1. Methods and question

Administrative Data: Sewage Backups

The primary data for this study come from public records provided by the City of Syracuse on their open data portal (data.syr.gov). The data draw from public records of all city service requests placed either online or over the phone for the years 2017-2019 and 2021. From July 2019 through July 2021, the City of Syracuse public data record of service requests are not available because the city was in the process of changing database systems, which was delayed due to the COVID-19 pandemic. Therefore, there is no data available for 2020 and only half of the years 2019 and 2021. 

The database includes information on any service request that was received by the City of Syracuse either through its online service request system (previously called CityLine, now called SeeClickFix) or through the city phone service request line. Residents and/or business owners can either call or report any problem or concern that needs city attention, beginning by selecting the general category of service (see Figure 1). The same categories are provided as prompts on the phone service line. The records also include city-provided data such as to which agency the request was assigned, the response provided, and the date the request was closed. 

<figure 1 here>
Figure 1: Online Request Form, City of Syracuse


Data cleaning began by first filtering the data to include any report categorized as “sewer related concerns”, assigned to the water and sewage department, or including the words “sewer” or “sewage” in the description. Second stage filtering then limited the events to those that included the description or category “sewer backup” or “sewage”, dropping cases such as reports of clogged catch basins, street flooding, missing manhole covers, etc. This ultimately resulted in a dataset of 11,665 reports of sewer backups. Each report includes the full address of the issue, the description provided by the resident/business owner, the source of the report (online, mobile, phone), and the city response data. 

A Note on the Dependent Variable: Squeaky Wheel Bias

It is important to note that the dependent variable in our analysis is the number of sewage backups that were reported to the City of Syracuse. This likely represents an underestimate of the actual number of sewage backups and may not be consistently valid for all resident populations as some groups of residents are more or less likely to contact the city about a backup. So called “squeaky wheel bias” describes the pattern through which some residents are more likely to contact the city about problems (Deitz, Lobben, and Alferez 2021; Faber and Kalbfeld 2019; Kontokosta and Hong 2021; Wogan 2016) and that bureaucrats and others may be more likely to respond to already privileged residents, as well (Besley and Burgess 2002; Butler 2014; Epstein, Bode, and Connolly 2023). Examinations of government data has consistently shown disparities in who contacts cities to file complaints of infrastructure and service problems, with white residents, homeowners, able-bodied residents, and wealthier residents much more likely to file a complaint (Dietz, Ostrom, and Stern 2003; Faber and Kalbfeld 2019; Kontokosta and Hong 2021; Wogan 2016). 

If squeaky wheel bias is present in our dependent variable, which it likely is, then comparisons between residents of color/disadvantaged residents and white residents/advantaged residents would tend to show either no difference in risk of exposure to sewage backups or a higher risk of exposure to sewage backups for white/advantaged residents. Any evidence of higher rates of sewage backup exposure for residents of color/disadvantaged residents, then, would be evidence that actual racial and economic disparities in sewage backup risk are likely larger than those already found. 

Census Tract Data

The City of Syracuse contains fifty-five census tracts. Census tract data is derived from the 2020 Social Vulnerability Index (SVI) created by the Centers for Disease Control and Prevention (Anon 2022b). The SVI is a composite of data intended to represent the relative social vulnerability, or susceptibility, of a community to the effects of disasters (Tarling 2017). Social vulnerability represents the relative difficulty a community would face in preventing and responding to disasters and includes a composite of variables such as the proportion of individuals living in poverty, those with a disability, those who are uninsured, etc. The CDC SVI SVI “indicates the relative vulnerability of every U.S. Census tract” and “ranks the tracts on 16 social factors” (Anon 2022a). For our study, we focus specifically on variables potentially related to housing and neighborhood inequality including: percentage minority, percentage Black, percentage who speak English “not well”, percentage living below 150% of the poverty line, percentage with a disability, percentage age 65 or older, percentage of households facing a housing burden[footnoteRef:1], and percent of housing that is in buildings with ten or more units. We also examined several composite measures of Social Vulnerability including the sum of all SVI themes for the census tract, the percentile ranking of the census tract for all SVI themes, and the sum of all SVI “flags” or measures for which the CDC has determined the census tract is above a threshold of concern. [1:  A housing burden is defined as households that spend 30% or more of annual income on housing costs.] 


Bivariate Analysis

We conducted bivariate analysis to compare census tracts to each other and identify relationships between the number of reported sewage backups in each census tract and key characteristics of census tracts. 

To test the bivariate relationships between census tract characteristics and reported sewage events, we examined the Pearson’s correlation coefficient, bivariate linear regression coefficient, and comparison of means (t-test). The groups for comparison of means were determined based on each variable’s distribution: majority minority (>=50% of population is minority), majority Black (>=50% of population is Black), >=10% of the population who speak English "less than well", >=20% of the civilian noninstitutionalized population with a disability, >=20% of the population age 65 or older, >=60% of the population below 150% of poverty line, >=60% of occupied housing units are housing cost-burdened, and >=50% of housing is in structures with 10 or more units. 

Statistical significance is defined as having a p-value of less than 0.05.

Multivariate Analysis

We conducted multivariate linear regression at the census tract level to further examine the relationship of key social measures of census tracts with sewage backup events, allowing for us to control for multiple characteristics simultaneously. 

First, we transformed the dependent variable (number of sewage backups) to ensure normality. Although the distribution of sewage backups by census tract does not exhibit statistically significant skewness or kurtosis, it is visibly right skewed, with a longer tail on the upper end of the distribution. To correct for this lack of normality, we conducted a square root transformation. The resulting dependent variable (square root of reported sewage backups) is normally distributed.

We conducted three multivariate linear regression models, including the same census tract characteristics examined in bivariate analysis. We examined the Variance Inflation Factor (VIF) for each independent variable and excluded any variable with a VIF greater than 3.0. In model 1, we include the percentage minority and the percentage age 65 and over. In model 2, we include the percent Black and the percentage age 65 and over, but exclude the percent minority because of the high multicollinearity with percent Black. In model 3, we include the percentage of the population that is both Black and age 65 or older, but exclude percent minority, percent Black, and percent age 65 or older because of multicollinearity. 

Statistical significance is defined as having a p-value of less than 0.05.

Spatial Analysis

We conducted spatial analysis on individual sewage backup events. To examine spatial patterns amongst reported sewage backups, we first examined the number of reported backups by census tract, created a heat map representing density of reported backups, and performed optimized hotspot analysis for all reported sewage backups. Optimized hotspot analysis identifies statistically significant hot and cold spots using Getis-Ord Gi* statistics (Anon n.d.-b). Essentially, this identifies areas in which cases are clustered (or not) at rates higher than if distribution were spatially random. Because our spatial area is relatively small and there is a very high density of cases, we had to utilize the option to “snap nearby incidents to create weighted points” (Anon n.d.-b). When this option is used, “a snap distance is computed and used to aggregate nearby incident points. Each aggregated point is given a count reflecting the number of incidents that were snapped together” (Anon n.d.-b). This option is appropriate when there are overlapping cases that occur at the same location or a very high density of cases in a small area.

Finally, to examine the cooccurrence of sewage backup hotspots and census tract characteristics, we mapped the optimized hotspot analysis simultaneously with census tract percentage Black, percentage 65 or older, and percentage both Black and 65 or older.


