Energy Strategy Reviews 49 (2023) 101119

Contents lists available at ScienceDirect

Energy Strategy Reviews

journal homepage: www.elsevier.com/locate/esr

L)

Check for

Work-from-home, electricity, and water: Evidence from COVID-19 in Qatar™ [l
David H. Bernstein ?, Alecia Cassidy >, Ahmed A. Khalifa ¢

a University of Miami, United States of America

Y University of Alabama, United States of America
¢ RWI, Germany

d Qatar University, Qatar

ARTICLE INFO ABSTRACT

Dataset link: Replication Materials for: Work-fr
om-home, electricity, and water: Evidence from
COVID-19 in Qatar (Original data)

Working from home will be key to mitigating harms from future pandemics and has also been proposed as a
way to curtail emissions from commuting. This paper exploits a work-from-home order in Qatar to investigate
the impacts of working from home on both electricity and water usage. We deploy quantile methods to analyze
the distribution of consumption before and during the COVID-19 pandemic, and find evidence that use was
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1. Introduction

As of November 9, 2022, there have been at least 633.5 million
cases of COVID-19, resulting in 6.6 million direct deaths.! Governments
responded to this public health threat by enacting policies that encour-
aged residents to work from home. These restrictions decreased global
energy demand by 11 percent [10]. Motivated by this fact, our paper
delves deeper into the implications of work-from-home on a micro scale
for both electricity and water use.

Understanding how electricity and water use respond to work-from-

to become more frequent in the future.”> Work-from-home policies
are a key policy lever to mitigate harms of pandemics as vaccine
development and deployment can be a slow process. Our estimates of
the effects on electricity and water use can help to inform policymakers
on how to prepare for energy and water impacts and how government
aid can be best deployed in times of crisis.

Second, work-from-home has been proposed as a way to cut global
emissions from commuting to work [11].°> Shorter workweeks have
been considered by policymakers or have already been implemented in
France, Spain, and England.* Given that under the status quo, annual

home orders is vital for two reasons. First, pandemics are projected
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Haxhimusa and Liebensteiner [4] show that emissions fell by 18.4% in the first year of the pandemic.

It is worth noting that working from home also presents a host of new societal challenges, including introducing new occupational health problems and
disruptions to productivity [5,6]. These challenges vary across countries and contexts [7,8]. For a broad overview, see [9].
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global energy consumption is predicted to increase 25% by 2040 [12],°
this policy trend is likely to continue as policymakers scramble to
deploy every feasible tool in their arsenal to reduce emissions.

This work focuses on the impact of a work-from-home order in
Qatar due to COVID-19. We exploit a large and up-to-date dataset of
confidential monthly electricity and water readings from the Qatar Gen-
eral Electricity & Water Corporation (KAHRAMAA) from March 2019 to
October 2020. We estimate effects for both commercial and residential
customers, establishing separate estimates for residential customers by
residence type and whether the account-holders are Qatari nation-
als. The findings suggest that the work-from-home order substantially
shifted consumption from work to home, where low usage groups
tended to have the largest percentage impact.

We build on several recent studies that provide statistical evidence
that electricity and water consumption has changed during the COVID-
19 pandemic. Our work complements recent work by Abulibdeh et al.
[13] that characterizes the electricity response to COVID-19 in Qatar
using a machine-learning framework. The focus of Abulibdeh et al. [13]
is to understand how the difference between actual and simulated elec-
tricity consumption can be explained by COVID-19 case counts. Irwin
et al. [14] use customer-level data from Nevada to study water use,
and find that commercial users decrease water consumption by up to
44%, school users decrease usage by up to 109%, and residential users
increase their usage by up to 31%.° Eastman et al. [15] additionally
finds that there are signs of increasing consumption in the residential
sector but not for commercial customers in the US. In Europe, Roidt
et al. [16] shows that the water footprint and the consumption of
electricity decreased in several European countries during the pan-
demic. Abu-Bakar et al. [17] finds evidence that residential water
consumption in England increased as a result of the pandemic. Rizvi
et al. [18] finds that water consumption increased by more than 30%
in Dubai during Ramadan and during the pandemic. Santiago et al.
[19] find a 13% reduction in Spain’s power demand due to lock-
down measures. Similarly, Cheshmehzangi [20] finds a 67% increase in
electricity bills in China.” Moreover, Cicala [24] finds that residential
energy consumption increased by 10% and commercial and industrial
energy consumption fell by 12% and 14% respectively during the pan-
demic. Brewer [25] finds that rises in residential energy consumption
offset reductions in industrial energy consumption.

With the exceptions of Abulibdeh et al. [13], Irwin et al. [14], Rizvi
et al. [18], Abu-Bakar et al. [17], and Cheshmehzangi [20], the above
studies use data aggregated to the utility, region, or national level. Our
study benefits from rich microdata to characterize responses for both
water and electricity, and for both commercial and residential sectors.®

While the literature has focused on average effects, we are interested
in both average and quantile effects’ of work-from-home so that we
can assess the distributional effect of work-from-home policies and pan-
demics on energy and water use. Distributional impacts are important
because of their crucial policy implications. If the poorest residents bear
the burden of energy and water use because they disproportionately
shift use from their place of work to their residence while working from

5 The U.S. Energy Information Administration projects a 50% increase by
2050 (EIA, 2019).

® They are able to determine time-varying effects using daily data, and
impacts are dampened over time for commercial and residential users and
intensified over time for residential users.

7 Several other papers on the Chinese context incorporate more dimensions
into the discussion of the impacts of COVID-19 on carbon emissions, including
thinking about renewable energy growth [21], supply chain and industrial
impacts [22], and green finance and economic growth [23].

8 Irwin et al. [14], Rizvi et al. [18] and Abu-Bakar et al. [17] focus on
water only. Cheshmehzangi [20] studies energy use exclusively.

9 For recent examples of quantile methods applied to energy use, see [26—
31]. See [32, Table 1] for a summary of the recent literature for household
energy efficiency.
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home, then additional governmental aid such as electricity or water
discounts/subsidies might be best targeted at the lowest quintile of the
electricity and water distribution in future pandemics.'’

Similarly, our finding that the smallest businesses reduce energy and
water use more than the largest ones might indicate that the smallest
businesses are more likely to temporarily shut down and thus might
experience economic hardship due to the pandemic. The government
could target commercial customers in the lower percentiles of the
energy and water use distribution for additional support in future
pandemics. Moreover, a special concern arises in the case of water:
steep reductions or elimination of water use in commercial buildings is
problematic because pipes are generally designed to have continuous
water flow. Thus, there is the possibility of a deterioration of the
existing capital stock due to lack of usage. The government could im-
plement measures in future pandemics to protect against infrastructure
deterioration in a highly targeted way — by focusing on the commercial
users in the lower deciles.

Targeting utility usage subsidies is a relevant policy lever for pan-
demics and other emergencies because utilities typically have vast
amounts of frequently updated usage data that can be used to quickly
identify those in need. Subsidies can also be immediately applied to
bills, expediting deployment of aid to those who need it most. Our
results imply that governments could even deploy subsidies based on
quintile of use pre-emergency, so as to preempt the negative con-
sequences of emergencies to people and infrastructure. It is worth
mentioning that in Qatar and other Gulf states, this is arguably the most
socially feasible solution given the history of subsidization and that
utility distributors, such as KAHRAMAA in Qatar, are usually national
entities.

Lastly, we see our results as complementing existing literature by
helping policymakers understand a context in which the stakes are
high.!! With the highest per-capita energy consumption and the highest
per-capita emissions in the world, understanding energy use in Qatar
can help us to understand the behavior of high users in a way that
studies based in countries such as the United States and developing
countries are not able to.'” Energy demand management is particularly
important in the Qatari context seeing as the load profile tends to be
relatively flat across the course of a day- a fact which suggests that
high disposable income impedes conservation [37].

2. Background

Here we review background information on Qatar and the broader
literature on energy use and COVID-19.

2.1. The Qatari context

Qatar suffered a large outbreak of SARS-CoV-2 from April to July
2020, but has since stabilized; see Fig. 1, where we produce the
trajectory of cases, deaths, and recoveries over time.'* The outbreak

10 with respect to distributional impacts, an important caveat is presented
in Section 7: we can only study patterns across households with our billing
data, and will be unable to detect potentially more important distributional
impacts, such as shifting of work within households or differential impacts
across demographic groups. Novel work by Navas-Martin et al. [33] suggests
these could be sizeable.

11 In fact, the stakes are ever-rising. Gurriaran et al. [34] model the evo-
lution of Qatari energy use as global warming proceeds. Qatar can benefit
from a reduction in emissions, carbon capture, and renewable energy sys-
tems that require peaking natural gas plants during intermittent periods for
photovoltaics (PV) and wind. Furthermore, given Qatar’s growing population
(pre-COVID-19), it may benefit from more efficient energy [35] and water
usage.

12 Tt is also worth noting that nearly 99% of water in Gulf states is produced
from desalination, a very energy-intensive process; see [36] for more details.

13 The source of the data is the: COVID-19 Dashboard by the Center for
Systems Science and Engineering at Johns Hopkins University which we obtain
via [38].
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Fig. 1. Daily COVID-19: Deaths, cases and recoveries in Qatar in 2020.

had far-reaching impacts: the population decreased from 2,795,484
in March 2020 to 2,735,707 in August 2020, representing a 2.2 per-
cent decline.'* The iShares MSCI Qatar ETF plunged from $17.79
on December 31, 2019 to $14.57 on March 31, 2020. To control
the pandemic, the State of Qatar took austere measures to physically
distance its inhabitants. One of these measures was the enforcement of
work-from-home for the government and private sectors.

Qatar’s climate is characterized by a long, scorching summer (May
to September) and a relatively mild winter (December to February).
Temperatures during the peak summer months can soar to an av-
erage of 42° and occasionally cross 50°. Conversely, during winter,
temperatures can drop to an average of around 15°.

In light of the hot climate, cooling homes and buildings is crucial in
Qatar. Air conditioning accounts for approximately 60%-70% of elec-
tricity consumption in Qatar'® Qatar has little geographical variation,
so demand for cooling does not vary across different parts of Qatar.
Additionally, Qatar relies on energy-intensive desalination processes
for its potable water needs, further contributing to its high per-capita
energy consumption.'®

Electricity use is highly subsidized in Qatar, as in most Gulf states.
Electricity is provided for free to Qatari nationals and at reduced cost
to non-Qatari nationals. Therefore, we are careful to analyze effects
separately by citizenship to capture the fact that non-Qatari citizens
have a pecuniary incentive to conserve.'”

Utility subsidies are also useful to consider when it comes to policy
recommendations. The government of Qatar has vast resources at its
disposal to handle pandemics — government profits stemming from
oil and natural gas are large enough to fully fund many amenities for
Qatari citizens, such as electricity, water, and health care. The question
in policymakers’ eyes is how to swiftly deploy funds in emergencies like
the COVID-19 pandemic.

Our paper offers a candidate solution. The fact that utility subsidies
have been historically popular means that the government has a policy
lever at its disposal that can be quickly deployed in times of crisis such

14 We are careful to exclude those who left Qatar from our analysis; see the
Data section.

15 See: https://time.com/6236839/qatar-world-cup-outdoor-air-
conditioning-environment/.

16 This also means that water demand is relatively uniform across the
country.

17 Khalifa et al. [35] stresses the importance of treating these groups
differently.

as COVID-19. Targeting electricity and water subsidies to the most at-
need is administratively advantageous in Qatar and other gulf states,
since utility distributors are typically national entities and collect vast
amounts of data on usage. This allows the government to quickly iden-
tify at-risk customers. By contrast, collecting income data to determine
how to distribute government aid would take months.

2.2. COVID-19, energy, and emissions

Our paper contributes to a nascent but growing literature on the
impact of COVID-19 on energy and emissions more broadly. Loschel
et al. [39] examine the relationship between working from home and
energy-conserving actions, and find evidence that individuals develop
conservation behaviors. Aruga et al. [40] deploy an autoregressive
distributed lag (ARDL) model to measure the link between COVID-
19 cases and energy consumption before and after the lockdown in
India. The authors find that, “richer regions were quicker to recover
their energy consumption to the level before the lockdown” and that a
“long-run relationship holds between the COVID-19 cases and energy
consumption”. Aruga et al. [40] also find that a relaxation of lockdown
restrictions allowed for energy consumption to increase, but that the
effect was less pronounced in poorer regions. Belbute and Pereira [41]
find that the pandemic will cause, “significant structural change that
need to be considered in the development of future reference forecasts”.
In contrast, Smith et al. [42] find that consumption and emissions are
likely to return to their pre-pandemic levels within two years.

3. Data

The primary data source for this work is the Qatar General Electric-
ity & Water Company (KAHRAMAA), which we obtain directly from the
company. The KAHRAMAA data includes the monthly consumption of
water and electricity for residents of Qatar. We utilize the data from
March 2019 to October 2020 because this period allows us to compare
consumption before and during the pandemic.

The panel consists of the water consumption levels in kWh of
electricity and m® of water. Fig. 2 displays the average consumption
for water and electricity for both consumers and businesses over time.'®
These plots suggest that commercial energy and water usage dip during
the pandemic, whereas residential energy and water usage spike.

18 As we analyze two 8-month time periods (T = 16), we cannot reliably test
for non-stationarity in the data [43, Table 4].
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Fig. 2. Electricity and water in Qatar, all data.

For our analysis, we use a balanced panel dataset from March—
October 2019 and March-October 2020. As the dataset does not dis-
tinguish between a zero value and a missing value (coded as 0, rather
than NA), we omit individuals that have one or more zero values.'”
We selected this dataset to avoid removing individuals in the relevant
COVID-19 time horizon, and to limit the temporal effects on consump-
tion outside of the pandemic (such as changes in income, number of
family members, etc.). Our sample selection is further justified as we
are interested in understanding the behavior of individuals and firms
that remain in Qatar during the pandemic rather than individuals and
firms that may have left the country. We find that parameter estimates
from leaving these missing observations in the analysis, as well as
imputing the missing values with averages using adjacent readings are
similar at the mean.?® Table 1 presents the summary statistics for the
dependent variables in this work.

From Table 1 we divide the data by year, and by group. We are
able to distinguish between the residential and commercial sectors.
Within the residential sector, we can distinguish between Qatari and
non-Qatari customers, as well as the type of residence. Flats have 1 -5
bedrooms, while villas have 3 — 10 bedrooms. Qataris in villas use
more electricity and water than non-Qataris in villas. This difference
in levels can be partially explained by the fact that non-Qataris pay for
water and electricity, while Qataris generally do not.?'+** Thus, Qataris
presumably have less of an incentive to save.

19 Individuals with zero values in February are also removed because a zero
value in February could imply that March contained February’s reading.

20 However, standard errors are larger.

21 The fact that the response is more similar across deciles for Qataris
than non-Qataris is also consistent with a dampened elasticity of demand for
non-Qataris.

22 Qataris do not pay for water and electricity for their primary residence,
but may pay for water and electricity in secondary residences or other owned
properties that they are renting out.

We see immediately that the difference in means from 2020 to 2019
(pog — Hy9) are relatively large and significant for sufficiently large
samples.”® Qatari villa residents increased their electricity and water
consumption by over 3%, while non-Qatari villa residents increased
their electricity consumption by nearly 4% and water usage by over
6%. Similarly, non-Qatari flat residents increased their electricity con-
sumption by over 5% and water usage by over 10%. The commercial
electricity and water sectors had a reduction in usage of over 8%
overall.

Our stringency data are provided by Guidotti and Ardia [38]. The
stringency index is developed by Hale et al. [44], who “introduce the
Oxford COVID-19 Government Response Tracker (OxCGRT), providing
a systematic way to track the stringency of government responses
to COVID-19 across countries and time”. The stringency index is the
simple average of nine response sub-indices which are rescaled to a
value from 0 to 100 where 100 indicates the strictest policy mix. The
variables for the sub-indices include: public information campaigns,
school closing, workplace closing, canceled public events, gathering
restrictions, closed public transportation, stay at home requirements,
restrictions on internal movements and international travel restrictions.

As seen in Fig. 3, the State of Qatar started with a stringency index
of 8.33 in the beginning of February 2020, which increased to 41.67 by
the middle of March, peaked at 86.11 in late March, and subsequently
declined to 64.81 in November. The index helps to explain the initial
spread of SARS-CoV-2 in Qatar, and subsequent curtailment of the
virus. We provide stringency indices over time for the United States,
France, India, and Afghanistan for comparison. The trajectory looks
most similar to that of the United States, but is very different from

23 1t is very uncommon for Qataris to live in flats. In our dataset, there were
40 observations, over sixteen months, that are coded as Qataris living in flats.
We do not analyze this customer category because it is too small of a sample
size to make meaningful conclusions.
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Table 1
Summary statistics.
March-October 2019 March-October 2020 N Moo — Hig p
1st Qu Med Hio 3rd Qu 1st Qu Med Hao 3rd Qu
Residential sector
Villa, kWh
Qatari 6013 11356 12851 17910 6553 11834 13247 18211 376848 396 (0.00)
Non-Qatari 2071 4288 5939 7872 2289 4553 6171 8108 639232 232 (0.00)
Flat, kWh
Non-Qatari 605 1427 2040 2675 675 1577 2146 2790 969904 106 (0.00)
Villa, Water m*
Qatari 86 139 192 225 92 146 198 233 364960 6 (0.00)
Non-Qatari 25 50 89 104 28 54 96 112 614352 6 (0.00)
Flat, Water m?
Non-Qatari 9 18 27 31 12 20 30 34 616784 3 (0.00)
Commercial sector
kWh 1032 2507 8194 5908 816 2174 7516 5373 317488 —678 (0.00)
Water m? 8 22 91 70 8 21 83 63 128512 -8 (0.00)

Notes: Summary statistics are calculated from the sample used for our main regressions, found in Tables 2 and 3.
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Fig. 3. Daily stringency index in 2020.

that of Aghanistan. We expect our results using the stringency index to
generalize to most well-off countries, while they may not be applicable
to developing countries because the stringency pattern was so different.

4. Econometric methodology

To understand the distributional impacts of the COVID-19 pandemic
and subsequent work-from-home order on electricity and water con-
sumption, we utilize the Quantile Regression (QR) framework [45,
46] in addition to standard panel methods. Quantiles are arguably
the most important parameters in our study because of our focus on
understanding which groups could benefit from utility subsidies.

Moreover, QR is particularly suited to our data and theoretically
sound. While standard methods, such as ordinary least squares (OLS),
estimate the conditional mean of the dependent variable, the QR es-
timates the conditional quantiles. In the case where the conditional
mean coincides with the conditional median, there may be little benefit
to the additional computational cost of the QR.?* However, in the
presence of influential data points, as we have in the present setting,
the computational costs of QR are justified. The skewness in the distri-
bution of electricity use apparent in Table 1 underscores this additional
advantage of estimating quantiles rather than averages. Given the

24 In the situation where the OLS residuals are normally distributed, the QR
estimator in Eq. (2) is less efficient than OLS [45].

nature of our dataset and existing empirical evidence that electricity
consumption is not normally distributed, we favor the QR results.?

For the purpose of estimation, we begin with the pooled linear
model:

yitzx;7ﬂ+€it’i=1""’n’t=1""’T 1)

where x;; is a k x 1 vector of explanatory variables and y,, is the
response. The kx 1 vector, f, contains the parameters, and ¢;, is a mean-
zero and symmetric residual. The quantile estimator is obtained from
the minimization of:
min 3" p, (v = x,A(¥)) . @
B) &=
for any 7 € (0, 1), where p,(z) = z(r — [{z < 0}).%°

The primary equation we use in the estimation is:

log(Cy) = 6y +a“°VIP . D, + X/ + ¢, 3)

where C,, is either kWh of electricity, or m? of water, and D, is a dummy
variable that is equal to 1 for dates after and including March 2020, and

25 Furthermore, we reject the null hypothesis that each month-year-subset
of the data is normally distributed with a Jarque-Bera test of our response as
in [31, Table 1].

26 To estimate this model for our dataset, we use the rq call in the
quantreg (version 5.83) package [47] within R.
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Table 2
Summary of «“°V'° for regressions of electric subsets.

Energy Strategy Reviews 49 (2023) 101119

Table 3
Summary of a®VIP for regressions of water subsets.

Dependent variable:

log(Electricity Consumption)

(Villa Qatari) (Villa non-Qatari) (Flat non-Qatari) (Commercial)

Dependent variable:

log(Water Consumption)

(Villa Qatari) (Villa non-Qatari) (Flat non-Qatari) (Commercial)

=025 0.049*** 0.075"** 0.118™* —-0.220"** =025 0.069*** 0.113"™* 0.200"** -0.117"**
(0.003) (0.003) (0.003) (0.007) (0.003) (0.003) (0.017) (0.034)

Mean FE 0.043** 0.070"** 0.072"* —-0.162"** Mean FE 0.054*** 0.094"* 0.149" —-0.099"**
(0.002) (0.002) (0.002) (0.004) (0.002) (0.002) (0.002) (0.006)

7 =0.50 0.044** 0.048** 0.080** —0.143*** 7=0.50 0.050"** 0.077*** 0.134" —0.047***
(0.002) (0.002) (0.002) (0.006) (0.003) (0.004) (0.002) (0.011)

=075 0.038*** 0.043"** 0.047** —0.087*** =075 0.034*** 0.070"** 0.090*** —0.101***
(0.002) (0.002) (0.002) (0.006) (0.003) (0.004) (0.003) (0.012)

Observations 376,848 639,232 969,904 317,488 Observations 364,960 614,352 616,784 128,512

Notes: *p < 0.1; **p < 0.05; **p < 0.01. Standard errors following Koenker [47] are
in parentheses below quantile estimates. Cluster-robust standard errors clustered at the
customer level are in parentheses below fixed effects estimates.

zero otherwise. In x,, we have a dummy variable for each month to
control for seasonality. The intercept is given by §,. A time-invariant
fixed effects term is present in the fixed effects (FE) regressions, but
not in the QRs. The regressions are log-level, so the interpretation is
that during the work-from-home order, there is a 100 x «°VIP percent
change in consumption.?”

We also estimate the model using the stringency index of Hale et al.
[44] divided by 100 in place of D, (and coded to zero prior to its
existence), in which case we have:

log(C;,) = 6y + oS™ - StringencyIndex, + x/f + ¢, (@)

where StringencyIndex, is the index which is contained to the unit
interval.

5. Empirical findings

Here we present our empirical findings both in tables and graphi-
cally. In Tables 2-3, we present the interquartile range for the QRs. For
contrast and comparison, we also present the results for OLS and fixed
effects panel regressions.”® In Figs. 4-6, we plot the QRs for all deciles
to illustrate our findings.

As seen in Table 2, during the pandemic, there was a 4.4 percent
increase in median electricity consumption for Qataris in villas, a 4.8
percent increase in median electricity consumption for non-Qataris villa
residents, and an 8% increase for non-Qataris in flats at the median.
There was a 14.3 percent decrease in median commercial electricity
consumption. All of these estimates are in line with a substantial shift of
electricity consumption from work to home. All of these are statistically
significant.>’ Mean estimates from a model with customer fixed effects
are substantively similar and statistically significant, and significance
holds up to clustering at the customer level.

In Table 3, we see that the pandemic was associated with a 5
percent increase in median water consumption for Qataris in villas,
a 7.7 percent increase in median water consumption for non-Qataris
villa residents, and a 13.4% increase for non-Qataris in flats at the
median. There was a 4.7 percent decrease in median commercial water
consumption. As with the electricity case, all of these estimates are

27 We present the estimates in percentage terms since we want to understand
the effects relative to pre-COVID usage. This is especially important because
villas use so much more than other customer categories.

28 A Hausman Test rejects the null hypothesis of the random effects
specification, in favor of the fixed effects estimator.

2% For the tables, we deploy a Huber sandwich estimate for the standard
errors which is the default option in quantreg, Koenker [47].

Notes: *p < 0.1; **p < 0.05; **p < 0.01. Standard errors following Koenker [47] are
in parentheses below quantile estimates. Cluster-robust standard errors clustered at the
customer level are in parentheses below fixed effects estimates.

statistically significant and mean estimates from the fixed effects model
are qualitatively similar.*

The fact that the effects appear to be larger in magnitude for the
25th quantile than for the 75th quantile in Tables 2 and 3 merits further
investigation into heterogeneous impacts by quantile. In Figs. 4-6, we
plot the nine connected deciles of all QRs in black, with the OLS (mean)
results given in red, and bands for the 95% confidence intervals in gray
and dashed red, respectively.>! For commercial water usage, the 10th
percentile estimates were unavailable due to a lack of sufficient varia-
tion in the data, so we have substituted the 11th percentile estimate in
the figure as it was the closest available percentile for which we were
able to produce estimates.*?

As seen in Fig. 4, the commercial sector’s use of electricity is mono-
tonically increasing in decile, indicating that the smallest businesses
have the largest proportional decrease in consumption (—35% for = =
0.1), while the largest firms are least impacted (—5% for = = 0.9).
The same cannot be said for water usage, which exhibits some non-
monotonicity in higher deciles. However, the lower deciles still are the
most impacted in percentage terms.

In Fig. 5, we see that work-from-home increased electricity con-
sumption from 3% to 11% depending on the decile. Higher electricity
users had the lowest overall percentage increase, while the lowest
electricity users had the highest percentage increase.

In Fig. 6, we see that work-from-home increased water consumption
from 2% to 25% depending on the decile. Similarly to electricity con-
sumers, higher water users had the lowest overall percentage increase,
while the lowest electricity users had the highest percentage increase.

In Table 4, we segment the commercial data by reported premises
names for the three largest categories of water and electric usage. We
find a similar pattern for shops, offices, and commercial buildings (CB)
as for the aggregated data. Shops reduced their electricity consumption
by the largest share of the three categories. For water, offices generally
reduced their consumption by the largest share of the three categories.
Shops reduced their median electricity usage by 22.1%, while CBs and
offices reduced their usage from 10.8 to 13.7%, respectively. Offices

30 We note that the water outcome variable is more sensitive to the number
of household members than the electricity outcome variable. This is partially
explained by the fact that showering increases linearly with the household
size, while air conditioning does not.

31 For faster compute time, the standard errors for the plots use an estimate
of the asymptotic covariance matrix where the errors are assumed to be
independent and identically distributed (iid) as in [45].

32 The 9th percentile estimate is also unavailable; estimates for the 8th and
12th percentiles are substantively similar to the 11th. When the commercial
water regression for z = .10 is run without any month controls, we find that
the coefficient on COVID is —0.287 (0.011) and STR is —0.341 (0.695).
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Table 4
Summary of a®VI® for commercial subsets of water and electric.

Table 5
Summary of «5™® for regressions of electric subsets.

Dependent variable:

Dependent variable:

log(Consumption) log(Electricity Consumption)
Electric Water (Villa Qatari) (Villa non-Qatari) (Flat non-Qatari) (Commercial)
(Shop)  (Office)  (CB) (Shop)  (Office)  (CB) =025 0.068* 0.107"* 0.171% ~0.333*
©=025  -0.308™ 0163 —-0211"" -0.134" —0.182" —-0.182"" (0.004) (0.004) (0.004) (0.010)
0.008)  (0.015)  (0.036) (0.013)  (0.024)  (0.039) Mean FE  0.059" 0.097+* 0.102+* ~0.247"
=050 Z0.221%* —0.137* —0.108"* —0.118"* —0.167** —0.087" (0.002) (0.003) (0.003) (0.005)
0.008)  (0.013)  (0.024) (0.016)  (0.023)  (0.036) =050 0.061"* 0.067** 0.113" ~0.218"
Mean FE  —0.271** —0.189" —0.138"* —0.154"* —0.158"* —0.119** (0.003) (0.003) (0.003) (0.008)
0.006)  (0.012)  (0.029) (0.009)  (0.017)  (0.029) =075 0.050"* 0.060"** 0.067* ~0.133"
=075 ~0.136** —0.110"* -0.042  —0.154** —0.113** —0.123"* (0.003) (0.003) (0.002) (0.008)
0.009)  (0.014)  (0.029) (0.018)  (0.031)  (0.045) Observations 376,848 639,232 969,904 317,488
Observations 127,664 51,632 14,880 58,048 15984 6624

Notes: *p < 0.1; **p < 0.05; **p < 0.01. Standard errors following Koenker [47] are
in parentheses below quantile estimates. Cluster-robust standard errors clustered at the
customer level are in parentheses below fixed effects estimates.CB stands for commercial
buildings.

reduced their median water usage by 16.7%, while CBs and shops
reduced their usage from 8.7 to 11.8%, respectively.

For completeness, we also produce the plots where the dependent
variable is specified in levels in Figs. A.1 through A.3 of the Appendix.
The results indicate that the largest users are most impacted in abso-
lute terms. This is unsurprising given that the scale of use varies so
much within all four customer groups. Effects in percentage terms are
arguably the more policy-relevant parameter, insofar as inequity and
energy insecurity are a concern [48].

Next, we present results using the stringency index as the primary
independent variable. In Table 5 we see that at the median, commercial

Notes: *p < 0.1; **p < 0.05; ***p < 0.01. Standard errors following Koenker [47] are
in parentheses below quantile estimates. Cluster-robust standard errors clustered at the
customer level are in parentheses below fixed effects estimates.

electricity consumption could have decreased by 21.8% under full
stringency, while households may have increased between 6.1%—11.3%.
For the upper (lower) quartile, commercial electricity consumption
could have decreased by 13.3% (33.3%) and households may have had
an increase between 5.0% — 6.7% (6.8%-17.1%).

In Table 6, we present the water estimates with the model using
the stringency index divided by 100 of Hale et al. [44] in place of
D,. We see that at the median, commercial electricity consumption
could have decreased by 10.3% under full stringency, while households
may have increased between 6.9% — 17.4%. For the upper (lower)
quartile, commercial electricity consumption could have decreased by
14.6% (18.5%) and households had an increase between 4.5% — 12.4%
(9.8%-26.1%).
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Table 6

(a) Villas for Qatari Citizens

Summary of o5™R for regressions of water subsets.

(b) Villas for Non-Qatari Citizens

Energy Strategy Reviews 49 (2023) 101119

CoviD coviD CcoviD
[Ye]
2 S s
s - s -
\ N, .
c . < - € . .
g s N g o | N S el N
T © P/ T 5 t-o--- - - - -------- 5 o [T =
Q SvZ Qo © [ D Q
3] 0 ) © i N © - \. R
Y 0=0ca .
E A g - 8 ] Q
T T T T © T T T T e T T T T
02 04 06 08 02 04 06 08 02 04 06 08
quantile quantile quantile

(c) Flats for Non-Qatari Citizens

Fig. 6. Water quantile plots for residential users.

Dependent variable:

log(Water Consumption)

(Villa Qatari) (Villa non-Qatari) (Flat non-Qatari) (Commercial)
=025 0.098*** 0.143*** 0.261*** —0.185***
(0.005) (0.005) (0.006) (0.013)
Mean FE 0.075%** 0.132** 0.209*** —0.154***
(0.003) (0.003) (0.003) (0.008)
7 =0.50 0.069** 0.097** 0.174* —0.103***
(0.004) (0.005) (0.005) (0.015)
7 =0.75 0.045*** 0.095*** 0.124** —0.146**
(0.004) (0.005) (0.004) (0.017)
Observations 364,960 614,352 616,784 128,512

Notes: *p < 0.1; **p < 0.05; **p < 0.01. Standard errors following Koenker [47] are
in parentheses below quantile estimates. Cluster-robust standard errors clustered at the
customer level are in parentheses below fixed effects estimates.

For illustration, Figs. A.4-A.6 in the Appendix show the deciles for
STR. These results are very similar to Figs. 4-6.

6. Threats to identification

Because we do not have a counterfactual for how quantiles of
the electricity and water use distributions would have behaved post
March-2019 in the absence of COVID, a reasonable concern is that our
results are driven by pre-existing trends in water and electricity use. We
want to address two distinct possible threats to identification. The first
potential threat is that overall electricity and water use were trending
up over time in the residential sector and trending up over time in
the commercial sector, and were bound to continue on these paths.
This would invalidate our overall findings that residential consumers
increased use during COVID and commercial customers decreased use
during COVID. Nota bene this would not necessarily invalidate our
findings on the impacts being different for the different quantiles. That
is, even if pre-existing overall trends persisted, a finding that impacts
were heterogeneous by quantile could still be valid as long as the
distribution of consumption was not becoming more dispersed over
time (more on this latter possibility below).

Fig. 2 shows that we might be concerned about a preexisting trend
in the residential sector, though not necessarily in the commercial
sector.>* To allay concerns over pre-existing trends driving the overall

33 The commercial sector exhibits some evidence of an upward trend over
time, but an upward trend would tend to bias the results us towards finding
a positive effect on consumption. We find a negative effect, indicating that
this pretrend is unlikely to explain the results. To the extent that there is a
positive pretrend, we can interpret our main commercial sector results as a
lower bound on the magnitude of the effect of COVID.

results, we use data from all available years and months in a more
traditional panel setting.*
We specify the panel regression as follows:

log(C;) = 6 +a®VIP . D, + X/f + Yo + 6, + ¢y, 5)

Here, we include month (x,) and year (y,) effects and use data
from Jan 2016 through October 2020, as well as customer fixed ef-
fects (6;). Roughly speaking, this specification behaves more like a
difference-in-differences regression, where one difference is between
years before 2019 and 2020 and the other difference is COVID months
vs non-COVID months in a given year. Assuming any time trend in
consumption affects all months equally, including the “baseline” non-
COVID months of January and February in 2020 along with year effects
could net out the extra consumption that would have occurred in 2020
in the absence of COVID.

The results are presented in Tables A.1 and A.2 in the Appendix.®
For electricity use, we find an overall increase of 6.5% for Qataris in
villas, 3.2% for non-Qataris in villas, 1.1% for non-Qataris in flats, and
a 16.4% reduction for commercial customers. Recall the magnitudes
of the main average fixed effects results (from the second row of
Table 2) were increases of 4.3%, 7%, 7.2% and a reduction of 16.2%,
respectively. The 95% confidence intervals constructed from cluster-
robust standard errors overlap with the main results for the commercial
estimates but not the residential estimates. However, the results are
substantively similar.’® The fact that the magnitude of estimates is
higher than the main results in two of the groups and lower in the
other two groups casts doubt on the idea that pre-existing trends could
be entirely driving our effects.

For water use, we find an overall increase of 6.8% for Qataris
in villas, 11.7% for non-Qataris in villas, 15.1% for non-Qataris in
flats, and a 13.2% reduction for commercial customers. Recall the
magnitudes of the main average fixed effects results (from the second
row of Table 2) were increases of 5.4%, 9.4%, 14.9% and a reduction of
9.9%, respectively. 95% confidence intervals constructed from cluster-
robust standard errors overlap for all but the non-Qatari in villa case.
We do not find compelling evidence that our results are merely the
product of pre-existing trends in usage.

The second possible threat to identification is that the distribution
of consumption would have become more dispersed over time in the

34 This has the advantage of being computationally practical, unlike the
quantile regression with all observations.

35 Table A.3 aggregates the data from the main analysis with interaction
terms, as suggested by a referee. The parameter estimates are identical (up to
three decimal places) to the fixed effects parameter estimates in Tables 2 and
3.

36 In one out of 8 cases, the test that the confidence interval overlap is
greater than 50% is statistically significant [49]. The test is rejected for the
commercial electricity sector, with 63.5% overlap.
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Fig. 7. Placebo quantile plots for commercial users.

absence of COVID. To tackle this possibility, we employ a placebo test
where we repeat our main quantile analysis using only non-COVID
months. Recall that our main quantile analysis compares Mar-Oct in
2019 to Mar-Oct in 2020. Our placebo instead compares Jan-Feb in
2019 to Jan—Feb in 2020. If the distribution of consumption becoming
more dispersed over time is driving our results on the comparison of
quantiles over time, we should find heterogeneous effects by quantile
in this placebo test in a pattern that mirrors our main results.

The placebo results are presented graphically in Figs. 7-9. Six out of
eight placebo tests do not indicate the same pattern of quantile effects
as we find in our main results, suggesting that our results are not merely
a reflection of diverging consumption between quantiles between the
years 2019 and 2020. Specifically, the placebo test appears to fail for
electricity use in villas for non-Qatari citizens as well as electricity use
in flats for non-Qatari citizens when looking at the pattern of change in
use across quantiles. However, it is worth mentioning that the overall
sign of the effects is the opposite of what it is in the main results for
electricity use for both of these groups, calling into question the idea
that our results for these two customer group are completely driven
by changes between 2019 and 2020 consumption that would have
occurred in the absence of COVID.*

Moreover, the magnitude of effects for the placebo tests of these
two groups is much smaller than the magnitude of our main effects
for electricity use in non-Qataris in flats and non-Qataris in villas.
Estimates from the placebo test are small enough that if we were to
treat the impacts found in Fig. 8(c) as a counterfactual for percentage
change that would have occurred in the absence of COVID, and subtract
them off of the impacts in Fig. 5(c), the resulting differenced impacts
would still support our conclusion that the lowest deciles experienced
a larger reduction in use than higher deciles did for non-Qataris living
in flats. A similar argument pertains to non-Qataris in villas.

7. Discussion

Using our estimates, we calculated a back-of-the-envelope net effect
on the COVID-induced shift in utility usage from work to home on
carbon emissions. Our calculations are summarized in Table 7. First, we
obtained carbon intensity numbers for both electricity and water from

37 For the placebo tests, there were data limitations for water usage in two
groups. For non-Qatari citizens in flats, effects at deciles 1, 2, 5 and 6 were
not identified. For deciles 1 and 2, there were no nearby identified quantile
effects, so we omit them from the plot. For the 5th and 6th decile effects,
we have substituted the 51st and 61st percentile. For companies, effects were
not identified at deciles 1-3, and there were no nearby quantiles that were
identified to substitute, so we omit deciles 1-3 from the plot.

Kharaama for the commercial and residential sectors.*® Note that water
is produced using desalination in Qatar, which is a carbon-intensive
process. Then, we multiplied each of these with the sub-sector weighted
average estimates of residential electricity use from our paper, as
well as the average commercial estimate.>® We then multiplied these
weighted averages by the total units of households and firms in Qatar
respectively, for both electricity and water.** We find that the overall
net impact of the shift from commercial to residential usage was a
decrease in consumption of 0.160 Million Metric Tons annually. For
context, the average passenger vehicle emits about 4.6 metric tons
of carbon dioxide per year.” So, 0.16 Million Metric Tons of CO2
emissions is equivalent to the annual emissions of about 34,782 cars.

In addition to the overall finding that utility usage was shifted from
work to home, and the finding of an overall net negative carbon emis-
sions due to the shift, three findings stand out in our study. First, our
study suggests impacts of COVID are strongest for the lowest deciles of
the use distribution of both electricity and water. This implies subsidies
could be targeted to address negative impacts of the pandemic; we
explain why these subsidies are both administratively advantageous
and socially feasible in Section 2.

Second, increases in use for both water and electricity are higher in
percentage terms for non-Qataris than for Qataris. This larger response
by non-Qataris might be because they have more elastic demand for
electricity.*? The fact that Qataris do not generally pay for utilities
might explain why their electricity usage would not respond as strongly
as that of non-Qataris.*> One mechanism could be that Qataris have less
of an incentive to take actions like turning off lights during the day
and raising their thermostats when they are away. A lower elasticity
of demand in any given period would result in Qataris changing their
behavior less than non-Qataris in response to the work-from-home
policy. This has important implications for Gulf states, where subsidies
for nationals are common (and increasingly controversial in light of the
need to conserve).

38 These numbers were obtained via direct email correspondence between
the authors and Kharaama. We can provide documentation of these emails
upon request.

39 We are assuming that the fractions of customers in each sub-sector for
residential customers is roughly reflective of the national fractions.

40 We use figures for the number of total households from [50], and the
number of total firms from [51].

41 This statistic is from [52], and was last updated in 2022.

42 The fact that the response is more similar across deciles for Qataris
than non-Qataris is also consistent with a dampened elasticity of demand for
non-Qataris.

43 Qataris do not pay for water and electricity for their primary residence,
but may pay for water and electricity in secondary residences or other owned
properties that they are renting out.
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Fig. 9. Placebo water quantile plots for residential users.

Table 7
Back-of-the-envelope carbon emissions calculations.
Electricity:
Weighted average Carbon intensity factor Units assumed Total
(kWh/month) (kg/kWh) (households or firms) (Mil Metric Tons/month)
Res 310.401 0.628 201,432 0.039
Com —1327.428 0.628 76,666 —0.064
Water:
Weighted average Carbon intensity factor Units assumed Total
(m?/month) (m?/kWh) (households or firms) (Mil Metric Tons/month)
Res 7.145 8.2 201,432 0.012
Com —-0.792 8.2 76,666 —0.000
Total monthly net effect -0.013
Total yearly net effect —-0.160

Notes: Number of total households comes from [50]. Number of total firms comes from [51]. Factors for kg/kWh and kg/m’ come from e-mail

correspondence between the authors and Kharaama.

Third, in percentage terms, the effects are higher in magnitude
overall for the commercial than for the residential sector for most of our
specifications. Though our dataset is not comprehensive, this finding
might imply that the work-from-home order was a net positive in terms
of electricity and water usage; this contrasts with the finding of Brewer
[25] but is in line with Cicala [24].

One reason why work-from-home might reduce consumption overall
that has been highlighted by the literature is that people internalize
the costs of utility consumption at home but not at work, and thus
save more when forced to work from home (see, e.g., [39]). The under-
lying assumption is that elasticity of demand is higher for residential
customers than for commercial customers.

Our context sheds light on another potential explanation for the
commercial reduction to outpace the residential increase: a work-at-
home arrangement can result in overall conservation if it piggybacks

10

on at-home use that would have happened anyways. People who do not
pay for utilities have little incentive to conserve, and would have kept
their lights on and appliances running in the absence of working from
home. Their demand for electricity and water could be so inelastic that
having them work from home adds little to their utility consumption
at home (most appliances would be running no matter what), but
decreases utility consumption at work substantially.

With a large portion of subsidized residential consumers, this pig-
gybacking phenomenon has the potential to explain behavior in many
Gulf states. But, it also should be considered as an explanation in other
situations. One example could be a worker whose residential demand is
inelastic because they take no steps towards conserving energy, leaving
all appliances on constantly, even while at work. Another example
could be a situation where a stay-at-home partner watches the kids at
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home during the day. In either of these cases, shifting work from the
office to home could save energy.

There are several important limitations of our study that should be
considered when interpreting our findings. First, it is impossible to
disentangle the impacts of all family members staying home from the
impacts of people who would have otherwise traveled to work and
worked at an office staying home, and during much of the COVID
segment of our study period, the majority of residents stayed home.
A comparison of the results based on the stringency index and the
results based on the work-from-home order can somewhat speak to the
difference, but only in qualitative terms.

Second, though we do our best to characterize distributional im-
pacts across households, our study cannot differentiate between the
impacts of work-from-home on various demographic groups within a
household. The work-from-home order may have disproportionately
affected women and people with children, and could had differential
effects by age group. For example, in the Spanish context, Navas-
Martin et al. [33] show nontrivial differential effects driven by within-
household shifting of burdens. In particular, they find that household
maintenance tasks were disproportionately shouldered by adults aged
35-54 years, with more cohabitants, and that this was especially true
for women. Furthermore, Birimoglu Okuyan and Begen [9] highlight
the potential for disproportionate mental health and lifestyle impacts
on these same groups. In sum, it is plausible in our context that
these disproportionate increases in domestic work and psychologi-
cal vulnerability constitute additional distributional impacts of the
work-from-home order that we cannot account for or quantify.

Third, our study did not directly observe energy consumption be-
haviors at the individual level, and thus cannot speak to behavioral
mechanisms. Specifically, we cannot account for energy-saving mea-
sures that may have been undertaken while individuals were confined
to their houses, schedule changes they may have adopted to cope with
confinement, or whether individuals tolerated more discomfort than
they would have in an office setting in order to save energy at home.
Moreover, Navas-Martin et al. [33] find that routines were changed;
one particularly relevant finding is that sleep routines were disrupted
for more than a third of their sample. If the same behavior is at play
in our context, it would likely increase nighttime electricity usage and
contribute to the overall increase in home energy consumption that we
find.** More generally, as with any study using aggregated observa-
tional data resulting from individual decisions, our results should not
be extrapolated to predict individual-level behaviors [53].*> As such,
our results should be interpreted with caution.

8. Conclusion and policy implications

In this work, we provide estimates for the effects of COVID on quan-
tiles of electricity and water consumption for both residents and busi-
nesses. In line with the literature, we find that Qatari residents have in-
creased their water and electricity consumption by 4.4%-13.4% at home,
while businesses have decreased their consumption by 4.7%-14.3%
during the pandemic, a result we believe can be attributed to work-
from-home. Our estimates can be used by policymakers to understand
how future pandemics will shift electricity and water demand from
work to home. Furthermore, our study is timely given the recent
policy interest in encouraging work-from-home to reduce emissions
from commuting [54].

We find that, overall, the net effect of the utility shift from work to
home was a decrease in carbon emissions of about 0.160 million metric
tons in 2020. This is a sizeable decrease in carbon emissions.

44 Ppsychological impacts of these routine could also be consequential; see [5,
9].

45 In our case, we observe household-level data, but do not observe indi-
vidual decisions. Our data contains energy and water use at the month level,
which is the finest level of granularity we have access to.
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One key contribution of our work is that we are able to estimate
effects for the entire distribution of electricity and water use. Residents
who consumed the most electricity and water prior to the pandemic
increased their consumption by the smallest percentage. Residents
consuming the least pre-pandemic increased their at-home usage sub-
stantially. Hence, to the extent that lower electricity and water users
are also lower income, they may benefit from government assistance.
In future pandemics, policymakers could target these segments of the
population for governmental aid. A congruous policy recommendation
to this work is found in [55], who suggest that energy poverty risk
during future lockdown events could be mitigated by implementing a
flexible discount system on electricity bills. This discount system would
vary according to the individual’s income and the time of year.

Policy tools like water and energy subsidies are vital given the
recent concerns that have arisen over energy insecurity during the
COVID-19 crisis [48]. Carfora et al. [56] find an increase in energy
poverty in many European Union member countries as a result of lock-
down measures, while the lockdowns resulted in new job opportunities
in other nations.

We also find that the smallest commercial customers reduced their
electricity consumption by the largest percentage of their pre-pandemic
level. This implies that these presumably smaller businesses may have
suffered the most from the economic downturn that ensued after the
work-from-home order was instituted. Analogously to the residential
case, they could be targeted for aid or utility subsidies in future times
of crisis. For water in particular, because lower flow rates could lead to
deterioration of commercial plumbing systems, the government could
institute measures to protect infrastructure in future pandemics; efforts
to stem infrastructure deterioration could focus on lower deciles of the
commercial water use distribution.

From an administrative perspective, targeting electricity and water
subsidies is advantageous in Qatar and other Gulf states, where utility
companies are national entities and collect vast amounts of data on
usage. It is much easier for the government to identify at-risk customers
this way than to collect income data. Aid in the form of targeted
electricity and water subsidies can be deployed much more quickly
to respond to a crisis such as a pandemic. Furthermore, subsidies are
arguably more socially acceptable and administratively feasible than
other policy levers as they have been in place for decades.

Moreover, we find that increases in use for both water and electric-
ity are higher in percentage terms for Non-Qataris than for Qataris. This
might be because subsidies decrease the elasticity of demand for Qatari
citizens- they have less of an incentive to take actions like turning off
lights during the day and raising their thermostats when they are away.
If they have a lower elasticity of demand in any given period, they are
bound to change their behavior less than non-Qataris in response to the
work-from-home policy. This should be noted by policymakers in Gulf
states, where subsidies for nationals are common.

In sum, our findings could help policymakers to anticipate shifts
in utility demand during future work-from-home orders and develop
effective targeting strategies. We summarize policy takeaways rooted
in our findings in a bulleted list in the Appendix (Appendix A.1). An
interesting extension of this work could be to compare the reduction
in water and electricity consumption at work and the increase in
consumption at home for the same workers to determine which types
of work produce the largest shifts in use.

CRediT authorship contribution statement

David H. Bernstein: Data curation, Conceptualization, Method-
ology, Software, Validation, Writing — original draft, Investigation,
Original idea generation, Writing — review & editing. Alecia Cassidy:
Writing — review & editing, Conceptualization, Methodology, Writing
— original draft, Investigation, Original idea generation. Ahmed A.
Khalifa: Writing — review & editing, Supervision, Funding, Networking,
Investigation, Original idea generation.



D.H. Bernstein et al.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Data availability

The electricity and water data are from KAHRAMAA & Qatar Gen-
eral Electricity & Water, under an NDA, but we provide de-identified
data. Stringency data is publicly available. In Dataverse Repo.

Replication Materials for: Work-from-home, electricity, and water: E
vidence from COVID-19 in Qatar (Original data) (Dataverse)

Appendix A

In this Appendix, we first provide a list of policy takeaways. Then,
we first present the quantile plots, similar to Figs. 4-6, but for the
stringency index and results in levels.*® Next, we present supplementary
tables containing fixed effects results. Lastly, we point the reader to our
supplemental code and replication files.

46 For commercial water usage, the 10th percentile estimates were unavail-
able due to a lack of sufficient variation in the data, so we have substituted
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A.1. Policy takeaways

We summarize the policy takeaways below.

« Policy tools like water and energy subsidies are vital tools to
combat energy and/or water insecurity during crises.

+ Aid in the form of targeted electricity and water subsidies can
be deployed much more quickly to respond to a crisis such as a
pandemic.

— The targeting of subsidies can occur at the utility level in
Gulf nations, where vast amounts of use data are collected
and utilities are national entities.

Our findings indicate that subsidies could go to the lowest
users, who are most likely affected by energy and/or water
insecurity.

Theoretically, implementing subsidies based on usage level
could mitigate energy and water inequities resulting from
pandemics.

This policy recommendation is easier to employ than
income-based subsidies, where there is a large adminis-
trative burden and taxes are only reported every year;
in contrast, monthly utility data is readily available to
governments in Gulf nations.

» Demand may be less elastic for users subject to utility subsidies.
This means that in a pandemic, they would be less likely to
change their behavior than those not subject to utility subsidies.
Governments can use this to anticipate the results of confinement
mandates for electricity grids and water supply.

the 11th percentile estimate in the figure as we did in Fig. 4. Estimates for A.2. Supplemental figures
the 8th, 9th, and 12th percentiles are substantively similar to the 11th.
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Fig. A.6. Water Quantile Plots using the stringency index for Residential Users.

A.3. Supplemental tables

Table A.2
Table A.1 FE Regressions on full water sample.
FE Regressions on full electric sample. Dependent variable:
Dependent variable: log(Water Consumption)
log(Electricity Consumption) (Qatari Villa) (non-Qatari Villa) (non-Qatari Flat) (Commercial)
(Qatari Villa) (non-Qatari Villa) (non-Qatari Flat) (Commercial) 4COVID 0,068 0117 0151 —0.132
aCovID 0.065"** 0.032*** 0.011** —0.164** (0.006) (0.005) (0.006) (0.016)
(0.004) (0.004) (0.004) (0.006)
YEAR,, 0.026"* -0.002 0.018"* -0.002
YEAR, 0.036"** 0.042** 0.043** 0.018*** (0.005) (0.004) (0.004) (0.011)
(0.003) (0.003) (0.002) (0.004)
YEAR 4 0.053*** —-0.001 0.016** 0.017
YEAR 5 0.015*** 0.022*** 0.035** 0.002 (0.007) (0.005) (0.006) (0.014)
(0.004) (0.004) (0.003) (0.005)
YEAR o 0.042* —-0.007 0.012* 0.018
YEAR —0.024*** —0.018** 0.010*** —0.004 (0.008) (0.005) (0.006) (0.016)
(0.005) (0.004) (0.003) (0.006)
YEAR,, 0.002 —0.038"** —0.023"* 0.006
YEAR,, —0.081*** —0.014** 0.023** —0.065"** (0.010) (0.007) (0.008) (0.021)
(0.007) (0.005) (0.004) (0.008)
Observations 253,924 413,482 315,810 70,702
Observations 421,834 624,834 1,097,012 386,280 Month effects YES YES YES YES
Month effects YES YES YES YES Adjusted R? 0.033 0.010 0.016 —-0.001
Adjusted R? 0.564 0.527 0.398 0.214

Notes: *p < 0.1; **p < 0.05; ***p < 0.01. Cluster-robust standard errors clustered at the
Notes: *p < 0.1; **p < 0.05; ***p < 0.01. Cluster-robust standard errors clustered at the customer level are in parentheses below estimates.
customer level are in parentheses below estimates.
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Table A.3
FE Regression for Mar-Oct 2019 and Mar-Oct 2020 sample of electricity and water
subsets.
Dependent variable:
log(Consumption)
electricity water
a®OVID s non-Qatari Flat 0.072"* 0.149***
(0.002) (0.002)
a®VID s non-Qatari Villa 0.070*** 0.094***
(0.002) (0.002)
aCOVID Qatari villa 0.043** 0.054***
(0.002) (0.003)
a®VID . Commercial —0.162*** —0.099***
(0.004) (0.006)
Aug 0.951*** —0.015**
(0.002) (0.001)
Jul 0.811*** —0.073***
(0.002) (0.001)
Jun 0.801*** 0.110***
(0.001) (0.001)
Mar —0.364*** —0.145***
(0.001) (0.001)
May 0.286** -0.077***
(0.001) (0.001)
Oct 0.754** —0.090***
(0.002) (0.001)
Sep 0.820*** —0.112***
(0.002) (0.001)
Observations 2,304,224 1,725,424
R? 0.427 0.044
Adjusted R? 0.389 -0.020

Notes:

*p < 0.1; **p < 0.05; **p < 0.01. Cluster-robust standard errors clustered at the

customer level are in parentheses below estimates.

A.4. Supplemental material

Replication codes and data can be found in the accompanying
supplemental material files.
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