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I) INTRODUCTION  

As the effects of climate change grow in severity, cities will experience 

more frequent heatwaves and power outages, often concurrently 

(Dominianni et al., 2018). Low income, non-Latinx Black communities are 

the most heat vulnerable demographic in New York City (Madrigano et al., 

2015). Power outages that occur during heatwaves give rise to more 

hospitalizations, likely a result of dangerously high indoor air temperatures 

where there is a lack of air conditioning (Dominianni et al., 2018). Air 

conditioning is the single most effective mitigation factor for individual heat 

risk (Gronlund et al, 2019). As air conditioning relies on a power source, this 

amplifies risk during heatwaves that are concurrent with power outages.  

Policy makers, researchers, and municipal agencies frequently pose air 

conditioning as the solution to heat risk (Eisenmann et al., 2016). In light of 

this sentiment, New York City has introduced a program to provide low-

income New Yorkers with air conditioners through the Home Energy 

Assistance Program (HEAP) (NYC Office of Temporary and Disability 

Services, 2020). Proposing air conditioning as a solution to heat risk is a 

paradox in light of the current climate crisis. More frequent and more severe 

heat events will result in additional and increasing strain on the grid 

(Farbotko & Waitt, 2011). Best stated by Farbotko and Waitt,   
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“Policy promoting the use of residential air-conditioning without 

considering its running costs does not reduce the vulnerability of lower 

income households” (p. S13).  

 

This research paper contributes to the newly emerging body of 

literature about the complex implications of heat vulnerability and power 

outages on environmental justice communities. This study is unique in 

examining the nuances of the research question in New York City, 

particularly drawing on inspiration from Con Edison’s decision to pre-

emptively shut off power to over 30,000 Brooklyn residents in a majority 

non-Latinx Black neighborhood during a heatwave (Calma, 2019). The thesis 

title question is answered by spatial analysis of power outage reports with 

the identified heat vulnerable neighborhoods, referred to as “hotspots.”  

 

This paper consists of a literature review that critically examines heat 

vulnerability indices, how air conditioning is accounted for within these 

indices, and how New York City has adopted and responded to their own 

heat vulnerability index. The literature review also includes the issues 

associated with the modifiable areal unit problem, and how power outages 

impact heat risk. The research design portion of this thesis includes how the 
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Table 1: Preliminary spatial analyses 

 

Once the preliminary spatial analysis was complete, the final spatial 

analyses were conducted in order to produce the results of the study. As 

shown in Table 2, the final spatial analyses provided the outputs as shown in 

the corresponding figures and tables.  

The final spatial analyses included creating a heatmap of 311 power 

outage data overlaid with the hotspots identified earlier. The final figures 

were created by writing SQL statements to spatially join hotspots to 311 

Data (input 

file/layer) 
Preparation method 

Processing 

method 

Result 

(output) 
Fig. 

Heat Vulnerability 

Index (CSV) & 
NTA Boundary 

layer (SHP) 

-  Generated a new field 

(column) utilizing Rstudio 
in the HVI CSV file for a 

common field compatible 
with the existing field in 

the NTA shapefile 

ArcPro tool 

Join by 
Attribute 

utilized to HVI 
CSV table to 

NTA boundary 
shapefile by 
common field 

Polygon layer 

Symbolized 
(assigned 
colors based on 

rank) shapefile 
of HVI at NTA 

scale  

1 

Power outage 

complaints (CSV) 

- Cleaned CSV in R, 
parsed by date to subset 

summer months only 
- Imported CSV into 

Arcpro to utilize the 
Geocoding Coordinates 
tool  

Utilized ArcPro 
Geocoding XY 

coordinates 
tool on Power 

outages CSV 
file to produce 
point layer 

Point layer 
Point dataset of 

each call  

2 

Symbolized HVI 

- Selected all NTAs with a 
ranking of 5, utilizing the 

geoprocessing tool 
Dissolve Boundaries  

ArcPro tool 
Dissolve 
Boundaries 

Polygon layer 

Identified  
“hotspots” of 
heat 

vulnerability 

3 
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data. The field calculator tool was utilized to provide statistics about 

individual hotspots and aggregate data, which is provided in Table 3 in the 

Results section.  

 

 

 

 

 

 

 

  

Data 
(input) 

Processing 
method 

Result 
(output) 

Figure  

311 data Heatmap 

Power outage 

heatmap with 
hotspots 

4 

Individual 

hotspot 

Field calculator, 

spatial join 

Brooklyn 

Hotspot 
Analysis 

5 

Individual 
hotspot 

Field calculator, 
spatial join 

Bronx/Harlem 
Hotspot 

Analysis 

6 

Individual 
hotspot 

Field calculator, 
spatial join 

Queens 

Hotspot 
Analysis 

7 

Table 2: Final spatial analyses 
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IV) RESULTS 

In order to spatially interpret the results, the HVI and 311 power outage 

calls were visually analyzed as shown in Figures 1 and 2. Visual analysis of 

these figures show that most of the neighborhoods with the highest heat 

vulnerability ranking shared a border, and appear to have a greater density 

of 311 power outage calls. This was reinforced by creating three unique 

polygons and overlaying them with a heatmap as shown in Figure 4. 

Therefore, three heat vulnerable “hotspots” were identified: the Brooklyn 

Hotspot (Figure 5), Bronx/Harlem Hotspot (Figure 6), and the Queens 

Hotspot (Figure 7). As shown in Figures 5, 6, and 7, the 311 power outage 

calls made during the summer months occurred in greater concentrations 

within the boundaries of the HVI hotspots. Table 3 provides contextual data 

that aides in understanding Figures 5, 6, and 7.  

 The Brooklyn Hotspot 

The Brooklyn Hotspot consists of 12 neighborhoods with a combined 

population of 713,479, making up 8% of New York City’s population. During 

June, July, and August of 2014-2020, New York City received 1,795 power 

outage complaints from the Brooklyn Hotspot. This hotspot accounts for 

15% of total power outage complaints received by 311 during summer 

months. 
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 The Bronx/Harlem Hotspot 

The Bronx/Harlem Hotspot consists of 18 Bronx neighborhoods and 3 

Manhattan neighborhoods with a combined population of 907,075, making 

up 11% of New York City’s population. During June, July, and August of 

2014-2020, New York City received 2,552 power outage complaints from the 

Bronx/Harlem Hotspot. This hotspot accounts for 22% of total power outage 

complaints received by 311 during summer months. 

 The Queens Hotspot 

The Queens Hotspot consists of 5 neighborhoods with a combined 

population of 199,416, making up 2% of New York City’s population. During 

June, July, and August of 2014-2020, New York City received 302 power 

outage complaints from the Queens Hotspot. This hotspot accounts for 3% 

of total power outage complaints received by 311 during summer months.  

Combined, the hotpots make up 21% of New York City’s population. 

Combined, the hotspots generated 40% of 311 power outage complaints.   

 

 

 

 

 



25 

 

 

 

 Figure 1: Heat Vulnerability Index by NTA 
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Figure 6: Bronx/Harlem Hotspot   
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Figure 7: Queens Hotspot  
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Table 3: Hotspot data at a glance 

 Brooklyn 

Hotspot 

Bronx/Harlem 

Hotspot 

Queens 

Hotspot 

NTAs in hotspot 

BK78, BK95, BK85, 

BK91, BK82, BK72, 

BK75, BK81, BK35, 

BK79, BK61, BK96 

BX40, BX35, BX01,  

BX41, BX26, BX63, 

BX14,  BX34, BX27, 

BX33, BX17, BX75, 

BX36, BX06, BX44, 

BX03, BX39, MN11, 

MN03, MN34 

QN07, QN02, QN08, 

QN61, QN01 

Population 713,479 907,075 199,416 

311 power outage 

reports during 

summer months  

1,795 2,552 302 
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V) DISCUSSION 

 Findings  

1) Discussion of uncertainty 

In New York City, the HVI was constructed at a fine scale, with 

mortality data utilized to validate the index. That census tract level index, 

created by Madrigano et al. in 2015, meets all of the criteria for a high 

quality and accurate HVI. However, the publicly available HVI used in this 

study was released by the NYCDOHMH with the acknowledgement of being a 

composite of the census tract level index created in the years prior. There is 

no information available on whether or not the larger scale, publicly 

available HVI was validated with aggregated mortality data. The publicly 

available HVI has also been updated in recent years to incorporate 

residential air conditioning data as that has become a widely accepted 

indicator of heat risk, as well as a mitigation factor (NYCDOHMH, 2019).  

The New York City HVI allowed for the identification of three hotspots, 

which were the source of a disproportionate amount of 311 power outage 

complaint calls during the summer months from 2014 – 2020. While many 

New Yorkers call 311 when something goes awry, not every power outage 

will be reported to 311. Without data access granted from Con Edison or the 

Public Service Commission, the 311 data set provides researchers with the 

most accessible way to track power outages.  
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Data accessibility hindrances also prevent the reconstruction of a fine scale 

HVI. Mortality data is not publicly available unless aggregated at the citywide 

or borough level. Without data for validation, it is difficult to claim the 

accuracy of any index.  

2) Discussion of scale  

As outlined in the literature review, to avoid issues like the MAUP in 

the construction of both heat vulnerability indices and hotspot analyses, data 

should be acquired at a fine geographic scale which has not been spatially 

aggregated (Jeffery et al., 2014); (Chainey et al., 2008). Unfortunately, this 

is not possible for this study and many other derived from publicly accessible 

data, as they are spatially aggregated prior to being made publicly available. 

In respect to this study, reconstructing a HVI would be wildly inaccurate with 

the data available.  

The entirety of this study has been conducted at the NTA scale, which 

in the context of NYC is not a fine geographic scale. Ideally, the HVI used in 

this study would have been reconstructed at an even finer geographic scale 

than the census tract level HVI upon which the NTA level index was created. 

Additionally, the hotspots could have been determined by using kernel 

density estimation (KDE) on that super-fine scale index, as it is the preferred 

method for hotspot analysis. However, heat related mortality and morbidity 

data would be still necessary to validate the index. The NYCDHMH does not 
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release mortality or morbidity data at a scale finer than borough-wide 

aggregate, deeming it unsuitable for validation as the discrepancy between 

the scale of datasets would be astronomical.  

The initial census tract level HVI for New York City was constructed by 

conducting rigorous statistical analyses to identify the indicators for heat 

vulnerability and then those data were validated with heat related mortality 

and morbidity data (Madrigano et al., 2015). Utilizing mortality and 

morbidity data “to validate the effect of the HVI is essential before its 

application in practice” (p. 7221) as stated in the comparative study of heat 

vulnerability indices conducted by Bao et al. in 2015. Neither the census 

tract level HVI nor the data used to construct it are available. However, the 

NTA level HVI is the result of aggregating that data. In essence, this study 

aimed at using a more accurate representation of heat vulnerability rather 

than attempting to construct a fine scale index which could not be validated. 

3) Power outages  

Perhaps one of the most important points of this study is the lack of 

information about power outages and their relationship to the heat 

vulnerable. Despite the lack of data, this study provides enough information 

to make the claim that power outages pose a significant risk to those living 

in a hotspot. As climate change brings more frequent and intense heat 

events, the power grid will be strained and experience more days of peak 


