC. This study indicates the fecal 

bacteria could grow faster at around 20oC than 35oC which suggests the cooler 

environments could produce higher concentrations of fecal bacteria than hot 

environments. The reason for this result is the die-off rate increases as the temperature 

increases. In other words, fecal bacteria also could grow and survive longer at around 4oC 

and are not killed during relatively warm winters. 

These research studies all suggested fecal coliforms and bacterial contaminants could 

survive in relatively cold temperatures (around 4oC) while maintaining a relatively high 

concentration, and fecal bacteria could reach the maximum concentration at around 20oC. 

They also confirmed that sunlight is another main factor having significant effects on 

fecal coliform. Strong light intensity causes inactivation of fecal coliform.  
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2.2 Season and Climate effect on Bacterial Contamination  

Parker et al (2010) studied the microbial contamination of stormwater runoff including 

fecal indicator bacteria (FIB) and molecular markers. During specific storms, the 

examination indicated the presence of human fecal contamination. The examinations of 

fecal contamination are performed over different seasons and storm conditions; helping 

managers to set up appropriate mitigation strategies necessary to maintain coastal water 

quality. The samples were collected from 3 stormwater outfalls with two of them 

emptying to the beach and one in a ditch system. Storm samples are collected after a 

moderate or heavy rainfall that ensures the flow is visible from outfalls.  The FIB data 

from the examination are log10 transformed and t-test showed a significant difference of 

FIB between the storm sample and base flow samples (α = 0.05, two-tailed). The linear 

regression and correlations demonstrate a significant correlation between log-transformed 

Enterococcus and E. coli. The one-way ANOVA with the post-hoc comparison 

Bonferroni was used to identify the difference of FIB level in different seasons. Also, a 

significant relationship was found between FIB level and different seasons in which the 

summer season usually produced the highest FIB concentration. The concentration of FIB 

was higher in outfall samples during rainfall than the days without storm events, and the 

mean value was one order of magnitude higher than the standards for recreation water. 

Valeo et al (2016) looked at the relationships between the incidence of Total coliforms 

and E. coli in Alberta well water with precipitation levels in the province. The analysis is 

based on 77135 tests of total coliforms and 77132 tests of E. coli in well water from 2004 

to 2009 with monthly precipitation in Alberta. Alberta was divided into 13 zones by 

using Voronoi tessellation. A wave function was developed by applying regression and 
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autocorrelation analysis to reveal the behavior of E. coli levels. The precipitation data 

was mapped as raster grids using second-order inverse distance-weighting (IDW) at a 

specific time period. Valeo et al. used a single sine wave function to represent the 

seasonal variation in collected data. The spatial and temporal analysis of this research 

shows the correlation between extreme rain events and positive test rates of total coliform 

and E. coli, with high peaks appearing after precipitation peaks. A periodicity of 12 

months was also observed for all variables at all zones. For better microbial 

contamination monitoring, increasing sampling frequency and locations was suggested 

after extreme rainfall. However, there was no strong correlation found between the 

positive test rates and precipitation. This could be due to a lack of considering 

temperature as a factor in the analysis. Therefore, the researchers recommended a future 

study involving temperature for better prediction. 

Chigbu et al (2004) evaluated the effects of climate change on water quality in 

Mississippi Sound. Fecal coliforms were used to indicate the presence of enteric 

pathogenic. The chosen factors in this marine environment study included temperature, 

salinity, and solar radiation - all these factors usually vary with seasons and rainfall.  The 

samples were collected one-half meter below the water surface weekly at more than 100 

stations. Fecal coliform counts of each year were analyzed by using an ANOVA with log 

transformations. ANOVA was also used to compare water temperature, salinity and river 

stage among years. The relationships between fecal coliform level and each of the 

environmental factors were then analyzed by performing regression analysis including 

rainfall, water temperature, salinity and river stage.  The relationship between wind speed 

and fecal coliform levels were analyzed by using Spearman’s rank correlation. The fecal 
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coliform levels of four tidal stages were compared by applying an ANOVA and a t-test. 

As the result of these analysis, the geometric mean of fecal coliform shows a positive 

curvilinear relationship with precipitation (slope=4.86, R2=0.52, P=0.013), and inverse 

curvilinear relationship with salinity (slope=0.143, R2=0.74, P=0.001) and water 

temperature (slope=0.270, R2=0.69, P=0.001). But the relationships between fecal 

coliform levels and tidal condition and wind speed were not observed, thus indicating no 

significant correlation. 

2.3 Spatial and Temporal Analysis of Bacterial Contamination  

Traister and Anisfeld (2006) studied the variability of indicator bacteria in the Upper 

Hoosic River Watershed. The spatial and temporal variability of bacterial contamination 

level was assessed to evaluate the water quality. The sampling was conducted at 12 sites 

throughout the areas with different land use for spatial analysis. The temporal analysis is 

based on the seasonal, storm-related and diurnal sampling data. According to the seasonal 

data, the indicator bacteria show higher levels during the summer than the winter. The 

storm-related samples show the indicator bacteria concentration is higher in storm events 

most of the time but the relationship was not consistent for each storm event. The diurnal 

sampling indicated the indicator bacteria concentration was higher in the morning than in 

the afternoon. The reason could be the inactivation of bacteria in sunlight. However, the 

statistical analysis showed the variability of diurnal sampling was much less than other 

factors. On the spatial analysis side, the developed area produced much higher indicator 

bacteria level than forested areas. The residential and agricultural areas were positively 

correlated with bacterial contamination level, and the forested area had a negative 

correlation. The residential area was found to be the best predictor, and the size of the 
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watershed showed no significant correlation in the regression model. In addition, the 

study showed that the less shaded sites generally give samples of lower bacteria 

concentration, which means the sunlight is also a factor of variability.   

Davis et al’s (2005) article presented the spatial and temporal distribution of indicator 

bacteria in Canyon Lake, California. The lake region has a Mediterranean climate, with 

hot dry summers with limited rainfall and a wet winter with much more precipitation. 

The samples were collected weekly from 0-5cm below the water surface at 14 sites across 

the lake.  Because the non-log transformed data gave an unclear trend, the mean annual 

log concentration from each sampling site was introduced to demonstrate the spatial 

distribution as maps. The annual log concentration of bacteria eliminated any temporal 

variation and only the spatial trend of bacteria distribution was represented. The spatially 

averaged concentration was used to represent the bacteria level at each specific time. The 

figures were plotted as spatially averaged concentration versus month to describe the 

temporal behavior of bacteria in water bodies. Fecal and total coliform levels were found 

to be lower in the cooler winters but had higher peaks in March; concentration declined 

in late spring then increased again in July.  

Stocker et al (2016) analyzed the variability of fecal indicator bacteria in two streams 

having different upstream land-use and both across agricultural land use areas in 

Beltsville, Maryland. Because it was difficult to directly detect fecal pathogens, fecal 

coliform was used to monitor microbial contamination in Little Paint Branch Creek 

(LPBC) and Beaverdam Creek Tributary (BDCT). The surrounding land use of LPBC 

was approximately 45% agricultural, 25% residential, 20% deciduous forest, and 10% 

commercial; and the surrounding land use for BDCT is approximately 75% agriculture 
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and 15% deciduous forest. The data analysis was performed by using the statistical 

software PAST. One-way analysis of variance (ANOVA) test was used to compare the 

concentration at different times. The Friedman test was used to test the quality of 

concentrations across streams.  

The LPBC is on average 4.2oC warmer than BDCT and receives similar amounts of 

precipitation. The results showed a weak correlation between temperature and the 

concentration of indicator bacteria. This was probably due to relatively small variations 

in temperature in this study. The precipitation showed a strong positive correlation with 

the concentration in both streams. Furthermore, the turbidity level also had a positive 

correlation with the concentration. Solar radiation showed a weak correlation with the 

concentration. This may be caused by shaded forests near both streams. Through the 

spatial analysis along streams, the concentration was found to be greater in most of the 

cases after flowing through agriculture land. Traister and Anisfeld (2006) found the 

developed watersheds also contributed 14 times more fecal bacteria than the forest area. 

The temporal analysis demonstrated the concentration of fecal bacteria had no discernible 

trend throughout different times in a single day. In addition, the study mentions the high 

peaks of concentration were observed after precipitation. It demonstrated a strong 

positive correlation between precipitation and fecal coliform concentration. This study 

suggested that land use and precipitation are the main factors influencing the 

concentration of fecal bacteria; the temperature and solar radiation having a weaker 

correlation probably due to the small scale of time in this analysis.  

Hyland et al (2003) looked at the investigation of the spatio-temporal distribution of 

fecal indicator bacteria within the Oldman River basin of southern Alberta, Canada. The 
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spatial analysis was performed by creating a map for FC and EC counts above 

200CFU/100ml. Land variables, such as livestock distribution, human populations, water 

treatment plants and irrigation canal outflow points were imported into ArcView as 

themes and mapped along with the FC and EC data. Seven sites had 25% or more of the 

samples with FC concentration above 200CFU/100ml and five of them were from water 

passing through agriculture lands; and two of them were downstream of urban zones. For 

spatial analysis, the authors created maps for each year with both sampling site locations 

and land use maps to identify the relationship between FC concentration and land use 

factor. The maps showed that the upstream has much lower FC concentrations than the 

downstream, which has more agriculture zones. A continuous high concentration also 

appeared upstream which had fewer agriculture zones in 1998; this means the human 

waste from urban zones were likely also contributing to fecal concentration. For temporal 

analysis, the percentage of the counts above 200CFU/100ml of all sites was plotted 

against the months for each year to identify the relationship between FC concentration 

and season. A large percentage of samples had FC concentration above the guideline 

during summer and instantly declined in winter. The high levels of fecal bacteria were 

found after precipitation that is likely due to the rainfall runoff from nearby lands with re-

suspension of bacteria.  

Sibanda et al (2012) assessed the seasonal and spatio-temporal distribution of fecal-

indicator bacteria in the Tyume River over a 12-month period. Water samples were 

collected from 20-30cm below the water surface at six sites for a 12-month period. The 

difference of seasons and sampling sites were tested by using Tukey’s studentized range 

test. The result showed a significant difference between the different seasons; the counts 
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of FIB varied with seasonal changes with the high peak appearing in the spring. All sites 

observed FIB counts exceeding the guideline of 200CFU/100ml for recreational water. 

The highest level of FIB was observed in downstream of effluent discharge points and 

wastewater treatment plants. The other hotspots were identified in the nearby high-

density populated area and agriculture zones. Throughout the analysis, human origins 

were determined to be the main source of fecal indicator bacteria. The research suggested 

improving the monitoring methods with tools to track the source of microbial 

contamination. 

Huang et al (2010) explored the spatial and temporal variation and pollution sources of 

coastal water quality by performing cluster analysis (CA), discriminant analysis (DA) and 

principal component analysis (PCA). The researchers aimed to extract meaningful 

information to improve water quality management. The water quality parameters were 

collected from 22 monitoring sites around the island for 6 years. The water quality 

parameters included a number of parameters including E. coli and fecal coliform. With 

statistical analysis, the raw data were found not to have a non-normal kurtosis and 

skewness, therefore, the data were log-transformed before performing the analysis. 

Cluster analysis was used for both temporal and spatial similarity analysis to determine 

the period group and sites group. The year was grouped into two cluster periods, June to 

September and the other months. The entire area had two cluster regions, the western 

region and southern with the southeast region. Discriminant analysis was used to evaluate 

the temporal and spatial effect of different water parameters from different time and sites. 

The principal component analysis was used to determine the main source of 
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contamination from all parameters by setting different factors. The results showed the 

fecal pollution was primarily from domestic wastewater. 

Spatial and temporal analyses are commonly used by researchers to investigate the 

relationship between land use, climate variation, seasonal changes and bacterial 

contaminants, and potentially predict the variation of bacterial contamination.  The goal 

is to evaluate the water quality and protect human health by conducting remediation 

measures in the identified water body. Since the sampling frequency is regulated by cost 

and labor capacity, the research would allow people to develop more effective monitoring 

schemes and create feasible plans for reducing health risk. 

2.4 Land Use Impacts   

Tong and Chen (2002) studied the relationships between land use, water quality and 

flow. Water quality variables consistently change with the change of land use in 

watersheds (Bolstad and Swank, 1997). Statistical and spatial analysis investigated the 

effects of land use on water quality in Ohio, US. The research showed land use was 

related to most of the water quality parameters both statistically and spatially. By 

applying Spearman’s correlation analysis, which is non-parametric for non-normal 

distributed variables, the nitrogen, phosphorus and fecal coliform were identified to have 

the strongest correlation with land use among the water quality variables. Through the 

spatial analysis with GIS, the agriculture and urban lands were the most critical land use 

producing much higher amounts of nitrogen, phosphorus and fecal coliform than the 

other land uses. On the other hand, these variables show a negative relationship with 

forest land use. GIS analysis in this study identified few watersheds to be heavily 

contaminated by different contaminants, which mainly consisted of high percentages of 
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urban land use and agricultural land use. The watersheds with high percentages of 

agriculture show high nitrogen and phosphorus levels in the water, and the watersheds 

with high percentages of urban land use indicated high levels of fecal coliform and 

phosphorus in the water. The researchers suggested implementing contaminant removal 

in these identified watersheds and monitoring the change of land use in the future.  

Campos and Cachola (2007) studied the fecal coliform contamination in the bivalve 

harvesting areas, Alvor lagoon, Portugal. The research looked at the influence of both 

climate change during the year, and land use in the watershed, with fecal coliform level. 

Coastal lagoons are greatly affected by the surrounding environment including land, 

freshwater, seawater, human sewage and animal wastes. Meteorological variables were 

analyzed with monthly fecal coliform levels, but the correlation was only found between 

precipitation and fecal coliform level. Through the GIS analysis, the urbanized area and 

agriculture area were identified to produce the most fecal coliform in nearby waters. 

Fecal coliform levels from the watershed with the least urban land use was not detected 

to be correlated with climatic changes, while fecal coliform levels from the urbanized 

area were strongly, positively correlated with precipitation. The agricultural area 

consisted of high amounts of avifauna and pastures also produced a high amount of fecal 

coliform during precipitation. These results indicated that fecal coliform is mainly 

produced and accumulated in urban agricultural areas then washed off into the lagoon by 

precipitation. 

Vitro et al., (2017) used a spatial regression of fecal coliforms with urban variables to 

help restoration and water quality mitigation. A complex relationship was found between 

water quality and spatial variables such as population density, urban area, agriculture 
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area, industrial area, and sewage network. The land use of the development area indicated 

a positive correlation with FC while the woody wetland and open water showed a 

negative correlation with FC. Population density and road network density were the other 

important factors having a positive correlation with FC level. Furthermore, the study 

found a high density of sewer networks could help to reduce the bacteria concentration. 

Researchers also mentioned that fecal bacteria concentration is affected by climatic 

variables such as temperate and storm events.  

According to the literature, the impact of land use is mainly divided into two parts 

focusing on the developed area as separate from greenspace area. The developed area 

generally produces more bacterial contaminants and has a positive correlation. The 

population density corresponding to the level of development in the area is an additional 

factor which has significant impact toward bacterial contamination. On the other hand, 

the wooded or forest area is negatively correlated with the concentration of fecal bacteria. 

The vegetation could improve the infiltration, reduce runoff, and stabilize the soil, thus 

decreasing the fecal bacteria migration. Less human activity in this area is also another 

reason for less fecal bacteria. 
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Chapter 3 Research Objectives 

3.1 Gaps in Knowledge 

3.1.1 Influence of Mild Climate   

Most of the literature on bacterial contamination was conducted in climates which 

generally had hot, wet summers and cold, dry winters. It is commonly known that 

bacteria grow quickly in a humid and hot environment which is similar to the condition 

of incubating bacteria. Most bacteria do not grow in cold temperatures, and the 

inactivation rate was high during these types of winters. As the result, the high 

concentration of fecal bacteria primarily appeared during the summer and greatly 

decreased during the cold winter.  However, the Victoria region has a moderate 

Mediterranean-like climate with warm, dry summers and mild, wet winters. The average 

maximum temperature is around 20oC during the summer and the average minimum 

temperature is around 3oC during the winter. Previous studies of fecal bacteria 

(Selvakumar, Borst and Struck, 2007; Guber et al., 2014) showed fecal bacteria could 

maintain high concentration at 4oC; thus, the winter temperature may not be low enough 

to kill fecal bacteria in the Victoria region. In addition, the rainy weather during winter 

time provides high moisture and a low light intensity environment that could help the 

growth of bacteria. On the other hand, the summer time is warm and sunny. It is found 

fecal bacteria have the highest growth at 20oC for combining high growth rates and low 

die-off rates; the summer temperature is ideal for fecal bacteria growth in the Victoria 

region. But the intense sunlight could be a strong factor for bacteria inactivation since 

most of the days are sunny during local summers. Therefore, the distribution of bacterial 
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contamination in this study area could be interesting and demonstrate a different pattern 

from the studies conducted previously. 

3.1.2 Nearshore Stormwater Drainage 

Different than most of the studies reviewed in which sampling is conducting in rivers 

and streams, the stormwater drainage points are located in nearshore areas in this study. 

The drainage networks collect stormwater in the corresponding watershed and directly 

drain into the ocean through discharges. Because most of the watersheds are small and 

close to the ocean, the sample collected from each discharge represents the condition of 

each watershed individually and receiving minimal impact from other watersheds most of 

the time. Therefore, each sampling station would allow an individual analysis and 

comparison with other watersheds.  

3.1.3 Complexity of Factors affecting Bacterial Contamination   

The distribution of bacterial contamination is affected by many complex factors. The 

literature reviewed mostly focused on seasons, temperature, storm events and land use, 

but the results disagree with each other sometimes due to the differences and practical 

situations in the study area. The results explained are somewhat site specific; thus, 

different study areas will result in predictions that are not applicable to other studies.  

Currently, there is no perfect model or research that can comprehensively explain the 

distribution of bacterial contamination. Therefore, the pattern of bacterial contamination 

distribution in an area of interest is necessary and requires a specific study in order to 

improve stormwater management and contamination remediation. 
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3.2 Thesis Objectives  

Assisting the municipalities within the CRD to develop their stormwater management 

plans and infrastructure is one of the many services the CRD provides and water quality 

monitoring is one important aspect of this service. The CRD collects pollutant levels 

within stormwater pipes, streams and nearshore areas throughout the CRD, including 

fecal coliforms, with an interest in identifying hotspots and remediating those areas of 

highest priority. In the current sampling scheme, each discharge is visited twice a year 

one – once in January-April and once during Jun-September. The discharge with 

observed high FC level would be continuously sampled in later years until the problem is 

resolved, and only 20% of the discharge with low FC level would be revisited each year. 

The first problem with the current sampling scheme is that sample collection is relatively 

infrequent and even more so during October-December - it may miss important data of 

contamination during the year. Secondly, the revisit of discharge is random and lacks a 

proper reference; the contamination is likely overlooked and potentially can cause a 

health risk. Since the current sampling approach is subject to available funding and 

capacity, research into identifying hotspots may help to develop a more efficient 

sampling scheme.  

The overall objective of the study is to develop a relationship for fecal coliform 

pollutant using a computer prediction model with the consideration of seasons, long-term 

and short-term meteorological variables, and land use. The overall processes are based on 

the data-driven method by performing temporo-spatial analysis. 

This thesis includes four main objectives: the first objective is to identify the seasonal 

periodicity of the distribution of bacterial contamination through stormwater outlets in 
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the capital regional district (CRD) region with attention to the municipalities of Victoria, 

Esquimalt, Oak Bay and Saanich. The seasonal periodicity will be investigated through 

the fecal coliform level of each month which is either in the wet season, dry season, or 

spring, summer, fall, winter. This part will discuss how the bacterial contamination level 

varies and if the seasonal periodicity exists corresponding to the seasons over 17 years.  

The second objective is to study the temporal variation of bacterial contamination and 

investigate the relationships between fecal coliform levels and relevant meteorological 

factors that change with time and affect bacterial growth. The contamination level is 

analyzed with meteorological factors collected from nearby weather stations including 

temperature, precipitation and cloud cover ratios.  

The third objective is to study the spatial distribution of bacterial contamination 

throughout the sampling stations in order to identify the hotspots in the CRD region. The 

spatial factors considered in this part include drainage area and watershed land use which 

belong to each stormwater outlet.  

The last objective is to conclude the analysis above and investigate the trends of the 

variation in fecal coliform level both spatially and temporally and with collected 

meteorological data and GIS data. Based on the data-driven methods, the information is 

used to generate a model which represents the correlation between bacterial 

contamination and selected variables. The predicted result is then calibrated and validated 

with the observations. 
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Chapter 4 Methodology 

4.1 Data Collection 

4.1.1 Study Area  

The study area of this research is located on the southeastern core area of Capital 

Regional District (CRD) of southern Vancouver Island lies between latitudes 

48°29'57.3"N and 48°24'02.2"N, and longitudes 123°26'26.3"W and 123°15'40.4"W. The 

fecal coliform (FC) samples were collected from stormwater outlets along the coastline of 

Esquimalt, Victoria, Oak Bay, Saanich and analyzed by Stormwater, Harbours and 

Watersheds Program (SHWP) from 1995 to 2011. The current database (Figure 4-1) 

contains totally 6112 sampling data (N=6112) from 212 stations (S=212) along the 

southeastern nearshore area of CRD from 1995 to 2011. Each stormwater outlet is 

connected to its own stormwater pipeline network which corresponds to a watershed, thus 

allowing the analysis of the drainage area, land use or other information of the watershed.  

4.1.2 Sampling Methods 

The samples were collected from each discharge once during January to April (wet 

season) and once during June to September (dry season) by SHWP. Stormwater flows 

were sampled by land or boat at the point of discharge before going into the ocean for 

avoiding unwanted flows. The sampling process attempted to avoid first flush conditions 

in order to reduce the chances of an unusual result. The measurements were also 

compared to the historical results; the discharge will be resampled in case of the unusual 

result observed. The discharges with very high contamination levels (greater than 

2000CFU/100ml) were given high priority in the sampling scheme. The low rated 
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discharges would have lower sampling frequency, but 20% of them were revisited each 

year to monitor if new sources of fecal coliform appeared (Stormwater, Harbours and 

Watersheds Program Environmental Sustainability, 2013). 

 
Figure 4-1: Map of Sampling Stations in CRD Area 

4.1.3 Climate Data 

Daily historical data for this study is obtained from Environment Canada. Four weather 

stations are selected in the CRD area includes ESQUIMALT HARBOUR weather 

station, VICTORIA UNIVERSITY CS weather station, VICTORIA GONZALES CS 

weather station, and VICTORIA FRANCIS PARK weather station. The temperature and 

precipitation measured from 1995 to 2011 are used to check the relationship between 

bacterial contamination and meteorological variables. The climate normal over 17 years 

is also generated as a guide for periodicity analysis based on meteorological data. Cloud 
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cover ratio in the Victoria area is derived from 1981-2010 station data by Environment 

Canada. 

4.1.4 GIS Data 

The watershed information requested from the CRD consists of stormwater drainage 

area, pipeline network information, and corresponding discharge ID number. The land 

use information is obtained from Natural Resources Canada. Both maps are processed 

into the appropriate form and inputted into ArcGIS for further analysis.  

4.2 GIS Data Analysis 

The land use and map information are loaded into ArcGIS software to show the 

detailed spatial information in the CRD area. Geographic information systems (GIS) 

could provide both powerful visualization and spatial analysis functions in the study.   

4.2.1 Visualization 

Visualization can provide an initial impression of the obvious patterns of the 

distribution events present in the study region (Bailey and Gatrell, 1995). By plotting the 

FC sampling data on the map, the hot spot of bacterial contamination can be visually 

identified in the entire area. In addition, the spatial distribution of bacterial contamination 

is visualized with the land use and geographic information which can also help reveal the 

relationship between FC and spatial variables. 

On the other hand, time series are introduced to visualize the tempo-spatial distribution 

of FC level throughout each month of the 17 years. The temperature and precipitation 

data from four climate stations are used to establish a time series weather map by 

applying an inverse distance weighted (IDW) interpolation method (Bailey and Gatrell, 
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1995). This process provides an overview of the FC level variability related to the 

weather change. 

4.2.2 Cluster Analysis and Density Map 

The cluster analysis is applied to spatially identify the heavily polluted area in terms of 

the spatial distribution of FC level. This analysis generates a density map of FC level 

which calculates the density of FC level in a neighborhood around considering the 

interaction of nearby sampling data (Pro.arcgis.com, 2018). It is able to classify the most 

problematic area and relatively less problematic area. The hot spots would be studied in 

later analysis and provide guidance for remediation measure.   

4.2.3 Drainage Area 

The drainage area is an important variable that could affect the FC level in the 

stormwater outlet. It is determined by the stormwater pipeline network. This information 

is extracted from the GIS data and combines with FC sampling data for later correlation 

analysis. 

4.2.4 Land Use 

The land use data contains detailed information about the area of different land use in 

the study area. For the purpose of the study in CRD area, the data are categorized into 

residential area and green space area because of the land used for residence, commercial 

use and park is the majority of the nearshore area. Then, the land use map is divided into 

smaller regions according to the drainage area of each individual stormwater pipeline 

network. After the drainage area is joined with land use area of each category, a 
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correlation analysis would be applied to study the effects of land use toward bacterial 

contamination and potentially identify the sources of FC.  

4.3 Statistical Data Analysis 

4.3.1 Normality Test and Logarithm Transformation  

Normality test is supposed to be performed to explore if the distribution of a dataset is 

normal before further statistical analysis. Many statistical methods require that variables 

follow the normal distribution, therefore the distribution is checked in the beginning.  

Furthermore, the kurtosis and skewness are very important factors for identifying the 

normality; the range of kurtosis and skewness can indicate whether the dataset is close to 

or far from the normal distribution (SPSS survival manual: a step by step guide to data 

analysis using IBM SPSS, 2013).  

Logarithm transformation is commonly used to reduce the kurtosis and skewness of the 

dataset in environmental data analysis (Chu et al., 2013, Davis, Anderson and Yates, 

2005, Huang, Ho and Du, 2010). Because the heavily dispersed values commonly exist in 

sampling data, logarithm-transformed values are used to achieve a more acceptable 

distribution rather than directly using the actual values. The actual fecal coliform values 

in the dataset are log-transformed to reduce the kurtosis and skewness before performing 

data analysis.  

The normality of the distribution of each variable should be checked to determine the 

applicability of statistical methods. The distribution of fecal coliform value and log-

transformed fecal coliform value are tested by Shapiro–Wilk test and Kolmogorov–

Smirnov test where Kolmogorov–Smirnov test would provide a more reliable result for 

the larger dataset (Shapiro, Wilk and Chen, 1968). 
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The test of normality is also performed on following datasets: 

i.   7, 3, 2 and 1-day total rainfall preceding FC observation (P7, P3, P2, P1) 

ii.  7, 3, 2 and 1-day average temperature preceding FC observation (T7, T3, T2, T1) 

iii.  Rolling degree day (base temperature from 4Co to 29Co) integrated over the 

preceding dry period (DDhot & DDcold) as in Equation 1 and 2:  
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����
��

  (2) 

iv.   Maximum and minimum temperature (Tmax, Tmin) 

v.   Antecedent dry period length (tdry) 

vi.   Watershed Area (WA), Residential Area (RA), Greenspace Area (GA) 

vii.   Ratio of residential area (RRA), Ratio of greenspace area (RGA) 

viii.  Cloud cover ratio (CC) 

ix.    Flow rate at discharge (FR) 

 

4.3.2 Overall Periodicity 

The sampling data are firstly managed to observe the correlation based on the time-

series for investigating the general trend and variation of the fecal coliform (FC) value 

with time. Then, the trend and periodicity of weather and other variables are investigated 

in the same way and compared with each other in a time-series. Excel and MATLAB are 

used to process the dataset for managing and normalizing the variables with plotting to 

visualize the correlation and periodicity.  

The monthly average of the log-transformed fecal coliform values over 17 years 

(LogFCym) is used to identify the periodicity of the variation of bacterial contamination 
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with the time and examine if the regular yearly periodicity exists. This summary of 

periodicity would allow a more detailed investigation into the temporal distribution of 

bacterial contamination. 

 !"#�$% =
∑ '�(
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The sampling schedule leads to an inconsistent number of samples collection in each 

month, so the positive test ratio (Rpositive, m, m is the month) result is used as a 

normalization term which is computed using the number of cases above regulation limit 

(Nhigh,m), 200CFU/100ml (Canada Beach Report 2017 First Edition, 2017; Guidelines for 

Canadian recreational water quality, 1983), over the number of total cases (Nm) in each 

month of the 17 years. The Rpositive, m is then plotted versus the month to demonstrate the 

trend in time-series. For the ratio of positive test Rpositive, m: 

R4�5�6�78,	 =
29+:9*
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 (4) 

In addition, the average of monthly log-transformed fecal coliform values (LogFCm) is 

also used to investigate the trend in fecal coliform values throughout the entire year 

which could provide a better understanding of the value change. The LogFC		is then 

plotted versus the month to demonstrate the trend in time-series. For the average of 

monthly log-transformed fecal coliform values LogFCm: 

LogFC	 =
� @�A./�0,�)+

)*
+,-

2*
  (5) 

where the x is the station ID, t is the sampling date. 

This process not only helps to understand the behavior of the change of fecal coliform 

level during the year but also provide a general scheme corresponding to other factors 

that vary with the seasons for further analysis and modeling. 
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4.3.3 Correlation Analysis 

The fecal coliform data is analyzed with each variable to check the correlation between 

them by statistical methods. The goal of this analysis is to determine if the factors are 

applicable and how it works for the later modeling process. The variables considered in 

this research include variables i. to ix. listed in section 4.3.1.   

Multi-station correlation analysis 

Firstly, the overall correlations between LogFC and each independent variable are 

analyzed to determine the influence of each variable toward the level of bacterial 

contamination. The dataset used is comprehensive and includes all the sampling data over 

200CFU/100ml from all sampling stations over 17 years. SPSS is used to perform this 

correlation analysis after testing the normality of variables. The parametric and non-

parametric methods are used based on the distribution of variables that includes Pearson's 

correlation test for a normal distribution, Kendall’s tau-b test for non-normal distribution, 

and Spearman’s ρ test for non-normal distribution. The Kendall’s tau-b test and 

Spearman’s ρ test produce similar values most of the time but Kendall’s test has a better 

explanation for non-linear correlation as compared to Spearman’s test.  

Hot-spot Station correlation analysis  

The hot-spot stations with high FC value or more samples are tested individually with 

each variable to investigate the correlation between LogFC and meteorological variables. 

Since all the sampling data are collected from the same location, the spatial variables can 

be eliminated to help identify the influence of temporal variables. By testing the 
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correlation between LogFC and other variables at a single station, the spatial effect could 

be minimized and provide more accurate correlation with the temporal factors.  

Monthly Averaged variables correlation analysis  

The monthly averaged LogFC is used in this correlation analysis instead of the daily 

LogFC value. All variables are averaged based on each individual month. This study has 

an advantage of providing a more stable result for the correlation between LogFC and 

other variables since the variability is averaged out. The correlation result in this part is 

then compared with the results from other correlation analysis in order to validate each 

other.  

4.2.4 Sewage Cross-connection Effect 

The sewage cross-connection is considered as an important factor causing high FC 

level in waterbodies by many previous studies (Bowen and Depledge, 2006; Hunter et al., 

1999; Crowther et al., 2002). The report from SHWP also comments about the sewage 

odour or other related problems found at the sampling station. As a large amount of fecal 

bacteria exists in the sewage wastewater, the sewage cross-connection could cause 

serious impacts to human health and the environment. Therefore, it is necessary to 

investigate the effect of sewage cross-connection and if it leads to high FC concentrations 

in stormwater discharges. The non-parametric ANOVA is used to investigate if a 

significant difference exists in FC levels between the sewage odour-related stormwater 

samples and no odour stormwater samples.  
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 4.4 Distribution Function Modeling  

The modeling process includes two main parts: Periodicity model of fecal coliform and 

Climate-related model of fecal coliform. For the purposes of predicting the change of 

bacterial contamination in the time series, the periodicity model is developed by monthly 

FC level versus the month. Therefore, a reference of bacterial contamination level in each 

month could be developed to improve the monitoring scheme. This model is developed as 

a Fourier series type model in order to find the periodicity and identify the time the high 

peak appears.  

A climate-related model is developed to validate the correlation between 

meteorological variables and FC level. A combined regression analysis coupled with a 

simple bacterial growth-decay as a function of meteorological variables would be 

developed to provide a better monitoring scheme. 
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Chapter 5 Analysis and Results 

5.1 GIS Data Analysis 

5.1.1 Visualization 

The first step of this study is visualizing the distribution pattern of the fecal coliform. 

In the original dataset of FC samples, all samples are recorded with the sampling station 

ID information which allows locating each sample data on the map. By combining the 

coordinate information of the stormwater outlets and FC sampling data, an FC 

distribution map could be generated for spatial analysis. The data processing is worked 

by using MATLAB and Excel. While the FC samples with null values are excluded from 

the dataset, 5467 sampling data are imported into ArcGIS for spatial analysis. 

Additionally, the geometric means of each sampling station are calculated to create the 

FC distribution map. The distribution map of visualized FC sampled data (Figure 5-1) 

shows most of the high FC events occurred in the Victoria, Esquimalt, and Oak Bay 

areas.  

The temperature and precipitation maps are generated based on the historical data from 

four climate stations with inverse distance weighted (IDW) interpolation method. The 

time series weather maps are used to visualize the tempo-spatial distribution of FC level 

which contains the FC sampled data and weather map of each month over 17 years. 

These maps indicate where the samples containing high FC levels are more likely appear 

during the winter time (Figure 5-2) that is relatively cold and wet, and the summer time 

(Figure 5-3) that is relatively dry and hot in the southern Vancouver Island region.  
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Figure 5-1: Distribution Map of Fecal Coliform in Capital Region District  

 

Figure 5-2: Precipitation Map in January 2007 
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Figure 5-3: Temperature Map in June 2006 

5.1.2 Cluster Analysis and Density Map 

 The density map is generated by kernel density function in ArcGIS. The density maps 

provide a great visualized summary that shows the spatial distribution of FC values. One 

of the density maps (Figure 5-5 (a)) is generated according to the number of higher FC 

samples (>200CFU/100ml) that does not consider the value of the fecal coliform, and the 

other one (Figure 5-5 (b)) has the FC level of each sampling point. The cluster analysis is 

performed with the Cluster and Outlier Analysis function to identify the hotspots and 

outliers in the region. For both of the density maps and cluster analysis (Fig. 5-4), the 

Victoria, Esquimalt and Oak Bay areas are determined as hot spots with high FC levels. 

The density map based on the number of high FC cases highlights the coastal shore 

area of Victoria, Esquimalt and Oak Bay where the large number of high FC samples is 

collected. This means the stormwater in the areas with deeper color has a higher chance 
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of containing over regulation FC levels. This conforms to the reporting result in the 2012 

annual report from SHWP. 

Furthermore, the pattern of density map changes when the FC value of each point is 

considered. The heaviest polluted area could be determined by comparison to other areas 

with lower pollution levels. The Victoria downtown, Esquimalt and the eastern shore of 

Oak Bay are observed to suffer the more serious contamination problem. The southern 

shore of Oak Bay and the northwestern inner harbor have a relatively lower pollution 

level than other polluted areas.  

The cluster and density map provides visualized information to help in understanding 

the spatial distribution of bacteria contamination. The hot spots highlighted are located in 

the densely populated residential area; this finding suggests the source of FC is likely 

from human activities.  

 

Figure 5-4: Cluster and Outlier Map of the FC samples 
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Figure 5-5: (a) Density Map based on the value of FC samples; (b) Density Map 

based on the number of high FC samples 
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5.1.3 Drainage Area 

Drainage area information is extracted from the watershed GIS file with corresponding 

stormwater discharge ID. Because each watershed has an individual outlet for its own 

stormwater pipeline network, the watershed area can be used as the stormwater drainage 

area. The drainage area map (Figure 5-6) shows the area of watersheds is different, but all 

the nearshore watersheds drain the stormwater directly into the ocean through mostly 

stormwater pipes. The full watershed marked with deep blue line indicates the 

stormwater is drained by stormwater pipes into the area and discharged through the 

corresponding outlet where the samples are collected. The sub-watersheds and net 

watersheds are mainly inland watersheds where the stormwater is discharged into creeks 

or rivers. The direct drainage areas along the coast mean there is no stormwater system in 

the area and precipitation directly goes into the ocean from the surface or infiltrates into 

the ground. The drainage area information is then used to correlate with corresponding 

FC level data in order to investigate the effect of drainage area toward bacteria 

contamination. The detail drainage area information is in Appendix A.  
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Figure 5-6: Drainage Area Map in Capital Region District 

5.1.4 Land Use 

The land use information is requested from Natural Resources Canada 

(maps.canada.ca, 2018). The land use is mainly divided into four categories include 

residential, park and sports field, golf courses, and wooded areas (Figure 5-7). According 

to the GIS information from Natural Resources Canada the study area has no major 

industrial or agricultural zones. Therefore, the land use is categorized into two group: 

residential areas and greenspace area. Residential area usually has less vegetation and 

high population density. Greenspace includes parks, golf courses and wooded area and 

have higher vegetation cover and less human activities than residential areas most of the 

time.  
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The watershed boundary information is used to intersect with the land use map and 

create the individual land use information for each drainage area. This process would 

attach the land use information with FC sampling data based on their corresponding 

drainage area. The land use information is then analyzed with FC data in order to 

investigate the effect of land use on bacteria contamination. The detail land use 

information in each drainage area is recorded in Appendix A. 

 

Figure 5-7: Land Use Map in Capital Region District 

5.2 Statistical Data Analysis 

5.2.1 Normality Test and Logarithm Transformation  

The distribution and normality of FC datasets and relative variables are explored at the 

beginning of the statistical analysis. Because some statistical methods have the 

assumption of a normal distribution of the variable and some are not, the normality of 
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variables would decide the most appropriate methods for the analysis. The Kolmogorov–

Smirnov test is performed to check the normality. The histogram is plotted to describe the 

distribution of a dataset that a bell-shape is expected for an ideal normal distribution; the 

normal probability plot (Q-Q plot) shall provide a straight line along the diagonal when 

the distribution is normal (Berthouex, 2002). Nevertheless, the skewness and kurtosis are 

checked as well to assess the distribution of variables.  

The FC value is firstly tested in IBM SPSS Statistics with the “Explore” function to 

check the distribution. The Kolmogorov–Smirnov test rejected the normal distribution of 

FC. The histogram of FC data shows a clearly non-normal distribution which is highly 

right-skewed. The skewness and kurtosis of FC are 15.612 and 292.721. In order to 

reduce the skewness and kurtosis, the FC date is log10-transformed and tested again. 

LogFC has a much better distribution compared to the distribution of FC. Although 

Kolmogorov–Smirnov test rejects the normal distribution assumption again, the skewness 

and kurtosis are significantly reduced to 0.354 and -0.519. The histogram and Q-Q plot 

also indicate the distribution is not perfectly normal but close to normal. The distribution 

of LogFC is slightly right-skewed and roughly normal. By looking at the histogram the 0 

and 1 value has an abnormally high frequency of LogFC value; this may be caused by the 

inaccuracy in measurement of the samples. Since the distribution of LogFC is roughly 

normal, the LogFC value would be applied in this study instead of using FC value. 

However, non-parametric methods are mainly used to analyze data. 
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Figure 5-8: Histogram of FC (left) and LogFC (right) 

 

 

 
Figure 5-9: Q-Q plot of FC (left) and LogFC (right) 

 

The other independent variables include P7, P3, P2, P, T7, T3, T2, Tmean, Tmax, Tmin,  

DDhot, DDcold, tdry, WA, RA, GA are tested with both Shapiro–Wilk test and 

Kolmogorov–Smirnov test. The independent variables all give a significance less than 

0.05 which mean the variables are not normally distributed (Table 5-1). Most of the 

independent variables have a distribution far from normal, the non-parametric method is 

supposed to be used in correlation analysis for non-normal variables. On the other hand, 
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most of the statistical methods do not demand independent variables to be normally 

distributed. 

 
Table 5-1: Test of Normality of Independent Variables 

Tests of Normality 

 
Kolmogorov-

Smirnova 
Shapiro-Wilk 

Statistic Sig. Statistic Sig. 

WatershedArea 0.385 0.000 0.251 0.000 

RA 0.292 0.000 0.533 0.000 

GA 0.456 0.000 0.147 0.000 

MeanTemperature 0.132 0.000 0.945 0.000 

MinTemp 0.128 0.000 0.948 0.000 

MaxTemp 0.117 0.000 0.951 0.000 

T2 0.140 0.000 0.935 0.000 

T3 0.139 0.000 0.930 0.000 

T7 0.151 0.000 0.913 0.000 

Precipitation 0.344 0.000 0.451 0.000 

P2 0.322 0.000 0.511 0.000 

P3 0.298 0.000 0.579 0.000 

P7 0.250 0.000 0.682 0.000 

Drydays 0.280 0.000 0.647 0.000 

DDhot 0.075 0.000 0.972 0.000 

DDcold 0.316 0.000 0.593 0.000 

 

5.2.2 Overall Periodicity 

The FC samples are firstly grouped by the month and year of the sample date in order 

to calculate the monthly average of the LogFC for every month over 17 years (LogFCym). 

The LogFCym data area then imported into MATLAB for periodicity analysis. The test is 

performed with a curve fitting function with an x-axis of the number of month pasts first 

sample month (t	) in MATLAB to check if the periodicity exists. After fitting the plot of 

LogFCym and t	  with Fourier series type model (Figure 5-10), the Fourier series 
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function of the fitted curve determines a period of exactly 12 months with the frequency 

of 0.528 (ω = 0.528) which means the yearly periodicity does exist in the 17 years’ data. 

This result demonstrates the variation pattern of fecal coliform value is repetitive over 

years even though the exact value of FC could be different every year. The yearly 

periodicity verified the relationship between the bacterial contamination and 

meteorological variables.  

 
Figure 5-10: Monthly FC Value and Overall periodicity with Fourier Series 

Because of the yearly periodicity and the irregular number of samples collected in each 

month of the different calendar year, the Rpositive,m of FC is used to investigate the 

distribution of bacterial contamination in a year. The Rpositive,m is calculated to represent 

the chance of taking a sample with FC value greater than 200 CFU/100ml in each month 

during the year. The data used for generating the ratio is based on the 17 years’ historical 

measurement, therefore the result could be robust and comprehensive.  The plot of 

positive test ratio versus month (Figure 5-11) shows a trend that Rpositive,m gradually 

increases from February to July and then decreases until September; however, a sudden 

high peak appears in October and then decreases. Furthermore, the plot shows that the 
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winter time even has a higher chance of collecting samples with an over-limit FC value. 

Since the overall monthly average of LogFC including samples with negative testing 

result shows the same pattern with PTR (Figure 5-12), the PTR is selected to represent 

the possibility of having contaminated samples in the situation.  

 
Figure 5-11: Positive Test Ratio of FC in Respective Month (Rpositive, m) 

 

 

Figure 5-12: Overall Monthly Average of LogFC including samples with negative testing 

result in Respective Month 

 

A similar profile is also shown in the plot (Figure 5-13) of the overall monthly average 

of logarithmic FC values over 200CFU/100ml (LogFCm). The main difference is that the 
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FC level is relatively lower during winter time than the summer time even though the 

chance is higher to obtain a sample that contains an over-limit FC in the winter. This is 

also demonstrated by Figure 5-14 in term of the samples with highest FC concentration 

are mainly found in summer time. 

 
Figure 5-13: Overall Monthly Average of LogFC in Respective Month (LogFCm) 

 

 
Figure 5-14: Boxplot of Overall Monthly Average of LogFC in Respective Month (LogFCm) 
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The Climate Normals over 1995-2011 (Figure 5-15) in the study area is created to 

provide an idea about the effect of climate toward the bacterial contamination. The 

climate in the southern Vancouver Island is mainly less precipitation with moderate 

temperature during the summer and more precipitation with cooler temperature during 

the winter. Both the minimum and maximum temperature over most of the year are not 

sufficient to kill the fecal coliforms since the FC could grow at temperatures between 4Co 

to 35Co and grow quickly around 20Co (Guber et al., 2014). The general inspection 

indicates temperature is one of the most important factors that cause high FC levels in the 

summer. During the winter time, the temperature is relatively low but the precipitation 

and cloud cover ratio is high and these provide moisture for FC growth and less chance of 

being killed by sunlight.  

 

Figure 5-15: Climate Normals over 1995-2011 in the Study Area 

5.2.3 Correlation Analysis 

The correlation analysis of LogFC and other independent variables is performed with 

the non-parametric method after determining normality. In this study, SPSS is used to 
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analyze the datasets after processing the data by Excel and MATLAB. Bivariate analysis 

is applied to create a variable table for determining the correlation between LogFC and 7-

day total precipitation (P7), 3-day total precipitation (P3), 2-day total precipitation (P2), 

precipitation (P), 7-day average temperature (T7), 3-day average temperature (T3), 2-day 

average temperature (T2), mean temperature (Tmean), maximum temperature (Tmax), 

minimum temperature (Tmin), hot degree days (DDhot), cold degree days (DDcold), 

antecedent dry period length (tdry), watershed area (WA), residential area (RA), 

greenspace area (GA), ratio of residential area (RRA), ratio of greenspace area (RGA), 

cloud cover (CC), and flow rate at discharge (FR). 

 

Multi-station correlation analysis 

Kendall’s τ-b test and Spearman’s ρ test for all samples collected both returned p < 

0.05 for most of the variables; suggesting the null hypothesis of no correlation is rejected 

at 5% significance. The one exception was the watershed area with p = 0.513, thus this 

variable is not correlated with LogFC. The results are listed in Table 5-2 below. Referring 

to the results, all temperature variables, antecedent dry period and degree days have a 

positive correlation with the LogFC. The result shows a relatively high temperature 

would help FC growth in the summer and accumulate in the drainage area while no 

precipitation occurred. On the other hand, all precipitation variables, especially the 7-day 

total precipitation, have a negative correlation with the LogFC, which is unexpected as 

moisture helps bacteria grow. The reason could be the heavy precipitation continuously 

washing-off bacteria and dilute the density of FC during the wet season. The flow rate at 



 

 

47

discharge is positively correlated with the FC levels, which suggests that higher flow 

rates of stormwater could bring in more contaminants to the discharge.  

On the spatial variables side, the residential area has a positive correlation with LogFC 

which confirms the previous hypothesis that the bacteria contamination is mainly caused 

by human activities. The spatial analysis performed by the GIS indicates that the 

watersheds with a high percentage of urban and agricultural land use mostly have high 

contamination levels (Tong and Chen, 2002). The greenspace area has a negative 

correlation suggesting that greenspace coincides with a decrease in the amount of FC 

observed. The forest and grassland could promote water infiltration and reduce the wash-

off effect that decreases the transportability of bacteria in storm event (Tong and Chen, 

2002). It can also simply be due to the fact that the source of FC is lower from 

greenspace areas. But there is no significant correlation between drainage area and 

LogFC. In fact, the small watersheds usually located in the downtown area produce 

higher FC level than larger watersheds in other areas. This implies that both small and 

large watersheds need consideration with regards to the monitoring strategy. 

 

Hot-spot Station correlation analysis  

The hot-spots are identified in the Victoria, Esquimalt and Oak Bay areas, therefore the 

stations selected in this part of the analysis mainly consist of high FC levels or high 

sampling frequency stations. Stations #245, #320, #623, #641 and #805 are selected to 

represent four high FC level areas (Figure 5-16). Station #245 is located on the southern 

shore of Oak Bay. Station #320 is located on the eastern shore of Oak Bay. Station #623 
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and #641 are located in downtown Victoria and station #805 is located in Esquimalt. In 

the analysis, the spatial variables are excluded since the location is set. 
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Table 5-2: Non-parametric Correlation of LogFC of all samples from all stations 

    Kendall's τ-b Spearman's ρ 

WA 

  

Correlation Coefficient -0.009 -0.013 

Sig. (2-tailed) 0.513 0.505 

RA 

  

Correlation Coefficient .032* .047* 

Sig. (2-tailed) 0.037 0.039 

GA 

  

Correlation Coefficient -.134** -.194** 

Sig. (2-tailed) 0.000 0.000 

RRA 

  

Correlation Coefficient .003 .006 

Sig. (2-tailed) 0.860 0.780 

RGA 

  

Correlation Coefficient -.187** -.270** 

Sig. (2-tailed) 0.000 0.000 

Flow Rate Correlation Coefficient .035** .053** 

Sig. (2-tailed) 0.000 0.000 

MeanTemperature 

  

Correlation Coefficient .058** .086** 

Sig. (2-tailed) 0.000 0.000 

MinTemp 

  

Correlation Coefficient .052** .078** 

Sig. (2-tailed) 0.000 0.000 

MaxTemp 

  

Correlation Coefficient .062** .092** 

Sig. (2-tailed) 0.000 0.000 

T2 

  

Correlation Coefficient .066** .098** 

Sig. (2-tailed) 0.000 0.000 

T3 

  

Correlation Coefficient .072** .106** 

Sig. (2-tailed) 0.000 0.000 

T7 

  

Correlation Coefficient .080** .118** 

Sig. (2-tailed) 0.000 0.000 

Precipitation 

  

Correlation Coefficient -.062** -.087** 

Sig. (2-tailed) 0.000 0.000 

P2 

  

Correlation Coefficient -.069** -.098** 

Sig. (2-tailed) 0.000 0.000 

P3 

  

Correlation Coefficient -.064** -.092** 

Sig. (2-tailed) 0.000 0.000 

P7 

  

Correlation Coefficient -.073** -.107** 

Sig. (2-tailed) 0.000 0.000 

Drydays 

  

Correlation Coefficient .052** .070** 

Sig. (2-tailed) 0.000 0.000 

DDhot 

  

Correlation Coefficient .049** .073** 

Sig. (2-tailed) 0.000 0.000 

DDcold 

  

Correlation Coefficient .063** .086** 

Sig. (2-tailed) 0.000 0.000 
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**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

 

Figure 5-16: Location of the Selected Stations 

 

Correlation analysis at Station #245 shows the 3-day precipitation variables have a 

negative correlation (τ = -0.25 with p = 0.003) and the antecedent dry period has a 

positive correlation (τ = 0.27 with p = 0.004) with the FC level at this station - these 

results confirm the results of the overall correlation analysis. The temperature variables 

show no significance (p>0.05) in this relatively small dataset of 68 samples; thus, this 

result is neglected in this case. This demonstrates precipitation is the primary factor 

affecting FC levels at station #245. The correlation analysis of station #245 is listed in 

Table 5-3. 

  

#805 

#641 

#623 

#320 

#245 
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Table 5-3: Correlation analysis at Station #245  

    Kendall's τ-b Spearman's ρ 

MeanTemperature Correlation Coefficient 0.063 0.140 

  Sig. (2-tailed) 0.455 0.254 

MinTemp Correlation Coefficient 0.066 0.128 

  Sig. (2-tailed) 0.433 0.298 

MaxTemp Correlation Coefficient 0.082 0.163 

  Sig. (2-tailed) 0.332 0.185 

T2 Correlation Coefficient 0.100 0.174 

  Sig. (2-tailed) 0.235 0.156 

T3 Correlation Coefficient 0.139 0.220 

  Sig. (2-tailed) 0.098 0.071 

T7 Correlation Coefficient 0.100 0.176 

  Sig. (2-tailed) 0.233 0.151 

Precipitation Correlation Coefficient -.232** -.325** 

  Sig. (2-tailed) 0.008 0.007 

P2 Correlation Coefficient -.210* -.317** 

  Sig. (2-tailed) 0.016 0.008 

P3 Correlation Coefficient -.250** -.354** 

  Sig. (2-tailed) 0.003 0.003 

P7 Correlation Coefficient -0.140 -0.183 

  Sig. (2-tailed) 0.098 0.138 

Dry days Correlation Coefficient .270** .346** 

  Sig. (2-tailed) 0.004 0.004 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

Correlation analysis at station #641 with 103 samples demonstrates a significant 

correlation (τ = 0.198 with p = 0.003) between 7-day average temperature and LogFC; 

but the effect of precipitation and antecedent dry period are not significant (p>0.05) even 

though the variables show a negative correlation with LogFC. The correlation details are 

shown in Table 5-4. 
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Table 5-4: Correlation Analysis at Station #641  

    Kendall's τ-b Spearman's ρ 

MeanTemperature Correlation Coefficient 0.097 0.133 

  Sig. (2-tailed) 0.154 0.181 

MinTemp Correlation Coefficient 0.080 0.115 

  Sig. (2-tailed) 0.234 0.249 

MaxTemp Correlation Coefficient 0.126 0.183 

  Sig. (2-tailed) 0.063 0.064 

T2 Correlation Coefficient 0.088 0.137 

  Sig. (2-tailed) 0.195 0.166 

T3 Correlation Coefficient 0.105 0.157 

  Sig. (2-tailed) 0.122 0.114 

T7 Correlation Coefficient .198** .272** 

  Sig. (2-tailed) 0.003 0.005 

Precipitation Correlation Coefficient -0.009 0.001 

  Sig. (2-tailed) 0.898 0.988 

P2 Correlation Coefficient -0.068 -0.093 

  Sig. (2-tailed) 0.339 0.350 

P3 Correlation Coefficient -0.033 -0.046 

  Sig. (2-tailed) 0.634 0.644 

P7 Correlation Coefficient -0.045 -0.062 

  Sig. (2-tailed) 0.509 0.536 

Dry days Correlation Coefficient 0.083 0.104 

  Sig. (2-tailed) 0.260 0.298 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

Correlation analysis at station #805 (Table 5-5) with 68 samples shows a very strong 

correlation with all variables; both temperature and precipitation have significance 

around 0.000, which indicates LogFC is greatly affected by weather change at station 

#805. The correlation shown conforms to the correlation analysis of all samples from all 

stations; the temperature and antecedent dry period are positively correlated to LogFC 

while the precipitation has a negative correlation. 

 



 

 

53

Table 5-5: Correlation Analysis at Station #805 

 

    Kendall's τ-b Spearman's ρ 

MeanTemperature Correlation Coefficient .280** .422** 

  Sig. (2-tailed) 0.001 0.000 

MinTemp Correlation Coefficient .268** .391** 

  Sig. (2-tailed) 0.001 0.001 

MaxTemp Correlation Coefficient .289** .446** 

  Sig. (2-tailed) 0.001 0.000 

T2 Correlation Coefficient .286** .436** 

  Sig. (2-tailed) 0.001 0.000 

T3 Correlation Coefficient .290** .438** 

  Sig. (2-tailed) 0.001 0.000 

T7 Correlation Coefficient .286** .426** 

  Sig. (2-tailed) 0.001 0.000 

Precipitation Correlation Coefficient -.204* -.285* 

  Sig. (2-tailed) 0.024 0.019 

P2 Correlation Coefficient -.291** -.409** 

  Sig. (2-tailed) 0.001 0.001 

P3 Correlation Coefficient -.343** -.477** 

  Sig. (2-tailed) 0.000 0.000 

P7 Correlation Coefficient -.414** -.570** 

  Sig. (2-tailed) 0.000 0.000 

Dry days Correlation Coefficient .357** .432** 

  Sig. (2-tailed) 0.000 0.000 
**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
 

 

Correlation analysis at Station #320 shows all temperature variables are positively 

correlated with LogFC at this sampling station. All of the relationships are significant and 

strong. Among the temperature variables, the mean temperature has the strongest 

correlation (τ = 0.472 with p = 0.000) with LogFC. On the other hand, the precipitation 

shows a negative correlation with LogFC while the antecedent dry period has a positive 

correlation. The 7-day total precipitation provides the strongest negative correlation (τ = -

0.312 with p = 0.001) which demonstrates the long-term precipitation could greatly 
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reduce the level of FC in this watershed. The antecedent dry period shows a positive 

correlation (τ = 0.274 with p = 0.006) suggesting the dry period would increase the FC 

concentration in stormwater. 

Table 5-6: Correlation Analysis at Station #320 

    Kendall's τ-b Spearman's ρ 

MeanTemperature Correlation Coefficient .472** .632** 

  Sig. (2-tailed) 0.000 0.000 

MinTemp Correlation Coefficient .452** .635** 

  Sig. (2-tailed) 0.000 0.000 

MaxTemp Correlation Coefficient .428** .584** 

  Sig. (2-tailed) 0.000 0.000 

T2 Correlation Coefficient .456** .628** 

  Sig. (2-tailed) 0.000 0.000 

T3 Correlation Coefficient .452** .612** 

  Sig. (2-tailed) 0.000 0.000 

T7 Correlation Coefficient .419** .577** 

  Sig. (2-tailed) 0.000 0.000 

Precipitation Correlation Coefficient -.191* -.284* 

  Sig. (2-tailed) 0.044 0.028 

P2 Correlation Coefficient -0.160 -0.236 

  Sig. (2-tailed) 0.090 0.072 

P3 Correlation Coefficient -0.147 -0.220 

  Sig. (2-tailed) 0.118 0.094 

P7 Correlation Coefficient -.312** -.436** 

  Sig. (2-tailed) 0.001 0.001 

Dry days Correlation Coefficient .274** .364** 

  Sig. (2-tailed) 0.006 0.005 

 **. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

Station #623 has abnormally high FC concentrations with a geometric mean of 

30548.66 throughout the time span of the study and with only 26 samples available. 

Correlation analysis at this station shows temperature is positively related to LogFC and 
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precipitation is negatively related to LogFC. However, the correlations are not significant 

(p > 0.05) in this case due to the relatively few samples collected at this station. Since this 

sampling station is located in the nearshore of Victoria downtown, the distribution of FC 

could be mainly dominated by spatial variables rather than temporal variability.  

 

Table 5-7: Correlation Analysis at Station #623 

    Kendall's τ-b Spearman's ρ 

MeanTemperature Correlation Coefficient 0.210 0.284 

  Sig. (2-tailed) 0.134 0.159 

MinTemp Correlation Coefficient 0.223 0.269 

  Sig. (2-tailed) 0.112 0.183 

MaxTemp Correlation Coefficient 0.210 0.300 

  Sig. (2-tailed) 0.134 0.136 

T2 Correlation Coefficient 0.222 0.285 

  Sig. (2-tailed) 0.112 0.158 

T3 Correlation Coefficient 0.201 0.258 

  Sig. (2-tailed) 0.152 0.204 

T7 Correlation Coefficient 0.142 0.197 

  Sig. (2-tailed) 0.311 0.335 

Precipitation Correlation Coefficient -0.212 -0.313 

  Sig. (2-tailed) 0.156 0.119 

P2 Correlation Coefficient -0.156 -0.227 

  Sig. (2-tailed) 0.285 0.264 

P3 Correlation Coefficient -0.156 -0.244 

  Sig. (2-tailed) 0.275 0.229 

P7 Correlation Coefficient -0.149 -0.243 

  Sig. (2-tailed) 0.289 0.231 

Dry days Correlation Coefficient -0.040 -0.048 

  Sig. (2-tailed) 0.794 0.817 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

From the correlation analysis with the data of stations in the hot-spot area, the 

correlations of each variable follow the same trend with the analysis using overall data. 
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The non-significant results may be due to the smaller data size because the temperature 

and antecedent dry periods certainly give a positive correlation, and precipitation always 

gives a negative correlation with FC level. Based on these results, using overall data for 

analysis is feasible in this study.  

 

Monthly averaged variables correlation analysis  

The monthly averaged variables are calculated and included monthly averaged 

temperature, monthly minimum temperature, monthly maximum temperature, monthly 

total precipitation, and cloud cover ratio. The averaged value is used for the purposes of 

reducing the variability in the final data set and to investigate a clearer trend of FC 

variation with weather. The results (Table 5-8) show a similar correlation with the 

previous analysis, but the correlation coefficient has been significantly improved from the 

range of -0.073 to 0.08 to the range of -0.126 to 0.22. This indicates the monthly 

averaged variables have a stronger correlation than the original dataset and could be 

potentially predicted in a relatively accurate manner.  

 
Table 5-8: Correlation Analysis of the Monthly Averaged Variables 

    Kendall’s τ-b Spearman’s ρ 

Tmin Correlation Coefficient .220** .345** 

  Sig. (2-tailed) 0.000 0.000 

Tmean Correlation Coefficient .206** .329** 

  Sig. (2-tailed) 0.000 0.000 

Tmax Correlation Coefficient .198** .315** 

  Sig. (2-tailed) 0.000 0.000 

P Correlation Coefficient -.126* -.185* 

  Sig. (2-tailed) 0.014 0.015 
**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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5.2.4 Sewage Cross-Connection Effects 

The Kruskal Wallis Test shows the group of sewage-related samples is significantly 

different with the group of regular samples as p = 0.000. The result indicates the sewage-

related samples contain much higher FC concentration than the regular samples; the high 

FC level shows the sewage cross-connection certainly has a serious impact on the 

environment in the study area. Therefore, any initial remediation measures should be 

taken to solve the sewage cross-connection problem if that is the cause of the high FC 

levels.  

 

Table 5-9: Kruskal Wallis Test of Sewage related Samples 

 

  LogFC 

Chi-Square 336.330 

Degrees of Freedom 1 

Asymp. Sig. 0.000 

 

 
Table 5-10: FC level in Regular Samples and Sewage related Samples 

 
 

5.3 Distribution Function Modeling  

5.3.1 Periodicity Model 

Based on the correlations analyzed from the previous processes, the periodicity of FC 

level observed suggests the variation of fecal coliform level in each month follow a 

  N Mean Rank 

Regular samples 4826 2558.69 

Sewage-related samples 553 3835.95 

Total 5379 
 



 

 

58

sinusoidal wave function. In order to develop such function, the observed dataset is 

imported into MATLAB to identify the best fit function of fecal coliform level and time. 

The plot (Figure 5-17) is created with the number of months after July 1995 (tm) as the x-

axis and LogFCym as the y-axis. The best-fitted curve model toward LogFCym is 

developed with a 2 term Fourier model which has an R2 of 0.2063. The goodness of fit is 

not improved with increase in the number of terms in the function. The goodness of fit is 

not terrible in terms of FC level but it is not only affected by the seasonal changes. Thus, 

the prediction process should allow the difference of observed and predicted FC level in 

each month. The seasonal prediction model demonstrates a 12-month period function (ω 

= 0.5236) corresponding to the yearly periodicity of LogFC. The prediction shows two 

high peaks with one in July and another one in around November. The lowest point of FC 

appears around February and March. Overall, the predicted result is similar to the 

behavior of observed LogFC data. 

 

C�t	) = 2.625 + 0.1122 cos�0.5236t	) + 0.3556 sin�0.5236t	) + 0.1451 cos�2 ∗

0.5236t	) − 0.1784sin	�2 ∗ 0.5236t	)   (6) 
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Figure 5-17: (a) Predicted Periodicity Function of LogFC from July 1995 to Dec. 2011; (b) 

Fast Fourier Transform plot of LogFC from July 1995 to Dec. 2011 

 

In term of the yearly periodicity, the LogFC is grouped based on the different months 

in a year where each month is the sampled data in that specific month averaged over 17 

years. The analysis of monthly averaged FC focuses on the detail of temporal variation of 
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FC in a calendar year and therefore minimizes the difference between each specific year. 

The positive test ratio (Rpositive) (Figure 5-18) and the monthly average of LogFC 

(LogFCm) (Figure 5-18) are plotted versus month. Both of the plots with observed data 

show two high peaks of FC level around July and October and low levels of FC around 

February. The predicted positive test ratio (Rpositive) follows a function of a three term 

Fourier model with R2 = 0.8791; the period of prediction function has a 12-month (ω = 

0.5457) period corresponding to the previous periodic result. But the main difference 

between the predicted result and the observed data is that the high peak of FC happens in 

November instead of October.  

C�t	) = 0.5854 + 0.01151 cos�0.5457t	) − 0.07443 sin�0.5457t	) +

0.07799 cos�2 ∗ 0.5457t	) − 0.01791 sin�2 ∗ 0.5457t	) + 0.02258 cos�3 ∗

0.5457t	) − 0.02704sin	�3 ∗ 0.5457t	)   (7) 
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Figure 5-18: (a) Predicted Periodicity Function of Positive Test Ratio; (b) Fast Fourier 

Transform plot of Positive Test Ratio 

The observed LogFCm dataset can be described as a function of four terms Fourier 

model with R2 = 0.9562. The period of this function is also 11 months (ω = 0.5775) 

which is short than the yearly periodicity. Therefore, this prediction may not be valid for 

yearly prediction because it violates the yearly periodicity assumption.  



 

 

62

C�t	) = 3.644 − 0.01583 cos�0.5775t	) − 0.152 sin�0.5775t	) +

	0.05948 cos�2 ∗ 0.5775t	) 	− 0.01791 sin�2 ∗ 0.5775t	) + 0.07155 cos�3 ∗

0.5775t	) − 0.0379 sin�3 ∗ 0.5775t	) − 0.05411 cos�4 ∗ 0.5775t	) −

0.01874 sin�4 ∗ 0.5775t	)    (8) 

 

Figure 5-19: (a) Predicted Periodicity Function of the monthly average of LogFC; (b) Fast 

Fourier Transform plot of the monthly average of LogFC   
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These three of functions all demonstrate that the high peaks would appear twice a year 

around July and November and lowest point around February. Despite the prediction of 

LogFCm is not ideal, the other two periodicity prediction models reveal the seasonal 

variation trend of the FC in a similar way in the CRD region. 

5.3.2 Climate-Related Model 

Through previous correlation analysis process, the fecal coliform value has shown a 

significant relationship with meteorological variation. The goal of this part is to develop a 

general function for predicting the LogFC with selected meteorological variables. The 

regression analysis is used to evaluate selected variables for creating the model. While 

multiple variables exist in the study, multiple linear regression analysis is applied instead 

of a simple linear regression analysis which is not suitable in this case.  

The automatic linear modeling is used in the modeling process which is an improved 

method of standard multiple linear regression (Cleophas and Zwinderman). This 

regression model uses Akaike information criterion (AIC) to avoid potential overfitting 

and only chose the most significant variables. For the climate-related model of positive 

test ratio (Rpositive), the selected variables consist of mean temperature (Tmean), maximum 

temperature (Tmax), minimum temperature (Tmin), precipitation (P), and cloud cover ratio 

(CC).  The minimum temperature and cloud cover ratio are selected as the variables in 

both PTR and LogFC model. The statistically significant variables are Tmin and CC with 

respective p-value 0.011 and 0.016 shown in the regression analysis details in Table 5-7. 

The adjusted R2 of the model is 52.4% compared to the observed data. The predicted 

result (Figure 5-20) fits the observed value in most of the months but has high peaks in 

June while the observed data shows a peak in July.  
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C�R%S, ��) = −0.586 + 0.058 ∗ R%S + 1.336 ∗ ��   (9) 

 

 

 

Table 5-11: Model Terms of Climate-Related Function of Positive Test Ratio 

PTR Coefficient Std.Error t Significance Importance 

Intercept -0.586 0.351 -1.67   
Tmin 0.058 0.017 3.446 0.011 0.544 

Could Cover 1.336 0.424 3.153 0.016 0.456 

 

 

 

Figure 5-20: Predicted Climate-Related Function of Positive Test Ratio 
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Figure 5-21: Predicted Value vs. Observed Value of Positive Test Ratio 

 

 

Figure 5-22: 3D Plot of Prediction line and Observed Value of Positive Test Ratio with 

Predict Variables, Cloud Cover and Minimum Temperature 

 

For the climate-related model of monthly averaged FC (LogFCm), the selected 

variables consist of mean temperature (Tmean), maximum temperature (Tmax), minimum 
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temperature (Tmin), precipitation (P), and cloud cover ratio (CC). The minimum 

temperature and cloud cover ratio are selected as the terms in the prediction function 

(Table 5-12) with adjusted R2 61.8% compared to observed LogFCm. The plot is 

illustrated in Figure 5-23. 

C�R%S, ��) = 2.448 + 0.072 ∗ R%S + 1.173 ∗ ��   (10) 

 

Table 5-12: Model Terms of Climate-Related Function of the monthly average of LogFC  

LogFCm Coefficient Std.Error t Significance Importance 

Intercept 2.448 0.466 5.528   
Tmin 0.072 0.022 3.219 0.015 0.704 

Cloud Cover 1.173 0.562 2.086 0.075 0.296 

 

 

Figure 5-23: Predicted Climate-Related Function of the monthly average of LogFC   
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Figure 5-24: Predicted Value vs. Observed Value of the monthly average of LogFC   

 

Figure 5-25: 3D Plot of Prediction line and Observed Value of the monthly average of 

LogFC with Predict Variables, Cloud Cover and Minimum Temperature 

 

For generating the model of LogFC, the variables consist of 7-day total precipitation 

(P7), 3-day total precipitation (P3), 2-day total precipitation (P2), precipitation (P), 7-day 

average temperature (T7), 3-day average temperature (T3), 2-day average temperature 
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(T2), mean temperature (Tmean), maximum temperature (Tmax), minimum temperature 

(Tmin), hot degree days (DDhot), cold degree days (DDcold), antecedent dry period length 

(tdry), watershed area (WA), residential area (RA), ratio of residential area (RRA), ratio of 

greenspace area (RGA) and greenspace area (GA). The result shows 6.4% accuracy of 

the prediction. This means the model is not predicting most of the observed values which 

suggest the existing variables are insufficient to accurately predict exact fecal coliform 

values. This could be the result of the complexity of different sampling conditions such 

that the exact FC value is affected by too many factors that are too difficult to define. 

Further study and data are required to tease out any of these other factors. 

Table 5-13: Model Terms of Climate-Related Function of LogFC 

LogFC Coefficient Std.Error t Significance Importance 

Intercept 3.574 0.065 54.772   
RGA -2.343 0.253 -9.266 0.000 0.524 

T7 0.058 0.009 6.301 0.000 0.243 

Tmin -0.042 0.010 -4.186 0.000 0.107 

WA -0.000 0.000 -2.503 0.012 0.038 

P7 -0.003 0.001 -2.421 0.016 0.036 

RA 0.000 0.000 2.020 0.043 0.025 
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Chapter 6 Conclusions and Future Study 

6.1 Conclusions 

The study provides insight into the temporal and spatial distribution of bacterial 

contamination in Nearshore Areas of Southern Vancouver Island and explains the 

potential relationship of bacterial contamination level with temporal, spatial and climatic 

variables. The study involves GIS and statistical analysis combined with data-driven 

methods with historical data from 1995 to 2011. The GIS analysis shows the heavily 

contaminated areas are in Victoria downtown, Esquimalt and the southeastern shore of 

Oak Bay. The statistical results show the FC concentration has a significant correlation 

with many variables including temperature, precipitation, antecedent dry period, cloud 

cover, and land use of the watershed. However, the size of drainage watershed shows no 

significant correlation with the bacterial contamination because small watersheds also 

produce high levels of FC in the Victoria downtown region.   

The seasonal periodicity of the distribution of bacterial contamination is identified with 

regard to periodicity analysis based on 17 years of sampling data, both the positive test 

ratio of high FC samples and the value of LogFC follow a yearly seasonal periodicity in 

southern Vancouver Island. The result suggests a different seasonal pattern of FC level 

from a regular monsoon climate seasonal pattern in which the level of FC is high in 

summer and low in winter. The high peaks of FC concentration appear twice during the 

year; once is in summer around July and once is in winter around October. The lowest 

level of FC is found in February as well as for the positive test ratio. It is apparent that the 

special mild Mediterranean climate could result in a relatively unusual distribution of 
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bacterial contamination compared to other studies conducted in the world. The positive 

test ratio of high FC concentration is even found to be highest in October instead of July. 

There is also a high level of FC appears in the samples collected in October. This find 

indicates the monitoring schedule should not only focus on the summer time but also to 

collect more samples during the winter. The current sampling scheme divides the year by 

dry season (June-September) and wet season (January-April). This would likely to miss 

the high concentrations appearing in October-December. The major precipitation occurs 

in October to January in the southern Vancouver Island region; thus the wet season 

sampling schedule is suggested to be set from October to next January for better 

monitoring of bacterial contamination instead of January to April.  

The temporal variation of bacterial contamination demonstrates a significant 

relationship between FC concentration and meteorological variables throughout the 

analysis. The temperature has the strongest positive correlation coefficient with bacterial 

contamination level. Both the overall analysis and specific station analysis confirm this 

strong positive correlation. The literature (Selvakumar, Borst and Struck, 2007; Guber et 

al., 2014) suggest that fecal bacteria growth and die-off rate indicate the summer 

temperature in Southern Vancouver Island (approximately 20oC) is considered to be ideal 

for fecal bacteria growth. Because the maximum temperature is barely over 30oC, the die-

off rate of FC is also low in the study area.  The correlation analysis shows the 

precipitation is negatively correlated with FC concentration, but the relationship is 

weaker than temperature. The 7-day total precipitation has the strongest negative 

correlation coefficient among the precipitation variables, which means the long-term 

rainfall would further decrease the FC level of the area. The Southern Vancouver Island 
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region usually has light and long-term precipitation during the wet season. With regard to 

the positive correlation of LogFC and antecedent dry period, this could be due to the long 

inter-event periods allowing significant accumulation of FC in the drainage area and 

when the storms occur, if not sampled at the first flush, there will be dilution of the FC 

concentration. However, one needs to mention that the chance of obtaining a sample with 

over the limit bacteria concentrations is even higher during the winter even if the average 

value of FC is lower than in the summer. This indicates the minimum temperature 

(approximately 4oC) in the study area is not sufficient to inactivate fecal bacteria, and the 

bacterial contaminants could be transported by stormwater to the discharge. 

Based on the study of the spatial distribution of bacterial contamination, the land use is 

identified as the important affecting the bacterial contamination level in the area. The 

land use of the study area is mainly occupied by residential areas and greenspace 

combing park, golf courses and wooded areas. The residential area is found to be 

positively correlated with LogFC and greenspace area is negatively correlated with 

LogFC; those results conform to the results from the previous study done by Tong and 

Chen (2002). The major part of bacterial contamination in stormwater is produced from 

human activity and the vegetation cover could actually reduce the fecal bacteria 

transported by stormwater. On the other hand, there is no significant relationship found 

between watershed size and LogFC. This shows the bacterial contaminants entering 

discharge do not depend on the size of the drainage area. The GIS analysis shows the 

heavily contaminated areas are in Victoria downtown, Esquimalt and the southeastern 

shore of Oak Bay, which are densely populated and contain high percentages of 

impervious land use. Therefore, the bacterial contamination likely occurs in the dense 
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populated residential areas especially with high percentages of impervious land use. 

Furthermore, the sewage cross-connection issue may be another important factor causing 

the heavy bacterial contamination in these nearshore urban areas. The sewage wastewater 

often appears with very high FC concentration in the stormwater discharge. Details into 

this issue are recommended to be investigated in a future study.  

The trends of the variation in fecal coliform level is investigated and concluded at the 

end. The periodicity model demonstrates an annual periodicity of FC with two peaks in 

July and October. Despite the extreme values the 17 years’ historical data, the data follow 

the general trend of this periodicity. With Fourier series regression modelling, a 

prediction function is created to identify the seasonal periodicity of bacterial 

contamination. The period of 17 years’ function is 12 months which agree with the 

observed data and confirm the seasonal periodicity of bacterial contamination exists. The 

climate-related model provides a prediction for monthly PTR and LogFC with minimum 

temperature and cloud cover ratio. The cloud cover gives a positive correlation 

coefficient to PTR and LogFC for the cloud cover reduces the inactivation of fecal 

bacteria by sunlight. The climate-related model could provide a reference for the 

expected bacterial contamination level for planning sampling according to accessible 

meteorological information. The prediction model for specific LogFC sample involves all 

of the significant variables and was targeted to provide a detailed prediction of each 

discharge. However, the accuracy of the model is only around 6% and that is not reliable. 

The reason could be a lack of critical information or missing necessary variables. Further 

study is needed to look deeply into the correlation between each factor and contamination; 

a more advanced model could potentially provide a more accurate prediction.  
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In summary, this study looks into the spatial and temporal patterns of the distribution 

of bacterial contamination. Findings in this study provide valuable information for 

stormwater management and contamination remediation related to public health and the 

coastal environment. This study indicates that the fecal bacteria level in stormwater is 

highly affected by land use and human activity in the drainage area as well as the climate 

of the region. With the mild climate in southern Vancouver Island, severe bacterial 

contamination problem can exist at any time of the year throughout the 17 years of 

monitoring used in the analysis. The temporal variables could aggravate or ease the 

environmental issue depending on different weather conditions. However, the high level 

of development in the study area is the essential source of fecal bacteria. In addition, the 

sewage cross-connection possibility should be investigated as a possible means for 

reducing sewage water run-off in stormwater discharge. The monitoring and remediation 

measures suggested are to focus on the heavily polluted areas in Victoria downtown, 

Esquimalt and the southeastern shore of Oak Bay in order to eliminate the source or 

implement potential solutions.  

6.2 Future Study 

Accurately predicting the distribution of bacterial contamination is often difficult due 

to the complexity of factors affecting bacterial contaminants. As mentioned in the 

previous section, the accuracy of prediction models for accurate FC level is not ideal. The 

primary reason is that some of the factors are either not available or not considered in the 

current step of the study. The suggestion for future work based on the current study 

consists of two aspects, one is to investigate the correlation of variables and create a 

specific prediction model for each station individually; another one is to include more 
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affecting factors in the study. The correlation analysis of hotspot stations indicates each 

watershed usually has a specific correlation with variables. The correlation could be 

different in each watershed because of the different properties of the drainage areas. 

Therefore, developing a specific prediction model could significantly improve the 

accuracy of the prediction. This process requires a large amount of data in each 

watershed to investigate the variation trend of the FC level in the respective watershed. 

Since the dataset is not sufficient for the current study, a systematic sampling scheme is 

recommended to be established for collecting the samples in the heavily polluted areas. 

The elevation of land in the drainage area is one of the factors affecting stormwater 

drainage. The change of elevation could increase the wash-off effect and the stormwater 

can cross-connect to another watershed. The impervious surface in urban areas is another 

factor that increases the wash-off effect. The stormwater could transport contaminants 

directly into the drainage system while most of the stormwater remains on the ground. 

The effect could be complicated with regard to the transportation of bacterial 

contaminants; future study could look more deeply into the effect and improve prediction 

result. 

The other problem that has been suggested is sewage dumping problem into the storm 

drainage system. This problem has been known to happen in the nearshore area of south 

Vancouver Island and it could cause a high concentration of fecal bacteria going into the 

stormwater outlet directly. This behavior would lead to heavy contamination in the 

coastal area while the sewage wastewater enters the ocean without treatment. However, 

detailed data on this occurrence are not available. It is recommended to investigate this 

problem and regulate this improper behavior for human health and environmental safety.   
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Notation 

 

CC   Cloud Cover Ratio 

DDcold  Cold Degree Day 

DDhot  Hot Degree Day 

FC   Fecal Coliform  

FR  Flow Rate 

GA  Greenspace Area 

LogFC  Log-transformed Fecal Coliform  

LogFCm  Monthly Average of Log-transformed Fecal Coliform  

LogFCym  Monthly Average of Log-transformed Fecal Coliform in each specific 

month from 1995-2011 

m  Month 

N   Total Number of Samples  

Nhigh  Total Number of Sampling over 200CFU/100ml 

Nm   Total Number of Samples in the month  

Nm  Number of Samples in the specific month from 1995-2011 

Nym  Total Number of samples in each specific month from 1995-2011 

Nym  Number of months after the first month samples collected, July 1995 

P  Precipitation 

p  Significance in statistical hypothesis testing 

P2  2-day Total Precipitation 

P3  3-day Total Precipitation 
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P7  3-day Total Precipitation 

RA  Residential Area 

RGA  Ratio of Greenspace Area 

Rpositive Positive Test Ratio of samples 

RRA  Ratio of Residential Area 

S   Total Number of Stations 

t  Sampling Date 

T2  2-day Average of Mean Temperature 

T3  3-day Averaged of Mean Temperature 

T7  7-day Averaged of Mean Temperature 

TA  Total Watershed Area 

tdry   Antecedent Dry Period (days) 

tm  Number of months past after the first month of sample collection 

Tmax  Maximum Temperature 

Tmean  Mean Temperature 

Tmin  Minimum Temperature 

x   Station Code 

ρ  Spearman's rank correlation coefficient 

τ  Kendall rank correlation coefficient 

ω  Angular velocity in Fourier Series 

AIC  Akaike Information Criterion 

ANOVA Analysis of Variance 

CRD  Capital Regional District 
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CRWQG Canadian Recreational Water Quality Guideline 

EC  E. Coli 

FIB  Fecal Indicator Bacteria 

GIS   Geographic Information System 

IDW  Inverse Distance Weighted 

Q-Q plot    The Normal Probability Plot 

SHWP Stormwater, Harbour and Watershed Program 

WTP  Water Treatment Plant 
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Appendix 

 

Appendix A – Watershed Area and Land Use  

DischargeID WatershedArea(m2) Residential(m2) Greenspace(m2) RRA RGA 

209 273038.43 225237.84 30110.46 0.8249 0.1103 

210 327051.72 270771.02  0.8279 0.0000 

212 186328.71  21127.89 0.0000 0.1134 

213 157339.43 139297.23  0.8853 0.0000 

216 1390155.72 1167957.45 17265.73 0.8402 0.0124 

217 117762.54 38524.90 3977.56 0.3271 0.0338 

222 2002651.92 1667870.82 84276.37 0.8328 0.0421 

227 128543.41 127518.64  0.9920 0.0000 

229 199563.26 164589.25 3817.77 0.8247 0.0191 

230 96771.05 92274.60  0.9535 0.0000 

231 102904.51 79077.36 17494.04 0.7685 0.1700 

234 4264.42 4264.42  1.0000 0.0000 

236 38540.67 34632.96 414.00 0.8986 0.0107 

237 57044.48 51512.64 5531.88 0.9030 0.0970 

238 31450.23 29033.06 426.68 0.9231 0.0136 

244 124870.10 117993.77 6049.02 0.9449 0.0484 

249 827603.00 808385.29 12051.14 0.9768 0.0146 

250 342433.22 318650.93 9499.71 0.9305 0.0277 

252 1164.19 1164.19  1.0000 0.0000 

254 53236.32 48384.60 252.88 0.9089 0.0048 

256 6427.83 6122.28 305.55 0.9525 0.0475 

258 44431.42 31763.72 12667.70 0.7149 0.2851 

301 34715.38 2249.44 32465.95 0.0648 0.9352 

304 14705.24 14705.24  1.0000 0.0000 

306 505743.90 344965.05 160778.84 0.6821 0.3179 

307 140745.67 93282.72  0.6628 0.0000 

308 6620.65 6160.82 459.84 0.9305 0.0695 

315 38129.54 36708.50  0.9627 0.0000 

316 404633.17 363309.61 38358.51 0.8979 0.0948 

318 924417.53 822167.22 101436.93 0.8894 0.1097 

319 45254.88 45254.87  1.0000 0.0000 

320 183801.08 152267.29 10613.28 0.8284 0.0577 

321 100588.22 98403.62 1738.43 0.9783 0.0173 

322 438295.55 438295.55  1.0000 0.0000 

323 1055721.41 620362.19 331164.60 0.5876 0.3137 

325 18510.83 18510.83  1.0000 0.0000 
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501 12774.09 12307.27  0.9635 0.0000 

503 964253.12 448334.52 328500.99 0.4650 0.3407 

505 828285.48 593805.50 81968.91 0.7169 0.0990 

506 251806.20 251177.12 42729.99 0.9975 0.1697 

507 4680.82 4680.82  1.0000 0.0000 

508 325523.57 296948.38 31218.65 0.9122 0.0959 

510 30407.16 25976.63  0.8543 0.0000 

511 65287.72 53625.45 9862.43 0.8214 0.1511 

512 125420.33 105095.92 8729.12 0.8379 0.0696 

514 5111.14 5111.14  1.0000 0.0000 

515 62465.97 62462.75  0.9999 0.0000 

516 42210.95 42210.95  1.0000 0.0000 

518 121480.26 121480.26  1.0000 0.0000 

522 54674.91 54674.90  1.0000 0.0000 

523 13040.27 13040.27  1.0000 0.0000 

526 5744.07 5744.07  1.0000 0.0000 

529 21165.11 21165.11  1.0000 0.0000 

532 22786.52 21480.01 1306.51 0.9427 0.0573 

535 122644.06 118597.96 95972.77 0.9670 0.7825 

538 706755.51 240129.88 96931.88 0.3398 0.1372 

539 190567.36 125253.20 14494.48 0.6573 0.0761 

540 14468.18 14402.38  0.9955 0.0000 

541 323936.84 284117.05 10788.28 0.8771 0.0333 

542 27268.83 26024.35  0.9544 0.0000 

543 17263.23 17260.40  0.9998 0.0000 

544 10799.95 9852.66  0.9123 0.0000 

546 760072.44 685513.14 27139.82 0.9019 0.0357 

548 425847.17 323802.49 17678.60 0.7604 0.0415 

550 409380.66 361997.69 26369.18 0.8843 0.0644 

553 97856.98 85857.83 0.26 0.8774 0.0000 

557 43104.95 43100.50  0.9999 0.0000 

558 45291.96 41701.75  0.9207 0.0000 

559 5585673.36 3779208.73 1293630.84 0.6766 0.2316 

567 220469.87 16933.97  0.0768 0.0000 

571 214478.04 170986.95  0.7972 0.0000 

574 1280644.10 1095950.38 23785.92 0.8558 0.0186 

603 105531.90 99074.82 3378.68 0.9388 0.0320 

604 65223.33 12889.52 134.30 0.1976 0.0021 

607 809878.98 602153.78 41583.90 0.7435 0.0513 

610 47614.08 29786.98 1175.87 0.6256 0.0247 

611 34609.78 15136.17  0.4373 0.0000 

613 277395.01 73117.46 7325.14 0.2636 0.0264 
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614 1498767.69 1319189.29 63542.88 0.8802 0.0424 

618 79385.02 76555.62  0.9644 0.0000 

620 201324.19 195132.09 2420.17 0.9692 0.0120 

623 40071.47 21447.87  0.5352 0.0000 

626 273645.79 230906.24  0.8438 0.0000 

627 3879130.53 3300019.49 361300.94 0.8507 0.0931 

629 70129.24 62509.26  0.8913 0.0000 

630 8639.28 2258.38  0.2614 0.0000 

633 12087.01 6472.26  0.5355 0.0000 

634 37589.23 25691.23  0.6835 0.0000 

636 405018.95 356283.98 7409.33 0.8797 0.0183 

639 267028.04 146528.75  0.5487 0.0000 

643 5673.52 5673.52  1.0000 0.0000 

645 123527.91 122647.57  0.9929 0.0000 

650 68041.60 67816.70  0.9967 0.0000 

653 294897.47 291575.59 3321.88 0.9887 0.0113 

655 50341.30 46348.91 3992.38 0.9207 0.0793 

657 28537.80 27480.16 955.77 0.9629 0.0335 

659 32714.65 32415.52 121.66 0.9909 0.0037 

662 19603.77 19603.77  1.0000 0.0000 

665 24416.25 23814.75 601.49 0.9754 0.0246 

668 32650.74 32216.78 433.96 0.9867 0.0133 

669 42251.29 42105.79 145.50 0.9966 0.0034 

671 115321.87 112761.24 2560.62 0.9778 0.0222 

674 38721.08 38721.08  1.0000 0.0000 

675 25750.14 24987.25 762.89 0.9704 0.0296 

676 49608.80 46538.90 3069.26 0.9381 0.0619 

677 49608.80 46538.90 3069.26 0.9381 0.0619 

678 49608.80 46538.90 3069.26 0.9381 0.0619 

679 42377.71 29540.28 2609.53 0.6971 0.0616 

680 11452.17 10006.73 122.73 0.8738 0.0107 

681 2005.71 2005.71  1.0000 0.0000 

682 11427.55 11427.55  1.0000 0.0000 

687 182527.73 182527.73  1.0000 0.0000 

689 22713.48 22713.48  1.0000 0.0000 

690 2828529.27 1887878.15 631030.21 0.6674 0.2231 

692 146867.73 97186.00 43336.71 0.6617 0.2951 

695 180063.05 157763.82 14470.16 0.8762 0.0804 

697 2205075.02 101898.79 160185.67 0.0462 0.0726 

698 6633.95 6633.95  1.0000 0.0000 

704 12760.00 12416.57 343.43 0.9731 0.0269 

705 41930.33 41030.06  0.9785 0.0000 
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706 1326.16 1075.07  0.8107 0.0000 

707 4050.86 3981.65  0.9829 0.0000 

711 23669773.47 602454.73 18499978.17 0.0255 0.7816 

712 144532.08 134153.32 8447.12 0.9282 0.0584 

714 21508.80 21508.80  1.0000 0.0000 

715 1180.78 1180.78  1.0000 0.0000 

721 9844.53 9844.53  1.0000 0.0000 

726 13441.27 12701.51  0.9450 0.0000 

727 28952.37 28952.38  1.0000 0.0000 

731 10389.05 10389.06  1.0000 0.0000 

732 10596.83 10596.83  1.0000 0.0000 

733 24923.03 24923.03  1.0000 0.0000 

735 27263.50 27127.56  0.9950 0.0000 

736 18373.70 18373.70  1.0000 0.0000 

737 37413.75 37413.75  1.0000 0.0000 

739 10272.04 10272.04  1.0000 0.0000 

740 19490.64 19490.64  1.0000 0.0000 

742 1365.04 1365.04  1.0000 0.0000 

745 22902.46 6.91 22895.55 0.0003 0.9997 

746 9949.42 40.69 9908.74 0.0041 0.9959 

748 10557.55 10201.10 69.26 0.9662 0.0066 

749 30232.16 30232.16  1.0000 0.0000 

750 2939.22 2939.22  1.0000 0.0000 

751 72025.18 72025.18  1.0000 0.0000 

753 6154.71 6154.71  1.0000 0.0000 

754 23299.77 23299.77  1.0000 0.0000 

757 67392.15 67392.15  1.0000 0.0000 

758 120195.09 112548.16 7646.93 0.9364 0.0636 

759 52055.99 43193.78  0.8298 0.0000 

760 79243.46 20771.96  0.2621 0.0000 

769 207395.48 75915.01 14594.71 0.3660 0.0704 

773 18687.55 18251.80  0.9767 0.0000 

774 24104.42 23997.73  0.9956 0.0000 

775 95628.99 95628.99  1.0000 0.0000 

776 79802.15 76127.59 3674.56 0.9540 0.0460 

777 217817.07 195909.26 17109.10 0.8994 0.0785 

777 177690.72 131081.88 8303.89 0.7377 0.0467 

779 17675.56 17675.56  1.0000 0.0000 

780 247679.66 207808.24 21578.55 0.8390 0.0871 

781 647785.46 496414.14 36593.97 0.7663 0.0565 

782 5238.53 5084.78  0.9707 0.0000 

799 91613.22 3961.38  0.0432 0.0000 
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800 80561.08 5518.18 2417.71 0.0685 0.0300 

805 430478.69 420692.11 5217.85 0.9773 0.0121 

806 430478.69 420692.11 5217.85 0.9773 0.0121 

807 15385.03 2436.50 12948.53 0.1584 0.8416 

809 8626.63 8626.63  1.0000 0.0000 

810 45769.26 45769.26  1.0000 0.0000 

811 9652.51 9652.51  1.0000 0.0000 

812 62934.10 62934.10  1.0000 0.0000 

813 45177.03 45177.05  1.0000 0.0000 

817 1386.10 1386.10  1.0000 0.0000 

818 7647.23 2192.87  0.2868 0.0000 

847 126002.55 19133.89 2930.47 0.1519 0.0233 

849 1063.05  197.08 0.0000 0.1854 

850 27483.72 299.43 21431.11 0.0109 0.7798 

851 9078.07 1241.99 7415.09 0.1368 0.8168 

852 467.36  467.36 0.0000 1.0000 

853 1897.81  1897.81 0.0000 1.0000 

854 482374.06 354818.38 99520.60 0.7356 0.2063 

855 11923.46  11923.47 0.0000 1.0000 

861 3427.92  3410.05 0.0000 0.9948 

862 1405.58  1205.99 0.0000 0.8580 

863 160771.48 131769.71  0.8196 0.0000 

863 33867.59 1611.21  0.0476 0.0000 

864 33867.59 1611.21  0.0476 0.0000 

866 81956.30 36388.96 54110.40 0.4440 0.6602 

867 12411.35 12411.35  1.0000 0.0000 

870 46287.01 46214.13  0.9984 0.0000 

872 62962.86 62962.86  1.0000 0.0000 

873 97917.57 90793.30  0.9272 0.0000 

874 30405.88 30405.88  1.0000 0.0000 

875 49387.63 49387.63  1.0000 0.0000 

878 19379.64 19379.64  1.0000 0.0000 

879 438296.76 28357.41 248930.34 0.0647 0.5679 

881 7191.31 3173.52  0.4413 0.0000 

882 41912.34 17431.04  0.4159 0.0000 

883 23764.52 21877.72  0.9206 0.0000 

885 72123.17  3603.29 0.0000 0.0500 

886 28016912.38 2178648.18 20197853.05 0.0778 0.7209 

887 30264.57   0.0000 0.0000 

902 937318.51 33830.26 307453.72 0.0361 0.3280 

903 18697.96  140.42 0.0000 0.0075 

911 411191.46 25427.95 206850.16 0.0618 0.5031 
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915 187240.28 125079.18 29644.82 0.6680 0.1583 

916 12997262.77 4556182.47 4954458.17 0.3505 0.3812 

918 34215.90  4.51 0.0000 0.0001 

920 273467.42  103189.59 0.0000 0.3773 

921 388457.48 20521.61 230663.56 0.0528 0.5938 

923 197110.60  121913.59 0.0000 0.6185 

924 775367.50 463119.16 239472.80 0.5973 0.3089 

926 693484.56 222680.96 305652.17 0.3211 0.4407 

928 277999.50 87430.59 12041.07 0.3145 0.0433 

932 13151.79 12194.66  0.9272 0.0000 

933 187515.57 155602.12  0.8298 0.0000 

934 12568.37 12007.08  0.9553 0.0000 

935 2813.34 2188.10  0.7778 0.0000 

938 2523.30 2458.51  0.9743 0.0000 

939 40709.56 37133.55  0.9122 0.0000 

0305A 22938.38 16914.86 5636.18 0.7374 0.2457 

0327A 237742.03 91447.75 119093.36 0.3847 0.5009 

0524A 16105.94 16105.94  1.0000 0.0000 

0539A 37164.70 32812.00  0.8829 0.0000 

0545A 55943.54 17529.73  0.3133 0.0000 

0608A 14551.68 281.90 2861.65 0.0194 0.1967 

0641A 44965.22 34510.43 28263.96 0.7675 0.6286 

0650A 4357.33 4357.33  1.0000 0.0000 

0658A 26762.47 26487.58  0.9897 0.0000 

0683A 9036.90 9036.90  1.0000 0.0000 

0685A 10842.73 10842.73  1.0000 0.0000 

0686B 8155.19 8155.19  1.0000 0.0000 

0690AA 3986.56 3986.56  1.0000 0.0000 

0690AB 5545.90 5545.90  1.0000 0.0000 

0691A 90306.96 68044.23 5596.64 0.7535 0.0620 

0704A 99410.74 77832.33 18075.94 0.7829 0.1818 

0706A 7420.60 7420.60  1.0000 0.0000 

0711A 15410.05 15410.05  1.0000 0.0000 

0726A 7385.76 7385.76  1.0000 0.0000 

0726B 11378.96 11378.96  1.0000 0.0000 

0732A 597.26 597.26  1.0000 0.0000 

0736A 24628.20 24608.98  0.9992 0.0000 

0742AA 32920.84 32406.39 514.45 0.9844 0.0156 

0742B 11457.35 11315.29 284.14 0.9876 0.0248 

0743A 8226.74 6302.31 3848.87 0.7661 0.4678 

0744A 14016.28 14016.20  1.0000 0.0000 

0744B 88679.84 86006.26 5287.25 0.9699 0.0596 
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0757A 9890.17 7878.72 2011.45 0.7966 0.2034 

0758B 4457.21 2989.24 1469.40 0.6707 0.3297 

0776C 3695.62 3695.62  1.0000 0.0000 

0777A 177690.72 131081.88 8303.89 0.7377 0.0467 

0777B 13604.84 9241.41  0.6793 0.0000 

0782A 36565.71 26583.87  0.7270 0.0000 

0791B 70247.26 15880.84  0.2261 0.0000 

0814A 37368.60 36475.90  0.9761 0.0000 

0816A 2185.62 2185.62  1.0000 0.0000 

0816B 7560.25 7560.25  1.0000 0.0000 

0816C 1176.84 1176.84  1.0000 0.0000 

0818A 5375.94 5374.32  0.9997 0.0000 

0818B 28198.36 8630.93  0.3061 0.0000 

0818C 1371.52 1371.52  1.0000 0.0000 

0818D 1015.13 1015.13  1.0000 0.0000 

0818E 8142.71 401.98  0.0494 0.0000 

0849-1 441.72  441.73 0.0000 1.0000 

0850A 4698.63  4698.63 0.0000 1.0000 

0850B 769.75  769.75 0.0000 1.0000 

0856A 1472.21  1472.21 0.0000 1.0000 

0856B 426.14  426.14 0.0000 1.0000 

0856C 1247.02  1247.02 0.0000 1.0000 

0856D 642.19  642.19 0.0000 1.0000 

0857A 449.54  449.54 0.0000 1.0000 

0857B 3128.66  3128.66 0.0000 1.0000 

0862A 65419.36 713.43 56235.48 0.0109 0.8596 

0864A 239131.44 141378.27  0.5912 0.0000 

0865A 44841.98 20657.39  0.4607 0.0000 

0865G 296475.08 6105.88 805.19 0.0206 0.0027 

0875A 6342.50 6338.62  0.9994 0.0000 

0878A 16372.88 16227.00  0.9911 0.0000 

0883A 1227953.85 6875.86 749236.72 0.0056 0.6102 

0911C 107674.86 4961.99 90302.20 0.0461 0.8387 

0911D 31738.71  21385.07 0.0000 0.6738 

0935A 499371.77 457759.65 24187.92 0.9167 0.0484 

 


