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We assessed sociodemographic disparities in basic service disruptions caused by Winter Storm Uri in

Texas. We collected data through a bilingual telephone survey conducted in July 2021 (n 5753). Being

Black, having children, and renting one’s residence were associated with longer power outage durations;

being Black was also associated with longer water outages. Our findings highlight the need to plan for

and ameliorate inequitable service outages and their attendant health risks in climate change–related

extreme weather events such as Uri. (Am J Public Health. 2023;113(1):30–34. https://doi.org/10.2105/

AJPH.2022.307110)

W inter Storm “Uri” included three

arctic fronts that swept across

the state of Texas from February 10

through 20, 2021. Treating Uri as a nat-

ural intervention, we examine sociode-

mographic disparities in power and

water outage durations associated with

the storm.

INTERVENTION AND
IMPLEMENTATION

We treat Uri as a natural intervention

because it triggered major societal dis-

ruptions. As numerous counties faced

extreme low temperatures, 10 million

people lost access to electricity1

because electricity and gas systems

were insufficiently winterized, the major

electric grid operator (i.e., Electric Reli-

ability Council of Texas) was isolated

from the national grid and unable to

import power, and some power plants

were out of service for planned mainte-

nance.2 One study inferred that 69% of

Texans went without power and 49%

went without running water.3 Power

outage conditions directly caused 210

deaths (e.g., from carbon monoxide

poisoning); when indirect causes are

included, Uri led to an estimated 700

deaths.2 Texas incurred $130 billion in

economic losses as a result of the

storm.1 To understand the unequal

effects of this event, we conducted a

35-minute telephone survey in English

and Spanish across eight Texas metro-

politan statistical areas in July 2021.

PLACE, TIME, AND
PERSONS

The survey was administered to ran-

domly selected residents 18 years or

older in counties representing the follow-

ing Texas metropolitan statistical areas:

Dallas–Fort Worth, Houston, San Antonio,

Austin, McAllen, El Paso, Beaumont–Port

Arthur, and Lubbock (Figure A, available

as a supplement to the online version

of this article at http://www.ajph.org).

The sampling frame was proportionally

weighted according to the population

(n51964). Of 1764 eligible respond-

ents contacted, 896 (50.8%) completed

the survey. We excluded 143 respond-

ents who did not complete survey items

used to construct three or more of our

analysis variables, leaving a final sample

size of 753.

We collected data on sociodemo-

graphic characteristics (independent

variables) and the durations of power

and water outages (in hours) associ-

ated with the storm, the latter two of

which we analyzed as dependent varia-

bles. Descriptive statistics for all varia-

bles are shown in Table 1. To analyze

the data, we used multiple imputation

to address missing values and then

employed our multiply imputed data in

multivariable generalized estimating

equation models.

PURPOSE

It is important to study events such as

Uri because they cause power4,5 and
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water6,7 outages, which pose serious

risks to public health. Disasters tend to

disproportionately affect socially disad-

vantaged communities that lack resour-

ces to stay safe and recover quickly.8

Because of the lack of outage data, few

published studies have examined

inequities in power and water outages.

During Uri, an ecological analysis

revealed that Texas counties with more

severe power outages had greater con-

centrations of Hispanic residents.2 A

report on an Internet survey conducted

after Uri showed minimal differences in

reported outage durations between

racial/ethnic groups3 but lacked

statistical testing and examination of

other covariates. Another report

showed that one tenth of the popula-

tion in predominantly White areas suf-

fered a nighttime blackout during Uri,

as compared with one half in areas

with large concentrations of racial/

ethnic minority residents.9

Our survey data provide a unique basis

for statistically examining household-

level inequalities in the self-reported

durations of both power and water

outages during Uri. We addressed the

following question: How were sociode-

mographic characteristics associated

with the duration of basic service outages

during Uri across the eight Texas metro-

politan areas assessed?

EVALUATION AND
ADVERSE EFFECTS

Observed means for power and water

loss durations were 42 hours and 33

hours, respectively. In the multivariable

generalized estimating equation mod-

els, being Black, having children, and

renting one’s residence were associ-

ated with longer power outages; being

Black was associated with longer water

outages (all Ps < .05; Table 2). To deter-

mine how much longer, we used the

TABLE 1— Descriptive Statistics Pertaining to a Household Survey Conducted in Eight Texas
Metropolitan Statistical Areas: 2021

Variable
No.

Households Minimum Maximum Mean 6SD
Yes, No.

(%)
No, No.

(%)
Missing,

(%)

Total hours home was without electricity 745 0.0 504.0 42.156 655.914 1.0

Total hours home was without piped
water service

724 0.0 672.0 32.691 668.762 4.0

Household incomea 734 1 10 5.260 62.868 0.3

Householder race/ethnicity

Non-Hispanic White 748 0 1 329 (44.0) 419 (56.0) 0.7

Non-Hispanic Black 748 0 1 81 (10.8) 667 (89.2) 0.7

Hispanic 752 0 1 265 (35.2) 487 (64.8) 0.1

Non-Hispanic other 748 0 1 71 (9.5) 677 (90.5) 0.7

US-born householder 746 0 1 616 (82.6) 130 (17.4) 0.9

Household has a disabled member 753 0 1 341 (45.3) 412 (54.7) 0.0

Household has a member older than 65 y 743 0 1 271 (36.5) 472 (63.5) 1.3

Household has a child (or children) 750 0 1 289 (38.5) 461 (61.5) 0.4

Ownership status

Owns 753 0 1 497 (66.0) 256 (34.0) 0.0

Rents, non-HUD 753 0 1 133 (17.7) 620 (82.3) 0.0

Rents from HUD 753 0 1 123 (16.3) 630 (83.7) 0.0

ERCOT power gridb 753 0 1 667 (88.6) 86 (11.4) 0.0

Freeze severityc 753 1.53 23.15 15.028 64.030 0.0

Note. ERCOT5 Electric Reliability Council of Texas; HUD5Housing and Urban Development. The household sample size was 753.
aIncome variable categories were as follows: (1) < $10000, (2) $10000–$19999, (3) $20000–$29999, (4) $30 000–$39 999, (5) $40 000–$49 999, (6)
$50000–$74999, (7) $75000–$99999, (8) $100 000–$149999, (9) $150 000–$249999, and (10) ≥$250000.
bData were not collected via our survey; we used Geographic Information System software to overlay geocoded locations of our respondents (based on
household addresses) with a power grid polygon shapefile.
cData were not collected via our survey; we used secondary data to create this measure. Freeze severity is a measure of the extent to which the
minimum temperature during the storm deviated from the average minimum temperature. We calculated the minimum temperature that occurred
between February 10 and 20, 2021, for each household on the basis of High-Resolution Rapid Refresh radar data. We then subtracted the average
February minimum temperature in each metropolitan statistical area.
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models in Table 2 to calculate esti-

mated marginal means. In contrast to

observed means (Table 1), estimated

marginal means adjust for covariates

(i.e., all other variables held at their

observed means) and multivariable

model specifications (Table 2). The

model for power outage duration pre-

dicted 58.6 hours versus 34.8 hours

for Black versus non-Hispanic White

householders, 45.7 hours versus 34.3

hours for households with children

versus those without, and 41.4 hours

versus 32.1 hours for renters versus

owners. For water outage duration, the

model predicted 57.0 hours versus

31.6 hours for Black versus non-Hispanic

White householders.

These significant findings were robust

according to sensitivity analyses of multi-

ply imputed data for all cases (n5896;

Table A, available as a supplement to

the online version of this article at http://

www.ajph.org), cases with complete

data only (n5699; Table B, available

as a supplement to the online version of

this article at http://www.ajph.org), and

cases without outlier dependent variable

values (n5746 and n5743; Table C,

available as a supplement to the online

version of this article at http://www.ajph.

org). The only exceptions, when compar-

ing the sensitivity analyses to the Table 2

findings, were the renter status–longer

power outage finding becoming statisti-

cally nonsignificant (Tables B and C); Elec-

tric Reliability Council of Texas grid, public

housing residence, and being US born

becoming statistically significant for lon-

ger power outages (Table C); and renter

status becoming statistically significant

for longer water outages (Table C).

TABLE 2— Pooled Results of Multivariable Generalized Estimating Equations Including Data Collected
Through a Household Survey Conducted in Eight Texas Metropolitan Statistical Areas: 2021

Duration of Power Outage, b (95% CI) Duration of Piped Water Outage, b (95% CI)

Intercept 2.76 (1.74, 3.79) 25.80 (4.80, 46.81)

2020 household income 20.01 (20.04, 0.03) 21.62 (23.49, 0.24)

Householder race/ethnicity

Non-Hispanic White 0 (Ref) 0 (Ref)

Non-Hispanic Black 0.52 (0.30, 0.75) 25.34 (5.40, 45.33)

Hispanic 0.12 (20.098, 0.34) 6.03 (23.94, 16.01)

Non-Hispanic other 0.02 (20.13, 0.30) 20.57 (215.08, 13.93)

Householder country of origin

Foreign-born 0 (Ref) 0 (Ref)

US-born 0.14 (20.14, 0.41) 21.99 (214.07, 10.09)

Household composition

All household members are younger than 65 y 0 (Ref) 0 (Ref)

Household has an older member 0.05 (20.17, 0.27) 0.56 (210.49, 11.62)

Household has a disabled member 0.02 (20.13, 0.16) 2.25 (27.09, 11.59)

Household has a child (or children) 0.35 (0.19, 0.52) 5.20 (25.64, 16.04)

Ownership status

Owns 0 (Ref) 0 (Ref)

Rents, non-HUD 0.44 (0.12, 0.76) 12.85 (22.20, 27.91)

Rents from HUD 0.14 (20.08, 0.36) 13.72 (23.60, 30.97)

ERCOT power grid 0.33 (20.69, 1.34) 6.94 (221.53, 35.41)

Freeze severity 0.03 (20.01, 0.08) 1.07 (21.03, 3.16)

Note. CI5 confidence interval; ERCOT5 Electric Reliability Council of Texas; HUD5Housing and Urban Development. The household sample size was
753. The term pooled results refers to our use of multiple imputation to address missing values. We created 20 data sets with separate imputed values
for missing observations and used these data in our pooled statistical analyses. Model specifications are normal with log link (for duration of power
outage) and normal with identity link (for duration of piped water outage), with an exchangeable correlation matrix and clustering of metropolitan
statistical areas (n58) by median age of housing stock categories (n58). Models also controlled for five winter climatic zone categories on the basis
of average annual minimum winter temperature. Parameter estimate sizes are not comparable between the models owing to different model
specifications (i.e., link functions). Collinearity diagnostics indicated an absence of multicollinearity in these models. SPSS version 28.0 (IBM, Somers, NY)
was used in generating our models.
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In terms of limitations, survey data

were collected five months after the

event, which could have led to recall

bias. We do not know whether there

was nonresponse bias in the sample.

In addition, we did not model locations

of critical facilities, the presence of

which reduced the chance of blackouts

by approximately 6% during Uri.9

SUSTAINABILITY

Research on social disparities associ-

ated with events such as Uri is impor-

tant and should be prioritized. Because

of climate change10 and the public

health effects of service outages,4–7

Uri should serve as a bellwether nation-

wide. Black householders, householders

with children, and renters experienced

disproportionately longer outages and

should be targeted with public health

interventions, including provision of bot-

tled water, small grants to purchase

food, and blankets and warm jackets

(especially when cold weather occurs in

warm climates11). At a societal level,

improving infrastructure systems to

withstand extreme weather and equita-

bly protect residents is of utmost public

health importance.

PUBLIC HEALTH
SIGNIFICANCE

Whereas previous research has

highlighted disparities in power out-

ages in minority areas9 and Hispanic

areas2 in Texas during Uri, we found

power outages of significantly longer

durations for Black households. House-

holds with children and renters also

reported longer power outages. During

a winter storm, power outages lead to

relatively cold indoor temperatures,

and cold is a leading cause of mortality;

the attributable mortality rate in the

United States for cold temperatures is

an order of magnitude larger than it is

for high temperatures.12 Long-duration

power and water outages are stressful

for households as toilets cannot be

flushed and lights cannot be turned on;

furthermore, there are substantial eco-

nomic costs associated with replacing

food and buying bottled water. These

stressors disproportionately affected

Black householders, householders with

children, and renters after Uri.

Gastrointestinal issues are a health risk

associated with basic service outages.

Black households likely faced increased

risks of gastrointestinal issues after Uri

because of their longer power and water

outage durations relative to White

households. One study showed that ado-

lescents and adults with diarrhea after a

daylong power outage in New York City

were more than 2.5 times as likely as

those without diarrhea to have con-

sumed seafood and meats.4 Although

the Centers for Disease Control and Pre-

vention recommends avoiding refriger-

ated food once power outages exceed

four hours, that time window stretches

to 24 to 48 hours for half-full and full

freezers. Black households’ outages

exceeded the 48-hour window during

which food would still edible, whereas

White households’ outages did not.

In addition, a systematic review

revealed that gastrointestinal issues are

associated with longer versus shorter

water outages because pipes become

increasingly vulnerable to backflow and

intrusion.6 This implies that Black house-

holds likely faced higher risks of gastroin-

testinal issues than White households

after Uri because of the disproportion-

ately longer outages they endured.
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