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Executive Summary
This report presents preliminary results from the first phase of a study estimating non-energy
impacts (NEIs) attributable to improving the energy efficiency of low-income multifamily (LIMF)
buildings in the Commonwealth of Massachusetts (MA). The study complements past MA
research that estimated NEIs attributable to weatherizing low-income single-family (LISF)
homes.1 This research is funded by the MA energy efficiency Program Administrators (PA) and
The JPB Foundation. These preliminary results are based on a partial data set and are only meant
to inform the PAs in planning for 2019-2021. Later in 2018, the study team will deliver a
comprehensive report with final results based on complete data.
The research objectives include the following:


Estimating the value of impacts of weatherization services on low-income multifamily
(LIMF) households by calculating the dollar value of costs avoided due to changes in
health issues, energy affordability, and household financial situations.



Gaining insights into how health and safety impacts may differ by building type, function,
and resident population.

NMR Group, Inc. and Three3 (the study team) have followed a classical quasi-experimental
research design. The sample consists of existing MF buildings with five or more units in MA and
other cold climate states in the Northeast and Midwest that fall into one of three research groups:
Comparison with Treatment (CwT) (i.e., already weatherized buildings); Treatment (T) (i.e.,
buildings that have not been weatherized, but will be); and Control (C) (i.e., buildings that will not
be weatherized during the data collection period). To be eligible for this study, CwT and T
buildings needed to have installed – or be scheduled to install – a comprehensive set of
weatherization measures (i.e., air sealing, insulation, and/or heating/cooling equipment).
The primary data collection instrument, a Resident Survey (RS), asks households a series of
questions about health, wellbeing, affordability, dwelling quality, and household characteristics.
In-field staff, equipped with digital data collection tools, distribute survey packets in the buildings,
interview building managers, and document building characteristics and systems conditions that
can provide insights into NEIs. Lastly, we solicit participating agencies to provide documentation
on weatherization measures installed in the CwT and T groups.
The research efforts yield three sets of data: (1) RS results, (2) building characteristics and
conditions observed on site by in-field staff, and (3) weatherization measures installed in
participating CwT and T buildings. The installed measures data inform NEI estimates and allowus to correlate specific NEIs with specific measures or combinations of measures installed.
We distributed the RS to MA residents between January 2018 and June 2018 as part of the first
phase (Phase I) of the study; Phase I survey distribution will continue in other states through
September 2018. In Summer/Fall of 2019, approximately one-year after the Phase I survey
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period, we will re-contact T and C group respondents, asking them to complete a follow-up RS
(i.e., Phase II). The T group will have been weatherized, providing the opportunity to compare
survey findings both pre- and post-weatherization from the same household (a matched pairs
analysis) to estimate changes in health attributable to weatherization.
This preliminary report and analysis focuses on monetizing thirteen “core” NEIs:
1. Asthma
2. Thermal stress - hot
3. Thermal stress - cold
4. Food assistance
5. Trips and falls (inside)
6. Carbon monoxide (CO) poisoning
7. Low-birth weight infants
8. Missed days of work
9. Prescription medications
10. Short-term high interest loans
11. Home productivity
12. Reduced fire risk
13. Work productivity
The core NEIs were previously monetized by the LISF study and/or the national evaluations of
the U.S. Department of Energy’s Weatherization Assistance Program (WAP). However, we added
reduced trips and falls to this study with the hypothesis that improved lighting and some health
and safety measures could have an observable, monetizable impact on reduced injuries related
to trips and falls inside the home. We base all changes related to the NEIs from the RS results
and installed-measures in the CwT and T buildings.
Between MA and other states, a total of 813 households have completed the RS to date: 302
CwT, 128 T, and 383 C. They represent 209 buildings: 79 CwT, 34 T, and 96 C. While identifying
and recruiting eligible buildings and distributing surveys yielded several hundred completed
surveys, sample sizes are lower than hoped due to three reasons: (1) it was harder than expected
to obtain consent from building owners, which impacted the recruitment rate; (2) survey response
rates were lower than expected in the Northeast, including in MA; and (3) the T group sample
frame was much smaller than expected.
Nonetheless, our sample will increase because Phase I data collection continues outside of MA.
Based on the remaining sample frame, we estimate that the pre-weatherized groups (T and C)
will nearly double to roughly 1,600 completed surveys when Phase I ends.
Preliminary data indicate the following about the buildings and households visited thus far:


Approximately 90% of buildings in the sample are described as low-rise (less than three
stories), with most of these having between five and 79 units;



Almost all buildings are heated with conventional technologies, with a very small
percentage reported to be heated by air source heat pumps (ASHPs);



About one-third of the buildings are senior housing;
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The mean age of respondents (head of household) is greater than 60 years;



Over one-half of primary wage earners are retired;



About two-thirds of households are single-person (i.e., single occupant); and



About one-half of respondents self-identify as members of a racial or ethnic minority.

At the time of this preliminary analysis, 86% of the CwT buildings represented by this sample had
provided installed-measures data. The most frequently installed measures are improvements in
lighting – within unit (54%), hallway/stairwell (42%) – followed by heating system replacements
(42%), air sealing and insulation (42%), and domestic hot water (38%).
Most NEIs improved post-weatherization. Comparing the post-weatherization (CwT) survey
responses to responses from the combined pre-weatherization groups (T and C), preliminary
results suggest that draftiness, dustiness, intrusion of outdoor noise, and presence of mold have
been reduced. However, some common SF NEIs found in previous research, such as reduction
in pests and other infestations, have not been reported by MF respondents.
Indicators of health and other household factors have improved as well, including the following:


Reduction in asthma flares requiring medical treatment;



Reduction in thermal stress;



Reduction in missed days of work;



Improvements in rest and sleep;



Reduction in the needs for food assistance;



Improvements in ability to pay for prescriptions; and



Reductions in households trading off paying utility bills and buying food.

Table 1 and Table 2 present initial annual and present value (PV)2 estimates of the core NEIs,
respectively.3 We calculated these estimates using simple rates of change (+/-) indicated by the
preliminary survey results and measures installed, and applicable secondary scientific and cost
data sources. 4 Additional survey responses and installed-measures data will likely lead to
adjustments in the monetary valuation of the core NEIs for the final Phase 1 analysis.
Due to observed differences in characteristics between the sample groups in this partial data set,
there is substantial uncertainty surrounding the point estimates of the rates of change and the
resulting NEI values. If analysis of the full data set reveals that the sample groups within the full
2

The PV was calculated using the same discount rate recommended by the PAs for the LISF study (0.44%). The
study team used ten years for the lifetime of the measure (rather than the 20 years used for the LISF).
3
Based on conversations among the study team, the team decided that any estimated NEI value would be
constrained by zero if the monetization produced a negative NEI value. Thermal stress-hot and Trips and Falls are
two such NEIs.
4
The team modified estimated values for both hot and cold thermal stress since the submittal of the draft report after
identifying extreme outliers for a single record. We identified the outliers through standard deviation values and stemand-leaf plots for four survey variables associated with the “Number of times” for all care settings for both thermal
stress hot and cold. These extreme outliers substantially influenced the means used to calculate the estimated
values. We revised the data to account for the skewed distribution by reducing the extreme data points to a count of
"1" (not 0 since the respondent said yes to seeking treatment).
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data set are still significantly incompatible, the study team will use regression models or a
weighting approach to control for demographic and other non-treatment cross-sectional
differences. The study team will also explore a bootstrapping analysis to estimate the range of
the uncertainly intervals for the aggregate NEI values. Based on feedback from external reviewers
and the PAs, the full analysis may exclude NEIs that are not statistically defensible.

Table 1: Estimated Impact – Annual Per Weatherized Unit
(With and Without Value of Statistical Life [VSL])

Asthma
Thermal stress
– hot1
Thermal stress
– cold1
Food
assistance
Trips and falls
(inside)
CO poisoning
Low-birth
weight infants
Missed days of
work
Prescription
medications
Short-term
high interest
loans
Home
productivity
Reduced fire
risk
Work
productivity
Annual Total
per unit

Household

Household
W/O VSL

Societal

Total

Total W/O
VSL

$35.55

$35.55

$1,145.64

$1,181.19

$1,181.19

$0.00

$0.00

$0.00

$0.00

$0.00

$5.95

$5.95

$21.24

$27.19

$27.19

$0.00

$0.00

$113.79

$113.79

$113.79

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$3.25

$3.25

$3.25

$48.61

$48.61

$14.52

$63.13

$63.13

$0.00

$0.00

$61.16

$61.16

$61.16

$7.52

$7.52

$0.00

$7.52

$7.52

$24.22

$24.22

$0.00

$24.22

$24.22

$12.95

$2.07

$4.05

$17.00

$5.97

$0.00

$0.00

$9.93

$9.93

$9.93

$134.80

$123.92

$1,373.58

$1,508.38

$1,497.50

1

The team modified estimated values for both thermal stress hot and cold since the submittal of the draft report
after identifying extreme outliers for a single record.
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Table 2: Estimated Impact – Present Value Per Weatherized Unit
(With and Without Value of Statistical Life [VSL])
Household

Household
W/O VSL

Societal

Total

Total
W/O VSL

$347.08

$347.08

$11,183.89

$11,530.97

$11,530.97

$0.00

$0.00

$0.00

$0.00

$0.00

$58.04

$58.04

$207.32

$265.36

$265.36

Food assistance

$0.00

$0.00

$1,110.84

$1,110.84

$1,110.84

Trips and falls
(inside)

$0.00

$0.00

$0.00

$0.00

$0.00

CO poisoning

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$31.73

$31.73

$31.73

$474.54

$474.54

$141.75

$616.29

$616.29

$0.00

$0.00

$597.06

$597.06

$597.06

$73.41

$73.41

$0.00

$73.41

$73.41

$236.44

$236.44

$0.00

$236.44

$236.44

$126.42

$20.21

$39.54

$165.96

$59.75

$0.00

$0.00

$96.94

$96.94

$96.94

$1,315.93

$1,209.72

$13,409.07

$14,725.00

$14,618.79

Asthma
Thermal stress hot
Thermal stress cold

Low-birth weight
infants
Missed days of
work
Prescription
medications
Short-term high
interest loans
Home
productivity
Reduced fire
risk
Work
productivity
PV Total—per
weatherized
unit

Overall, the preliminary results support the hypotheses that (1) improving the energy efficiency of
LIMF buildings results in positive monetary valuation of NEIs, and (2) both NEIs and NEI values
are different for residents of MF housing than for residents of SF homes. When we compare the
monetary results between the LISF and the LIMF study, we see more differences than similarities
(see Table 3 and Appendix B). For example, while the preliminary estimated monetary value of
the Home Productivity NEI is roughly equivalent, all other LIMF NEIs apart from Asthma are much
lower than the LISF NEI values. The data reveals that the prevalence and incidence of asthma
flares in the sample of MF households is higher than was found in the previous survey of SF
households.
The RS asked questions for which the results could provide the foundation for the estimation of
approximately two dozen additional NEIs. Based on the preliminary results, expectations about
the magnitude, and whether the observed change appears to be policy relevant, over a dozen
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additional NEIs could be the focus of new monetization research. These include arthritis, diabetes,
headaches, utility disconnections, odors, noise, food loss, refrigerated medicines, and electrical
medical equipment.

CONCLUSIONS AND RECOMMENDATIONS
The preliminary monetization of the core NEIs suggests that there are considerable health and
household-related LIMF NEIs that can be attributed to weatherization. The demographics of the
survey respondents and their self-reported health conditions differ enough from those upon which
the LISF study was based to further justify the study team’s assertion that SF NEI values should
not be generalized to the MF sector.5
Analysis of the full data set while addressing any statistically significant incompatibilities between
sample groups will likely lead to adjustments in the monetary valuation of the core NEIs for the
final Phase I analysis. Additionally, the current sample size is insufficient to draw final conclusions
about the statistical significance of the results for those NEIs that will continue to be measured
using a cross-sectional approach for analysis. For NEIs that rely upon a matched-pairs analysis,
such as asthma, Phase II survey data will be critical for determining measured differences
between the pre- and post-weatherization environments. Thus, we cannot recommend final NEI
values until we complete data collection for Phase II. However, for planning purposes, the study
team recommends that the PAs adopt the preliminary single point estimate for NEIs presented in
the final column in Table 3.

5

Data collected as part of the WAP evaluations found that households living in MF buildings are, on average, of a
lower socio-economic status than residents of SF homes. Household sizes in SF homes are larger than households
in MF units (2.4 individuals versus approximately 1.4, respectively). The percentages of elderly and minorities are
higher in MF homes than the SF homes. These demographic characteristics, and more, are also related to different
rates of pre-existing health conditions, which are related to several potential NEIs. In addition to demographic
differences, the differences in stack effects between SF and MF buildings is another reason why SF results should
not be generalized to the MF sector.
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Table 3: Recommended Estimated LIMF NEI Values
NEI
Asthma
Household
Thermal Stress - Hot
Household WITH VSL
Household w/o VSL
Thermal Stress - Cold
Household WITH VSL
Household w/o VSL
CO
Household WITH VSL
Household w/o VSL
Missed Days of Work
Household
Short-Term Loans
Household
Home Productivity
Household
Fire
Household WITH VSL
Household w/o VSL

LISF

LIMF

Recommended LIMF
NEI values

$9.99

$35.55

$35.55

$145.93
$8.28

$0.00
$0.00

$0.00
$0.00

$463.21
$4.67

$5.95
$5.95

$5.95
$5.95

$36.98
$0.25

$0.00
$0.00

$0.00
$0.00

$149.45

$48.61

$48.61

$4.72

$7.52

-

$37.75

$24.22

$24.22

$93.84
$9.77

$12.95
$2.07

$12.95
$2.07

We also estimated NEIs at the measure level, following the procedures used in the 2011 NMR
study for all measures except CO and Fire detectors. Specifically, we assigned a portion of a
given NEI value to relevant individual measures based on the percent of energy savings for which
the measure was responsible. Using program tracking data for 27 CwT facilities provided by the
PAs, we converted all measure-level gross energy savings for weatherization measures (air
sealing, insulation and heating systems) to MMBTU and calculated the percent of total
weatherization savings each measure accounted for. These results are reported in Table 4.
We included in Table 4 estimates for CO monitor and smoke detector installation as placeholder
values, in the event that the PAs install these measures in the future. (Even though the current
study found no CO monitors or smoke detectors installed.) The NEI for CO is based on CO
monitor installation. For this reason the entire value is applied to projects that include safety
reviews and installation of CO monitors, and the NEI uses the same value as reported in the LISF
study.6 Similarly, for reduced home fires, we used the same measure-level risk reduction factors
as were used in the LISF study. 7

6
7

Three3 and NMR 2016
Three3 and NMR 2016
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Table 4: Apportionment of NEI Values to Individual Measures

Notes:
(1) The revised value reflects NMR's 2011 estimate of $101 for Thermal Comfort plus half of Three3's estimate for Increased Home Productivity (one-half of $24.22, or $12.11) to account for
potential overlap.
(2) With the exception of Reduced CO Poisoning and Reduced Home Fires, the NEIs are apportioned based on the relative percentages of the average energy savings across those measures
that are relevant and applicable to each NEI, as analyzed and computed from PA data for facilities included in the LIMF study.
(3) NMR’s 2011 estimate for the Improved Safety NEI ($45.05) was based on an analysis of avoided deaths from fire-related CO poisonings ($6.38) and avoided fire deaths, injuries, and property
damage (totaling $38.67) due to heating system replacement only. In the LISF study, Three3 was able to estimate the reduction in fire risk on a measure-by-measure basis. We use the same
estimates of risk reduction for the LIMF study, the results of which are reflected above. The LIMF study found no evidence of CO monitor or smoke detector installation. But if safety inspections are
included and address CO monitors and / or smoke detectors, the NEIs in this table apply. The revised NEI for CO Poisoning is based on CO monitor inspection/replacement/installation and therefore
applies as a whole to a safety review that includes review, replacement and/or installation of CO monitors (i.e., is not apportioned among measures). The portion of the NEI for Reduced Home Fires
attributable to smoke detectors ($0.76) is to be applied to each measure that involves the safety review, replacement and/or installation of smoke detectors.
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Given the concerns surrounding double-counting of NEIs derived from energy bill savings, the
PAs did not adopt the Short-Term, High-Interest Loan NEI for the 2016 LISF study. NMR stated,
in the LISF report, that “While bill savings and avoided costs partially overlap, they typically differ
in part because bill savings are based on average retail savings to participants while avoided
costs are based on marginal energy supply costs that are avoided because of the PAs’ energy
efficiency programs. Including participant bill savings as a benefit would require including a similar
cost in the form of lost PA revenues, thus negating the bill savings benefit.” 8 Since the traditional
cost tests are still in use, the study team recommends that the Short-Term High-Interest Loan
LIMF NEI not be counted, though it could be considered if a different cost were used in the future.
Lastly, we recommend that the study team and the PAs initiate a dialogue surrounding pursuing
monetization of another dozen NEI candidates to be included in the final analysis (see Section
A.2).

8
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1
Section 1

Introduction

This report presents preliminary results from the first phase of a study conducted by Three 3, Inc.
and NMR Group (the study team) as part of the Special and Cross-cutting NEIs contract. The
study team was tasked by the Program Administrators (PAs) of the Commonwealth of
Massachusetts to evaluate the health and safety-related non-energy impacts (NEIs) attributable
to improvements in the energy efficiency (EE) of income-eligible multifamily (MF) buildings served
through the Mass Save® program. The study addresses MF buildings 9 of various types and
functions.
These preliminary results are based on a partial data set and are intended only to inform the PAs
in planning for 2019-2021. Later in 2018, the study team will deliver a comprehensive report with
final results based on complete data.
The research objectives include the following:


Estimate the value of impacts of weatherization services on low-income multifamily (LIMF)
households by calculating money saved, or the dollar value of costs avoided, due to
changes in health issues, energy affordability, and household financial situations.



Gain insights into how health and safety impacts may differ across the following:
o
o
o

Building types (e.g., low-rise, high-rise)
Building functions (e.g., family, senior, supportive housing)
Populations

This study is being conducted in conjunction with a larger regional evaluation managed by Three 3
and Seventhwave through a grant awarded by The JPB Foundation (JPB) to estimate the health
benefits of weatherizing affordable MF buildings.10 JPB provided this grant to support its national
initiatives, such as its Energy Efficiency for All (EEFA) program and the Network for Energy, Water
and Health for Affordable Buildings (NEWHAB). These initiatives encourage increased funding
for the weatherization of affordable MF buildings. JPB understands that additional quality
research-based evidence is needed about the health and household-benefits of weatherization to
improve policy decision-making in this area. Ultimately, the findings from this implementation
grant are intended to support state-level policy-making.
The two studies are being conducted simultaneously, using similar research designs and the
same survey instruments. For example, research participants in both studies comprise the same
demographic: residents of affordable MF buildings that fall into one of the three research groups
listed below.

9

MF buildings have five or more residential units.
The first JPB grant, awarded to Three3 and Seventhwave, was a planning grant that funded the development of a
research design, based on feedback from stakeholders and subject matter experts, and the development of all survey
and research tools. The second JPB grant is funding the implementation of the aforementioned research design.
10
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1. Comparison with Treatment (post-weatherization that was performed no more than ten
years earlier)
2. Treatment group (pre-weatherization – buildings scheduled to be weatherized)
3. Control (buildings not scheduled to be weatherized, or that were weatherized more than
ten years earlier)
To reduce costs and improve data quality, both projects are administering the same Resident
Survey (RS) instrument via the Center for Applied Research and Evaluation (CARE) of the
University of Tennessee. Funding from the TXC50 LIMF NEI project supports data collection in
Massachusetts, while funding from the JPB project supports data collection in other cold climates
states, including Illinois, Minnesota, New York, Rhode Island, Vermont, and Wisconsin. The
results reported from this preliminary analysis are derived from aggregated data from both
projects in order to increase sample size. The JPB data collection process will continue into
September 2018. We expect the final analysis to be based on at least double the sample size in
this analysis.
Based on our previous research, it appears that there are substantial differences between the
demographic characteristics of households living in MF versus SF homes and in their surrounding
communities. 11 There are also substantial differences between MF and SF building stock,
functioning, and weatherization measures. For these reasons, research on the health and
household-related NEIs for SF homes cannot be generalized to the MF sector. Compared to SF
households, relatively little research has been conducted on the NEIs of MF households. This
report provides preliminary estimates of the magnitude of key characteristics of MF households
that are related to the NEIs of interest, and evidence to support developing MF-specific NEI
estimates.
The report begins with an overview of NEIs and how the study team conceptualizes their
connection with weatherization (Section 2), followed by a summary of methodological approach
(Section 3). Section 4 presents preliminary descriptive statistics illustrating differences between
MF and SF households and building stock from in-field data collection; installed measures
reported by participating agencies; and RS findings on reported changes in health or liveability of
homes, energy affordability, and household financial situations. Section 5 provides an overview
of the monetization approach and presents preliminary values from NEI monetization.

11

(Tonn et al. 2017)
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Table 22 and Table 23 introduce both the preliminary annual and present value (PV)12 monetary
values for the core NEIs, respectively.
Appendix A includes monetization algorithms, secondary data sources and inputs, and the
monetary values estimated for each core NEI. Appendix B presents descriptive statistics for NEIs
recommended by subject matter experts for additional assessment, along with recommendations
by the study team of NEIs proposed for additional exploration and monetization for the final
analysis.

12

The PV was calculated using the same discount rate recommend by the PAs for the LISF study (.44%). The study
team used ten years for the lifetime of the measure (rather than the 20 years used for the LI SF).

12

2
Section 2

Overview of Non-Energy Impacts

2.1 NON-ENERGY IMPACTS FRAMEWORK
An extraordinarily important but overlooked benefit of low-income weatherization is the
prospect of overall improvement in human health and wellbeing. Figure 1 captures the
complex relationships between weatherization and impacts on human health. This
comprehensive conceptual framework recognizes that weatherization can provide many
direct and second-order benefits to households, and that increases in income can result in
expenditures that yield societal benefits.
Weatherization has the potential to directly change the physical condition of the home,
resulting in two major impacts. First, these changes have direct impacts on resident health
and safety. For example, improvements in dwelling quality reduce exposure to known asthma
triggers, thereby reducing the incidence of acute asthma symptoms (e.g., from a collective
reduction in home-based environmental triggers including mold, dust, exposure to extreme
temperatures, and psychosocial stress). Weatherization can reduce risks of thermal stress
on occupants13 and also reduce health risks associated with home fires and carbon monoxide
(CO) poisoning.14 15 Second, EE improvements result in energy cost savings, as well as cost
savings in other areas.16
Improvements in household members’ health and financial situations result in a virtuous cycle
of positive feedback effects that reinforce and amplify each other.17 Improved health of those
employed and of school-aged children can result in reduced missed days of work and school,
directly and positively impacting household budgets. Improved budget situations allow
households to better afford food, pregnant women to avoid “heat-or-eat” predicaments (Frank
et al. 2006), individuals to comply with prescription drug recommendations, and households
to afford other healthcare expenses. These in turn have additional positive impacts on

13

For example., air sealing and insulation decrease drafts and unsafe temperatures inside the home, and
improve the resilience of homes during extreme weather events.
14
Through the installation of CO monitors and ensuring that combustion appliances vent properly.
15
It should be noted that asthma rates are higher than the national averages amongst low-income individuals
(Rose, Hawkins, Tonn 2015). Additionally, thermal stress is another example of a national health inequity
(Madrigano 2013) and is expected to worsen over time due to the observed increased in frequency and duration
of heat waves attributable to climate change (Wu et al. 2014).
16
For example, reduced costs for water, and utility disconnect and reconnect fees.
17
The distinction between “double counting” or a positive feedback effect has been a topic of debate. There are
different schools of thought on this topic. For example, there was much discussion during the LISF study
regarding the Short-term High-Interest Loans” NEI. Ultimately this NEI was not recommended for adoption by
the MA PAs. It is of the opinion of the study team that this NEI could emerge absent of any cost savings. For
example, if the primary wage earner missed fewer days of work because of improvements in their own health
and/or others in the household, then the extra income by itself could reduce dependence on predatory loans to
meet budget needs. Though it is also not clear if the PAs could claim both the direct benefit, i.e., the extra
income, and the indirect or ‘positive feedback’ benefit of savings due to reduced dependence on predatory loans
that could be attributed to the extra income.
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household members’ health. With improved budget situations, households may depend less
on the use of predatory short-term, high-interest loans for paying their bills, which further
reinforces the positive feedback effects between budget and health impacts.
One research goal is to collect data on both installed measures and health changes to gain
insights into how weatherization measures have direct and indirect impacts on health and
social outcomes. In many cases, comprehensive weatherization of homes is required to
produce the most impactful health outcomes. For example, air sealing, insulation,
heating/cooling system replacements and efficiency, and mechanical ventilation are a few
weatherization measures that can reduce the frequency of exposure to asthma triggers.
Ultimately, comprehensive weatherization of homes is needed to induce most health impacts,
including reducing thermal stress, flus and colds, and headaches. It should be noted that
most of the health impacts accrue from the installation of standard weatherization measures
to save energy, and not from the installation of other health and safety measures. 18,19
Additionally, there are instances where certain measures can unilaterally impact health. For
example, installing CO monitors can reduce CO poisoning, and installing smoke detectors
can reduce injuries and deaths from home fires. Lowering the temperature on water heaters
to save energy can also potentially reduce the number of incidents of scalding. Installing
energy-efficient and superior lighting technologies can lead to reductions in trips and falls
both inside and outside of MF buildings. Replacing inefficient and deficient refrigerators can
reduce instances of food poisoning and food loss.

18

Health and safety measures include but are not limited to repair of unsafe combustion appliances; grab bars
in the bathrooms; installation/repair of railings; and repair of damaged light fixtures, steps, carpet, and linoleum.
19
Tonn et al 2014; Tonn et al. 2018.
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Figure 1: How Weatherization Can Yield Health Impacts

2.2 EXPANSION OF NON-ENERGY IMPACT RESEARCH
Research into the potential health and household-related NEIs of low-income weatherization
continues to evolve. The work undertaken in this study and by JPB are at the forefront of
such research. This research has several components, including: expanding the set of NEIs
to consider for monetization; improving the algorithms used to estimate the monetary value
of NEIs; and improving the primary and secondary data required as inputs into the algorithms.
This section addresses the first of these components: the new NEIs we are exploring for
consideration.
To address this component, we developed a more detailed NEI framework than Figure 1.
This second framework, which is illustrated in Figure 2, presents a more detailed depiction of
the relationships between weatherization and its direct, secondary, and tertiary impacts on
health. For example, weatherization can directly improve indoor air quality (IAQ). IAQ
improvements can reduce asthma flares, which is one of the NEIs monetized in this
preliminary report, and additional respiratory diseases. Our preliminary results suggest that
weatherization has a positive secondary impact on chronic obstructive pulmonary disease

15
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(COPD). Note also that improvements in thermal comfort can reduce both the triggers that
lead to asthma flares and psychosocial stress.
The model below additionally posits that improvements in household budgets can lead to
improvements in nutrition, as fewer households report trading-off buying food to pay their
utility bills. Improved nutrition can lead to reduced obesity and improved overall health. Along
another path, improved thermal performance can reduce indoor thermal stress, which can in
turn reduce arthritis symptoms via decreased pain which could spur individuals to increase
their physical activity. These direct impacts can, in turn, synergistically and positively impact
cholesterol levels. Lastly, as indicated in the diagram, the relationships between
weatherization and psychosocial stress are complex. A few of the direct impacts of
weatherization can also directly reduce individuals’ stress levels. For example, reducing
energy costs can reduce challenges surrounding household budgets, which can improve both
quality of life and general health. Improvements in health, ranging from decreased asthma
flares to feeling more rested and getting more sleep, can also reduce psychosocial stress.
Reductions in stress, in turn, can have health impacts, from reducing headaches to improving
sleep to reduced stress hormone levels, which in turn improves cardiovascular health.

Figure 2: Relationships Between Weatherization and Health Benefits
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2.3 NEIS MONETIZED AND EXPLORED
Table 5 presents 13 of the NEIs shown in Figure 2 that previous research conducted by the
study team and others have been shown to have defensible, monetizable impacts. These are
the NEIs prioritized for preliminary analysis and monetization via this study. Throughout this
report we refer to these as “core” NEIs. The study team, PAs, and other stakeholders
considered multiple factors in selecting this set of NEIs: (1) strong theoretical basis for
applicability to the MF sector; (2) well-established monetization approaches found in practice
(e.g., in sources such as WAP evaluations or the MA LISF NEI Study); and (3) resources and
availability of data to analyze the change in conditions rigorously and to attribute observed
changes to the weatherization programs or measures. Results from this preliminary analysis
are presented in Section 4 and Section 5.
In addition to questions to monetize the core NEIs, the RS contains questions to explore
additional, non-core NEIs and to explore new possible secondary and tertiary NEI candidates,
such as COPD, arthritis, and diabetes. The RS also includes questions associated with
situations that have been shown to impact financial stability, such as utility disconnection
notices and disconnections, the need for energy assistance, and infiltration of noise pollution
and unpleasant odors. Several RS questions address the overlap between health issues and
building systems resilience. For example, residents living in MF buildings without any backup
generation systems could that experience a prolonged power outage resulting in degraded
refrigerated medicines, inoperable electric medical equipment, and limited accessibility to
medical care. The survey asked respondents about the risks they might face from a power
outage. Table 6 lists 21 additional NEIs to be assessed for monetization. Appendix A contains
survey results related to these NEIs.
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Table 5: NEIs Prioritized for Exploration
Household
Benefit

Societal Benefit

Asthma

X

X

Thermal stress (from exposure to extreme cold
temperatures)

X

X

Thermal stress (from exposure to extreme hot temperatures)

X

X

NEIs
“Core” NEIs – Prioritized for Exploration

Reduced need for food assistance (WIC)
Missed days of work

X
X

Prescription adherence

X

Short-term, high-interest loans

X

Home productivity

X

Work productivity

X

Fire

X

X

Trip & falls (inside units, in common areas)

X

X

Low-birth-weight babies

X

X

Carbon Monoxide poisoning

X

X
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Table 6: Additional NEIs
Household
Benefit

Societal
Benefit

Arthritis

X

X

Burns from being scalded by hot water

X

X

Cardiovascular Disease (CVD), Stroke, Heart Attack

X

X

Chronic obstructive pulmonary disease (COPD), chronic
bronchitis, emphysema

X

X

Diabetes

X

X

Disconnect notices

X

X

Disconnections

X

X

Electrical medical equipment – at risk from power outage

X

X

Forced relocation and residential instability (costs incurred)

X

X

Headaches

X

X

Obesity

X

X

Other medical bills

X

X

Reduction in noise pollution

X

X

Reduction in unpleasant or unhealthy odors

X

X

Refrigerated medicines – at risk from power outage

X

X

Spoiled food – at risk from power outage/ineffective refrigerator

X

Additional NEIs
To Consider for Monetization

To Be Assessed1
Energy assistance

X

X

Lead poisoning

X

X

Mental health and well being

X

X

Missed days of school

X

X

Trip & falls (outside of building)

X

X

1

Because evidence reveals that weatherization impacts these issues, we asked about them in the RS. However,
monetizing these impacts poses methodological challenges that extend beyond this study’s scope, so we will
only assess them in Phase II.
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Section 3

Methodology

In this section, we provide background on the RS instrument and describe the study groups;
outline the process we undertook to develop the sample frame; summarize the Phase I
fielding process, including recruitment, survey distribution, challenges, and current sample
(i.e., completed surveys); and explain the installed-measures database.

3.1 RESIDENT SURVEY
The Resident Survey (RS) is the cornerstone of this research. We leveraged the national
occupant survey used for DOE WAP evaluations20 to develop the instrument, with additional
questions to measure relevant NEIs from the 2016 MA LISF study (e.g., asthma, thermal
stress, missed days of work). We added new questions to explore other health and safety
issues that could be affected by weatherization, such as arthritis, injuries from trips and falls,
and perceptions of safety, 21 and social impact and building systems resilience indicators.
Wherever possible, we drew on existing reputable surveys to develop new questions.
Appendix A pairs the survey questions with the analysis.

3.2 STUDY GROUPS
We stratified the sample into three groups: Comparison with Treatment (CwT), Treatment
(T), and Control (C). The C group is composed of two subgroups: the Non-Program Control
(NPC) and Control on Waiting List (CWL). We define the groups and subgroups in Figure 3.

20

Three3 staff designed the occupant survey, managed the national WAP evaluations, and conducted the health
and household-related impacts attributable to WAP study while employed as research staff under the auspices
of Oak Ridge National Laboratory.
21
The RS asks about trips and falls, in general; trips and falls attributable to poor lighting within the common
areas of the building (e.g., hallways, stairs); and perceptions of safety directly outside the building that may be
correlated with lighting, or the lack thereof.
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In Phase I, we collected data from sites in all three groups. In Phase II, we will collect followup data from respondents in the T and C groups only.

Figure 3. Study Groups

3.3 SAMPLING
We conducted a power analysis to set sample size targets for the number of surveys to be
completed. The power analysis relied on two variables: asthma-related emergency
department (ED) visits and missed days of work. We based our estimates of these variables
on results from the national occupant survey, and used an alpha of 0.1. We set sample size
targets to achieve a confidence interval of 90% or higher, with the assumption that our
analysis would combine MA and JPB results.

3.3.1 Sample Frame Sources
We derived the MA CwT and T sample frames from data provided by the MA PAs and one
CAP (Community Action Program) agency.22 We obtained the sample frame for other states
from numerous lists of eligible buildings provided by state and local agencies, owners of
affordable MF buildings, and utility companies.
Initially, we limited the MA C group to CWL group projects which had gone through the
PA/CAP program intake processes and were deemed eligible but were not expected to be
weatherized before the start of Phase II. After fielding commenced, stakeholders raised
concerns about using sites exclusively from the program. There were three reasons: (1) the
22

Action for Boston Community Development (ABCD) provided data on behalf of Eversource, Columbia Gas,
and Cape Light Compact (CLC).
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list of projects on the PA/CAP waiting lists was relatively small; (2) projects on the waiting list
might be treated during the study period, and therefore no longer qualify as C sites; and (3)
there was a possibility of bias among sites not treated during the study period (i.e., the lack
of treatment might be due to challenges rendering them unrepresentative of the overall
population). Because of these concerns, we used secondary sources to create a NonProgram Control (NPC) group of low-income MF sites in MA not associated with the program.
(See Section 3.3.3 for details.)
Table 7 summarizes the sample frame. The JPB sample frame included six other states from
the Northeast and Midwest. In addition to weatherization status, our original sampling plan
considered rise, number of units, ownership structure, and metropolitan-statistical area
(MSA).23,24 Projects in the sample frame were most often low-rise (less than five floors), in
buildings with fewer than 80 units, and in urban areas. Our recruitment approach originally
attempted to mirror these.

23

The National Center for Health Statistics (NCHS) developed a six-level urban-rural classification scheme for
U.S. counties. We considered the two most urban levels (large central metro and large fringe metro) to be one
metro area and the four most rural levels (medium metro, small metro, micropolitan, and non-core) to be a
second metro area. This site describes the MSA categories and provides the classifications by county:
https://www.cdc.gov/nchs/data_access/urban_rural.htm
24
We considered developing targets by housing function (e.g., senior, family, etc.), but PA data did not widely
capture this characteristic.
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Table 7. Sample Frame Property Characteristics1
Property
Characteristic
n
Rise
Low-rise (< 5 stories)
Mid-rise (5 to 9 stories)
High-rise (10+ stories)
Size (housing units)
5 to 79 units
80 to 149 units
150 or more units
Metro-Statistical Area
Large central and
fringe metro
Medium and small
metro and micropolitan

Comparison with Treatment
Massachusetts
Other States2
Projects Units Projects Units
475
33,597
122
5,414

Treatment
Massachusetts
Other States
Projects Units Projects Units
54
4,287
71
4,097

Control3
Massachusetts
Other States
Projects Units Projects Units
458
4,256
41
3,592

82%
11%
5%

61%
19%
14%

67%
9%
13%

33%
16%
47%

76%
13%
6%

51%
28%
20%

83%
11%
6%

75%
10%
15%

11%
2%
1%

48%
14%
15%

62%
20%
10%

48%
28%
21%

67%
17%
12%

29%
26%
45%

80%
9%
11%

32%
22%
46%

57%
20%
15%

24%
26%
50%

80%
9%
11%

29%
15%
56%

12%
2%
2%

35%
26%
39%

54%
24%
22%

22%
28%
50%

75%

71%

44%

27%

69%

74%

46%

33%

91%

68%

49%

59%

25%

29%

56%

73%

31%

26%

54%

67%

7%

32%

51%

41%

1

Percentages may not total 100% because property characteristics were not always available.
include Illinois, Michigan, Wisconsin, New York, Rhode Island, and Vermont.
3 Includes only sites for which we could verify or clearly observe eligibility.
2 States
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3.3.2 Classifying Projects’ Weatherization Status
We used program participation data fields such as Application Status and Project Status to
preliminarily classify MA projects into study groups, using the following order of operations:


Comparison (CwT). If a project’s Application Status was designated in the database as
paid, invoiced, or installation complete, or if the Project Status was completed prior to
March 2017, we classified them as CwT.



Treatment (T). We classified projects with Application Status of audit complete or Project
Status of audited/work pending, installation contractor selected, or contract signed as T
projects.



Control (CWL). If a project did not have an install date and had an Application Status of
pre-audit or a Project Status of not yet audited, we placed them in the CWL group.



Excluded. If sites were unlikely to be MF based on the ratio of number of housing units to
buildings (i.e., an average of less than five units per building), weatherized after March
2017, listed as canceled, or for any other reason appeared to be currently in the process
of receiving weatherization services, then we excluded them from the sample.

Recruiters verified each site’s status by asking when weatherization services were last received,
when the building was built, and near-term plans for receiving weatherization services. We
considered a site to be weatherized if within the past ten years it had been insulated, been air- or
duct-sealed, or had energy-efficient heating or cooling equipment installed. We also considered
sites built in the last ten years as weatherized. Figure 4 maps the classification process. To qualify
as a T project in Phases I and II, a site had to have been weatherized within two months before
and two months after the Phase I site visit.
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Figure 4. Weatherization Classification Process

3.3.3 Developing a Non-Program Control Group
As noted, we used secondary resources to develop the NPC group. For MA sampling, this
involved contacting roughly 50 housing authorities, reviewing publicly listed properties through
community and economic development corporations, and cataloguing over 250 low-income
properties using the Boston Metrolist, a clearinghouse of income-restricted and affordable
housing opportunities in Boston and neighboring communities, posted by the city of Boston.25 The
broader JPB study undertook similar types of research to develop their sample frame for other
states, too.
We also collaborated with the RES38 Income-Eligible Process Evaluation team who prepared a
database of income-eligible properties in MA using property tax data. Additionally, as in other JPB
states, our MA recruiters asked all property managers (not just C group property managers) if
they managed or owned other sites that they did not expect would receive weatherization in the
coming two years.

25

https://www.boston.gov/metrolist
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Our C sample frame did not encompass all possible C sites due to the following reasons:


Not all housing authorities and property management agencies of NPC properties were
willing to speak with us about their properties. Site characteristics were not always
available in the publicly available lists (Section 3.4 discusses recruitment rates).



Not all PA/CAP sites met study eligibility criteria. Of the 535 MA sites we contacted, 83
(16%) were ineligible.26



RES38 data (property tax data) had the site details needed to determine if they met study
eligibility criteria. In an attempt to mirror population characteristics, we prioritized sites
based on their size and metro area and contacted 80 of them.27 Fifteen percent (12) were
ineligible.

3.3.4 Air-Source Heat Pumps
The PAs asked the study team to prioritize projects where air-source heat pumps (ASHPs) were
installed with program support.28 Given the potential for additional health and safety impacts for
ASHPs, including those associated with cooling, and PA concerns about the cost-effectiveness
of ASHPs, assessing health and safety characteristics of those projects may offer the opportunity
for NEIs to be factored into the measure’s cost-benefit ratio. The sample frame included 24 sites
which program data indicated had ASHPs installed through the program: one CWL, three T, and
20 CwT. The team attempted to contact and recruit all sites with ASHPs and looked for ASHPs
while on site to capture sites which may have them but were not captured in the original program
data. We visited five sites with ASHPs.

3.4 FIELDING
From January through June 1, 2018, the team visited 67 sites in MA and 132 in the other states.
We distributed 2,629 survey packets to MA residents and have distributed 2,767 survey packets
to residents outside of MA (to date), interviewed the property managers, sketched building floor
plans, recorded building orientation, and photographed and characterized central heating and
cooling equipment.

3.4.1 Recruitment and Site Visits
We noted above how our recruiters verified each site’s status by asking property owners or
managers when weatherization services were last received, when the building was built, and
near-term plans for receiving weatherization services. Recruiters also confirmed building
attributes such as number of units and buildings, rise, ownership structure, and function. To
participate in the study, property managers needed to be able to provide us entry to the buildings
to enable us to distribute the survey packets.
Once on site, staff distributed survey packets to residents by hanging a bag containing a paper
survey, cover letter, project description, informed consent form, and a postage-paid envelope on
26

On average, each C site was contacted over three times, T site over six times, and CWT sites about three times.
The RES38 data included over 1,700 properties.
28
This was ultimately only relevant for CwT sites since we had to conduct census sampling for T and CWL sites.
27
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residents’ doors. Given that household contact information was unavailable, this participant
recruitment approach was judged to be the most effective available. The survey packet cover
letter invited occupants to respond to the survey via one of three modes: the paper version we
distributed, an online format, or by phoning a call center. We distributed multi-lingual paper and
web surveys where appropriate. 29

3.4.2 Challenges
The study sample sizes have not been as large as planned. First, property managers have often
been unresponsive to our recruitment efforts. Mid-fielding, we began offering property managers
an additional $100 to allow us on site. Table 8 shows MA recruitment statistics. Because the T
group sample frame was small, we made more contact attempts than usual; on average, we
contacted the 54 T sites more than six times to complete 13 site visits.

Table 8. Site Recruitment Summary
(Massachusetts Only)
Statistic
Sites Contacted1
Confirmed Eligible2
Confirmed Ineligible
Unresolved
Refused
Average Contact Attempts
Sites Visited
Recruitment Rate3

Comparison with
Treatment
435
8%
13%
61%
18%
2.6
33
8%

Treatment

Control

54
24%
24%
2%
50%
6.1
13
24%

405
5%
9%
73%
13%
3.2
21
5%

1

We did not contact all CwT and C sites because, in an effort to achieve balance across groups, we needed to
focus on our lagging T group.
2
This includes sites that cancelled their scheduled visits and were ultimately counted as “refused”.
3
Includes completed visits only.

We expected a survey response rate of 33% but experienced an initial response rate of only 6%
after four weeks of fielding. As a result, we lifted over-representation limitations30 and undertook
the steps below to increase survey response rates. Since implementing these steps, the MA
survey response rate has risen to 17% (the response rate in other states is higher, ranging from
26% in Illinois to 32% in Wisconsin with these additional steps, too).


Distributed flyers to common spaces notifying residents about the survey packets they
received

29

During recruitment, we asked property managers to estimate the percentage of households with adult occupants
where English was a second language; if they represented greater than or equal to 30% of units, then we distributed
surveys in both English and Spanish to each unit. If property managers were certain that a unit’s occupants spoke
neither English nor Spanish, we did not leave a packet at that unit to minimize cost associated with printing,
packaging, and postage. For JPB, we incorporated Mandarin and Russian versions as well.
30
Initially we limited the number of units sampled at larger buildings (i.e., buildings within 80+units) to prevent overrepresentation by an individual site.
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Provided property managers with an advanced notice email (which provided background
about the study) that they could distribute to their residents



Increased the incentive for residents to complete the survey from $20 to $25



Knocked on doors during site visits to “personalize” the effort and answer residents’
questions



Offered an “instant” gift card for same-day survey completion (versus being mailed a gift
card after completing the survey at a later date)



Re-visited the site to deliver postcard reminders and distribute reminder flyers for common
spaces



Provided property managers reminder email templates to encourage residents to
complete the survey

3.4.3 Characteristics of Current Sample
The team sought to represent the population by drawing an unbiased sample that was
representative of the larger population. The study design set targets of over 1,500 completed
surveys across all states. Given the challenges with recruitment and completion rates, we could
not be selective in our sampling approach, so the characteristics of buildings that comprise the
current sample do not perfectly represent the population. In addition, the rate at which households
responded to the RS varied from building to building. Table 9 profiles the 209 buildings of the 813
households that completed the surveys. For example, 61% of CwT surveys come from
households in low-rise buildings while 91% of CwT respondents’ buildings are low-rise. 31
Appendix D estimates final sample sizes.

31

We did not weight survey results.
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Table 9. Surveys Completed and Sites Visited
(All States, Phase I)
Characteristic1
Total
Rise
Low-rise (< 5 stories)
Mid-rise (5 to 9 stories)
High-rise (10+ stories)
Size (housing units)
5 to 79 units
80 to 149 units
150 or more units
Ownership
Apartments,
condominiums, & private
Non-profit and public
Unknown
Housing Function
Family
Mixed Use
Senior
Metro-Statistical Area
Large central and fringe
metro
Medium and small metro
and micropolitan
Region/State
Illinois
Midwest
Wisconsin
Vermont
Northeast
New York
Massachusetts
1
2

Comparison with
Treatment
Buildings
HHDs2
79
302

Treatment

Control

Buildings
34

HHDs
128

Buildings
96

HHDs
383

91%
6%
3%

61%
28%
11%

94%
6%
0%

71%
29%
0%

92%
7%
1%

75%
20%
5%

62%
34%
4%

51%
36%
13%

88%
9%
3%

74%
12%
14%

69%
10%
21%

44%
27%
29%

54%

57%

29%

29%

61%

68%

46%
0%

43%
0%

44%
26%

42%
29%

28%
10%

21%
11%

63%
6%
30%

32%
13%
55%

38%
15%
47%

32%
17%
45%

44%
38%
19%

43%
34%
23%

39%

30%

62%

52%

60%

76%

61%

70%

38%

48%

40%

24%

16%
16%
3%
3%
62%

15%
3%
0%
17%
65%

0%
6%
0%
24%
71%

0%
2%
0%
30%
68%

48%
11%
0%
0%
41%

55%
3%
0%
0%
41%

Percentages may not sum to 100% due to rounding.
HHDs = households

3.5 INSTALLED-MEASURES DATA
The research efforts have yielded three sets of data: (1) RS results, (2) building characteristics
and conditions observed on site, and (3) weatherization measures installed in participating
buildings, or “installed-measures” data. The installed measures data informs NEI estimates and
allows us to correlate specific NEIs with specific measures or combinations of measures installed.
We extracted many of the questions for our Installed Measures Data Collection Form (IM-DCF)
from the WAP evaluations. We programmed our IM-DCF as a fillable PDF data form and asked
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weatherization agencies to complete it for every participating building in our sample. While our
IM-DCF design was intended to reduce the data collection burden for implementers, it has been
more challenging than expected for two reasons:


In MA, identifying which agency served which building is complex, as buildings are often
served by two different agencies or vendors, one installing measures related to gas, and
the other installing lighting or additional electric measures.



Second, the agencies report being overwhelmed with data requests and explain that the
data are not always readily available.

To date, we have received installed-measures data for 86% of CwT group sites. We will soon
begin verifying which T group buildings have been weatherized so that we can issue more data
requests.
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4
Section 4

Descriptive Statistics

As we noted in the Introduction, our previous research suggests that there are substantial
differences between MF and SF buildings, the households who live in them, and the communities
in which they are located.
There are several construction design and weatherization reasons that the health- and householdrelated NEIs experienced by residents of MF buildings could be different than those reported for
SF households. For example, from a building science perspective, SF homes and MF buildings
function differently with respect to heating, cooling, and ventilation. Many MF buildings have
central heating and hot water systems serving multiple units, while SF homes each have individual
systems. While stack effects are present in both types of housing, they can be much more
complicated in MF buildings due to shared walls between units, multiple floors, and elevator
shafts. Often, the kitchen and bathroom are unable to be effectively exhausted to the outside in
MF buildings. Additionally, ‘packages’ of weatherization measures installed in SF differ from those
installed in MF buildings. Major MF weatherization projects focus on replacing central heating
systems, installing energy management systems, and insulating roofs rather than insulating or
air-sealing individual units.
Differences in demographic characteristics of the SF and MF populations could also drive
differences in that the health- and household-related NEIs experienced by residents of each type
of dwelling. Data collected as part of the WAP evaluations found that households living in MF
buildings are, on average, of a lower socio-economic status than residents of SF homes.
Household sizes in SF homes are larger than households in MF units (2.4 individuals versus
approximately 1.4, respectively). The percentage of elderly and minorities are higher in the MF
space than the SF space. These demographic characteristics, and more, are also related to
different rates of pre-existing health conditions, which are related to several potential NEIs.
For these reasons, it is not appropriate to generalize from research on the health and householdrelated NEIs for households residing in SF homes to households residing in MF homes. Relatively
little research has been conducted on the NEIs of MF households. This section provides
preliminary estimates of the magnitude of key characteristics of MF households that are related
to NEIs of interest, and evidence highlighting the importance of developing MF-specific NEI
estimates. We present results for six sets of descriptive statistics by housing sample group
(Comparison with Treatment (post-weatherization), Treatment (pre-weatherization), and Control,
as well as by a combined group of all pre-weatherized buildings (the Treatment plus Control
group):








Characterization-Housing and Demographics
Installed Measures
Home Livability and Other Conditions
General Health
Asthma
Household Budget and Affordability Issues
Community Resilience
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4.1 SAMPLE CHARACTERIZATION
Table 10 shows differences among the housing sample groups. The preliminary data assessment
shows two primary differences between the pre-weatherization (i.e., T+C groups combined) and
the post-weatherization (CwT) group. The pre-weatherization group appears to be spread more
evenly across family, senior, and mixed-use housing compared to the post-weatherization sample
with its concentration of MF properties that contain families. The pre-weatherization group also
has more buildings in both the smallest and largest brackets for number of units, while the postweatherization group has more buildings in the middle range. However, the distribution of low-,
mid-, and high-rise buildings is comparable between the groups.
Notably, buildings in the post-comparison group are twice as likely to not have air conditioning
(AC) than the pre-weatherization group, which could aggravate respiratory and heat-inflicted
illnesses. Across the board, roughly half of all heating systems are boilers. Despite attempts to
oversample Air Source Heat Pumps (ASHP), the numbers are relatively low at 3.8% and 1.5% of
post-weatherization and pre-weatherization groups, respectively.
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Table 10: Housing Characteristics
(by Sample Group)
(CwT)
(n=79)

(T)
(n=34)

(C)
(n=96)

(T+C)
(n= 130)

ASHP

4%

0%

2%

2%

Boiler

56%

47%

47%

47%

Electric Baseboard

15%

44%

1%

12%

Furnace

25%

6%

48%

37%

PTAC

0%

0%

2%

2%

Kitchen Stove

0%

3%

0%

0.8%

Unknown

0%

0%

0%

0%

ASHP

0%

0%

0%

0%

Central

11%

6%

42%

32%

Mixed

1%

0%

0%

0%

None

22%

27%

4%

10%

PTAC

1%

0%

3%

2%

Split-system

3%

0%

0%

0%

Unknown

1%

0%

1%

0.8%

Window/Wall Unit

61%

68%

50%

55%

Family

63%

38%

44%

42%

Mixed Use

6%

15%

38%

32%

Senior

30%

47%

19%

26%

Supportive

0%

0%

0%

0%

Low- (< 5 stories)

91%

88%

92%

92%

Mid- (5 to 9 stories)

6%

6%

7%

7%

High- (10+ stories)

3%

0%

1%

0.8%

5-79

62%

88%

69%

74%

80-149

34%

9%

10%

10%

150+

4%

3%

21%

16%

Unknown

0%

0%

0%

0%

Heating Type

Cooling Type

Housing Function

Rise

Size (housing units)
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Table 11 shows race and ethnicity by sample. Nearly half of the C group identifies as Black or
African American, compared to one-quarter (25%) of the CwT group. Because race correlates
strongly with certain health outcomes and treatment type (e.g., asthma), researchers will continue
to monitor racial composition and differences between surveyed groups and will attempt to sample
accordingly, as appropriate.

Table 11: Demographics
(CwT)
(n=302)

(T)
(n=128)

(C)
(n=383)

67

60

60

Gender (female) (%)

67%

61%

65%

Respondent Employed (%)1

14%

18%

19%

Respondent Retired (%)

63%

45%

50%

Household Size (mean)*

1.3

1.6

1.5

72%

58%

67%

No high school diploma

25%

20%

20%

High school graduate

33%

32%

36%

Some college

27%

28%

30%

College graduate

16%

10%

15%

Hispanic or Latino Origin

14%

15%

9%

White*

54%

49%

43%

Black or African-American***

25%

29%

47%

Asian***

13%

1%

2%

Native Hawaiian/Other Pacific Islander

0.4%

1%

0.1%

Other (if volunteered)***

6%

17%

7%

Hispanic or Latino (if volunteered race/ethnicity)

3%

3%

5%

Refused/Missing

9%

12%

8%

Resident Age (mean)***

Single Person Household (%)
Respondent Education (%)

Race/Ethnicity (%)

1

Used employment status of primary wage earner only.
2
Sum of totals does not equal 100% for race/ethnicity because ~ten of respondents self-identified with more than
one race.
* Difference is statistically significant at the p<.05 level.
** Difference is statistically significant at the p<.01 level.
*** Difference is statistically significant at the p<.001 level.
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Table 12: Demographics Asthma Sub-Sample
Post-Wx
(CwT)
(n=58)

Pre-Wx
(T + C)
(n=107

67

59

86%

66%

Hispanic or Latino Origin

19%

16%

White

40%

46%

Black or African-American

29%

43%

Asian***

15%

0%

Native Hawaiian/Other Pacific Islander

2%

1%

Other (if volunteered)

9%

13%

Hispanic or Latino (if volunteered race/ethnicity)

4%

7%

Asthma Sub-Sample
Respondent Age (mean)**
Gender (female) (%)**
Race/Ethnicity (%)2

* Difference is statistically significant at the p<.05 level.
** Difference is statistically significant at the p<.01 level.
*** Difference is statistically significant at the p<.001 level.
Note: Wx = Weatherized

4.2 INSTALLED MEASURES
We analyzed data collected on measures installed in CwT buildings weatherized through the
Mass Save program. These data were provided from participating agencies through the IM-DCF
discussed in Section 3.5. Table 13 presents measures installed in CwT buildings preweatherization; (i.e., existing ventilation, heating, and cooling systems). Table 14 shows the rate
at which measures were installed as part of the weatherization process. It should be noted that at
the time of this preliminary analysis the sample sizes are relatively small, and only capture
buildings in Massachusetts (n=24).
Lighting improvements (e.g., new bulbs and/or new fixtures), both in-unit and in common areas,
are the most common reported set of measures installed, followed by heating system
replacements, building level air sealing, and ceiling/attic/roof insulation. Other measures were
installed at relatively low rates. Other key findings include the following:
Mechanical ventilation systems:


No ventilation systems at all were present pre-weatherization in 25% of the surveyed
buildings. Post-weatherization, there were no reported cases of ventilation system
measures being installed that may contribute to the improvement of IAQ.



For those that reported some ventilation systems pre-weatherization, in-unit central
exhaust systems were present in only 17% of the buildings – but corridor exhaust
systems went unreported. By contrast, in-unit supply systems went unreported and only
13% of the buildings had corridor supply ventilation systems.
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Heating/Cooling Systems:


Most buildings (75%) utilized a central hot water boiler system for heating purposes, preweatherization, followed by electric baseboards at 21%.



Slightly less than half of the sample (42%) reported installing heating systems as part of
weatherization efforts – but only as an energy conservation measure (ECM). There were
no reports of heating systems installed or repaired for health and safety (H&S) purposes.



There were no reports of existing air source heat pumps (ASHPs) pre-weatherization,
and zero ASHPs were reported to have been installed during weatherization. 32



A surprisingly high percentage of buildings reported having no cooling systems at all preweatherization (46%). No cooling systems were reported to have been installed as part
of weatherization.

Health and Safety Measures:


There were no reports of any measures installed specifically to improve health and/or
safety, such as CO monitors or measures to reduce instances of trips and falls.

32

However, there are a small percentage of ASHP’s observed to be present in the CwT and C buildings. Building
characteristics data were collected on site from in-field staff and confirmed by property managers.
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Table 13: Existing Mechanical Systems – Pre-Weatherization (n=24)
Systems1

Percent

Ventilation Systems
No Ventilation System in Building

25%

Bath Fans

34%

Kitchen Range Hoods (vent outside)

0%

Central Exhaust (In Unit)

17%

Corridor Exhaust

0%

Central Supply (In Unit)

0%

Corridor Supply

13%

Elevator Shaft

13%

Heating System
Central Hot Water Boiler

75%

Electric Baseboard

21%

Individual Forced Air Furnace

4%

Individual Split System Heat Pump

4%

PTAC or ASHP (In Unit)

0%

Cooling System
No Cooling System

46%

Window/Wall Unit

33%

Central

13%

Sleeve A/C (In Unit)

8%

Individual Split-system or Heat Pump (In Unit)

4%

PTAC or ASHP (In Unit)

0%

1

Percentages do not equal 100% as not all answers were mutually exclusive.
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Table 14: Installed Measures Post-weatherization (CwT group only) (n=24)
Measure

Percent Installed

Energy Conservation Measures (ECM)
Heating Equipment

42%

Cooling Equipment

0%

Domestic Hot Water

38%

Mechanical Ventilation

0%

Air Sealing

42%

Insulation

42%

Windows

0%

Lighting (within unit)

54%

Lighting (hallway/stairwell)

42%

Health & Safety Measures
Carbon Monoxide Monitors (in unit or in common area)

0%

Smoke Detectors (in unit or in common area)

0%

Trips and Falls prevention measures

0%

4.3 HOME LIVABILITY AND OTHER CONDITIONS
In this section, we present frequencies from the RS for home livability and other conditions as
well as the reported differences in occurrence (+/-) between the CwT group and the combined T
and C group.33 Table 15 and Table 16 show how dwelling safety and quality are higher in CwT
buildings than T and C buildings: they are less likely to be kept at unsafe temperatures and
residents are less likely to report feeling unsafe, observe draftiness, and experience intrusion of
outdoor noise.

33

The demographic and housing characteristics of the combined CwT group and the T + C groups are imbalanced
within this partial data set. Compared with the combined T+C group, the CwT group households appear to have more
retirees, be somewhat older, have lower representation of Black/African-Americans, be more likely to not have a
cooling system, live in smaller buildings, and be less likely to be receiving energy assistance. These imbalances will
be addressed through statistical analyses (i.e., regression models and/or weighting the predicting variables) using the
additional data still being collected through the JPB portion of the project. A final interim report will be delivered March
2019 and will include the results of these more complex analyses.
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Table 15: Dwelling Safety
Resident Survey Question

CwT

T+C

(+/-)

During the past 12 months, what was the temperature of
your apartment in summer? (hot or very hot)

28.2%
(n=273)

34.8%
(n=453)

-6.6%

During the past 12 months, what was the temperature of
your apartment in winter? (cold or very cold)

13.7%
(n=284)

28.6%
(n=478)

-14.9%***

During the past 12 months, how often was your apartment
at a temperature that you felt was unsafe or unhealthy?
(almost every month or some months)

14.3%
(n=294)

21.6%
(n=500)

-7.3%*

How bright or dark are hallways and stairwells inside your
building? (somewhat dark, very dark)

3.4%
(n=294)

5.5%
(n=472)

-2.1%

How bright or dark is the outside property of your building?
(somewhat dark, very dark)

8.7%
(n=286)

16.4%
(n=487)

-7.7%**

How safe do you feel on your building’s property?
(somewhat unsafe, very unsafe)

6.2%
(n=290)

10.7%
(n=496)

-4.5%*

In the past 12 months, how many times was the fire
department called to put out a fire in your home? (Yes)

0.1
(n=265)

0.1
(n=451)

0

In the past 12 months, did any fire start in your home as a
result of using an alternate heating source, such as space
heaters, electric blankets, your kitchen stove or oven, a
heating stove, or a fireplace? (Yes)

1.0%
(n=290)

0.6%
(n=501)

+0.4%

In the past 12 months, did any fire start in your home as a
result of the building's primary heating source, such as a
furnace? (Yes)

0.0%
(n=281)

0.2%
(n=493)

-0.2%

* Difference is statistically significant at the p<.05 level.
** Difference is statistically significant at the p<.01 level.
*** Difference is statistically significant at the p<.001 level.
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Table 16: Dwelling Quality
Resident Survey Question

CwT

T+C

(+/-)

During the past 12 months, how often have you or other
members of your household found your home too drafty
(breezy, cold/damp air blowing in)?
(All of the time, most of the time)

17.3%
(n=282)

24.2%
(n=474)

-6.9%*

During the past 12 months, how often have you or other
members of your household found your home too dusty?
(All of the time, most of the time)

21.1%
(n=266)

27.6%
(n=453)

-6.5%*

How infested is your home with cockroaches or other
insects? (Extremely infested, very infested)

5.3%
(n=285)

3.7%
(n=487)

+1.6%

How infested is your home with rats, mice or other
rodents? (Extremely infested, very infested)

4.8%
(n=272)

5.3%
(n=457)

-0.5%

Have you seen mold in your home in the past 12 months?
(Yes)

13.6%
(n=279)

16.2%
(n=475)

-2.6%

Have you seen standing water in your home in the past 12
months? (Yes)

6.4%
(n=283)

8.1%
(n=484)

-1.7%

How much outdoor noise do you hear indoors when the
windows are closed? (A great deal)

15.2%
(n=290)

22.4%
(n=500)

-7.2%*

How much does outdoor noise interfere with your sleep at
night? (Extremely, very much)

8.6%
(n=233)

14.9%
(n=422)

-6.3%*

How much does outdoor noise bother, disturb or annoy
you when you are inside your apartment?
(A great deal or moderately)

25.2%
(n=258)

32.3%
(n=440)

-7.1%*

* Difference is statistically significant at the p<.05 level.
** Difference is statistically significant at the p<.01 level.
*** Difference is statistically significant at the p<.001 level.
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4.4 GENERAL HEALTH AND ASTHMA
In this section, we present frequencies for general health and asthma related variables as well as
the reported differences in occurrence (+/-) between the CwT group and the combined T and C
group. Table 17 shows how general health is reportedly better among CwT respondents
compared T and C respondents – primary wage earners miss fewer days of work and respondents
had fewer bad days of rest/sleep and mental health. Table 18 results indicate how asthma
symptoms and asthma-related ED visits were also lower among CwT respondents than T and C
respondents.

Table 17: Changes in General Respondent Health Conditions
Resident Survey Question

CwT

T+C

(+/-)

In the past 12 months, did anyone in the household see a
medical professional because of CO poisoning? (Yes)

0.7%
(n=286)

0.4%
(n=492)

+0.3%

In the past 12 months, how many individuals needed medical
attention because of fire-related injuries such as burns or
smoke inhalation? (mean)

0.03
(n=229)

0.04
(n=408)

-0.01

In the past 12 months, about how many days of work did the
primary wage earner miss because of illness or injury?
(mean)

3.9
(n=36)

6.1
(n=88)

-2.2

In the past 12 months, about how many days of work did the
primary wage earner miss because of illness or injury of
another household member? (mean)

0.1
(n=17)

1.0
(n=47)

-0.9

During the past 30 days, for about how many days have you
felt you did not get enough rest or sleep? (mean)

6.1
(n=221)

6.8
(n=390)

-0.7

During the past 30 days, for about how many days was your
mental health not good? (mean)

4.4
(n=220)

5.4
(n=377)

-1.0

During the past 30 days, for about how many days did poor
physical or mental health keep you from your usual activities?
(mean)

3.8
(n=218)

4.2
(n=378)

-0.4
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Table 18: Asthma
Resident Survey Question

CwT

T+C

(+/-)

Have you ever been told by a doctor or other health
professional that you have asthma? (lifetime asthma) (Yes)

23.1%
(n=290)

25.9%
(n=499)

NA

Do you still have asthma? (current asthma) (Yes)

20.0%
(n=290)

21.4%
(n=499)

NA

How long has it been since you last had any symptoms of
asthma? ( > three months ago)

67.9%
(n=53)

59.4%
(n=96)

+8.5%

During the past three months, how many flare-ups did you
have? (mean)

4.9
(n=35)

7.5
(n=67)

-2.6

During the past 12 months, how many times did you visit an
urgent care center because of asthma? (mean)

1.0
(n=38)

1.2
(n=66)

-0.2

During the past 12 months, how many times did you have to
stay overnight in the hospital because of asthma? (mean)

0.3
(n=37)

0.7
(n=68)

-0.4

During the past 12 months, how many times did you visit the
ED because of asthma? (mean)

0.2
(n=32)

1.2
(n=63)

-1.0*

* Difference is statistically significant at the p<.05 level.
** Difference is statistically significant at the p<.01 level.
*** Difference is statistically significant at the p<.001 level.

4.5 HOUSEHOLD BUDGET AND AFFORDABILITY ISSUES
In this section, we present frequencies related to budget issues from energy affordability and
trade-offs to food security, as well as the reported differences in occurrence (+/-) between the
CwT group and the combined T and C group. The number and severity of budget issues among
households in CwT buildings was lower than those in T and C buildings. For example, as shown
in Table 19, they have less difficulty paying energy bills and are more able to afford prescriptions.
Moreover, they have higher food security: Table 20 shows that they less often traded-off
purchasing food to pay energy bills and were less likely to go without food.
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Table 19: Energy Affordability and Trade-Offs
Resident Survey Question

CwT

T+C

(+/-)

During the past 12 months, received disconnect, shut-off or
non-delivery notice? (Almost every month, some months)

9.3%
(n=151)

12.9%
(n=295)

-3.6%

During past 12 months, electricity or natural gas was
disconnected because unable to pay home energy bill?

1.7%
(n=180)

4.3%
(n=327)

-2.6%

Did household receive energy assistance this past year?

24.1%
(n=166)

37.2%
(n=309)

-13.1%**

How hard is it to pay energy bills? (Very hard or hard)

25.2%
(n=155)

37.6%
(n=306)

-12.4%**

During the past 12 months, was there any time your
household members needed prescription medicines but didn't
get them because you couldn't afford it? (Yes)

7.3%
(n=273)

12.9%
(n=482)

-5.6%*

During the past 12 months, how often did your household not
fill a prescription for medication in order to pay energy bill?
(Every month, every other month)

0.6%
(n=172)

4.2%
(n=307)

-3.6%*

During the past 12 months, how often did your household not
pay energy bill in order to fill a prescription for medication?
(Every month, every other month)

0.6%
(n=166)

1.0%
(n=289)

-0.3%

During past summer, worried would not have electricity or
cooling? (Yes)

12.9%
(n=171)

18.2%
(n=314)

-5.3%

During past winter, worried would not have electricity or
heating? (Yes)

12.2%
(n=172)

20.3%
(n=316)

-8.1%*

During the past winter, how often did you use your oven to
heat your home? (All of the time, frequently, or sometimes)

11.3%
(n=282)

23.2%
(n=482)

-11.9%*

Do you use any (secondary) heating equipment in your
home? (Yes)

20.7%
(n=299)

28.7%
(n=482)

-8.0%

Payday loan

0.6%
(n=181)

4.7%
(n=319)

-4.1%*

Tax refund anticipation loan

0.6%
(n=181)

2.2%
(n=319)

-1.6%

Car title loan

0.0%
(n=181)

0.3%
(n=320)

-0.3%

0.6%
(n=181)
8.2%
(n=195)

2.8%
(n=321)
7.9%
(n=331)

In the past year, have you used any of the following to
assist with paying your energy bill?

Other type of short term, high-interest loan
Pawn shop

-2.2%
+0.3%

* Difference is statistically significant at the p<.05 level.
** Difference is statistically significant at the p<.01 level.
*** Difference is statistically significant at the p<.001 level.
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Table 20: Food Security
Resident Survey Question

CwT

T+C

(+/-)

In the past 12 months did you or any members of your
household receive food stamps or WIC assistance
(Women, Infants, and Children nutrition program) to help pay
for food?

52.6%
(n=293)

57.9%
(n=496)

-5.3%

During the past 12 months, how often did your household not
purchase food in order to pay energy bill? (Every month,
every other month)

1.1%
(n=174)

8.5%
(n=316)

-7.4%**

During the past 12 months, how often did your household not
pay energy bill in order to purchase food? (Every month,
every other month)

3.0%
(n=166)

8.9%
(n=291)

-5.9%*

In past four weeks, did you or household member go a whole
day and night without eating anything because there was not
enough food? (Yes)

3.8%
(n=286)

8.1%
(n=481)

-4.3%*

In past four weeks, did you worry household members would
not have enough nutritious food? (Yes)

7.9%
(n=291)

14.4%
(n=485)

-6.5%**

* Difference is statistically significant at the p<.05 level.
** Difference is statistically significant at the p<.01 level.
*** Difference is statistically significant at the p<.001 level.

4.6 COMMUNITY RESILIENCE
In this section, we present frequencies related to community resilience as well as the reported
differences in occurrence (+/-) between the CwT group and the combined T and C group.
Weatherization measures are associated with community resilience, specifically a willingness to
help each other and preparedness for emergencies and disasters. As shown in Table 21, CwT
respondents were more likely than T and C respondents to agree that people in their building help
each other and that their building is prepared for future emergencies and disasters.
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Table 21: Community Resilience
Resident Survey Question

CwT

T+C

(+/-)

People in my building help each other (strongly agree or
agree)

60.4%
(n=288)

54.8%
(n=493)

+5.6%*

My building is prepared for future emergencies and disasters
(strongly agree or agree)

62.4%
(n=277)

54.5%
(n=483)

+7.9%*

I am proud to call this building my home (strongly agree or
agree)

75.1%
(n=290)

71.7%
(n=497)

+3.4%

I invite people to visit my home (strongly agree or agree)

72.1%
(n=287)

72.9%
(n=491)

-0.8%

People in my building feel like they belong to a community
(strongly agree or agree)

60.4%
(n=288)

54.8%
(n=493)

+5.6%

* Difference is statistically significant at the p<.05 level.
** Difference is statistically significant at the p<.01 level.
*** Difference is statistically significant at the p<.001 level.
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5
Section 5

Monetization

This section presents an overview of the NEI monetization task and the study team’s general
methodological approach. We also present preliminary estimates of the values of the 13 core
NEIs identified as high priority for monetization.

5.1 MONETIZATION APPROACH
The main goal of the monetization task is to value the impacts of weatherization services on
program recipients by calculating money saved or the dollar value of costs avoided due to
changes in health issues and household budgets. This task entails valuing changes in health and
household-related status self-reported by residents on the RS.

5.1.1 Use of Secondary Data
Assessing, and to the extent possible monetizing, NEIs requires developing analytical approaches
and acquiring secondary data to use in conjunction with the primary data being collected as
described in Section 3. The team researched secondary data (such as average wage earnings
for income-eligible household in Massachusetts and average cost of hospitalization for thermal
stress in Massachusetts) to identify inputs for the analysis. We designed a separate analytical
approach for each NEI that considered both how weatherization contributes to the NEI and the
availability of relevant primary and secondary data. Each analytical approach measured and
monetized changes in health and household-related budgets due to weatherization, such as a
decrease in occurrence of emergency department (ED) visits or hospitalizations due to asthma,
or exposure to extreme indoor temperatures (i.e., thermal stress). As mentioned in Section
Section 3, the study team designed the RS to capture such changes in health and householdrelated status or conditions.
The study team utilized the RS results for most, but not all, of the selected NEIs. For example,
two of the core NEIs, CO poisoning and home fire prevention, are rare and difficult-to-capture
events and so are not based on RS findings. For these cases, the team reviewed and analyzed
secondary data on the effectiveness of weatherization measures installed in buildings that could
reduce the probability of fire (e.g., smoke detectors, repairs to electrical systems) and measure
installation data collected from participating weatherization agencies (e.g., installation of CO
monitors).
Estimating the monetary value of reducing hospitalizations related to asthma, for example,
requires the collection of secondary data on the average cost of asthma-related hospitalizations.
We ensured that all relevant cost data for this and other NEIs was current. For example, in the
case of asthma, we researched factors ranging from cost of medical treatment (i.e., ED visits,
hospitalizations, and physician office visits) to hourly wage rates used to estimate the benefit of
reducing missed days of work. When current cost data were unavailable, we used historical costs
after making adjustments to reflect 2018 prices and values.
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The study team rigorously explored all the core NEIs presented in this report for monetizable
impacts as well as a select number of the “new” NEIs. For NEIs that fit within the “theory of
change” model, which requires quantifiable data from both treatment and comparison groups, we
gathered data for statistical analysis and produced monetary values. For NEIs that rely on
installed measures data, such as CO and fire-related NEIs, we employ models and algorithms
consistent with measuring changes in risk.
The study team has obtained initial feedback from external reviewers and the PAs on the
soundness and applicability of the algorithms (within the context of the LIMF population being
served in Massachusetts), and the secondary data sources and specific inputs chosen for the
monetization effort. This preliminary report serves as an additional opportunity PAs to review the
revised algorithms and data sources. Upon finalizing these preliminary results, based on PA
feedback we may stratify NEIs into tiers that reflect the reliability of the data sources, the level of
rigor, and the statistical validity of results. Note that Phase II surveys will capture impacts postweatherization.
The study team rigorously reviewed and vetted dozens of studies and reports to identify the most
recent and relevant secondary data sources for the monetization effort. We chose studies that
are the most relevant and applicable, not necessarily the most recent. Additionally, we reviewed
multiple databases to identify the most recent data available to use in monetization calculations.
For example, we reviewed online databases from the U.S. Department of Health and Human
Services (HHS), such as the Medical Expenditure Panel Survey (MEPS), and Healthcare Cost
and Utilization Project (HCUP), the Massachusetts Center for Health Information and Analysis,
and the National Fire Incident Reporting System (NFIRS). Note that these are the same
secondary online databases that were used for the weatherization assistance program (WAP)
national evaluation and the MA LISF Study.
We used the most recent data from these databases as well as Massachusetts-specific medical
expenditure data. When only national medical costs were available, we adjusted these to reflect
medical costs in Massachusetts. 34 In all cases, if the medical cost data were outdated, we
adjusted the costs to reflect medical costs for 2018.35

5.1.2 Statistical Analysis
We employ two primary methods for the analyses of the survey data: cross-sectional and matched
pairs. The cross-sectional approach, which we are employing as a preliminary analysis on the
Phase I data only, aims to measure outcomes between two or more disparate research groups
(i.e., CwT, T, and C) or a combination of groups where the CwT serves as the post-weatherization
group and the T and C groups are combined to form a ‘pre-weatherization’ group.
As mentioned in Section 4.3, the preliminary analysis revealed an incompatibility between these
sample groups with respect to predicting variables. If analysis on the full data set still reveals

34

More specifically, the Boston-Brockton-Nashua metropolitan statistical area (MSA). For more information, see:
https://www.bls.gov/regions/new-england/news-release/consumerpriceindex_boston.htm
35
Medical care price indices provided by the U.S. Bureau of Labor Statistics,
http://data.bls.gov/timeseries/CUURA103SAM?data_tool=XGtable
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statistically significant incompatibility, the study team will use regression models or a weighting
approach to control for demographic and other non-treatment cross-sectional differences.
We have performed statistical tests for cross-sectional NEIs based on the types of variables
measured.36 For example, we performed chi-square and fisher’s exact tests to compare outcomes
between two categorical variables, such as pre- or post-weatherization and yes or no responses
to medical treatment for thermal stress. To measure differences in counts of thermal stress
treatment events pre- and post-weatherization, we conducted an independent samples t-test at
the 90% CI to test statistical differences in means between the two groups. We performed other
statistical tests for cross-sectional analyses based upon the nature of the NEI (i.e., personal
illness, personal needs, events experienced) and the type of variable (e.g., categorical, interval,
ordinal).
After Phase II data are collected, our matched pairs approach will aim to measure outcomes within
a single group pre- and post-weatherization (e.g., T group Phase I survey responses compared
to T group Phase II survey responses). This approach will be utilized when appropriate. Similar
to the cross-sectional approach, we have identified appropriate statistical tests for this approach
based on the types of variables to be measured. For example, the McNemar test will be performed
to measure binary outcomes, such as yes or no responses to asthma treatment pre- or postweatherization. To measure differences in two interval observations per subject (e.g., counts of
specific asthma-related hospitalizations), a paired samples t-test will be conducted to test for any
statistical differences in means pre- and post-weatherization. The Wilcoxon signed rank sum test
will be used for matched pairs NEIs where we do not assume an equal distribution between ordinal
data (e.g., last time experienced symptoms of asthma). Any other statistical tests performed for
the matched pairs analyses will be based upon the nature of the NEI and the type of variable.
To determine the appropriate analysis approach for calculating the change in occurrence for an
NEI, we considered the following:
1. Personal illness – matched pairs analysis; however, for the preliminary analysis, a crosssectional approach was required.


Asthma

2. Personal needs dependent on circumstances – best practice is matched pairs analysis;
however, for the preliminary analysis, a cross-sectional approach was required. For the
final analysis (after the one-year follow-up survey is administered), if sample sizes are too
small, a cross-sectional approach may be used.






Missed days of work
Home and work productivity
Short-term, high-interest loans
Prescription adherence
Reduced need for food assistance

36

It should be noted that for the draft version of the preliminary report statistical tests mentioned were not conducted
for all NEIs.
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3. Events experienced, specifically those unlikely to strike household repeatedly – crosssectional approach.






Thermal stress
CO poisoning
Home fires
Low-birth-weight babies
Trips and falls

For the monetization efforts conducted for this preliminary Phase I report, we used Equation 1;
the cross-sectional approach for all NEIs. We will use Equation 2 for Phase II analysis. 37
Equation 1. (Phase I) Change in occurrence = Comparison - (Treatmentpre + Control)
Equation 2. (Phase II) Change in occurrence = [(Treatmentpre – Treatmentpost) – (Controlpre Controlpost)

5.2 PRELIMINARY RESULTS
Of the 13 NEIs presented below, twelve were monetized for the national WAP evaluations and
eight were monetized for LISF NEI study. For an in-depth background discussion, and additional
evidence-based research providing indicators of relationships between weatherization and these
NEIs, please refer to either the WAP NEI report or the SF NEI report.38 For a comparison of
estimated NEI values between the LIMF and the LISF study, see Appendix B.
Similar to the WAP evaluation and the LISF reports, the preliminary estimated NEI values are
presented on a per weatherized unit basis, broken out by their societal and household benefit
components, and a present value (PV) estimate of the benefits (

37

For Phase 1, all three sample groups were surveyed between January-June 2018: (1) Comparison, with Treatment
(buildings that have been weatherized within the last ten years, or post-weatherization); (2) Treatment (buildings that
will soon be weatherized, or pre-weatherized); and (3) Control (buildings that have never been weatherized, or were
weatherized more than ten years ago, and will not be weatherized during the study). For Phase 2, Winter/Spring 2019,
only two groups will be surveyed: (1) Control; and (2) Treatment.
38
Three3 and NMR. 2016. Low-Income Single-Family Health- and Safety-Related Non-Energy Impacts Study.
Prepared for the Massachusetts Program Administrators and EEAC Consultants. Massachusetts Special and CrossCutting Research Area. August 5, 2016 http://ma-eeac.org/wordpress/wp-content/uploads/Low-Income-SingleFamily-Health-and-Safety-Related-NonEnergy-Impacts-Study.pdf
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Table 22 and Table 23).39,40 These estimates were calculated using simple rates of change (+/-)
indicated by the preliminary survey results and measures installed, and applicable secondary
scientific and cost data sources.41 Due to observed differences in characteristics between the
sample groups in this partial data set, there is substantial uncertainty surrounding the point
estimates of the rates of change. However, for planning purposes, the study team recommends
that the PAs adopt the preliminary single point estimate for NEIs presented in Table 22, with the
exception of the Short-Term High-Interest Loan NEI due to concerns with double-counting. 42
For those NEIs that show indications of contributing to avoided deaths (i.e., reduced fire risk),
values are presented both with and without the value of avoided deaths.43 For this preliminary
analysis, the main contributors to these bottom-line estimates are: avoided hospitalizations and
ED visits for asthma-related symptoms, and reduced need for food assistance. Additional survey
responses and installed-measures data will likely lead to adjustments in the monetary valuation
of the core NEIs. For each NEI, the methodology, algorithms and data sources used for
monetization are outlined in Appendix A.
The RS contains questions that allow the consideration of another 21 NEIs that could be attributed
to increasing the energy efficiency of affordable MF buildings. These include: arthritis, COPD,
diabetes, noise pollution and odors. Appendix A also presents survey results for these additional
variables and indicates which of these new NEIs might be worth monetizing.

39

The PV was calculated using the same discount rate recommended by the PAs for the LISF study (0.44%). The
study team used ten years for the lifetime of the measure (rather than the 20 years used for the LI SF).
40
Based on conversations among the study team, the team decided that any estimated NEI value would be
constrained by zero if the monetization produced a negative NEI value.
41
The team modified estimated values for both thermal stress hot and cold since the submittal of the draft report after
identifying extreme outliers for a single record. We identified the outliers through standard deviation values and stemand-leaf plots for four survey variables associated with the “Number of Times” for all care settings for both thermal
stress hot and cold. These extreme outliers substantially influenced the means used to calculate the estimated
values. We revised the data to account for the skewed distribution by reducing the extreme data points to a count of
"1" (not 0 since the respondent said yes to seeking treatment).
42
The 2011 NMR NEI report examined a number of NEIs that are derived from customer bill savings and did not
recommend including any NEIs that are derived from participant bill savings because it could amount to double
counting of benefits. See NMR. 2011. Massachusetts Special and Cross-Sector Studies Area, Residential and LowIncome Non-Energy Impacts (NEI) Evaluation. Prepared for Massachusetts Program Administrators. http://maeeac.org/wordpress/wp-content/uploads/Special-and-Cross-Sector-Studies-Area-Residential-and-Low-Income-NonEnergy-Impacts-Evaluation-Final-Report.pdf
43
The VSL used for this analysis was $9.6 M.
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Table 22: Estimated Impact – Annual Per Weatherized Unit
(With and Without Value of Statistical Life [VSL])

Asthma
Thermal stress
– hot1
Thermal stress
– cold1
Food
assistance
Trips and falls
(inside)
CO poisoning
Low-birth
weight infants
Missed days of
work
Prescription
medications
Short-term high
interest loans
Home
productivity
Reduced fire
risk
Work
productivity
Annual Total
per unit

Household

Household
W/O VSL

Societal

Total

Total W/O
VSL

$35.55

$35.55

$1,145.64

$1,181.19

$1,181.19

$0.00

$0.00

$0.00

$0.00

$0.00

$5.95

$5.95

$21.24

$27.19

$27.19

$0.00

$0.00

$113.79

$113.79

$113.79

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$3.25

$3.25

$3.25

$48.61

$48.61

$14.52

$63.13

$63.13

$0.00

$0.00

$61.16

$61.16

$61.16

$7.52

$7.52

$0.00

$7.52

$7.52

$24.22

$24.22

$0.00

$24.22

$24.22

$12.95

$2.07

$4.05

$17.00

$5.97

$0.00

$0.00

$9.93

$9.93

$9.93

$134.80

$123.92

$1,373.58

$1,508.38

$1,497.50

1

The team modified estimated values for both thermal stress hot and cold since the submittal of the
draft report after identifying extreme outliers for a single record.
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Table 23: Estimated Impact – Present Value Per Weatherized Unit
(With and Without Value of Statistical Life [VSL])
Household

Household
W/O VSL

Societal

Total

Total
W/O VSL

$347.08

$347.08

$11,183.89

$11,530.97

$11,530.97

$0.00

$0.00

$0.00

$0.00

$0.00

$58.04

$58.04

$207.32

$265.36

$265.36

Food assistance

$0.00

$0.00

$1,110.84

$1,110.84

$1,110.84

Trips and falls
(inside)

$0.00

$0.00

$0.00

$0.00

$0.00

CO poisoning

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$31.73

$31.73

$31.73

$474.54

$474.54

$141.75

$616.29

$616.29

$0.00

$0.00

$597.06

$597.06

$597.06

$73.41

$73.41

$0.00

$73.41

$73.41

$236.44

$236.44

$0.00

$236.44

$236.44

Reduced fire risk

$126.42

$20.21

$39.54

$165.96

$59.75

Work productivity

$0.00

$0.00

$96.94

$96.94

$96.94

PV Total—per
weatherized unit

$1,315.93

$1,209.72

$13,409.07

$14,725.00

$14,618.79

Asthma
Thermal stress hot
Thermal stress cold

Low-birth weight
infants
Missed days of
work
Prescription
medications
Short-term high
interest loans
Home
productivity

We also estimated NEIs at the measure level, following the procedures used in the 2011 NMR
study for all measures except CO and Fire detectors. Specifically, we assigned a portion of a
given NEI value to relevant individual measures based on the percent of energy savings for which
the measure was responsible. Using program tracking data for 27 CwT facilities provided by the
PAs, we converted all measure-level gross energy savings for weatherization measures (air
sealing, insulation and heating systems) to MMBTU and calculated the percent of total
weatherization savings each measure accounted for. These results are reported in Table 24.
We included in Table 24 estimates for CO monitor and smoke detector installation as placeholder
values, in the event that the PAs install these measures in the future. (Even though the current
study found no CO monitors or smoke detectors installed.) The NEI for CO is based on CO
monitor installation. For this reason the entire value is applied to projects that include safety
reviews and installation of CO monitors, and the NEI uses the same value as reported in the LISF
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study.44 Similarly, for reduced home fires, we used the same measure-level risk reduction factors
as were used in the LISF study. 45

44
45

Three3 and NMR 2016
Three3 and NMR 2016

53

LOW-INCOME MULTIFAMILY HEALTH- AND SAFETY-RELATED NEIS STUDY (TXC 50)

Table 24: Apportionment of NEI Values to Individual Measures

Notes:
(1) The revised value reflects NMR's 2011 estimate of $101 for Thermal Comfort plus half of Three3's estimate for Increased Home Productivity (one-half of $24.22, or $12.11) to account for
potential overlap.
(2) With the exception of Reduced CO Poisoning and Reduced Home Fires, the NEIs are apportioned based on the relative percentages of the average energy savings across those measures
that are relevant and applicable to each NEI, as analyzed and computed from PA data for facilities included in the LIMF study.
(3) NMR’s 2011 estimate for the Improved Safety NEI ($45.05) was based on an analysis of avoided deaths from fire-related CO poisonings ($6.38) and avoided fire deaths, injuries, and property
damage (totaling $38.67) due to heating system replacement only. In the LISF study, Three3 was able to estimate the reduction in fire risk on a measure-by-measure basis. We use the same
estimates of risk reduction for the LIMF study, the results of which are reflected above. The LIMF study found no evidence of CO monitor or smoke detector installation. But if safety inspections are
included and address CO monitors and / or smoke detectors, the NEIs in this table apply. The revised NEI for CO Poisoning is based on CO monitor inspection/replacement/installation and therefore
applies as a whole to a safety review that includes review, replacement and/or installation of CO monitors (i.e., is not apportioned among measures). The portion of the NEI for Reduced Home Fires
attributable to smoke detectors ($0.76) is to be applied to each measure that involves the safety review, replacement and/or installation of smoke detectors.
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Given the concerns surrounding double-counting of NEIs derived from energy bill savings, the
PAs did not adopt the Short-Term, High-Interest Loan NEI for the 2016 LISF study. NMR stated,
in the LISF report, that “While bill savings and avoided costs partially overlap, they typically differ
in part because bill savings are based on average retail savings to participants while avoided
costs are based on marginal energy supply costs that are avoided because of the PAs’ energy
efficiency programs. Including participant bill savings as a benefit would require including a similar
cost in the form of lost PA revenues, thus negating the bill savings benefit.” 46 Since the traditional
cost tests are still in use, the study team recommends that the Short-Term High-Interest Loan
LIMF NEI not be counted, though it could be considered if a different cost were used in the future.
Lastly, we recommend that the study team and the PAs initiate a dialogue surrounding pursuing
monetization of another dozen NEI candidates to be included in the final analysis (see Section
A.2).

46

Three3 and NMR 2016
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A
Appendix A Detailed Monetization Approaches and
Results
A.1

PRIORITY NEIS

For each core NEI, here we outline the methodology, algorithms and data sources used for
monetization. Preliminary estimated NEI values are presented on a per weatherized unit basis,
broken out by their societal and household benefit components, and a present value (PV) estimate
of the benefits.47 For those NEIs that show indications of contributing to avoided deaths (i.e.,
thermal stress and fire), values are presented both with and without the value of avoided deaths. 48
The main contributors to these bottom-line estimates are avoided deaths from thermal stress,
avoided hospitalizations and ED visits for asthma-related symptoms, and reduced need for food
assistance (See Table 22 and Table 23 in Section 5.2).

A.1.1 Asthma
Asthma prevalence (i.e., respondents self-reporting current asthma) for the entire LIMF population
surveyed is 20.3%. The Asthma NEI was calculated using responses to asthma-related medical
treatment questions from the RS. For this preliminary analysis stage, responses were drawn from
the survey respondents with current asthma only, and not from all household members with
current asthma. A cross-sectional analysis between pre-weatherization and post-weatherization
groups was performed with the RS data collected.49 Phase II Asthma NEI analysis will employ
matched-pairs analyses based upon responses from all household members with current asthma,
including children. Means were calculated for different types of medical care used to treat asthma
flares; urgent care, emergency department (ED) visits, and hospitalizations. Average cost data
for ED and hospitalizations for MA were gathered from discharge data for all age categories and
payer types from the Center for Health Information and Analysis (CHIA)50. Medical expenditure
data for urgent care was gathered from MEPS for asthma-related out-patient care51. Medical costs
data for all treatment types were inflated to 2018 costs. Similar to the MA LISF Asthma NEI
calculation, household and societal costs for asthma were calculated using the Health Policy

47

The PV was calculated using the same discount rate recommended by the PAs for the LISF study (.44%). The
study team used ten years for the lifetime of the measure (rather than the 20 years used for the LI SF).
48
The VSL used for this analysis was $9.6 M.
49
It should be noted that characterization of the pre- and post-weatherization groups reveals differing demographics
with nearly 14% more of the pre-weatherization group self-identifying as Black or African-American than the postweatherization group, which could account for differences in asthma severity and treatment type. The postweatherization group has higher percentages of female and Asian respondents and is older.
50
Center for Health Information and Analysis (CHIA). FY2009-2013 Acute Hospital Utilization Trends in
Massachusetts Report. Retrieved from: http://www.chiamass.gov/utilization-analysis/
51
Verification that it reasonable to use out-patient claims costs as a proxy for urgent care costs was made. The
urgent care clinic at Mass General Hospital, where asthma flares are treated, codes urgent care charges as ‘outpatient’ claims.
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Commission’s (HPC) 2014 Cost Trends Report52. The HPC report estimated that 43% of persons
with asthma have either commercial insurance or are uninsured, and that this population pays
approximately 7% of asthma-related medical costs out-of-pocket.

Table 25: Resident Survey Questions – Asthma
Survey Question

CwT

T+C

(+/-)

Do you still have asthma? (current asthma) (Yes)

20.0%
(n=290)

21.4%
(n=499)

NA

During the past 12 months, how many times did you visit an
urgent care center because of asthma? (mean)

0.97
(n=38)

1.20
(n=66)

-0.23

During the past 12 months, how many times did you have to
stay overnight in the hospital because of asthma? (mean)

0.27
(n=37)

0.69
(n=68)

-0.42

During the past 12 months, how many times did you visit an
emergency department because of asthma? (mean)

0.22
(n=32)

1.21
(n=63)

-0.99***

*** Difference is statistically significant at the p<.05 level.

52

Health Policy Commission. 2014 Cost Trends Report (Boston, MA). Retrieved from:
https://www.mass.gov/files/documents/2016/07/wn/2014-cost-trends-report.pdf
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Table 26: Monetization Approach – Asthma
Monetization Approach
Key Variables

Type of treatment/cost category:
o a = Value attributable to any Reductions in Urgent Care Due to Asthma
o b = Value attributable to any Reductions in Hospitalizations Due to Asthma
o c = Value attributable to any Reductions in ED visits Due to Asthma

Medical coverage type (i.e., payer 53) and Personal out-of-pocket (OOP) expenses:

p1 = Private/Commercial Insurance or Uninsured

p2 = Personal OOP expenses (i.e., household costs)
Equation 1. Reductions in Urgent Care Due to Asthma


a = ((mean number of times urgent care centers were visited for asthma-related symptoms preweatherization) * (average cost of outpatient urgent care for asthma in MA)) – ((mean number of
times urgent care centers were visited for asthma-related symptoms post-weatherization)
* (average cost of outpatient urgent care in MA))



a = (1.20 * $1,267.81) – (0.97 * $1,267.81) = $291.60

Equation 2. Reductions in Hospitalizations Due to Asthma


b = ((mean number of hospitalizations for asthma-related symptoms pre-weatherization)
* (average cost of hospitalizations for asthma in MA)) – ((mean number of hospitalizations for
asthma-related symptoms post-weatherization) * (average cost of hospitalizations for asthma in
MA))



b = (0.69 * $9,249.67) – (0.27 * $9,249.67) = $3,884.86

Equation 3. Reductions in ED visits Due to Asthma


c = ((mean number of visits to the ED for asthma-related symptoms pre-weatherization) *
(average cost of ED visits for asthma in MA)) – ((mean number of visits to the ED for asthmarelated symptoms post-weatherization) * (average cost of ED visits for asthma in MA))



c = (1.21 * $1,658.78) – (0.22 * $1,658.78) = $1,642.20

Equation 4. Asthma NEI Total Value


Total Annual Asthma NEI Value = ((a+b+c) * (% of survey population with current asthma))



Total Annual Per Asthma Case NEI Value= ($291.60 + $3,884.86 + $1,642.20 = 5,818.66)



Total Annual Asthma NEI Value = $5,818.66 * 20.3% = $1,181.19

Equation 5. Asthma NEI Value by Household and Society

53



Total Annual Asthma Household NEI Value = ((Total NEI value) * (% of MA asthma population
with private/commercial insurance or are insured)) * (Average % OOP for MA asthma
population)



Total Annual Asthma Societal NEI Value = Total NEI value – Total Annual Asthma Household
NEI Value



Total Annual Asthma Household NEI Value = ($1,181.19 * .43) * .07 = $35.55



Total Annual Asthma Societal NEI Value = $1,181.19 – $35.55 = $1,145.64

Medical coverage types (i.e., payer): Medicare, Medicaid, Private/Other, and Uninsured (i.e., out-of-pocket).

58

LOW-INCOME MULTIFAMILY HEALTH- AND SAFETY-RELATED NEIS STUDY (TXC 50)

Table 27: Sources/Inputs – Asthma
Inputs/Sources



Reported asthma prevalence (% of survey population with current asthma)
Reported decreased rate of seeking medical care, by type of medical care
sought:
o Number of urgent care visits
o Number of overnight hospital stays
o Number of ED visits



State-level resources:
o to determine medical coverage type
o current estimates related to OOP expenses

Resident Survey

Literature:
Government
sponsored
reports
Open-source
Databases

Medical Expenditure Panel Survey (MEPS)

Table 28: Estimated Impacts of Reduced Asthma-related Costs
Annual Per Unit Benefit

PV Per Unit Benefit

$35.55

$347.08

Society

$1,145.64

$11,183.89

Total

$1,181.19

$11,530.98

Households
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A.1.2 Thermal Stress (Hot and Cold)
Responses to RS questions and inputs gleaned from secondary literature were used to determine
annual household and societal savings attributable to reduced medical treatment and avoided
deaths due to exposure to extreme temperatures in the home.

Table 29: Resident Survey Questions – Thermal Stress
Survey Question

CwT

T+C

0.00

0.00

(n=302)

(n=511)

0.01

0.00

(n=302)

(n=511)

0.01

0.01

(n=302)

(n=511)

0.02

0.02

(n=302)

(n=511)

0.01

0.02

(n=302)

(n=511)

0.02

0.08

(n=302)

(n=519)

(+/-)

Thermal Stress - Hot
During the past 12 months, has anyone in the household had
to stay overnight in the hospital because your apartment was
too hot? How many times? (mean)
Not counting hospitalizations, during the past 12 months, did
anyone in the household go to the emergency room at a
hospital because your apartment was too hot? How many
times? (mean)
During the past 12 months, did anyone in the household have
to visit a doctor's office because your apartment was too hot?
How many times? (mean)

0

-0.01

0

Thermal Stress - Cold
During the past 12 months, has anyone in the household had
to stay overnight in the hospital because your apartment was
too cold? How many times? (mean)
Not counting hospitalizations, during the past 12 months, did
anyone in the household go to the emergency room at a
hospital because your apartment was too cold? How many
times? (mean)
During the past 12 months, did anyone in the household have
to visit a doctor's office because your apartment was too
cold? How many times? (mean)

0

-0.01

-0.06**

** Difference is statistically significant at the p<.01 level.
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Table 30: Monetization Approach – Thermal Stress
Monetization Approach
Key Variables




Type of care setting:
o

a = Hospitalization

o

b = ED visit

o

c = Physician office visit

D (a, b, c) = Change in mean number of occurrences (pre- to post-) of reported medical
treatment per household, by care setting



Medical coverage type (i.e., payer):


p1 = Medicare



p2 = Medicaid



p3 = Private/Other



p4 = Uninsured



C$ = Ave. cost for treatment, by care setting, by payer (p1, p2, p3, p4)



R = Rate of reduction in thermal stress deaths (%)



NEIh = Household NEI



NEIs = Societal NEI

Equation 1. Change in mean # of occurrences (pre- to post-), for each care setting (a, b, c)


D (a, b, c) = (d/npre-) – (d/npost-)

Equation 2. NEI value by household (without avoided deaths), for each care setting


C$ (a, b, c) * D (a, b, c)

Equation 3. Rate of reduction in thermal stress deaths (%)


R = [% of hospitalizations resulting in deaths (U.S. population) * (mean # of hospitalizations
prevented (reported on RS)]

Equation 4. Total NEI value by household (with avoided deaths)


# of avoided deaths * Value of Statistical Life (VSL) 54

Equation 5. Total Societal NEI value


Household = [(Total NEI value * % of MA income-eligible population with private/commercial
insurance or are uninsured) * (Average % OOP costs for treatment of thermal stress, per care
setting, for both thermal stress cold and hot)]



Societal = Total NEI value – Total Annual Household NEI Value

54

Value of human life, or as economists refer to it, the Value of Statistical Life (VSL), is a measure used to
compare regulatory costs to benefits.
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Table 31: Sources/Inputs – Thermal Stress
Inputs/Sources


Resident Survey

Literature:
Peer-Reviewed
and Other







Open-source
Databases

Change in mean number of times sought medical treatment, pre- to post(type a, b, and c)
o (a) Hospital: Hot (-0.02); Cold (0)
o (b) ED: Hot (-0.01); Cold (-0.05)
o (c) Office Visit (OV): Hot (0); Cold (-0.08)
U.S. Department of Transportation (DOT) (2016). Guidance on Treatment of
the Economic Value of a Statistical Life (VSL) in U.S. Department of
Transportation Analysis.
o VSL55 of $9.6M56
Bureau of Labor Statistics
o Consumer Price Index to price-adjust medical costs for Massachusetts,
201857
Medical Expenditure Panel Survey (MEPS) - 2015
o Percent of medical cost that is out-of-pocket (OOP) for Private/Other
ONLY, per care setting, for both hot and cold
(a) Hospital: 3.3%
(b) ED: 8.9%
(c) OV: 10.3%
o % of medical costs paid for by insurance costs, per care setting for
treatment of thermal stress - hot
(p1) Medicare: Hosp (66%); ED (25%); OV (21%)
(p2) Medicaid: Hosp (10%); ED (17%); OV (12%)
(p3) Private/Other: Hosp (18%); ED (26%); OV (60%)
(p4) Uninsured: Hosp (6%); ED (33%); OV (11%)
o % of medical costs paid for by insurance costs, per care setting for
treatment of thermal stress - cold
(p1) Medicare: Hosp (60%); ED (22%); OV (21%)
(p2) Medicaid: Hosp (23%); ED (20%); OV (11%)
(p3) Private/Other: Hosp (10%); ED (22%); OV (56%)
(p4) Uninsured: Hosp (7%); ED (37%); OV (11%)
o Average costs for medical treatment (not broken down by payer) (see
Table 32)

55

At the time of the WAP evaluations, U.S. government agencies were using values ranging from $5-9 million in
regulatory cost-benefit analysis. The WAP National Evaluation used a conservative VSL of $6M (in 2000 dollars)
adjusted for inflation to $7.5M in 2008 dollars. For the MA LI NEI study, the VSL of $7.5M used in the national WAP
evaluation was updated to $9.6M, a 2016 VSL recommended by the U.S. Department of Transportation (DOT). In an
effort to use a context-sensitive VSL, we conducted a thorough scan of Massachusetts government agencies’ use of
VSLs for cost-benefit analysis. The DOT’s Office of General Council updates this VSL annually in the memo
Guidance on Treatment of the Economic Value of a Statistical Life (VSL) in U.S. Department of Transportation
Analyses.
56
We anticipate reexamining and discussing this value with the reviewers.
57

https://data.bls.gov/timeseries/CUURS11ASAM?amp%253bdata_tool=XGtable&output_view=data&include_graphs=t
rue
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Table 32: Average Medical Costs for Treatment of Thermal Stress
Average Medical Costs (2018)
Care Setting

Cold-related

Heat-related

Hospital Visit

$16,742

$10,172

ED Visit

$1,085

$1,085

$208

$208

Physician Visit

Table 33: Estimating Avoided Deaths from Exposure to Extreme Thermal
Conditions
Inputs
Percent of hospitalizations from thermal stress resulting in death
(national rate)
Change in mean # of hospitalizations (in current pre-/postsample)
Rate of reduction in deaths from thermal stress due to
weatherization (in current pre-/post- sample)
VSL
Household avoided death NEB$, per weatherized unit, per year

Cold-related

Heat-related

2.51%

1.28%

0

0

0

0

$9.6M

$9.6M

$0

$0

Table 34: Estimated Impact of Reduced Medical Treatment and Avoided Deaths
Due to Exposure to Extreme Cold Temperatures
Annual Per Unit
Benefit

Annual Per Unit
Benefit W/O
Avoided Death
Benefit

PV Per Unit
Benefit

PV per Unit
Benefit W/O
Avoided Death
Benefit

Households

$5.95

$5.95

$58.04

$58.04

Society

$21.24

$21.24

$207.32

$207.32

Total

$27.19

$27.19

$265.36

$265.36
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Table 35: Estimated Impact of Reduced Medical Treatment and Avoided Deaths
Due to Exposure to Extreme Hot Temperatures
Annual Per Unit
Benefit

Annual Per Unit
Benefit W/O
Avoided Death
Benefit

PV Per Unit
Benefit

PV per Unit
Benefit W/O
Avoided Death
Benefit

Households

$0

$0

$0

$0

Society

$0

$0

$0

$0

Total

$0

$0

$0

$0
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A.1.3 Reduced Need for Food Assistance
It is logical to contend that weatherization could have a positive enough impact on household
budgets that some households on food assistance would not feel the need to apply for continued
assistance post-weatherization. It was observed through the RS that overall, fewer households
reported receiving food assistance post-weatherization. It is possible that the direct household
income benefits attributable to weatherization may allow some households to reduce their needs
for food assistance payments.58

Table 36: Resident Survey Questions – Food Assistance
Resident Survey Question
In the past 12 months did you or any members of your
household receive food stamps or WIC assistance
(Women, Infants, and Children nutrition program) to help pay
for food? (n=789)

CwT

T+C

Change

52.6%
(n=293)

57.9%
(n=496)

-5.3%

Table 37: Monetization Approach – Food Assistance
Monetization Approach
Key Variables




a = average food assistance per person per month ($)
d = change in the number of households needing food assistance (%)
h = average household size

Equation 1. Annual Societal Benefit (per weatherized unit)


= a*12 months*d*h

Table 38: Sources/Inputs – Food Assistance
Inputs/Sources
Resident Survey

Literature:
Peer Reviewed and
Other





Change in number of households needing food assistance: 0.053
Average household size: 1.42 people
Average food assistance per person per month:
https://www.cbpp.org/sites/default/files/atoms/files/snap_factsheet_mass
achusetts.pdf

58

For example, households may have enough money for food so that even if they are eligible for food assistance
based on their income, they may not believe that re-applying is worth their time and/or may feel relieved at not
experiencing the stigma of being on food assistance.
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Table 39: Estimated Impact of Reduced Need for Food Assistance
Annual Per Unit Benefit

PV Per Unit Benefit

$0

$0

Society

$113.79

$1,110.84

Total

$113.79

$1,110.84

Households

A.1.4 Trips and Falls
Adults age 65+ are at greater risk of falling in their homes compared to the general population,
and the resulting medical costs increase with age.59 According to the Centers for Disease Control
and Prevention (CDC), the medical costs associated with trips and falls in this age group were
estimated at over $50 billion nationally in 2015. 60 CDC (2017) and the National Safety Council
(2018) recommend installing good lighting, stair handrails, and shower grab bars to prevent trips
and falls in the home.61 Because these measures can be included in weatherization as energy
conservation or incidental health and safety repairs, as well as repairs to stairs and loose
carpeting, there is reason to believe weatherization can reduce the rate of trips and falls requiring
medical attention.
The preliminary survey results, shown in Table 40, are not consistent with this theory of change.
Since we do not believe that weatherization causes trips and falls, this NEI should be considered
still under assessment. It is possible that increasing the sample sizes, both pre-treatment and
post-treatment, will yield different statistical results. We will also work to improve our
understanding of the demographics of trips and falls. Therefore, at this point, in time we are not
presenting any estimated values for this NEI.
One potential explanation for the increase in incidence was that the average age of the postweatherization group was higher than the pre-weatherization group by a statistically significant
amount. Assuming older individuals are more prone to trips and falls than younger individuals,
one might reasonably hypothesize a higher trip and fall rate in the CwT group. An additional factor
to consider was the slightly higher prevalence of women in the post-weatherization group. In one
peer-reviewed article, women were roughly 20% more likely to be hospitalized and 10% more
likely to visit an ED than men when they need medical attention for a fall.62 However, men were
37% more likely to go to a doctor’s office or urgent care when needing medical care for a fall. 63

59

Elizabeth R. Burns, Judy A. Stevens, Robin Lee. The direct costs of fatal and non-fatal falls among older adults –
United States, J of Safety Res, Vol. 58, 2016, pgs 99-103. https://doi.org/10.1016/j.jsr.2016.05.001.
60
https://www.cdc.gov/homeandrecreationalsafety/falls/adultfalls.html
61
https://www.cdc.gov/steadi/pdf/check_for_safety_brochure-a.pdf
https://www.nsc.org/home-safety/safety-topics/older-adult-falls
62
Burns, E., Stevens, J., Lee, R. 2016. The direct costs of fatal and non-fatal falls among older adults – United
States, J of Safety Res, Vol. 58, pgs 99-103. https://doi.org/10.1016/j.jsr.2016.05.001.
63
Ibid.
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Table 40: Resident Survey Questions – Trips and Falls
(Inside the Home)
Resident Survey Question
In the past 12 months, did anyone in the household suffer a
trip or fall inside the home that required
them to see a medical professional? (n=775)

CwT

T+C

Change

10.3%
(n=282)

6.8%
(n=473)

+3.5%

35.7%
(n=28)
17.2%
(n=29)
46.4%
(n=28)
17.9%
(n=28)

30.0%
(n=30)
12.9%
(n=31)
51.7%
(n=29)
24.1%
(n=29)

% of those that fell that were 65+years of age
What types of medical attention did that individual seek?
Office Visit (n=58)
Urgent Care (n=60)
Emergency Department (n=57)
Hospital (n=57)

+5.7%
+4.3%
-5.3%
-6.2%

Table 41: Monetization Approach – Trips and Falls
Key Variables








Type of medical treatment:
o a = Hospitalization
o b = ED visit
o c = Physician office/urgent care visit
C$ (for a, b, and c) = average cost of medical treatment for a trip or fall
Tpre (for a, b, and c) = number of trips and falls resulting in each type of medical care before
treatment
Tpost (for a, b, and c) = number of trips and falls resulting in each type of medical care after
treatment
S$ (for a, b, and c) = cost impact per weatherized unit related to medical care (each type)
TS$ = total impact per weatherized unit for medical treatments a + b + c

Equation 1. Medical cost impacts, per weatherized unit (for each medical treatment type)


S$ (for a, b, and c) = ((C$*Tpost) / number of pre-weatherization households) - ((C$*T pre) /
number of post-weatherization households)

Equation 2. Annual Impact (per weatherized unit)


TS$ = S$ (a) + S$ (b) + S$ (c)
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Table 42: Sources/Inputs – Trips and Falls
Inputs/Sources
Resident
Survey





Open-source
Databases


Change in number of trips and falls resulting in medical care (each type)
Age of resident that reported experiencing a fall
Average cost of medical treatment for a trip or fall for adults age 65 and older:
Elizabeth R. Burns, Judy A. Stevens, Robin Lee. The direct costs of fatal and
non-fatal falls among older adults – United States, J of Safety Res, Vol. 58,
2016, pgs 99-103. https://doi.org/10.1016/j.jsr.2016.05.001.
Bureau of Labor Statistics: Consumer Price Index to price-adjust medical
costs for Massachusetts, 201864

A.1.5 Carbon Monoxide Poisoning
CO poisoning can be caused by a combination of faulty combustion appliances and lack of a
functional CO monitor. However, as mentioned earlier, these events are relatively rare and difficult
to capture. For the CO monetization effort, the study team intended using the same inputs and
algorithms as for the LISF and WAP evaluations, due to their transferability to the MF sector. The
findings from the RS were only to be used to substantiate the secondary data (e.g., number of
units with CO monitors) but not be incorporated into the monetization algorithm. Our previous
methodology used inputs gleaned from secondary literature, and data on installed measures from
participating agencies, to determine annual household and societal savings attributable to
reduced medical treatment and avoided deaths from reduced occurrences of CO poisoning.
Presently, for CO, the monetary value is equal to $0 as preliminary data on measures installed
did not indicate the installation of any CO monitors.65

64

https://data.bls.gov/timeseries/CUURS11ASAM?amp%253bdata_tool=XGtable&output_view=data&include_graphs=t
rue
65
A representative of one participating agency in MA stated, “CO monitors are required by MA code but are usually
the responsibility of the owners or tenants; [agencies] do install them in combustion zones where and when required
by code as part of heating and domestic hot water (DHW) replacements.” Another stated, “We do not replace
combustion heating systems/DHW systems in individual units as these are too small to pass the programs’
cost/benefit tests…we have no work requiring installation [of CO monitors] and we only make recommendations.”
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Table 43: Monetization Approach – CO Poisoning
Monetization Approach
Key Variables








ED = prevented emergency department visits per weatherized (Wx) unit
H = prevented hospitalizations per weatherized unit
d = prevented deaths per Wx unit
cm = change in the number of units with CO monitors (%)
ed$ = estimated cost of ED visit
h$ = estimated cost of hospitalization
VSL = value of avoided death

Equation 1. Annual Household Benefit (per weatherized unit)


= (ED*cm*ed$ + H*cm*h$) * 0.03 + (d*cm*VSL)

Equation 2. Annual Societal Benefit (per weatherized unit)


= (ED*cm*ed$ + H*cm*h$) * 0.97

Table 44: Sources/Inputs – Carbon Monoxide Poisoning
Inputs/Sources
Resident Survey



Change in the number of homes with CO monitors (%)

Installed
Measures Data



Number of homes that received a new or replaced CO monitors



Tonn et al. (2014)
o % of insurance costs covered by households = 3%
o % of insurance costs covered by society = 97%
o Prevented ED and hospital visits, and prevented deaths per
weatherized unit: Tonn et al. (2014)
Estimated cost of ED visit:
https://www.ncbi.nlm.nih.gov/pubmed/28888530
Estimated cost of hospitalization:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4733068/

Literature:
Peer Reviewed
and Other
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Table 45: Estimated Impact of Reduced Carbon Monoxide Poisoning
Annual Per
Unit Benefit
(10-Year Life)

Annual Per
Unit Benefit
W/O Avoided
Death Benefit

PV Per Unit
Benefit
(10 Years)

PV per Unit Benefit
W/O Avoided Death
Benefit

Households

$0.00

$0.00

$0.00

$0.00

Society

$0.00

$0.00

$0.00

$0.00

Total

$0.00

$0.00

$0.00

$0.00

A.1.6 Low-Birth-Weight Babies
It is possible that the direct household income benefits attributable to weatherization may allow
some households to avoid a tradeoff between heating the home or affording the purchase of a
healthy amount of food after weatherization. Studies have shown that pregnant women foregoing
either food or heat subsequently have infants needing more medical care in their first year of life. 66

Table 46: Resident Survey Questions – Low-Birth-Weight Babies
Survey Question
Percent of households that did not have to forego paying for
food to pay an energy bill and did not have to forego paying
an energy bill to pay for food.

CwT

T+C

Change

91.1%

73.8%

-17.3%*

* Difference is statistically significant at the p<.001 level.

66

Frank et al. 2006.
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Table 47: Monetization Approach – Low-Birth-Weight Babies
Monetization Approach
Key Variables




n = Average number of babies born among the program population for a given year
d = Change in number of low birth weight (LBW) babies (%)
c = Cost of a LBW baby

Equation 1. Number of babies born


n = (Number of women ages 15-44 reported in Phase 1-RS) * (Massachusetts birth rate for
women ages 15-44)

Equation 2. Reduction in number of LBW babies (%)


d = (Percent change in LBW babies if no longer have trade-offs) * (Percent change in tradeoffs)

Equation 3. Annual Societal Benefit (per weatherized unit)


= n*d*c

Table 48: Sources/Inputs – Low-Birth-Weight Babies
Inputs/Sources

Resident Survey

Literature:
Peer Reviewed
and Other

Open-source
Databases





Reported number of women ages 15-44: (0.146)
Massachusetts birth rate for women ages 15-44: (0.064)
Percent change in LBW babies if no longer have trade-offs: (1.64%)



Percent change in trade-offs: (17.3%)



Massachusetts Births (2015):
https://www.mass.gov/files/documents/2017/04/zx/birth-report-2015.pdf
Societal Costs of Preterm Birth (2007): $122,419
https://www.ncbi.nlm.nih.gov/books/NBK11358/





Bureau of Labor Statistics: Consumer Price Index to price-adjust medical
costs for Massachusetts, 201867

67

https://data.bls.gov/timeseries/CUURS11ASAM?amp%253bdata_tool=XGtable&output_view=data&include_graphs=t
rue
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Table 49: Estimated Impact of Fewer Low-Birth-Weight Babies

Households
Society
Total

Annual Per Unit Benefit

PV Per Unit Benefit

$0.00
$3.25
$3.25

$0.00
$31.73
$31.73

A.1.7 Missed Days of Work
Responses to the RS questions and inputs gleaned from secondary literature were used to
determine annual household savings attributable to reduced days of work missed because of
illnesses or injuries, as missed days of work can negatively impact household income.

Table 50: Resident Survey Questions – Missed Days of Work
Survey Question

CwT

T+C

Change

In the past 12 months, about how many days of work did the
primary wage earner miss because of illness or injury?
(number of days) (n=124)

3.92
(n=36)

6.07
(n=88)

-2.15

In the past 12 months, about how many days of work did the
primary wage earner miss because of illness or injury of
another household member? (number of days) (n=64)

.12
(n=17)

1.00
(n=47)

-0.88

Table 51: Monetization Approach – Missed Days of Work
Monetization Approach
Key Variables






w = average wage rate per hour for low-income worker ($)
d = change in the number of missed days of work due to health of self or others (%)
e = percentage of main respondents employed
s1 = percentage of low-income workers without sick leave
s2 = percentage of low-income workers with sick leave

Equation 1. Annual Household Benefit (per weatherized unit)

= w*(8 hours)*d*e*s
Equation 2. Annual Societal Benefit (per weatherized unit)

= w*(8 hours)*d*e*s2
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Table 52: Sources/Inputs – Missed Days of Work
Inputs/Sources


Resident Survey



Literature:
Peer Reviewed
and Other



Change in the number of missed days of work due to health of self or
others: 3.03 days
Percentage of main respondents employed or self-employed: 20.9%
Average wage rate per hour for low-income workers: $12.46
http://www.massbudget.org/reports/swma/poverty.php
http://www.massbudget.org/reports/swma/wages-income.php
Percentage of low-income workers w/o sick leave: 77% –
Bureau of Labor Statistics (March 2017):
https://www.bls.gov/news.release/ebs2.t06.htm

Table 53: Estimated Impact of Fewer Missed Days of Work
Annual Per Unit Benefit

PV Per Unit Benefit

Households

$48.61

$474.54

Society

$14.52

$141.75

Total

$63.13

$616.29

A.1.8 Prescription Adherence
Responses to the RS questions and inputs gleaned from secondary literature were used to
determine annual societal savings attributable to improved prescription medication adherence,
which could result from an increase in household income due to reduced energy costs or
decreased medical expenses. It is possible that the direct household income benefits attributable
to weatherization may allow some households to afford prescription medicines after
weatherization. An important benefit to society for complying with physician directed prescriptions
is a substantial reduction in hospitalization rates.

Table 54: Resident Survey Questions – Prescription Adherence
Survey Question
During the past 12 months, was there any time your
household members needed prescription medicines but didn't
get them because you couldn't afford it? (n=755)

CwT

T+C

Change

7.3%
(n=273)

12.9%
(n=482)

-5.6***

*** Difference is statistically significant at the p<.05 level.
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Table 55: Monetization Approach – Prescription Adherence
Monetization Approach
Key Variables








e = annual cost to national economy due to lack of prescription medication adherence
p = U.S. population
i = % of population taking prescriptions
n = % of population non-prescription adherent
c = cost to society: lack of prescription medication adherence ($)
d = change in the percentage of households better able to afford prescriptions (%)
a = adjustment factor, some households still will not adhere to prescriptions (%)

Equation 1. Societal Costs for Prescription Non-Adherence


c = e/(p*i*n)

Equation 2. Annual Societal Benefit (per weatherized unit)


= c*d*a

Table 56: Sources/Inputs – Prescription Adherence
Inputs/Sources
Resident Survey



Change in the percentage of households better able to afford
prescriptions



Annual cost to society for an individual being non-prescription adherent:
http://annals.org/aim/fullarticle/1357338/interventions-improve-adherenceself-administered-medications-chronic-diseases-united-states)
% of population taking prescriptions: 70%
% of population non-prescription adherent: 50%
Cost to economy of prescription non-adherence:
Cutler R. L., et al (2018). Economic impact of medication non-adherence
by disease groups: a systematic review. BMJ Open; 8:
e016982. doi: 10.1136/bmjopen-2017-016982.
Adjustment factor: 0.5
Liberman et al (2011). Are caregivers adherent to their own medications?
Journal of the American Pharmacists Association, Volume 51, Issue 4,
492–498. https://doi.org/10.1331/JAPhA.2011.10006




Literature:
Peer Reviewed
and Other





Open-source
Databases



U.S. population: 327M
http://census.gov
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Table 57: Estimated Impact of Prescription Adherence
Annual Per Unit Benefit

PV Per Unit Benefit

Households

$0.00

$0.00

Society

$61.16

$597.06

Total

$61.16

$597.06

A.1.9 Short-Term High-Interest Loans
Responses to the RS questions and inputs gleaned from secondary literature were used to
determine annual household savings attributable to reduced need for taking out short-term highinterest (predatory) loans due to improved budget situations (e.g., from reduced energy costs or
decreased medical expenses).

Table 58: Resident Survey Questions – Short-Term Loans
Survey Question

CwT

T+C

0.6%
(n=181)
0.6%
(n=181)
0.0%
(n=181)
0.6%
(n=181)
8.2%
(n=195)

4.7%
(n=319)
2.2%
(n=319)
0.3%
(n=320)
2.8%
(n=321)
7.9%
(n=331)

Change

In the past year, have you used any of the following to
assist with paying your energy bill?
Payday loan (n=500)
Tax Refund Anticipation Loan (n=500)
Car Title loan (n=501)
Other type of short term, high-interest loan (n=502)
Pawn shop (n=526)

-4.1***
-1.6
-0.3
-2.2
+0.3

*** Difference is statistically significant at the p<.05 level.

Table 59: Monetization Approach – Short Term Loans
Monetization Approach
Key Variables
For each loan type (i); payday, tax refund, car title, other, pawn

l = average interest payment for loan type (i) ($)

d = change in the percentage of household taking out loan type (i) (%)
Equation 1. Annual Household Benefit (per weatherized unit)



= I*d (for every loan type i)
NEI = 0.041*$90 + 0.016*$35 + 0.003*$250 + 0.022* $118.75 + (-0.003)*$30
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Table 60: Sources/Inputs – Short Term Loans
Inputs/Sources
Resident
Survey



Change in the percentage of households reporting taking out loan type (i)



Federal Deposit Insurance Corporation (2015). National Survey of Unbanked
and Underbanked Households.
https://www.fdic.gov/householdsurvey/2015/2015report.pdf
Neil Bhutta, Jacob Goldin, Tatiana Homono (2015). Consumer Borrowing After
Payday Loan Bans.
The Pew Charitable Trusts (2015). Auto Title Loans: Market practices and
borrowers’ experiences.
http://www.pewtrusts.org/~/media/assets/2015/03/autotitleloansreport.pdf
Consumer Financial Protection Bureau (2013).
https://files.consumerfinance.gov/f/201304_cfpb_payday-factsheet.pdf
Robert B. Avery (2011). Payday Loans versus Pawnshops: The Effects of
Loan Fee Limits on Household Use.



Literature:
Peer
Reviewed and
Other






Table 61: Estimated Impact of Reduced Use of Short-Term, High Interest Loans
Annual Per Unit Benefit

PV Per Unit Benefit

Households

$7.52

$73.41

Society

$0.00

$0.00

Total

$7.52

$73.41

A.1.10 Improvements in Home and Work Productivity
For the home productivity NEI, the team relied on responses to the RS questions were used and
inputs gleaned from secondary literature to determine annual household savings attributable to
increases in non-market household production (i.e., housework) due to better sleep and rest.
Existing literature posits that lack of sleep can negatively impact productivity. Our research
findings indicate that there are reductions in reports of “poor” sleep from respondents that are
weatherization recipients.
If RS respondents confirmed that their household’s primary wage earner was employed or selfemployed, we asked them about the adequacy of their rest and sleep. Responses to those
questions, and secondary literature establishing annual productivity increases attributable to
better sleep and rest, were used to estimate impacts on work productivity.

Table 62: Resident Survey Questions – Home and Work Productivity
Survey Question
During the past 30 days, for about how many days have you
felt you did not get enough rest or sleep? (n=612)

CwT

T+C

Change

6.11
(n=221)

6.78
(n=391)

-0.67
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Table 63: Monetization Approach – Home and Work Productivity
Monetization Approach
Key Variables


p = annual productivity increases attributable to better sleep and rest ($)
d = change in the percentage of main respondents getting better sleep and rest (%)
w = value of an hour of housework
h = hours per week housework
i = productivity increase in housework (=p/s)
s = % of main respondents employed







Equation 1. Annual Household Benefit for Increased Home Productivity (per Wx unit)


= d*w*h*i*52
Equation 2. Annual Societal Benefit for Increased Work Productivity (per Wx unit)

= p*d*s

Table 64: Sources/Inputs – Home and Work Productivity
Inputs/Sources
Resident
Survey





Literature:
Peer
Reviewed
and Other





Opensource
Databases




Change in the percentage of main respondents getting better sleep and rest (%)
% of main respondents employed: 20.9%
Annual productivity increase attributable to better sleep and rest: $2,500
https://www.rand.org/pubs/research_reports/RR1791.html
Value for an hour of non-market household production (housework): $22.80
https://www.forbes.com/sites/jennagoudreau/2011/05/02/why-stay-at-homemoms-should-earn-a-115000-salary/#5bb109f275f4
https://www.bea.gov/household-production/
Average # of hours per week spent on house work: 21.5 hours/week
http://www.bls.gov/opub/mlr/2009/07/art3full.pdf
Average annual salary US worker:
https://www.census.gov/newsroom/releases/archives/income_wealth/cb12172.html

Table 65: Estimated Impact of Increased Home Productivity Due to Improved
Sleep
Annual Per Unit Benefit

PV Per Unit Benefit

Households

$24.22

$236.44

Society

$0.00

$0.00

Total

$24.22

$236.44
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Table 66: Estimated Impact of Increased Work Productivity Due to Improved
Sleep
Annual Per Unit Benefit

PV Per Unit Benefit

Households

$0.00

$0.00

Society

$9.93

$96.94

Total

$9.93

$96.94

A.1.11 Home Fires
Similar to CO poisoning, home fires are relatively rare and difficult to capture. Inputs mined from
secondary literature were used to determine annual household and societal savings attributable
to reduced medical treatment and avoided deaths from reduced occurrences of home fires. The
findings from the RS (See Section 4.3) were only to be used to substantiate the secondary data
but not be incorporated into the monetization algorithm.
Home fires can be prevented by installing measures that are fire suppressors or remove materials
(or repair electrical issues/faulty combustion appliances) that may be fire ignitors. Injuries and
deaths can also be reduced by the installation of smoke detectors, although based on (limited)
data provided by participating agencies there are zero reports of smoke detectors being installed
as part of MF weatherization (see Section 4.2).
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Table 67: Monetization Approach – Home Fires
Monetization Approach
Key Variables

A1 = probability of fire in MF apartment

B1 = reduced probability of fire in MF apartment, attributable to weatherization

A2 = probability of fire in SF home

B2 = reduced probability of SF fire, attributable to weatherization

C = estimated occupant deaths from an apartment fire

D = estimated occupant injuries from an apartment fire

E = estimated cost of occupant injuries per apartment fire (household)

F = estimated cost of occupant injuries per apartment fire (societal)

G = estimated firefighter deaths per apartment fire

H = estimated firefighter injuries per apartment fire

I = estimated cost of firefighter injuries (household)

J = estimated cost of firefighter injuries (societal)

K = estimated property loss per apartment fire

L = estimated property loss (household)

M = estimated property loss per apartment fire (societal)

N = value of avoided death
Equation 1. Reduced probability of MF unit fire, attributable to weatherization

B = A*(B2 / A1)

B = .0011*(.000585/.0021)
Equation 2. Annual Societal Benefit (per weatherized unit)



= B*(G*N) + (H*(F+J) +M))
NEI = 0.00030643*((0.00005*$9.6M) + (0.1*($5,651+$6,726)) + $11,968))
Equation 3. Annual Household Benefit (per weatherized unit)

= B*((C*N) + (D*(E+I)) + L)

NEI = 0.00030643*((0.0037*$9.6M) + (0.0183*($1,086+$0) + $6,732))

Table 68: Sources/Inputs – Home Fires
Inputs/Sources


Literature:
Peer Reviewed
and Other







Open-source
Databases



Estimated societal benefits per weatherized single-family unit: Hawkins et
al. 2016
Estimated household benefits per weatherized single-family unit: Hawkins
et al. 2016
Adapt SF fire reduction rates from Hawkins et al. 2016 to MF sector:
https://www.nfpa.org/-/media/Files/News-and-Research/Firestatistics/Occupancies/osHomes.pdf
https://www.verisk.com/blog/fire-trends-multifamily-housing/
https://www.usfa.fema.gov/downloads/pdf/statistics/v18i3.pdf
Bureau of Labor Statistics: Consumer Price Index to price-adjust medical
costs for Massachusetts, 201868

68

https://data.bls.gov/timeseries/CUURS11ASAM?amp%253bdata_tool=XGtable&output_view=data&include_graphs=t
rue
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Table 69: Estimated Benefit for Reduced Home Fire Occurrences
Annual Per Unit
Benefit

Annual Per Unit
Benefit W/O Avoided
Death Benefit

PV Per
Unit
Benefit

PV per Unit Benefit
W/O Avoided
Death Benefit

Households

$12.95

$2.07

$126.42

$20.21

Society1

$4.05

$4.05

$39.54

$39.54

Total

$17.00

$5.97

$165.96

$59.75

1

The avoided injuries and deaths to firefighters are categorized as a societal benefit.

A.2

LOWER-PRIORITY NEIS

The Resident Survey contains questions to support the consideration of an additional 21 NEIs. In
this section we address the question of which of the 21 NEIs should be monetized. Our
recommendations are based on two factors: (1) likely strong evidence of change pre- to post, and
(2) likely magnitude of the NEI. We recommend NEIs monetization based on these criteria. We
propose to evaluate in a first wave all recommended additional NEIs that can be analyzed with a
cross-sectional approach. We propose to evaluate in a second wave with a matched pairs
analysis the remaining recommended additional NEIs (Table 70). Table 72 through Table 90
present findings that provide the basis for estimating likelihood of monetization.
All of the NEIs in the second wave are directly health-related. Approaches and data sources used
to monetize several core NEIs, such as asthma and thermal stress, can be applied to these NEIs
as well. These NEIs are grouped into the second wave because a thorough monetization will
require a substantial amount of post-weatherization treatment and control group data.

Table 70: Additional NEIs Recommended for Monetization
First wave:
Disconnect notices
Disconnections
Noise pollution*
Odors*
Spoiled food
Energy assistance
Mental health and well-being*
Refrigerated medicines**
Electrical medical equipment**

Second wave:
COPD
Arthritis
CVD
Diabetes
Headaches
Dental health

*Because of their subjective nature, these NEIs may need to be approached using contingent value approaches.
**Will require new work to estimate grid reliability, and number of avoided deaths related to safe-guarding refrigerated
medicines and electrical medical equipment.
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Table 71 presents new NEIs not recommended for monetization at this time and the justification.

Table 71: NEIs Not Recommended for Monetization
NEI
Burns from water
Obesity
Residential instability
Food poisoning
Lead poisoning
Missed days of school
Trips and falls outside of buildings

Justification
Likely lack of evidence of change
Not directly addressed on survey
Likely lack of evidence of change
Likely lack of evidence of change
Program infrequently address lead issues
Likely lack of evidence of change
Not directly addressed on survey

The remaining tables in this section present descriptive statistics for the NEIs recommended by
subject matter experts for additional assessment. These findings informed the study team’s
recommendations of new NEIs to be monetized, as presented in Table 68, above.

Table 72: Resident Survey Questions – Chronic Obstructive Pulmonary Disease
Resident Survey Question

CwT

T+C

(+/-)

Have you ever been told by a doctor or health professional
that you have COPD, emphysema, or chronic bronchitis?
(Yes)

15.1%
(n=272)

16.0%
(n=487)

NA

Have you ever been given a breathing test to diagnose your
COPD, chronic bronchitis, or emphysema? (Yes)

92.3%
(n=39)

87.8%
(n=74)

NA

Other than a routine visit, have you had to see a doctor in
the past 12 months for symptoms related to shortness of
breath, bronchitis, or other COPD, or emphysema flare ups?
(Yes)

65.9%
(n=41)

72.0%
(n=75)

-6.1%

Did you have to visit an emergency room or be admitted to a
hospital in the past 12 months because of
your COPD, chronic bronchitis, or emphysema? (Yes)

22.0%
(n=41)

32.4%
(n=74)

-10.4%

How many different times did you have to be admitted to a
hospital in the past 12 months because of your COPD,
chronic bronchitis, or emphysema? (mean)

1.67
(n=6)

2.60
(n=20)

-0.93

How many different times did you have to be admitted at
emergency department in the past 12 months because of
your COPD, chronic bronchitis, or emphysema? (mean)

1.75
(n=8)

2.64
(n=25)

-0.89

How many different medications do you currently take each
day to help with your COPD, chronic bronchitis, or
emphysema? (mean)

1.94
(n=35)

2.44
(n=72)

-0.50
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Table 73: Resident Survey Questions – Disconnect Notices and Disconnections
Resident Survey Question

CwT

T+C

(+/-)

When home energy bills are not paid on time, it is common
for energy utilities and suppliers to send late notices. During
the past 12 months, how often did you receive a disconnect,
shut-off, or non-delivery notice? (almost every month or some
months)

9.3%
(n=151)

12.9%
(n=295)

-3.6%

In the past 12 months, was your electricity or natural gas ever
disconnected because you were unable to pay your home
energy bill? (Yes)

1.7%
(n=180)

4.3%
(n=327)

-2.6%

While your electricity or natural gas was disconnected, was
there a time when you wanted to use your main source of
heat but were unable to? (Yes)

0.0%
(n=1)

41.7%
(n=12)

-41.7%

While your electricity was disconnected, was there a time
when you wanted to use your air conditioner but were unable
to? (Yes)

50.0%
(n=2)

46.2%
(n=13)

+3.8%

Table 74: Resident Survey Questions – Arthritis
Resident Survey Question

CwT

T+C

(+/-)

Have you ever been told by a doctor or other health
professional that you have arthritis? (Yes)

56.9%
(n=288)

52.0%
(n=492)

NA

How long has it been since you last had any symptoms of
arthritis? (less than three months ago)

66.9%
(n=160)

67.8%
(n=245)

-0.9%

During the past 12 months, did you see a doctor, nurse, or
other health professional for urgent treatment of worsening
arthritis symptoms? (Yes)

37.3%
(n=110)

44.8%
(n=183)

-7.5%

How many different times were you admitted to a hospital in
the past 12 months because of your arthritis? (mean)

0.15
(n=20)

0.53
(n=49)

-0.38

How many different times did you have to visit an emergency
department in the past 12 months because of your arthritis?
(mean)

0.52
(n=23)

1.02
(n=55)

-0.50

How many different times did you have to visit an urgent care
center in the past 12 months because of your arthritis?
(mean)

0.93
(n=29)

1.14
(n=56)

-0.21

Table 75: Resident Survey Questions – Burns from Hot Water
Resident Survey Question
In the past 12 months, did anyone in the household see a
medical professional because of burns from scalding hot water
coming out of a faucet or showerhead inside your home? (Yes)

CwT

T+C

(+/-)

0.3%
(n=290)

0.0%
(n=492)

+0.3%
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Table 76: Resident Survey Questions – Cardiovascular Disease (CVD)
Resident Survey Question

CwT

T+C

(+/-)

When engaged in moderate activity, your heart beats faster
than normal; you can talk but not sing. Examples include fast
walking, aerobics class, doing weights, or swimming gently.
How many days per week do you do moderate physical
activities for at least 30 minutes? (mean)

3.07
(n=233)

2.86
(n=409)

+0.21

When engaged in vigorous activity, your heart beat increases
a lot, you can't talk, or your talk is broken up by large breaths.
Examples include jogging, running, basketball, or hiking up a
steep hill. How many days per week do you do vigorous
physical activities for at least 20 minutes? (mean)

1.39
(n=213)

1.47
(n=376)

-0.08

Table 77: Resident Survey Questions – Diabetes
Resident Survey Question

CwT

T+C

(+/-)

Have you ever been told by a doctor or other health
professional that you have diabetes? (Yes)

29.7%
(n=283)

24.1%
(n=485)

NA

How long has it been since you last had any symptoms of
diabetes? (less than three months ago)

38.3%
(n=81)

54.6%
(n=112)

During the past 12 months, did you see a doctor, nurse, or
other health professional for urgent treatment of worsening
diabetes symptoms? (Yes)

22.0%
(n=32)

26.8%
(n=52)

0.33
(n=6)
0.33
(n=6)
2.17
(n=6)

0.57
(n=14)
0.36
(n=14)
0.79
(n=14)

-16.3%

-4.8%

If yes, in the past 12 months how many different times
did you … because of your diabetes? (mean)
Get admitted to a hospital
Visit an emergency department
Visit an urgent care center

-0.24
-0.03
+1.38

Table 78: Resident Survey Questions – Electrical Medical Equipment
Resident Survey Question

CwT

T+C

(+/-)

Do you or does anyone else in your household rely on
medical equipment that would stop working if the power goes
out? (Yes)

15.9%
(n=271)

19.3%
(n=483)

NA

Would it be life threatening if your electric medical equipment
was unable to be powered for an extended period? (Yes)

47.4%
(n=38)

63.2%
(n=87)

NA
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Table 79: Resident Survey Questions – Refrigerated Prescriptions
Resident Survey Question

CwT

T+C

(+/-)

Do you or anyone else in your household take prescription
medicines that need to be kept in the refrigerator? (Yes)

20.4%
(n=285)

15.6%
N=493)

+4.8%

Would it be life threatening if the medicines were not
refrigerated for an extended period because of a power
outage? (Yes)

50.0%
(n=46)

54.8%
(n=62)

-4.8%

Table 80: Resident Survey Questions – Headaches
Resident Survey Question
In the past three months, have you had headaches that are
either new or more frequent or severe than ones
you have had before? (Yes)

CwT

T+C

(+/-)

17.2%
(n=290)

20.0%
(n=486)

-2.8%

Table 81: Resident Survey Questions – Noise
Resident Survey Question

CwT

T+C

(+/-)

How much outdoor noise do you hear indoors when the
windows are closed? (a great deal or some)

51.0%
(n=302)

58.9%
(n=511)

-7.9%*

Thinking about the past 12 months, how much of this outdoor
noise interfere with your sleep at night?
(very much or moderately)

15.2%
(n=302)

16.4%
(n=511)

-1.2%*

How much does outdoor noise bother, disturb or annoy you
when you are inside your apartment?
(moderately or great deal)

21.5%
(n=302)

27.8%
(n=511)

-6.3%*

* Difference is statistically significant at the p<.05 level.
** Difference is statistically significant at the p<.01 level.
*** Difference is statistically significant at the p<.001 level.

Table 82: Resident Survey Questions – Odors
Resident Survey Question

CwT

T+C

(+/-)

How often do you smell odors from outside your home when
the windows are closed? (very or fairly often)

10.8%
(n=268)

16.9%
(n=450)

-6.1%*

How often do you smell odors from other apartments or the
hallway when you are inside your apartment?
(very or fairly often)

24.6%
(n=256)

28.0%
(n=436)

-3.4%

* Difference is statistically significant at the p<.05 level.
** Difference is statistically significant at the p<.01 level.
*** Difference is statistically significant at the p<.001 level.
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Table 83: Resident Survey Questions – Residential Instability
Resident Survey Question

CwT

T+C

2.2%
(n=278)
1.4%
(n=278)
0.0%
(n=278)
0.4%
(n=278)
0.4%
(n=278)

3.4%
(n=474)
0.6%
(n=473)
0.0%
(n=473)
1.1%
(n=473)
2.1%
(n=473)

(+/-)

In the past 12 months, did you have to temporarily move
out of your apartment because of any of the following
reasons: (Yes)
Did not have power
Flooding
Fire
Apartment too hot
Apartment too cold

-1.2%
+0.8%
0.0%
-0.7%
-1.7%

Table 84: Resident Survey Questions – Spoiled Food
Resident Survey Question
In the past 12 months how many times did you have to throw
away food because your refrigerator was broken or lost
power? (mean)

CwT

T+C

(+/-)

0.13
(n=258)

0.44
(n=439)

-0.31**

* Difference is statistically significant at the p<.05 level.
** Difference is statistically significant at the p<.01 level.
*** Difference is statistically significant at the p<.001 level.

Table 85: Resident Survey Questions – Food Poisoning
Resident Survey Question
In the past 12 months did anyone in the household see a
medical professional for food poisoning because your
refrigerator was not at a temperature that was safe for food?
(Yes)

CwT

T+C

(+/-)

0.7%
(n=289)

0.8%
(n=493)

-0.1%

Table 86: Resident Survey Questions – Energy Assistance
Resident Survey Question
Some agencies offer assistance with paying for energy
bills. Did your household receive energy assistance this
year? (Yes)

CwT

T+C

(+/-)

24.1%
(n=166)

37.2%
(n=309)

-13.1%**

* Difference is statistically significant at the p<.05 level.
** Difference is statistically significant at the p<.01 level.
*** Difference is statistically significant at the p<.001 level.
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Table 87: Resident Survey Questions – Lead Poisoning
Resident Survey Question
Has anyone in the household ever experienced lead
poisoning? (Yes)

CwT

T+C

(+/-)

0.0%
(n=286)

1.5%
(n=475)

-1.5%

Table 88: Resident Survey Questions – Mental Health & Well Being
Resident Survey Question

CwT

T+C

(+/-)

Thinking about your mental health, which includes stress,
depression, and problems with emotions, for how many
days during the past 30 days was your mental health not
good? (mean)

4.40
(n=220)

5.37
(n=377)

-0.97

During the past 30 days, for about how many days did poor
physical or mental health keep you from doing your usual
activities, such as self-care, work, or recreation? (mean)

3.84
(n=218)

4.18
(n=380)

-0.34

Table 89: Resident Survey Questions – Missed Days of School
Resident Survey Question
In the past 12 months, how many days of school has this child
missed? (mean)
In the past 12 months, how many days of school has this child
missed? (mean)

CwT

T+C

4.33
(n=3)
3.36
(n=11)

4.36
(n=11)
3.96
(n=28)

(+/-)
-0.03
-0.60

Table 90: Resident Survey Questions – Dental Health1
Resident Survey Question
During the past 12 months, was there a time when you or
other household members needed dental care but could not
afford it? (Yes)
1

CwT

T+C

(+/-)

21.8%
(n=257)

26.0%
(n=439)

-4.2%

This NEI was not included in the original list of NEIs to be assessed.
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Appendix B Comparison of LISF and LIMF NEI Values
Table 91 compares the NEIs between this study and the 2016 MA LISF study.

Table 91: Comparison of Estimated NEI Values Between Studies
(2016 MA LISF and 2018 MA LIMF)
NEI
Asthma
Household
Thermal Stress - Hot
Household WITH VSL
Household w/o VSL
Thermal Stress - Cold
Household WITH VSL
Household w/o VSL
CO
Household WITH VSL
Household w/o VSL
Missed Days of Work
Household
Short-Term Loans
Household
Home Productivity
Household
Fire
Household WITH VSL
Household w/o VSL

LISF

LIMF

$9.99

$35.55

$145.93
$8.28

$0.00
$0.00

$463.21
$4.67

$5.95
$5.95

$36.98
$0.25

$0.00
$0.00

$149.45

$48.61

$4.72

$7.52

$37.75

$24.22

$93.84
$9.77

$12.95
$2.07
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Appendix D Sample Sizes
Table 92: Estimated Final Sample Sizes (Buildings) 1
Study Group

Massachusetts

Midwest

Northeast

Phase I

Phase II

Phase I

Phase II

Phase I

Phase II

Comparison with
Treatment (CwT)

25

0

30

0

10

0

Treatment (T)

25

25

90

70

30

20

Control-on Waiting List
(CWL)

25

25

90

70

30

20

Total

75

50

210

140

70

40

All Regions
Phase I

355

Phase II

230

1

Sample sizes for Phase II will likely be lower due to attrition; the CwT group will not be surveyed in Phase II.

Table 93: Estimated Final Sample Sizes (Households/Completed Surveys)
Study Group

Massachusetts

Midwest

Northeast

Phase I

Phase II

Phase I

Phase II

Phase I

Phase II

Comparison with
Treatment (CwT)

225

0

300

0

100

0

Treatment (T)

225

225

900

700

300

200

Control-on Waiting List
(CWL)

225

225

900

700

300

200

Total

675

450

2,100

1,400

700

400

All Regions
Phase I

3,475

Phase II

2,250
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