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Project description 

This project is a quasi-experimental study to examine the effects of the Wisconsin Home​
Energy Assistance Program (WHEAP) Summer Fill Program on priority outcomes for​
Low-Income Home Energy Assistance Program (LIHEAP) households. Specifically, we will use a 
difference-in-differences (DiD) design with a matching component, comparing over-time change 
between observationally similar households that are and are not participating in the Summer Fill 
Program.  

Since 2015, the Wisconsin Department of Administration’s (DOA) Division of Energy, Housing, 
and Community Resources (DEHCR), who implement the state-wide WHEAP, has implemented a 
Summer Fill Program. Through this program, households who have been approved for WHEAP, 
and whose primary heating source is propane or fuel oil, receive credits on their vendor account to 
refill their tanks prior to the winter season.  The Wisconsin DEHCR was able to serve a larger 1

number of WHEAP households because of funding increases in program years 2021-2023.  Prior 2

to this, Summer Fill was rolled out intermittently since 2015, if and when funding was available.  

This evaluation is a collaboration between OES, the Wisconsin DOA DEHCR, and the HHS ACF to 
retrospectively examine the effects of the Summer Fill Program on WHEAP households, focusing 
on the priority outcome of whether the program reduces the need for households to apply for 
“crisis assistance.” Crisis assistance allows local WHEAP agencies to respond to emergency 
situations or act proactively to avoid serious problems. Crisis assistance is a discretionary benefit 
to households; even if a household is eligible, they may not receive assistance.  The Summer Fill 3

Program could have an effect on households’ future need for energy assistance when, for example, 

3 [Source] 

2 $8 million was invested in the Summer Fill Program by Wisconsin DEHCR in 2023. [Source] 

1 Summer Fill benefit payment amounts are set each year by WI DEHCR; for example, in 2022, Summer Fill benefit 
amounts were $400 for eligible households with propane as their primary heating fuel type, and $800 for those with fuel 
oil as their primary heating fuel type.  

1 

https://energyandhousing.wi.gov/Pages/AgencyResources/energy-assistance.aspx
https://www.acf.hhs.gov/ocs/programs/liheap
https://doa.wi.gov/pages/home.aspx
https://doa.wi.gov/Pages/AboutDOA/DEHCRMainPage.aspx
https://energyandhousing.wi.gov/PublishingImages/Pages/AgencyResources/energy-assistance/Program%20Year%202024%20WHEAP%20Manual.pdf
https://content.govdelivery.com/accounts/WIGOV/bulletins/32fa6ed#:~:text=The%20Summer%20Fill%20Program%20helps,Wisconsinites%20stay%20warm%20this%20winter.


 

their tanks are filled before the winter period, thus potentially reducing the likelihood that 
households will be in a situation in the future where crisis assistance is needed. Avoiding the need 
for crisis assistance — when households have critically low supplies of heating fuel, particularly 
during winter months, and are unable to pay to refill their tanks — is important for protecting 
household well-being.  

More broadly, the aim is to build evidence that will be useful to DEHCR as well as the many other 
grant recipients across the country to inform their programmatic decision-making.  

Hypotheses 

The overarching research question is: does the Summer Fill Program reduce the need for 
households to apply for crisis assistance in the future? 

We pose two primary hypotheses:  

●​ H1: Propane or fuel oil households who participate in WHEAP and receive Summer Fill are 
less likely to apply for crisis assistance during the following program year.  

●​ H2: Propane or fuel oil households who participate in WHEAP and receive Summer Fill will 
request lower dollar amounts of crisis assistance during the following program year.  

It is also possible that Summer Fill reduces a household’s energy burden enough that it even 
reduces the future need for participating in WHEAP. If this is the case, we may not observe 
whether a household applies for crisis assistance in the following program year (making it difficult 
to conclude whether Summer Fill has an effect on crisis assistance requests).  

It is relevant for decision makers to know whether these households are less likely to participate in 
WHEAP in the future. Thus, a secondary hypothesis we pose is: 

●​ H3: Propane or fuel oil households who receive Summer Fill are less likely to receive 
WHEAP benefits in the following program year.   4

Data and data structure 

Data source(s): 

The primary data source to be analyzed is household data sent by WI DEHCR to OES, from their 
Home Energy Plus System which documents all households who apply for WHEAP benefits. The 
specific dataset OES will be analyzing is a list of all households who were approved for any form of 
WHEAP heat benefit during the program years 2015 - 2023, comprised of approximately 
1,783,002 household-level benefit records (with 2,345,174 million rows of data). Data elements 
are included in Appendix A.  

4 As we only have access to data on households approved for WHEAP benefits, we are unable to determine whether a 
household applied for, but was not approved for WHEAP benefits in the following program year.  
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https://docs.google.com/document/d/1p8G4ZqPv-9rymroWDqgK4O-Cp1opVzdSusUo7XGGhTk/edit?pli=1#heading=h.kcubey96sn3j


 

During the design stage of this project, data from WI DEHCR was sent to OES in order to allow the 
OES team to determine the feasibility of conducting a quasi-experimental study. Data access was 
restricted by an OES member outside the project team in such a way that the outcome and 
treatment data was de-linked from each other, before the research team analyzed the data. Two 
‘blinded’ datasets were created from the data sent by WI DEHCR to OES: (1) a ‘no treatment’ 
dataset, blind of any treatment variables, and (2) a ‘no outcome’ dataset, blind of any variables 
related to outcomes.  

A secondary data source to be analyzed is the U.S. Department of Agriculture (USDA) ‘2010 
Rural-Urban Commuting Area (RUCA) Codes’ data, which provides information on the rural-urban 
classification for households (provided at the Census tract level).  To identify urban versus rural 5

areas, we will use the Primary RUCA Code 2010 variable. ,  Data elements are included in 6 7

Appendix B.  

We also plan to use the following dataset:  

●​ U.S. Census Bureau data on ‘Physical Housing Characteristics for Occupied Housing Units’ 
to provide information on the number of structures in a given area (i.e., zip code level) that 
have been built in a given date range (e.g., 2010-2019).  The data elements we intend to 8

draw on are included in Appendix C. 

Outcomes to be analyzed: 

We will analyze the following outcomes for the confirmatory analysis: 

Variable Description 

participate_WHEAP Whether or not a household that received WHEAP benefits in 
year t receives WHEAP in year t+1. 

crisis_request Whether or not a household requested any crisis assistance 
during a given program year. 

crisis_request_amount The value of the crisis assistance benefit (in $) requested by a 
household (if applicable). The original variable name is 
‘crisisrequestedamount’ (see Appendix A).  

8 The U.S. Census Bureau provides publicly available data for age of home, collected via the American Community 
Survey [Source]. The data is accessible from the U.S. Census Bureau website.  

7 RUCA code values of 1, 2, 4, and 5 will be coded as RURAL=0 and RUCA code values of 3, 6, 7, 8, 9, and 10 will be coded 
as RURAL=1. 

6 The 2020 updated RUCA data are not yet available. While there will be measurement error in using the 2010 data, we 
have no reason to believe this error would systematically bias our findings. 

5 See this resource for more on characterizing geographies as urban/rural.  
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https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes/documentation/
https://www.census.gov/acs/www/about/why-we-ask-each-question/year-built/
https://data.census.gov/
https://www.census.gov/content/dam/Census/library/publications/2016/acs/acsgeo-1.pdf


 

Imported variables: 

We will merge in variables from the RUCA dataset (see Appendix B), using the ‘county’ variable 
contained within both data sets. We also plan to merge in variables from the U.S. Census Bureau 
housing characteristics data (see Appendix C).   9

Transformations of variables: 

The treatment and outcome variables used for analysis are created as follows (recoding for all data 
elements is included in Appendix A):  

Variable type Variable name Description How coded 

Treatment received_SF Whether or not a 
household received 
Summer Fill. 

Binary variable, with value of 1 if 
the value of ‘crisisservicetype’ is 
‘Summer Fill Payment’ or ‘Summer 
Fill Match Payment’, 0 if not  

Outcome participate_WHE
AP 

Whether or not a 
household that received 
WHEAP benefits in year t 
receives WHEAP in year 
t+1. 

Binary variable, with value of 1 if 
household receives WHEAP in 
following program year, 0 if not. I.e., 
value will be 1 for all households 
that have a parent application in a 
given year and will be 0 in years 
where a parent application for that 
household doesn’t appear.  

crisis_request  10 Whether or not a 
household requested any 
crisis assistance during a 
given program year, 
excluding Summer Fill 
benefits. 

Binary variable that is = 1 if (1) 
‘crisisbenefitstatus’ value indicates 
that crisis assistance was approved 
or denied, AND (2) 
‘crisisservicetype’ does not equal 
“Summer Fill Payment” or “Summer 
Fill Match Payment”; = 0 if value of 
‘crisisbenefitstatus’ is “NA” 

crisis_request_a
mount 

The value of the crisis 
assistance benefit (in $) 
requested by a household 
(if applicable) 

Takes the value of 
‘crisisrequestedamount’ if 
‘crisisservicetype’ does not equal 
“Summer Fill Payment” or “Summer 
Fill Match Payment’; equals zero 
otherwise. 

10 The ‘crisis_request’ and ‘crisis_request_amount’ outcomes will be limited to crisis assistance paid for deliverable fuel 
vendors (i.e., propane and fuel oil) only, e.g., not including crisis assistance benefits paid for electricity. 

9 This data is only available at the zip code level (e.g., we will know for a certain zip code the number of units/structures in 
that area that were built in a given year range). Therefore, we will not know at the individual level what year a given 
household’s unit was built.  
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Certain variables are necessary to create to take into account the transforming the “long” 
orientation structure of the data, which is further described below. 

Raw data for variables used for matching treated and control units will be inspected as part of the 
matching procedure (discussed below) and transformed as needed. 

Transformations of data structure: 

The data is in a format such that there is at least one parent application for WHEAP benefits for 
each household in each program year that a household was approved for WHEAP benefits (a 
“household-year”), and where the household identifier is the person ID for the household head. If 
the household requested any crisis assistance or received Summer Fill in a particular application 
year, a separate observation – a “child” application – is created for that household-year such that 
each crisis payment is its own observation. This means that there are potentially multiple 
observations per household-application year: at least one parent application and zero to multiple 
“child” applications (the parent application is a prerequisite for the child applications).  

We will transform the data in such a way that there is one observation per household-year prior to 
analysis; specifically, we will aggregate variables across the parent and child applications. We will 
code a household-year as participating in WHEAP if there is a parent application for that program 
year. We will code a household-year as receiving Summer Fill – the treatment indicator – in that 
year if they received Summer Fill at any point in that year (i.e., if the field ‘crisisservicetype’ takes 
the value “Summer Fill Payment” or “Summer Fill Match Payment” for any child application in a 
given year).  

We will code a household-year as requesting crisis assistance if the household requested crisis 
assistance at any point in that year. That is, ‘crisis_request’ = 1 if the field ‘crisisbenefitstatus’ 
indicates that a household was approved or denied crisis assistance and the field ‘crisisservicetype’ 
takes a non-missing value other than “Summer Fill Payment or “Summer Fill Match Payment” for 
any child application in a given year,  and = 0 if there are no child applications in a given year 11

where ‘crisisservicetype’ takes a  non-missing value other than “Summer Fill Payment” or “Summer 
Fill Match Payment”. We will similarly code receipt of crisis assistance, where ‘crisis_pay-amount’ = 
1 when ‘crisispaymentamount’ is populated with a dollar value and the field ‘crisisservicetype’ 
takes a non-missing value other than “Summer Fill Payment” or “Summer Fill Match Payment” for 
any child application in a given year. 

When transforming the data to a single observation for each household-year we will create a 
variable that is the sum of all crisis assistance requested amounts (‘crisisrequestedamount’) among 
child applications in a given year where ‘crisisservicetype’ takes a non-missing value other than 
“Summer Fill Payment” or “Summer Fill Match Payment”. We will similarly create a variable for the 
sum of all crisis assistance received amounts among child applications in a given year, summing 

11 The field ‘crisisservicetype’ can take the following values: “Summer Fill Payment”, “Summer Fill Match Payment”,  “CA 
Emergency Assistance Payment”, “CA Prevention Assistance Payment”, “Emergency Assistance Payment”, “PB 
Emergency Electrical Assistance Payment”, “PB Prevention Electric Payment”, “Prevention Arrearage Assistance”, 
“Prevention Assistance Payment”, or “Spring Prevention Assistance Payment”. 
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values of ‘crisispaymentamount’. In the event that the values of ‘crisisbenefitstatus’, 
‘crisisrequestedamount’, and ‘crisispaymentamount’ do not align with each other, we will clarify 
with our partners as to which variable we should use to create our outcome variables or choose 
the variable with the least missingness if this cannot be clarified with confidence. 

Applicants have an opportunity to change information in their parent application when applying 
for crisis assistance later in the year. This implies that covariates can change values throughout the 
application year in any of the child applications; in cases where covariates might change within a 
household-year, we will use the most recent covariates before the first Summer Fill payment was 
administered for that household-year. 

Data exclusion: 

We will include all households that received the Summer Fill Program, including in program years 
where WI DEHCR did not officially implement the Summer Fill program (2017, 2019, and 2020).  12

We will also run a robustness check where we analyze our outcomes without observations 
associated with households that received Summer Fill benefits in years where WI DEHCR did not 
implement the program officially, to ensure that the effects are not substantively different under 
both sets of analyses.  

Treatment of missing data: 

We will not interpolate or impute missing values for our outcome. The package we propose to use 
for our analysis (PanelMatch package, function matched_set, value match.missing) provides us the 
option to match on patterns of missingness in treatment histories (see Empirical Methodology & 
Hypothesis Tests). If there is missingness in treatment histories, we will assess the robustness of 
results to both options (using this option or not) and justify one option for our primary analysis in 
the Technical Appendix. 

If missingness is low for other covariates we will include in our estimation procedure (10% or less 
of the covariate’s values are missing), we will drop those observations. If missingness is high for 
those covariates and there are some non-missing values for a given covariate across years for a 
household, we will use interpolation between years for that covariate for that year for that 
household. If missingness is high and there are missing values for all years for a given covariate for 
a given household, then we will include a dummy for whether a given covariate is missing 
(“missingness dummy”) as an additional covariate and use mean-imputation for the missing values 
for each year (a modified version of “dummy variable adjustment”) or consider dropping that 
covariate from our estimation strategy, justifying our decision in a Technical Appendix. One 
important variable with high levels of missingness that we will use for our matching procedure 
described below is annual heat fuel cost. WI DEHCR imputed annual heat fuel cost with proxies 
when it was not available. We will use the raw imputed value (that ignores any discounting they 

12 Approx. 253 households received Summer Fill in 2017, 342 in 2019, and 354 in 2020. WI DEHCR have indicated that 
this may be because while the Summer Fill Program was not formally offered during those years, local agencies 
independently administered Summer Fill benefits to households.  
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made to penalize applicants from not providing it), and then match on a missingness dummy for 
whether annual heat cost is missing. 

Descriptive statistics, tables, and graphs 

We will include the following descriptive statistics in the OES abstract:  

1.​ The percentages of WHEAP households that received vs. did not receive Summer Fill, out 
of those eligible  13

2.​ The percentage of WHEAP households that received Summer Fill who requested crisis 
assistance, broken down by emergency and prevention type crisis payments  

3.​ Average heat benefit amounts per year for WHEAP households, including those who 
received vs. did not receive Summer Fill 

4.​ The percentages of WHEAP households that received vs. did not receive Summer Fill, out 
of those eligible, broken down by program year  

We may also report the following descriptive statistics to the partner : 14

5.​ Median or average amounts of crisis assistance requested and received by WHEAP 
households that received Summer Fill, before and after receiving Summer Fill 

6.​ Descriptive statistics related to all WHEAP households’ requests for and receipt of crisis 
assistance, broken down by program year. Specifically: 

a.​ The percentage of WHEAP households that requested and received crisis 
assistance. 

b.​ The median or average amounts of crisis assistance requested and provided to each 
household per household-year that receives crisis assistance. 

7.​ Table of the Summer Fill benefit amounts provided to households each program year, 
broken down by fuel type (i.e., propane vs. fuel oil) 

8.​ Table summarizing the number of Summer Fill households who receive past due or 
disconnection notices for utilities, or are indicated as ‘less fuel’ (less than 20% fuel 
remaining) or ‘out of fuel’ (no fuel remaining).  

14 For descriptive statistics related to crisis assistance, we will examine both crisis assistance payments paid for 
deliverable fuel vendors (i.e., propane and fuel oil), as well as crisis assistance payments paid for all vendor types 
(including both deliverable and non-deliverable fuel types). 

13 WHEAP households are eligible for the Summer Fill Program if they were approved for WHEAP benefits in the prior 
program year, their primary heating source is propane or fuel oil, and they are a homeowner.  
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9.​ Table (or graph) summarizing when and how much of the Summer Fill credits are used by 
households (after initially being credited to their account).  15

10.​Price trend graph showing price of delivered fuel by date of delivery.  

Empirical methodology and hypothesis tests 

This section describes the statistical models and hypothesis tests that will make up the analysis — 
including any follow-ups on effects in the main statistical model and any exploratory analyses that 
can be anticipated prior to analysis. 

Empirical methodology:  

Overview of methodology 

Summer Fill was implemented by WI DEHCR intermittently. WI DECHR only officially 
implemented the Summer Fill program for three years before 2021 (2015, 2016, and 2018), and 
no more than two years of implementation were consecutive in that timeframe. We will 
investigate the viability of the difference-in-differences (DiD) estimator described in Imai, Kim, 
and Wang (2023) (“IKW”) as our analysis strategy. IKW’s methodology is suitable for our context 
because it allows units to be treated multiple times, for units to switch their treatment status 
multiple times over time, and for previous treatment status to affect current treatment status or 
outcomes (“carryover effects”). We plan to use IKW’s R package PanelMatch to implement their 
estimator if we pass our diagnostic checks. We will explore other potential analysis strategies if 
their estimator is not viable . 

The proposed approach involves applying a DiD estimator to adjust for a possible time​
trend after using matching as a nonparametric preprocessing step to ensure that control and 
treated observations in the sample are similar in terms of treatment and covariate histories. 
Specifically, for each treated observation, a set of control observations in the same time​
period is selected that has an identical treatment history for a prespecified number of periods​
(i.e. the number of lags, described further below). This treatment-history-matched set is further 
refined by using standard matching or weighting methods to adjust for observed confounding​
so that matched control observations become similar to the treated observation in terms of 
covariate histories. IKW describe their estimator as a nonparametric generalization of the 
difference-in-differences estimator that does not rely on the assumption of linearity; it is 
algebraically equivalent to a weighted two-way fixed effects estimator, where the weights 
represent the number of times an observation is used for matching. An advantage of the​
proposed matching estimator is that it is more robust to model misspecification than the​
standard two-way fixed effects regression estimator.   

15 Community engagement participants indicated that a key metric used by local agencies and energy vendors to 
measure the success and impact of the Summer Fill Program is the assessment of clients' balances and credit with their 
energy vendors. Participants noted that clients often have larger credits and fewer instances of running out of fuel, 
which demonstrates the program's positive impact on their financial stability and energy management. 
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Estimation 

Estimand: 

Our estimand is the average treatment effect of the Summer Fill program in the next application 
year (at time ) among treated households (“ATT”) that switch into treatment status during 𝑡 + 1
the current time period (time ) from control status in the previous time period (time ); they 𝑡 𝑡 − 1
must also have the same treatment history as control households for a prespecified number of 
periods. We will follow the IKW approach by creating the counterfactual outcome for each treated 
observation using the weighted average of the control units in the refined matched set. Then we 
will compute the DiD estimate of the ATT for each treated observation and average it across all 
treated observations. The DiD estimator measures the difference in year-over-year changes in 
outcomes between households that received treatment in the current year (the treated group) 
and those that did not receive treatment in the current year (the control group).  

Estimator: 

The IKW estimator involves choosing a number of leads representing F time periods after the 
administration of treatment, and a number of lags representing L time periods before the 
administration of the treatment. The number of lags is part of the identification assumption – 
matching treatment history is one dimension along which matching will be executed. Adding lag 
periods (requiring observations’ treatment histories to be the same going back further in time) 
reduces confoundedness by removing one source of bias, downstream treatment effects. 
However, this potential reduction in bias comes at cost: requiring observations’ treatment 
histories to be identical over longer time frames reduces potential matches and therefore sample 
size, increasing estimate variance and decreasing estimate precision.  

To lay this strategy out more formally and fix terms, given a chosen  and , we want to estimate 𝐿 𝐹
the average causal effect of policy change on those whose policy changed (IKW eq 8): 

 δ(𝐹, 𝐿) = 𝔼[𝑃𝑂
𝑥=1

 −  𝑃𝑂
𝑥=0

  | 𝑋
𝑖𝑡

= 1,  𝑋
𝑖,𝑡−1

= 0] 

where   

 𝑃𝑂
𝑥=1

=  𝑌
𝑖,𝑡+𝐹

(𝑋
𝑖𝑡

= 1, 𝑋
𝑖,𝑡−1

= 0, {𝑋
𝑖,𝑡−𝑙

}
𝑙=1

𝐿 )

and 

 𝑃𝑂
𝑥=0

=  𝑌
𝑖,𝑡+𝐹

(𝑋
𝑖𝑡

= 0, 𝑋
𝑖,𝑡−1

= 0, {𝑋
𝑖,𝑡−𝑙

}
𝑙=1

𝐿 )

In these expressions,  indexes households,  indexes years, and  refers to a household’s Summer 𝑖 𝑡 𝑋
𝑖𝑡

Fill receipt in a given year.  refers to a household’s potential outcomes at time  if 𝑃𝑂
𝑥

𝑡 + 𝐹
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receiving Summer Fill ( ) or not ( ) at time  , assuming the household was not treated in 𝑥 = 1 𝑥 = 0 𝑡
the prior period , and given the household’s particular treatment history in the periods (𝑡 − 1)
from  until . As mentioned above, in our setting this corresponds to the average 𝑡 − 1 𝑡 − 𝐿
treatment effect on the treated, the ATT. 

We cannot observe that estimand directly, since we only observe one potential outcome for each 
household, so we estimate it using the following expression instead (IKW eq 18): 

  δ(𝐹, 𝐿) = 1

𝑖=1

𝑁

∑   
𝑡=𝐿+1

𝑇−𝐹

∑ 𝐷
𝑖𝑡

𝑖=1

𝑁

∑  
𝑡=𝐿+1

𝑇−𝐹

∑ 𝐷
𝑖𝑡

𝐷𝑖𝑓𝑓
𝑖𝑡

 

where 

 𝐷𝑖𝑓𝑓
𝑖𝑡

=  (𝑌
𝑖,𝑡+𝐹

− 𝑌
𝑖,𝑡−1

) −
𝑖' ϵ 𝑀

𝑖𝑡

∑ 𝑤
𝑖𝑡
𝑖' (𝑌

𝑖',𝑡+𝐹
− 𝑌

𝑖',𝑡−1
)

Here,  and  are used as above,  is the observed outcome for a given household in a given year. 𝑖 𝑡 𝑌
𝑖𝑡

For “treated” households receiving Summer Full in year  but not year ,   is the 𝑡 𝑡 − 1 𝐷𝑖𝑓𝑓
𝑖𝑡

difference between (1) the change in that household’s observed outcomes from  to  𝑡 − 1 𝑡 + 𝐹
and (2) a weighted sum of that same quantity for its matched control households, where the 

weights, , are  generated by the chosen covariate matching procedure (see below). I.e., this is the 𝑤
𝑖𝑡
𝑖'

difference between each treated household’s change over time and the estimated change over 
time for its “synthetic” or “reconstructed” counterfactual.  is essentially an indicator for a 𝐷

𝑖𝑡

treated observations included in estimation (treated in , but not , and has matched controls). 𝑡 𝑡 − 1

The rest of the expression for  represents averaging  across treated observations. δ(𝐹, 𝐿) 𝐷
𝑖𝑡

𝐷𝑖𝑓𝑓
𝑖𝑡

In practice, applying this estimation strategy proceeds roughly as follows: 

●​ Step 1: Match treated households (i.e., those that received Summer Fill) in each program 
year with households that were untreated in that same program year but have the same 
treatment history in prior years. 

●​ Step 2: Refine the set of matched control observations by applying a matching method 
based on observable household characteristics. 

●​ Step 3: Estimate the effect of Summer Fill on the primary outcomes by taking the 
difference in differences: first, take the difference between treated (control) units in 
treatment years ( ) and control years ( ); second, take the difference between 𝑡 + 𝐹 𝑡 − 1
that quantity in a treated observation and its weighted set of control observations; and 
third, average this across treated observations. 

Identification assumption 
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The identification assumption behind this estimator is “parallel trends” conditional on​
treatment, outcome (lagged outcomes), and covariate histories. This assumption would​
be violated if there are unobserved confounders that vary across units and time. As described 
further below, we can examine whether the outcome time trends are parallel on average between 
the treated and matched control units for at least a subgroup for households, and whether 
differences in the characteristics of the treated vs control groups are constant in pretreatment 
(i.e., no treatment) periods. 

Methodological decisions 

The number of leads and lags 

We will set the number of leads, F, equal to 1 because we are interested in the short-run average 
treatment effects of the Summer Fill program in the following application year.  

We will select the number of lags that we believe optimizes the bias-variance tradeoff using the 
procedure described in this paragraph. The number of lags defines the number of time periods in 
the past where treatment history will be identical for a treated observation and the control 
observations in a matched set, i.e. the number of periods for which carryover effects are allowed 
and not confounding. A higher number of lags makes the unconfoundedness assumption more 
credible, but also reduces the number of potential matches. A small number of control matches 
(e.g. fewer than five) or unmatched treated observations could threaten the validity of estimates 
generated by the IKW methodology. We will first start with the highest possible number of lags 
and determine how many matched control observations there are per treated unit and whether 
there are treated observations with no matches. We will decrease the number of lags one by one 
such that the highest number of lags is chosen for which there is a sufficient number of matches 
(e.g. 30) per treated observation. 

Treatment history matching 

This estimation strategy involves matching treated households in each program year with 
households that are untreated in that program year but share the same treatment history in prior 
program years (up to our chosen number of lags). Exact matching on the treatment history allows 
us to partially control for confounding effects of past treatment on current treatment status and 
outcomes (“carryover effects”). This strategy also involves exact matching on time period where 
the matched sets only include observations from the same time period in order to adjust for 
time-specific unobserved confounders. If the matched sets become too small, we may partially 
relax these matching restrictions so that each treated observation is matched with control 
observations that have a similar (but not exactly the same) treatment history. 

To be included in the matched set as a treated observation, the household must have switched 
from control (did not receive Summer Fill) at time t-1 to treatment status (received Summer Fill) at 
time t and must have at least one matched control unit. To be included in the matched set as a 
control observation, the household must have remained in control status at both time t-1 and t 
(i.e., did not receive Summer Fill in either a given program year or the year prior). We are 
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comparing units that switch into treatment at time t from t-1 with those that stay in control; 
identification relies on parallel trends between these groups. 

Covariate history matching 

We will refine the matched sets of control observations for each treated household by matching 
on observable covariates. We will compare the performance of the three matching refinement 
methods described by IKW – Mahalanobis distance matching, propensity score matching and 
propensity score weighting — in terms of how much each method removes imbalance in 
observable confounders, the number of matches (size of matched set), and the sample size it 
produces. We will choose one to use for our main analysis if the imbalance, number of matches, 
and sample size is sufficient to produce reliable estimates. 

We will explain our choice of primary refinement method in a Technical Appendix, providing 
information on the covariate imbalance, number of matches, and sample size associated with each 
matching refinement method and how we decided what was deemed acceptable. It is possible that 
all methods lead to concerning sample sizes, in which case we plan to evaluate the feasibility of a 
regression version of the IKW estimator that estimates the ATT parametrically (e.g. that adjusts 
for confounders via regression instead of nonparametrically via matching); if such a regression is 
feasible, we will similarly justify the choice of this method in our Appendix. 

Below we have listed the variables we would consider using for matching treated to control units 
by prioritization level; we have noted which variables we propose to conduct exact matches on:  

Priority 1 (higher): 

●​ Summer Fill eligibility. We initially propose conducting exact matching on eligibility unless 
there are power concerns resulting from the sample size reduction caused by exact 
matching. By matching exactly on eligibility, we would be matching WHEAP-approved 
households who were (in)eligible based on their homeownership status and fuel type 
(WHEAP-approved homeowners with delivered fuel) but did not participate in Summer Fill 
to WHEAP-approved households who were (in)eligible and participated. ​16

​
While we do not have full information on all the reasons eligible households might not 
participate, conversations with our agency partners suggest that these are households that 
were unable to be reached or were never contacted in the first place. Households might 
not be able to be reached because they changed phone numbers, moved, or were too busy. 
We are able to identify moves with changes in address. We do not have data to identify 
changes in a household’s phone number but we do have data on their preferred 

16 Exact matching would imply that we are also matching Summer Fill participants who are renters or not delivered fuel 
customers to renters or not delivered fuel customers who did not participate. Some other reasons to consider exact 
matching on eligibility, fuel type (below), and homeownership (below) is that delivered fuel households might be more 
likely to request crisis assistance, and this likelihood of requesting might change over time in a way that is not parallel to 
the likelihood of requesting assistance for the control group. Furthermore, households might apply for crisis assistance 
for different reasons. Deliverable fuel HHs would apply due to "less fuel remaining" or "out of fuel"; electricity/natural 
gas HHs would apply due to "past due notice" or "disconnection notice. 
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communication method. How busy households are is captured by household size, student 
status, children in household, and having young children (aged less than 6). Homeless 
status, preferred communication method, preferred language, application method, and 
disabled household count can account for other reasons households cannot be reached. 
After matching on all the variables specified in this list of covariates, and potentially 
applying LASSO regression to help identify better predictors of Summer Fill participation 
(see below), idiosyncratic factors are the most likely remaining explanation why people 
who were already approved for LIHEAP that year didn't accept Summer Fill benefits for​
that year. 

●​ Homeownership status. We propose exact matching on this. 

●​ Fuel type. We propose exact matching on this.  

●​ Annual heat fuel cost. 

●​ Whether annual heat fuel cost was imputed by WI DEHCR with a proxy calculated from 
dwelling type, size, and heating fuel in cases when it was not provided in the application. 

●​ Non-heat fuel annual cost. 

●​ Whether annual non-heating fuel cost was imputed by WI DEHCR in cases when it was not 
provided in the application. 

●​ The summed value of other WHEAP benefits received (heat benefit paid and public benefit paid 
for parent application).   17

●​ Income.  18

●​ Rural-urban classification of household’s county/city.   19

19 Rural areas are less cost-effective for investing in infrastructure for natural gas and electricity, and therefore more 
suitable for constructing houses that use propane or fuel oil as their heating source. This map suggests that propane​
and natural gas are the most common fuel sources, and that propane use is concentrated in the southeastern region​
of Wisconsin. 

18 Calculated as poverty level percent, so that it is normalized to the annual poverty level threshold. The LIHEAP Report 
to Congress for Fiscal Year 2020 used the following income categories: (1) lowest income ($20,000 or less), (2) 
moderately low income (between $20,001 and $39,999), (3) higher-income households (between $40,000 and 
$59,000), and (4) highest-income households ($59,001 or more). As cited in the “LIHEAP Report to Congress for Fiscal 
Year 2020:  Appendix A,” according to the 2015 RECS, the mean residential energy burden for all LIHEAP income eligible 
households in 2015 was 11.6 percent, and the median is 9.7 percent.” 2015 RECS households with incomes of $20,000 
or less had average residential energy expenditures of $1,423, while those with incomes between $40,000 and $59,999 
had average residential energy expenditures of $1,781.  Thus, households which had more than twice as much income 
spent only 25 percent more on energy.” This indicates a nonlinear (concave) relationship between income and energy 
expenditure, and thus potentially between Summer Fill participation and the likelihood of applying for crisis assistance 
because of cost reasons. 

17 Benefit levels are primarily based on the relationship of household income to the state median income (SMI), number 
of rooms, dwelling type, and home energy costs. One reason cited in the information transmittals provided by WI 
DEHCR that Summer Fill has generally been restricted to homeowners is that homeowners are not eligible for 
Wisconsin Emergency Rental Assistance Program (WERA). As a result, they recommend that renters who have propane 
or fuel oil as their main energy source be referred to WERA. We do not observe WERA benefit amounts in our data. Nor 
do we have data benefit amounts from other WHEAP programs such as HE+ Program Services and Weatherization 
services, or non-WHEAP benefits such as payments to an energy provider using Keep Wisconsin Warm/Cool funds. 
Therefore, this measure of other relevant benefits received is not comprehensive. 
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●​ Heat fuel vendor.  We propose exact matching on this. 20

●​ Local agency.   21

Priority 2 (lower): 

●​ Heat vendor payment method. 

●​ Elderly household count. 

●​ Reason for not having annual cost for primary fuel in application (if consistently recorded). 

●​ Reason for not having annual cost for non-heating fuel in application (if consistently recorded). 

●​ Age of home, proxied by median age range of homes in household's zipcode. 

●​ Changes in residential address.  22

●​ Household size. 

●​ Homeless status. 

●​ Student status. 

●​ Preferred communication method. 

●​ Preferred language. 

●​ Application method. 

●​ Number of household members with a disability.  

●​ Children in household. 

●​ Number of children less than 6 years old in the household. 

All time-varying covariates listed will be included in the Mahalanobis distance and the propensity 
score model unless the inclusion of all covariates leads to unacceptable loss of sample size or 
matches. In that case, we will apply a combination of theory and data-driven methods (e.g. LASSO) 
to a subsample of our data (e.g. 2015, the first treated year in our sample) to select covariates for 
inclusion, prioritizing the Priority 1 level variables listed above (and choosing theoretically 
important variables when they are collinear with less theoretically important variables). We will 
use this more minimal selection in the Mahalanobis distance and the propensity score model 
specified with PanelMatch, reassess the performance of the matching refinement methods with 
the smaller set of matching covariates, and publish this assessment in our Technical Appendix. 

As recommended by Chiu et al. (2024), we will also plot the raw data for the variables we plan to 
use for the matching step of this methodology to determine whether some variables need to be 
transformed first due to outliers; if a regression approach is taken, we will also determine if these 
variables need to be transformed due to nonstationarity or high skew in their distributions. 

Diagnostic checks 

22 We can observe whether a household head moved by identifying changes in the addressid (de-identified​
address variable). 

21 The local agency that processed the household’s WHEAP application. 

20 According to this website, propane prices in Wisconsin can vary considerably by supplier, suggesting that matching on 
the energy vendor would be appropriate. 
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We will first construct the “treatment variation plot” discussed in IKW using their R package to 
assess variation in the treatment and whether it is sufficient to produce unbiased estimates.  23

Examining the parallel trends assumption for potential violations 

The parallel trends assumption requires a reasonable level of confidence that, absent Summer Fill, 
the treatment group and matched control group would have experienced similar year-to-year 
trends in the need for crisis assistance, and potentially underlying financial stability. While we 
cannot test this assumption directly, we will examine the plausibility of this assumption and 
consequently our design and the feasibility of an impact evaluation by conducting covariance 
balance checks proposed by IKW, a placebo test, and diagnostic checks recommended by Chiu et 
al. If these checks fail, we may consider methodological changes to our design that would increase 
confidence in our design’s validity (e.g. further sample restrictions). 

Following IKW, we will examine the standardized mean difference of each covariate between a 
treated observation and its matched control observations at each pretreatment time period 
during the study period, including program years 2015-2023 (“covariance balance checks”). This 
mean difference is standardized at each pretreatment time period by the standard deviation of 
each covariate across all treated observations in the data so that the mean difference is measured 
in standard deviation units. The covariates that must be included in these balance checks include 
the lagged outcome variables and time-varying covariates. Standardized mean differences for the 
lagged outcome that remain relatively constant over the entire pretreatment period across 
refinement methods supports the parallel trends assumption. 

We also plan to use PanelMatch to implement a placebo test that looks at the change in outcome 
at t-1, compared to other pre-treatment periods in the lag window. We will lastly conduct select 
diagnostic checks recommended by Chiu et al. for assessing the plausibility of the parallel trends 
assumption when there are more than three pretreatment periods (see A.4.4 in Chiu et al. for 
more details on these checks). To ensure we have three consecutive years of no treatment and that 
the results of this checks are consequently meaningful, our first check will involve constructing an 
event-study plot for a subgroup of households that were in our sample 2018 - 2020 but not 
treated prior to 2021; this check allows us to examine whether pretreatment trends are parallel 
visually.  The second check recommended by Chiu et al. that we will implement involves 24

descriptively exploring sources of heterogeneity that might threaten the validity of parallel trends 
by summarizing treatment effects across time, unit (or cohort), or pretreatment covariates. 

It is also important to point out that the credibility of IKW’s covariate balance checks as checks for 
parallel trends relies on the assumption that we have data on important confounders, i.e. we have 
good measures of characteristics that affect the outcome and differ between treatment and 
control group. Indeed, we believe matching on the covariates specified below sufficiently adjusts 

24 These diagnostic tests are based on the FEct package and are also available in the paneltools package (detailed​
tutorial here). 

23 The treatment plot will allow us to determine whether treatment varies sufficiently over time and across units to 
avoid impermissible comparisons and biased estimates (Chiu et al., 2024; Imai, Kim and Wang, 2023).  
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for important sources of confounding. Important sources of confounding include group 
differences in:  

●​ energy burden, which is captured by annual heat fuel costs,  annual non-heat fuel costs, 25

building age,  income, the dollar amount of all other WHEAP benefits (because these 
decrease energy burden), and fuel vendor (because fuel price affects fuel costs and fuel 
price is likely vendor-specific); 

●​ fuel delivery schedule of the energy-vendors, which is captured by the rural–urban 
classification of the household’s city (proxy for population density) and heat vendor 
payment method; 

●​ eligibility for Summer Fill, which is captured by the eligibility variable constructed from 
homeownership status and fuel type; 

●​ monetary and non-monetary (labor and hassle) costs associated with different types of 
fuel, which is captured by fuel type; 

●​ landlords and tenants, including differential awareness about energy costs (see Myers 
2018) and differential incentives between landlords and tenants to conserve energy and 
take up energy efficiency upgrades, all of which influence energy expenditures; this is 
captured by homeownership status; 

●​ outreach about and administration of WHEAP benefits, including discretion in the amount 
of crisis assistance provided, which could affect benefit takeup; this is captured by local 
agency; 

●​ weather and climate, which may also be captured by local agency, to the extent that a local 
agency’s jurisdiction overlaps with geographically defined areas; and 

●​ likelihood of not being able to be reached successfully about Summer Fill eligibility, which 
is captured by changes in residential address, household size, homeless status, student 
status, preferred communication method, preferred language, application method, 
disabled household count, children in household, and having young children (ages 2, or 
between 3 and 5 years old). 

Therefore we believe that IKW’s diagnostic check provides useful evidence on the plausibility of 
the parallel trends assumption. 

Sensitivity analyses 

Following IKW, we plan to examine the sensitivity of our findings to the maximum number of 
matches  and the number of lags. In addition, we plan to conduct a sensitivity analysis of the 

25 The proxy for annual heat fuel cost takes into account dwelling type, number of rooms, and fuel type; we plan not to 
include dwelling type and number of rooms as additional matching variables because we would only include them 
because they influence fuel costs. 
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matching procedure to unobserved confounders that asks “How much would our results change if 
the unobserved sample characteristics differed a lot between those who are/are not receiving 
Summer Fill and also predicted requests for WHEAP crisis benefits?”. 

Following Chiu et al., we also plan to conduct a sensitivity analysis to understand how robust our 
results are to mild parallel trend assumption violations (see Rambachan and Roth, 2023), assessed 
in conjunction with our sensitivity analysis. 

Timeframe selection 

Preliminary analysis suggests that, even without matching or refinement, households that 
received Summer Fill are relatively comparable in terms of observables to households that did not 
receive Summer Fill, and the characteristics of the WHEAP approved households in the sample are 
relatively constant throughout application years. 

Nonetheless, the onset of the Covid-19 pandemic may provide basis for concern that trends in the 
treatment and control groups are not parallel in unobservables 2021 onwards; funding for both 
WHEAP and Summer Fill increased beginning in 2021 through 2023, which expanded access to 
both of these programs. In other words, it is plausible that treatment and control groups were 
differentially affected by the pandemic. Under the assumption that we observe all the important 
confounders, the balance check in observables across time IKW proposed should justify the 
validity of the parallel trends assumption during the pandemic just as it would for non-pandemic 
years. If some of these years fail the balance check, we can exclude all the years after the first year 
that fails our check from our analysis. 

Selection bias 

There is a possibility that treatment might affect exit from the sample of households we have data 
on (our secondary hypothesis). For example, WHEAP households that have unused credits on their 
energy vendor account might not apply for WHEAP the following year. To account for the 
selection bias caused by treatment-induced exits from our sample,  we will first run our DID 
estimator to estimate the effect of receiving Summer Fill on being approved by WHEAP (which is 
equivalent to being in our sample) the following year (“WHEAP participation regression”). If a “two 
one-sided equivalence test” (TOST) does not let us conclude that there is no effect on WHEAP 
participation with 95% confidence, we will then assess whether it is still meaningful to run our DID 
estimation strategy for our two primary hypotheses and describe this assessment in our Technical 
Appendix. 

Confirmatory analyses:  

We will first test whether receipt of summer fill has an effect on participation in WHEAP in the 
subsequent program year (the secondary hypothesis). The null hypothesis is that matched treated 
and untreated units are no different in their likelihood of participating in WHEAP in the following 
program year. 
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If we do not reject the null hypothesis for the first confirmatory analysis (i.e, Summer Fill doesn’t 
appear to affect WHEAP participation; see the “Selection bias” section above) we will conduct 
further confirmatory analyses of the two primary hypotheses: 

1.​ Effect of receiving Summer Fill on the likelihood of requesting crisis assistance in the 
following year. We will test the null hypothesis that matched treated and untreated units 
are no different in their likelihood of requesting crisis assistance in the program year 
following receipt of Summer Fill. 

2.​ Effect of receiving Summer Fill on the amount (in dollars) of crisis assistance requested in 
the following year: We will test the null hypothesis that there is no difference in the 
average amount of crisis assistance requested between matched treated and untreated 
units in the year following receipt of Summer Fill. 

Exploratory analysis: 

We will conduct exploratory analyses to understand how the Summer Fill program might affect 
outcomes for subgroups of households based on the following variables: 

●​ Income  26

●​ Households with  members who are elderly (aged 60 or over), have a disability, and/or are a 
young child (under the age of 6). 

●​ Age 

Inference criteria, including any adjustments for multiple comparisons:  

We will make inferences using a two-tailed t-test of the estimated coefficient of interest with an 
alpha rejection region of 0.05. 

We will not make an adjustment for multiple comparisons when testing the hypothesis that 
Summer Fill has an effect on participation in WHEAP (the secondary hypothesis). We plan to 
control for the family-wise error rate (FWER) when testing the primary hypotheses that Summer 
Fill has an effect on requests for crisis assistance in the following year and that Summer has an 
effect on the amount of crisis assistance received in the following year. We will use a 
Holm-Bonferroni correction to control the FWER for these two hypotheses. Because we have two 
hypotheses this means we will make inferences by comparing the smaller of the two p-values 
against a rejection region of 0.025 (i.e., 0.05/2) and the larger of the two p-values against 0.05 (if 
the first p-value is statistically significant). 

Limitations: 

Anticipated limitations are described below:  

26 See footnote for income in Covariate history matching section. 
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1.​ Inability to link households across program years when ‘head applicant’ has changed: We 
have a person identifier instead of a household identifier – therefore, we will be unable to 
identify that a household is the same when the ‘head applicant’ has changed throughout 
2015-2023 will not be able to identified as the same household. 

2.​ Lack of representativeness due to data availability: We only have data for households 
who were approved for some form of WHEAP heat benefit between 2015 - 2023. 
Therefore, we do not have data on households who (1) applied for WHEAP benefits but 
were denied, (2) applied and received a different WHEAP benefit (e.g., weatherization 
assistance, HE+ Program Services),  or (3) were eligible for WHEAP but did not apply.  27 28

This may limit the external validity of our results.  

3.​ Lack of data on variation of fuel prices: Fuel prices vary within and across program​
years, affecting the need to apply for crisis assistance (and the value of crisis assistance 
requested/received). However, we do not have access to individual-level data on​
fuel prices for our whole sample to understand how changes in fuel prices might impact 
household need. 

4.​ Power concerns: Preliminary data analysis suggests that requests and receipts of crisis 
assistance are rare outcomes; this may imply that the effect size associated with Summer 
Fill is small. While we have a large sample, matching may significantly reduce our sample 
size, limiting our ability to detect relatively small effect sizes.  

5.​ Utilization of results: We could observe a null effect of the Summer Fill Program on 
outcomes, despite there being other benefits of the program that we are unable to observe 
given available data. While we are focusing specifically on outcomes related to the future 
need for energy assistance for this project, this is just one of several potential impacts or 
downstream benefits that the Summer Fill Program could have, for example: 

a.​ Energy vendors can serve households as part of their regular schedule of deliveries 
when Summer Fill credits are already applied to energy vendor accounts, which 
may reduce service disruptions and support efficient delivery of fuels to WHEAP 
households. 

b.​ Decreased financial stress and increasing household well-being  as a result of being 
prepared with a full fuel tank going into the winter and potentially higher indoor 
temperatures 

c.​ Increased value of WHEAP funding and reduced administrative burden for local 
agency staff (e.g., reduced phone calls from households regarding crisis assistance) 
due to propane or fuel oil being purchased during summer months when fuel is 
typically cheaper, 

28 WHEAP served between 28.47% - 31.87% of all income-eligible households across the state between​
2015 - 2023. [Source]. 

27 The majority of WHEAP benefits are allocated to heating assistance; for example, approx. 98% of WHEAP households 
were served by heat benefits in 2023. Other benefits/services include: weatherization, equipment repair/replacement, 
winter or year round crisis, or other crisis (WHEAP does not provide cooling assistance). WHEAP households served by 
heat benefits may also be served by other WHEAP benefits/services.  

19 

https://liheappm.acf.hhs.gov/datawarehouse


 

d.​ Increase in real household income as more is available for other household bills, 
e.g., electricity bills. 

It is important to note that we cannot observe these other potential benefits as part of this 
project; a null result of the effects of the Summer Fill Program on households’ future need 
for energy assistance may imply that our results might be inconclusive and does not mean 
that the Summer Fill Program is not beneficial in other ways.  
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Appendices 

Appendix A: List of WHEAP household data elements  

Variable 
name 

New 
variable 
name Description Format Example values Transformations 

parentap
plication
year app_year 

The year in which the 
application was 
submitted. 

Numer
ic 2018 N/A 

parentap
plication
number 

app_numb
er 

A numeric value that 
uniquely identifies an 
application. 

Numer
ic 5520044 N/A 

parentap
plication
date app_date 

The date when the 
application was 
submitted. Date 12/04/2017 N/A 

parentap
plication
heatbene
fitawar 

heat_benef
it_awarded 

The amount of heat 
benefit awarded for the 
application. 

Numer
ic (in $) $550.00 N/A 

parentap
plication
heatbene
fitpaid 

heat_benef
it_paid 

The actual amount of 
heat benefit paid for the 
application, which may 
be less than the awarded 
amount. 

Numer
ic (in $) $550.00 N/A 

parentap
plication
pbbenefi
tawarde 

pb_benefit
_awarded 

The amount of PB 
benefit awarded for the 
application. 

Numer
ic (in $) $286.00 N/A 

parentap
plication
pbbenefi
tpaid 

pb_benefit
_paid 

The actual amount of 
public benefit (PB) paid 
for the application, 
which may be less than 
the awarded amount. 

Numer
ic (in $) $286.00 

We will create a new variable 
called ‘WHEAP_ben_total’ that is 
the sum of ‘pb_benefit_paid’ and 
‘heat_benefit_paid’  

benefitex
tractiond
ate 

benefit_ext
ract_date 

The extraction date of 
the benefit for the 
parent application.  

If there are multiple 
transactions with 
different extraction 
dates, the earliest 

Date 01/17/2018 N/A 
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extraction date is 
returned. 

crisisnum
ber N/A 

A numeric value that 
uniquely identifies a 
crisis. 

Numer
ic NA 

Transformed to one binary 
variable: 

●​ crisis_num_received: 1 if 
a crisis assistance 
number has been 
received by a household, 
0 if not  

crisisserv
icedate 

crisis_servi
ce_date 

The date when a 
payment was made for 
the crisis. Date NA N/A 

crisispay
mentamo
unt 

crisis_pay_
amount 

The payment amount 
that was actually paid 
for the crisis. 

Numer
ic (in $) $286.00 N/A 

crisisreq
uesteda
mount 

crisis_requ
est_amoun
t 

The payment amount 
requested by the client 
for the crisis. 

Numer
ic (in $) $286.00 N/A 

crisisben
efitstatus 

crisis_bene
fit_status 

Status of crisis benefit 
approval (if applicable). Text 

●​ BENEFIT 
APPROVED 
BASED ON 
APPLICATIO
N INCOME 

Transformed into three binary 
variables indicating whether 
crisis benefits were approved, 
denied, or not applicable (no 
crisis benefit):  

●​ crisis_approved: 1 if 
crisis assistance was 
approved, 0 if not 

●​ crisis_denied: 1 if crisis 
assistance was denied, 0 
if not 

●​ crisis_NA: 1 if not 
applicable (i.e., crisis 
assistance not applied 
for), 0 otherwise 

 

A fourth binary variable is 
created called ‘crisis_request’ 
indicating whether a crisis 
assistance application was made, 
with a value of 1 if 
‘crisis_approved’ or ‘crisis_denied’ 
is 1, and 0 if ‘crisis_NA’ is 1.  
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addressi
d N/A 

A numeric value that 
uniquely identifies an 
address. 

Numer
ic 69798 

We will create a new binary 
variable called ‘moved’ indicating 
whether or not a household has 
moved, where it is = 1 if the 
‘addressid’ variable has changed 
between the current and 
previous time period, and = 0 if 
not.  

city N/A 
The city where the 
applicant resides. Text WISC RAPIDS N/A 

county N/A 
The county where the 
applicant resides. Text WOOD N/A 

zip N/A 
The ZIP code of the 
applicant's residence. String 54494-2919 N/A 

casehead
ageatapp
licationd
ate head_age 

The age of the case head 
at the application date. 

Numer
ic 49 N/A 

housingt
ype 

housing_typ
e 

The type of housing of 
the applicant's residence. Text Single family house N/A 

ownershi
ptype 

ownership
_rent 

ownership
_own 

 

The ownership type of 
the applicant's 
residence. Text Rent 

Transformed to two binary 
variables:  

●​ ownership_rent: 1 if 
client rents, 0 if not  

●​ ownership_own: 1 if 
client owns, 0 if not  

totalnum
berofhou
seholdm
embers 

number_ho
usehold_m
embers 

The total number of 
people in the household. 

Numer
ic 1 N/A 

roomcou
nt N/A 

The number of rooms in 
the applicant's 
residence. 

Numer
ic 6 N/A 

livingsitu
ation 

living_situat
ion 

Describes the current 
living situation of the 
applicant. Text None of the above 

Transformed to one binary 
variable:  

●​ living_situation_homeless
: 1 if client is homeless, 0 
if not  
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governm
entassist
edhousin
g 

govt_assist
ed_housing 

Indicates whether a 
applicant resides in 
government-assisted 
housing. Text No 

Transformed to one binary 
variable:  

●​ is_govt_assisted_hous: 1 
if government assisted 
housing, 0 if not  

guardian
type 

guardian_t
ype 

If an applicant has a 
guardian, describe the 
authority granted to the 
guardian. Text Not Applicable 

Transformed to one binary 
variable: 

no_guardian: 1 if no guardian, 0 
otherwise  

studentsi
tuation 

student_sit
uation 

Describes various 
situations related to the 
student status of the 
applicant. Text 

N/A Case head is 25 
years or older 

Transformed to two binary 
variables:  

●​ not_student: 1 if not a 
student, 0 if student 

●​ is_student: 1 if student, 0 
if not student 

preferre
dcommu
nication 

preferred_
communic
ation 

Describes the preferred 
communication method 
with the applicant. Text Primary Phone N/A 

preferre
dlanguag
e 

preferred_l
ang 

The preferred language 
of the applicant. Text English 

Transformed to one binary 
variable: 

●​ preferred_lang_engl: 1 if 
preferred language is 
English, 0 otherwise 

outreachi
ndicator outreach 

The communication 
method used by the 
applicant to complete 
the application. Text Phone N/A 

militaryc
ountperh
ousehold N/A 

The number of military 
members in the 
household. 

Numer
ic 0 N/A 

disabledc
ountperh
ousehold N/A 

The number of disabled 
members in the 
household. 

Numer
ic 1 N/A 

childfami
lyhousing 

child_housi
ng 

Indicates whether there 
are children in the 
household. Text No 

Transformed to two binary 
variables: 
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●​ is_child_housing: 1 if 
client has child in 
household, 0 if not  

●​ not_child_housing: 1 if 
client does not have child 
in household, 0 
otherwise 

childrenu
nder2cou
nt N/A 

The number of children 
under 2 years old in the 
household. 

Numer
ic 0 N/A 

childrenb
etween3
5count N/A 

The number of children 
between the ages of 3 
and 5 in the household. 

Numer
ic 0 

We will create a new variable 
called ‘overall_child_count’ that is 
the sum of ‘childrenunder2count’ 
and ‘childrenbetween35count’  

elderlyco
untperho
usehold N/A 

The number of elderly 
individuals in the 
household. 

Numer
ic 0 N/A 

categoric
al 
eligibility 

categorical
_eligibility 

Indicates whether the 
household meets 
categorical eligibility 
criteria. Text Yes 

Transformed to two binary 
variables: 

●​ is_cat_eligible: 1 if 
household is 
categorically eligible, 0 if 
not  

●​ not_cat_eligible: 1 if 
household is not 
categorically eligible, 0 if 
household is 
categorically eligible 

smieligibi
lity 

smi_eligibil
ity 

Indicates whether the 
household meets SMI 
eligibility criteria. Text Yes 

Transformed to two binary 
variables: 

●​ is_smi_eligible: 1 if 
household meets SMI 
eligibility criteria, 0 if not 

●​ not_smi_eligible: 1 if 
household does not meet 
SMI eligibility criteria, 0 
if household does meet 
SMI eligibility criteria  

zeroinco
me 

zero_inco
me 

Indicates whether the 
household has zero 
income. Text No 

Transformed to two binary 
variables: 
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●​ is_zero_income: 1 if 
household is zero 
income, 0 if not  

●​ not_zero_income: 1 if 
household is not zero 
income, 0 if household is 
zero income  

referred N/A 
Indicates whether the 
household was referred. Text Yes 

Transformed to two binary 
variables: 

●​ is_referred: 1 if 
household was referred, 
0 if not  

●​ not_referred: 1 if 
household was not 
referred, 0 if household 
was referred 

publicbe
nefit 

public_ben
efit 

Indicates whether the 
household received 
public benefits. Text Yes 

Transformed to two binary 
variables: 

●​ is_public_benefit: 1 if 
household receives 
public benefits, 0 if not 

●​ not_public_benefit: 1 if 
household does not 
receive public benefits, 0 
if household does 
receive public benefits 

povertyle
vel 

poverty_le
vel_percen
t 

Ratio indicating 
applicant's income 
relative to the poverty 
threshold. 

Percen
t 84.95 % N/A 

annualize
dtotalinc
ome 

annual_tot
al_income 

The total annual income 
for the household. 

Numer
ic (in $) $10,245.36 N/A 

househol
ddisconn
ected 

HH_discon
nected 

Indicates whether the 
household's energy 
source was 
disconnected. Text NA 

Transformed to one binary 
variable: 

●​ is_disconnected: 1 if 
household indicated as 
disconnected, 0 if not  
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househol
doutoffu
el 

HH_out_of
_fuel 

Indicates whether the 
household is out of fuel. Text NA 

Transformed to one binary 
variable: 

●​ is_out_of_fuel: 1 if 
household is indicated as 
out of fuel, 0 if not  

pastdueo
rdisconn
ectionno
ticerece 

HH_pastdu
e_disconne
ct 

Indicates whether the 
household received a 
past due or 
disconnection notice for 
utilities. Text No 

Transformed to one binary 
variable: 

●​ is_pastdue_disconnect: 1 
if household is indicated 
as receiving past due or 
disconnection notice, 0 if 
not  

lessfuelr
emaining 

HH_less_fu
el_remain 

Indicates whether the 
household currently has 
less than 20% of fuel 
remaining. Text NA 

Transformed to one binary 
variable: 

●​ is_less_fuel_remain: 1 if 
household indicated as 
less than 20% fuel 
remaining, 0 if not  

business
name N/A 

The name of the 
business that processed 
the application. Text WOOD CO HSD N/A 

business
primarya
ddress N/A 

The primary address of 
the business that 
processed the 
application. Text 111 W JACKSON ST N/A 

businesss
econdary
address N/A 

The secondary address 
of the business that 
processed the 
application. Text FL 2 N/A 

business
city N/A 

The city where the 
business that processed 
the application is 
located. Text WISC RAPIDS N/A 

businesss
tate N/A 

The state where the  
business that processed 
the application is 
located. Text WI N/A 

business
zip N/A 

The zip of the business 
that processed the 
application. String 54495-2702 N/A 
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business
phone N/A 

The phone of the 
business that processed 
the application. String (715) 421-8654 N/A 

heatvend
orname N/A 

The name of the vendor 
providing heat services 
to the applicant. Text WE ENERGIES N/A 

heatvend
orprimar
yaddress N/A 

The primary address of 
the vendor providing heat 
services to the applicant. Text 231 W MICHIGAN ST N/A 

heatvend
orsecond
aryaddre
ss N/A 

The secondary address 
of the vendor providing 
heat services to the 
applicant. Text NA N/A 

heatvend
orcity N/A 

The city where the 
vendor providing heat 
services to the applicant 
is located. Text MILWAUKEE N/A 

heatvend
orstate N/A 

The state where the 
vendor providing heat 
services to the applicant 
is located. Text WI N/A 

heatvend
orphone N/A 

The phone of the vendor 
providing heat services 
to the applicant. String (800) 842-4565 N/A 

heatvend
orpayme
ntmetho
d N/A 

The method of payment 
used for the heat vendor. Text 

Directly pay the bill 
sent from the energy 
supplier. N/A 

nonheatv
endorna
me N/A 

The name of the vendor 
providing non-heat 
services to the applicant. Text 

WISC RAPIDS WATER 
WORKS & LGT 
COMM N/A 

nonheatv
endorpri
maryadd
ress N/A 

The primary address of 
the vendor providing 
non-heat services to the 
applicant. Text 221 16TH ST S N/A 

nonheatv
endorsec
ondaryad
dress N/A 

The secondary address 
of the vendor providing 
non-heat services to the 
applicant. Text NA N/A 
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nonheatv
endorcit
y N/A 

The city where the 
vendor providing 
non-heat services to the 
applicant is located. Text WISC RAPIDS N/A 

nonheatv
endorsta
te N/A 

The state where the 
vendor providing 
non-heat services to the 
applicant is located. Text WI N/A 

nonheatv
endorph
one N/A 

The phone of the vendor 
providing non-heat 
services to the applicant. String (715) 422-9041 N/A 

nonheatv
endorpay
mentmet
hod N/A 

The method of payment 
used for the non-heat 
vendor. Text 

Directly pay the bill 
sent from the energy 
supplier. N/A 

bothvend
orname N/A 

The name of the vendor 
providing both heat and 
non-heat services to the 
applicant. Text NA N/A 

bothvend
orprimar
yaddress N/A 

The primary address of 
the vendor providing 
both heat and non-heat 
services to the applicant. Text NA N/A 

bothvend
orsecond
aryaddre
ss N/A 

The secondary address of 
the vendor providing 
both heat and non-heat 
services to the applicant. Text NA N/A 

bothvend
orcity N/A 

The city where the 
vendor providing both 
heat and non-heat 
services to the applicant 
is located. Text NA N/A 

bothvend
orstate N/A 

The state where the 
vendor providing both 
heat and non-heat 
services to the applicant 
is located. Text NA N/A 

bothvend
orphone N/A 

The phone of the vendor 
providing both heat 
and non-heat services to 
the applicant. String NA N/A 

29 



 

bothvend
orpayme
ntmetho
d N/A 

The method of payment 
used for the vendor 
providing both heat 
and non-heat services to 
the applicant. Text NA N/A 

primaryf
uel 

primary_fu
el 

The type of energy fuel 
used for heating, or for 
both heating and 
non-heating purposes. Text Natural Gas 

Transformed to five binary 
variables:  

●​ primary_fuel_elec: 1 if 
primary fuel is electric, 0 
if not  

●​ primary_fuel_oil: 1 if 
primary fuel is fuel oil, 0 
if not  

●​ primary_fuel_gas: 1 if 
primary fuel is gas, 0 if 
not  

●​ primary_fuel_prop: 1 if 
primary fuel is propane, 
0 if not  

●​ primary_fuel_other: 1 if 
primary fuel is other 
type, 0 if not  

nonheatf
uel 

non_heat_f
uel 

The type of energy fuel 
used for purposes other 
than heating. Text Electric 

Transformed to one binary 
variable:  

●​ non_heat_fuel_elect: 1 if 
non-heat energy fuel is 
electricity, 0 if not  

waterhea
tingfuel 

water_heat
_fuel 

The type of energy fuel 
used for water heating. Text Natural Gas N/A 

supplem
entalheat
fuel 

supp_heat_
fuel 

The type of fuel used for 
supplemental heating 
purposes. Text None N/A 

primaryf
ueldelive
rable 

primary_fu
el_delivera
ble 

Indicates whether the 
primary energy fuel is 
deliverable. Text No 

Transformed to one binary 
variable:  

●​ is_primary_deliverable: 1 
if the primary fuel type is 
deliverable, 0 if not  
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haselectr
icprovide
r 

has_electri
c_provider 

Indicates whether the 
applicant has an 
electricity provider. Text Yes 

Transformed to one binary 
variable:  

●​ has_electric: 1 if 
household has electricity 
provider, 0 if not  

sharedm
eterprim
aryfuel 

shared_me
ter_primar
y 

Indicates whether the 
applicant uses a shared 
meter for the primary 
fuel. Text No 

Transformed to one binary 
variable:  

●​ is_shared_meter: 1 if 
household uses shared 
meter for primary fuel, 0 
if not  

business
meterpri
maryfuel 

business_
meter_pri
mary 

Indicates whether the 
applicant uses a business 
meter for the primary 
fuel. Text No 

Transformed to one binary 
variable:  

●​ is_business_meter: 1 if 
household uses business 
meter for primary fuel, 0 
if not  

heatfuela
nnualcos
t 

heatfuel_a
nnual_cost 

The annual cost of fuel 
used for heating. 

Numer
ic (in $) $814.82 N/A 

nonheatf
uelannua
lcost 

nonheatfu
el_annual_
cost 

The annual cost of fuel 
used for non-heating 
purposes. 

Numer
ic (in $) $1,228.85 N/A 

bothfuel
annualco
st 

bothfuel_a
nnual_cost 

The annual cost of fuel 
used for both heating 
and non-heating 
purposes. 

Numer
ic (in $) NA N/A 

reasonfo
rnoannua
lcostforp
rimaryf 

reason_no_
annualcost
_primary 

Reason for not having an 
annual cost for the 
primary fuel. Text NA N/A 

reasonfo
rnoannua
lcostforn
onheatf 

reason_no_
annualcost
_nonheat 

Reason for not having an 
annual cost for 
non-heating fuel. Text NA N/A 

pbproxya
mount N/A 

A value calculated based 
on dwelling type, size and 
heating fuel. 

Numer
ic (in $) $1,044.00 N/A 
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pbproxyd
escriptio
n 

pb_proxy_
desc 

Describes how public 
benefit proxy amount is 
used. Text NA N/A 

heatprox
yamount N/A 

A value calculated based 
on dwelling type, size and 
heating fuel. 

Numer
ic (in $) $746.00 N/A 

heatprox
ydescript
ion 

heat_proxy
_desc 

Describes how heat 
proxy amount is used. Text NA N/A 

 
crisisserv
icetype 

crisis_servi
ce_type 

Indicator of the type of 
crisis assistance received. Text 

●​ Summer Fill 
Payment 

●​ Summer Fill 
Match 
Payment 

●​ Spring 
Prevention 
Assistance 
Payment 

●​ Prevention 
Assistance 
Payment 

●​ Prevention 
Arrearage 
Assistance 

●​ PB 
Prevention 
Electric 
Payment 

●​ PB 
Emergency 
Electrical 
Assistance 
Payment 

●​ Emergency 
Assistance 
Payment 

●​ CA 
Prevention 
Assistance 
Payment 

●​ CA 
Emergency 
Assistance 
Payment 

Transformed to the following 
binary variables:  

●​ received_SF: 1 if value is 
‘Summer Fill Payment’ or 
‘Summer Fill Match 
Payment’, 0 if not  

●​ received_spring_preventi
on_assistance_payment: 
1 if value is ‘Spring 
Prevention Assistance 
Payment’, 0 if not 

●​ received_prevention_ass
istance_payment: 1 if 
value is ‘Prevention 
Assistance Payment’, 0 if 
not  

●​ received_prevention_arr
earage_assistance: 1 if 
value is ‘Prevention 
Arrearage Assistance’, 0 
if not  

●​ received_pb_prevention_
electric_payment: 1 if 
value is ‘PB Prevention 
Electric Payment’, 0 if not  

●​ received_pb_emergency_
electrical_assistance: 1 if 
value is ‘PB Emergency 
Electrical Assistance 
Payment’, 0 if not  

●​ received_emergency_ass
istance: 1 if value is 
‘Emergency Assistance 
Payment’, 0 if not  
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●​ received_CA_prevention
_assistance: 1 if value is 
‘CA Prevention 
Assistance Payment’, 0 if 
not  

●​ received_CA_emergency
_assistance: 1 if value is 
‘CA Emergency 
Assistance Payment’, 0 if 
not  

 

Appendix B: Rural-urban data elements  

Variable Description 

State-County FIPS Code Federal Information Processing Standards (FIPS) code that uniquely 
identifies the geographic area. 

State  State of given Census tract area.  

County  County of given Census tract area.  

State-County-Tract FIPS 
Code 

State-level FIPS codes of given Census tract area. State-County-Tract 
FIPS Codes have two digits, county-level FIPS codes have five digits of 
which the first two are the FIPS code of the state to which the county 
belongs. 

Primary RUCA Code 2010 Rural-Urban Commuting Area (RUCA) code allocated to given Census 
tract area.  

Tract Population, 2010 Population of given Census tract area.  

Land Area (square miles), 
2010 

Land area (in square miles) of given Census tract area.  

Population Density (per 
square mile), 2010 

Population density (per square mile) of given Census tract area.  
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Appendix C: U.S. Census Bureau data on physical housing characteristics  

Variable Description 

Geographic Area Name Zipcode of area 

Year structure built: 1939 or 
earlier 

The number of structures within a given zip code that were built in 1939 
or earlier.  

Year structure built:1940 to 
1959 

The number of structures within a given zip code that were built 
between 1940-1959. 

Year structure built: 1960 to 
1979 

The number of structures within a given zip code that were built 
between 1960-1979. 

Year structure built: 1980 to 
1999 

The number of structures within a given zip code that were built 
between 1980-1999. 

Year structure built: 2000 to 
2009 

The number of structures within a given zip code that were built 
between 2000-2009. 

Year structure built: 2010 to 
2019 

The number of structures within a given zip code that were built 
between 2010-2019. 

Year structure built: 2020 or 
later 

The number of structures within a given zip code that were built 2020 or 
later.  
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