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Abstract

We offera newhome affordabilty estimat@HAE) thatfocuseson the share of housing stock that
is affordable tacertainhouseholdsin the United StatesThe méhodology considers affordability
as it relates téunds available for down paymestinitial monthly housingrelated paymentsand
future projections dhouseholdincome and costsTheHAE builds uponexisting industry statistics

in two ways. First, existing affordability indexesmake certain assumptions for one or more of
thosefunding factors We can observe actual investment and expense vaBesond existing
industry statisticsconsiderit y p i fanglids dhat earn thenedianhouseholdincome level. The
HAE is sufficiently more flexible for evaluating famiies at differenplaces in theincome
distribution This paper discusses thssumptions and procesdor creatingthe HAE indexes
compares the national time seriesvery low-income low-income and medintincome families
and then documents trends across metropoltan avéasffer the data for publicisageandleave
commentary about implications future research
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1. Introduction

Housing dfordability is anoftenmentioned concerwhendescriling the current health and future

outlook of real estatmarkes. Affordability plays a critical role in qualifying a borrower in the
purchase of a homai Wh at ¢ atobuy? 0 afdag thedirsquestios aprospectivehome

buyer ask herselt Therear e numer ous Arul es of t humbo on
anywhere from 2 to 2.5 times to as high as 4 to 5 times p e r s 0 ndalary? &@Onlineu a |
calculators,found on websites lkeZilow, Redfin, Trulia, and Realtor.com,offer to output an
affordablehome price(or a range of thent)ased on user inputs. The required user inputs vary,

but all of theinterfacesrecuire a minimum of three inpuisincome, debt, and down payment.

Some of the calculators have advanogtions to refine individual inputs or considerspecific
geographic locatia The tools may differ in complexity but they share a simple goal of providing

an outputvalue thats, purportedly affordable to a potential homebuyer

At a more macrdevel, housing analysts andesearcherexamineaffordabilty trends over time,
with a keen interest in urban areaih constrained supply and rapidly rising house prites
Several industry participants already construct affordability statigtitke United States For
example, the National Association of Realtéts(NAR) Housing Affordabilty Index (HAI)
measures thghareof nc o me t h afamiydastd puycpasecaankdigoriced home’. With
the HAI, a value of 100 indicates that a family has nkeeessarjpcome to purbase a median
priced home, and a value of 125 indicates that a househol@5haercent more income than
required to purchase a medspriced home. In generalalues greater than 106dicate that more
typical families can affordot purchase a medigamiced home while lower values indicate more

constrained affordabilty (i.efewer typical famiies can afford a typicabme).

! This paper concentrates on affordability as it relates to financial fieamsrchagig a house.We ackowedge

that rental affordability could be a complementary concern. The decision isamBraccess to extensive resources

on house price transactions and mortgages but very limited rental data. The share of renters varies across income
distributions and areas in the United States, which makes it ripe for research but outside our scope.

2 CNN Moneyandinvestopedia suggetste lower rang@hereasLending Tree, the nosdefunct Washington Mutual

Bank, and others, havecommendeds highas4 o 5 t i mes a prospective borrower
% This paper focuses on the technical steps to creating an affordability indexand does not delve into the academic
literature. Interested readers might refer toigtoffurther related readiraf the end of the manuscript.

‘A Atypicalo family is defined as making the area med
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This paper aims to build upon existimgdustry statisticsandit extend the coverage of home
affordability estimatesacross the United State3.o foreshadow, we select two areas where we

believe improvements are possible with detailed financial and mortgage data.

First, dher estimatescalculate the share of housing stock that a family can affeebardless of
whetheran indexexamines incomevailable to purchase a horoethe share chffordablehousing
stock, available statisticoften focus onaffordability for a typical family Few of the existing

industry indexesconsiderhow lowincome families fare in the housing market.

Second, rost of the existing affordabilityestimategroxy, by way of broacbased assumptions,
for critical affordability factors For instanceit is common tcassumea certainavailability of
funds for making a down paymentThe N A R #1Al utilizes a20 percentdown paymenfor all
households As another examplesimple ratio-basedassumptionsare commonly used to determine
whether monthly payments are affordable given other households exp&aes might reflect
the belief that actual expenses should not exceed 25, 28, or 30 percent of gross iRiparthe..
to our knowledge none of theexisting estimateshavea lodk ahead ¢ o mp d&Vhyeimthis.
important? The current approachegalcubte whether monthly payments aedfordable at the
inception of the loarbut notdo consider affordability shortighereafterwhen borrowers might

face resets to property taxes, insurance, or other expenses

This paper presentsnew home affordabilityestimate(HAE) that focuses on the share of housing
stock that is affordable to certain househéldgVe offer twopotentialimprovements to existing
industry estimates First, we utiize actual investment and expense valuesimpibve upon
assumptions l@out funding factors. ThEIAEindex relies on real contemporary and historical data

on income, debt, and funds available for down payme8tscond, our methodology allows us to

® One ofthe riskiest periods ofa loan is in its first 60 to 90 dAysnability to pay the future mortgage paymésts

an obvious risk factor for immediate default and a potentiabaak. Although not as likely today, immediate{put
backs did occur a decade agowhen underwriting and origination standards were looser.

¢ Affordability in this paper implies affordabilitn terms ohomeownership and does not include rental affordability

The share of housing stock is based on all sifegiely homes in an area instead of the flow of properties that are
listed for sale orthat have sold recently. By focusing on theedratising stock, our calculations are less susceptble

to issues with seasonality and volatiliyt they may not always reflect an ability to purchase available properties,
especially when there is a low percentage of new or existing homes fofedle abundantly clear, our estimate
reflects affordability for a typicalhousehold in a certain area and a particularincome group during a given period; it
does nottrackindividualhomeowners or their actual wealth, income, and expenses.
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evaluate famiies at other places in the income distribution that might efletctra typical
household. We produce affordabilityestimatedor both mediarincome low-income andvery-
low-income households, but our approach can determine affordabiity for households of any
income level With those two contributions, the general production process offers improved
accuracy and increagegranularity for measuring affordabilty concernsThe HAE data are
available for publc download as quarterlyindexes for the nation and metropoltan matkeat

https//www.fhfa.gowiae Commentsand feedback ameelcomevia HAE@fhfa.gov

The paper hasix sections. In Section 2 weonsiderfeatures of existing affordabilitystatistics
and compare to our new home affordabilgtimate In Section 3 we outline the general steps
andunderlying processdsr generaig our new affordability estimate In Section4 we discuss
key assumptions anainportant data calculations In Section5 we present our newhome
affordability estimateand discuss findingsat national and metropolitan levelsConcluding

remarks are provided in the last section.

2. Features ofExisting Affordability Statistics

Affordability estimats are availablefrom both public and private sourceésGeneraly, these
estimatesssess affordability totgpical family while notaddresig affordability to lowerincome
famiies. For example,lte NAR HAlassessdke share of income a typicimily hasto purdase
a typical home. Other common industry statistics includehé National Association of Home
Builders / Wells FargoHome Opportunity IndexNAHB HOI) and the California Association of
Realtors (CAR) Housing Affordabilty Index (HAI)Those sources coentrate orthe share of
available affordablehousing stocKrather tharavailable mcome to purchase a hombiit theystill

examine affordabilty options dfpical families

Another prominentestimateis the U.S. Department of Housing and UrbBevelopment KHUD)

Location Affordability Index (LAl), which combines housing and transportation coats

" For the purposesf themethodological descriptisiwe focus on three income groups that are most prominent in
policy programs and affordability discussions. Definitions do vary across the industtyepapeand datapdates
could offer additional groupings, or foson distribution percentiles, and we welcome input on use cases.

8 Suchindustry statistics drei s t e disefulwabsitasatfhe end of this paper

C. Chung, A. Leventi®y. DoernerD. Roderef& M. Bar ba ' A Ne w Eddoatee Pagebofddr d abi | i


mailto:HAE@fhfa.gov

FHFA Staff Working Papet8-04

provides affordability data for various income brackéde of the key featured the HUD LAl
is that it uses data on homes that have already msittad of examining thetal inventory of
homes in assessing affordabilityn addition, it is a backwartboking approach and modetiven.
For instance, the most recent estimates calculate the expected housiohfaodies living at a
location between 2010 and 2014.

One of the common methodologies théseindexesis thatthe down paymeramount, likely the
single largest expender many famiies seeking homeownership, is assumed and not observed.
The HUD LAI and otheraffordabilty estimates rely on he availability offunds for making such

a payment.To provide a further complicationhd assume@dmount vaies by index For instance,

the NAR HAI assumes borrowers have funds available to makegar2dntdown paymentwhile

the NAHB HOI uses a 1@ercentdown payment assumption.

A newer indexby NAR partnered with REALTOR.COMthe REALTORS Affordability
Distribution Curve and Score (ADC), considers the affordabilty ofifm@me households in
addition to other income groups. eltaluateshe share of affordable housing stock across different
income percetiles, including lowincome famies. Like the otherestimatesthe REALTORS
ADC assumes the existence of funds for making a down payntéowever, mstead of using a
fixed down payment assumptiothe approach usestatistics fromactual borrowe individuals
who already qualified for and obtained mortgageAlthough that calbrated down payment
information could potentially estimate down payment assumption more accuratefymore
arbitrary down paymenassumptionsthe ADCindex applies the same assumptifor famiies

acrossall income brackets

In addition to down payment assumptions, existing affordahifijexesare constructed using
initial monthly paymenteterminants such as income, mortgage rates, and house prioesur
knowledge, however, industrgtatistic do notdirectly measureiorthousing expensesRather,
ratios or modelsare used to determine whether households have sufficient financial wherewithal
to pay all their bills For instance, the NAR HAI assumiesusing expensege 25 percent of gross
income while the NAR ADC assumes 30ercent The NAHB HOI uses ratibased housing
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expensesf 28 percent On the other handhe HUD LAl forgoesratiosto compute model driven

housing expenses for different household profies

Upon reflection, gisting statisticsoften share twaassumptions that could be more flexible: their
values are meant to refleattypical famiy or a mediaincome householdandthey assumehe
outcomes of important financial decisions (liklewn paymentamounts or how much monthly
income should be devoted to housing)n the other handwve designour newHAE approacho
improve upon existingndexesand offer additional flexibilties iowandwhereaffordability is
calculated. While theHAE and existing statistics assess affordability for a typical household, our
new index can offer data about lemcome and other householdd/Ve directly estimatefunds
available for down payment, monthly payment factors, anehoosing expensestiizing real
data Finally, unlike existingindustry statisticshatdo not consider the sustainability of payments
over time, theHAE incorporates future expenses for housing anehowising expenses in addition

to projected income trends.

Although foreshadowing our resulting indekigure lgraphs the HAE witithe main existing
industry statistics and that helps motivate the discussibout why we chose the particular
modeling processes as described in the next seddiame(a) compares the mediimcome HAE

with the NAR HAI equivalent and NAHB HOI indexes for the United Stat@e three indexes

trend similarly overtime; howevethe HAE is relatively lower on average due in part by our
methods to estimating inputs based on real data and consideration of future affordability. By the
end of 2006, the affordabilty values reach the lowest levels across all three indexes buEthe HA
is lower than the other two representative indexes as a result of the increase in projected future
housing expenses?anelb) ilustrates the processes to construct the HAEvemdonsider each

of these steps idetail inthe next section.

°NAR HAIl calculates affordability based share ofincome that a typical family has to purchasedamgriced

hone. Weconvert NARHAI by applying a few key assumptions such as a 20 percent available down payment, a

25 percent cap on principal and interest of PITI, and
construct NAR HAl equialent indexbased on housing stock.
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Figure 1: Making a new bme affordabilty estimate

(a) Comparing HAE with other equivalent indexes
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(b) Process flow of modelinghe HAE index
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3. General Stepsand Processes

Several distinct processes guide the production dfithe. Figure Ib) models the flow with four

general steps: collection, calibration, determination, and calculation. Steps are discussed below.

Step 1i Collect then nput data

We gather, input, and transform data into our model. These include, but are not limited to, house
prices, income levels, available funds (for down payment), mortgage rates, and growth rates for
future payments. Table 1 displays the variables, lists tbeurces, and briefly mentions
assumptions or comments about the inputs with more discussion following in subsequent sections.
The data argathered from those primary sources, staed UNIX servermerged together by
Metropolitan Statistical Area (MSpandquarterlyobservation periodrom 1991 to 2018and then
modeledwith the SAS software suitas noted below?

Step 2i Calibrate the data and mdelfor analysis of available housing and ability to pay

An advantage of thelAE approach is that it offers flexibility to examine affordabilty at various
points of the distribution of household income. To calculate housing stock, we need to calibrate
house price distributions. A series of code is run for nearly 400 metropolieas @om 1990 to
present time. The loop generates percentiles of home prices from Jéoc@htof the housing

stock, assuming normal distributions specified by the mean and standard deviation of the local
geographyt! This will enable us to understamchether a borrower could afford a particular house

at a current moment. We also are interested in whether such a borrower wil be able to remain in
good financial standing shortly after beginning loan payments. To conduct a pro forma analysis,
we need feecasted information about future income, home prices anchousing expenses.

Each series is projected dhteeyears {2 quarters) at the MSA level.

Owe follow MSA delineations and codes issued by the Office of Managementand Budget (OMB). According to the
OMB, an MSA is the central county or counties containing the core, plus adjacent outlying counties highing a h
degree of social and economic integration. The most recent bulletin (from April 2018) is available online at
https://mwww.whitehouse.gov/wpontent/ploads/2018/04/OMBULLETIN -NO.-18-03Final.pdf

1 This assumption may be relaxed in revised versions of this paper and after we have performed additional statistical
tests. House prices do not necessarily follow normal distributions, especially whenmetheg impacted by nen

market price controls (e.g., conforming loan limits, property taxexemptions, or land useregulations).
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Table 1: Data sources and assumptions

Variable Data Source Assumptions/Comments
Funds availabléor | Survey of Income and Program National number available for each
down payment Participation §1PP topical modules | panel. Metropolitan Statistical Area

including Economic Stimulus, Assety (MSA) estimate is derived as nation
& Liabilties, Real Estate, Shelter number multipid by the income
Costs, Dependent Care, & Vehicles, | ratio of the local median income to
Interest Earning Accounts, Rental national income fronHUD.

Property, Stocks & Mutual Fund
Shares, Mortgages, Other Financial

Investments, and Value of Busg®e

Median financial assets for housdds
in second income quintile frofederal
R e s e rSuneeypos Consumer
Finances (SCF).

Down payment Federal Housing Administration 3.0percenuntil 2008, 3.5ercent
requirement (FHA) minimum. thereafter.
Income H U D dnedianfamily income H U D MSA median household

estimates based &CS andConsumer| income estimates for mediamcome
Price Index (CPI) forecast by the
Congressional Budget Office (CBO).| No greater thaB0 percenof HUDO s
MSA medianhouseholdncome

estimates for lowincome

No greater thab0 percenbf median
household income estimates fary

low-income
Houseprice and Federal Housing Finance Agency Home values are assumed to be
distribution of (FHFA) House Price IndexHP1) normally distributed.

housingstock sourced fromransactions icounty
recordsmortgages insured or
guaranteed bifHA, andmortgages
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acquiredoy Fannie Mae and Freddie
Mac (the Enterprisés

Loan amount

FHFA HPI sourced from county

records, FHA, and the Enterprises.

97 percenbf home value until 2008,

96.5percenof home value thereafte

Mortgage ate

FHFA Mortgage Interest Rate Surve
(MIRS).

30-year fixed rate mortgage.

Property éxrate

1.15percenbf home value, average
effective tax rate.

Homeowner

0.35percenof home value, rough

insurance estimate based on Feder Re s
rule-of-thumb of $350/$1,000.
Non-housing Housing costburdeh r o m HUDQ Non-housing expense is residual
expenses Housing Affordability Data $stem income net ohousing cost burden
(HADS) sourced from American Non-housing expense ratio is non
Housing Survey. housing expense divided by income
Personal savings froBureau of
Economic Analysis (BEA)
Incomegrowth H U D dnedianfamily income Expected income growth rate is
estimates roling five-year average. Income
estimates fronHUD andobserve
SIPP core data. income growth ratesf these income
cohortsfrom SIPP and SCFThree
FederaRe s er ve 6 s S CF| yearlook aheadvindow.
Housepricegrowth | FHFA HPI sourced from county Expected house price growth rate ig
records, FHA, and the Enterprises. | five-year average growth rate for eg
MSA. Threeyearlook ahead
window.
Non-housing BLS ConsumerPrice Index. Expected nofhousing expenses
expensegrowth growth rate is fiveyearaverage

growth rate of inflation.
Threeyearlook aheadvindow.

C. Chung, A. Leventi8y. DoernerD. Roderer& M.
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Step 3i Determine maimum ability to pay at certain income levels

The abilty to pay depends on a tradeoff between what an individual can afford financially and
what is available to purchase. Concretely, the maximum affordable percentage of housing stock
is based on funds available for down payment, initial paymentfuturé payment. We create

these values in two ways:irst, we calculate the maximum house price affordable for each MSA
given specific funds available for down payment #alinitial payment We determinethe

maxmum affordable percentile from the model generated distribubased on the FHA

minimum requirement for down payment and estimated funds available for down payment

Then, we calculate the initial paymentprincipal, interest, taxes, and insurance (PBEiged on

each MSA specific income, ndrousing expenses, loan amount, mortgage rate, property taxes,
and home insurance premium derived from house prices for each percentile of the housing stock.
The maximum affordable percentile is the highest percesftigusing stockwhich has positive
residual incomenet of housing and nemousing expensedVe refer to this as thé a t

or i gi rapptoach $edond, & repeat the same iterative process for future payrsebjsct

to projections in income, home prigeand norhousing expenses. If future affordability is less

than intial affordabilty based on PITI calculations for a respective peheanaxmum

affordable percentile is adjusted domardto the maknum affordable percentiléaken from

future paymats. This is referredtoasoirf ut ur e adppraachdabi | i tyo

Step 4i Calculate final affordability

Final affordabilty is @ outcome for a respective period for each MSA where we select the
minimum of the two maximumaffordability estimatesas derived from thefiat originatiord
approach and th&uture affordabilityy approach.The national affordability indexis produced by
aggregatingMSA affordability values withweighted averages MSA sharesas a percentage of
total share of housing stocRhe next section explores the details behind the specific assumptions

leading up to this last step.

4. Key Assumptions and Important Data Calculations

Affordability canbe calculatedin various ways.The HAE considersa homeis affordable if:

(a) thehousehold has sufficieritinds to make the down payment;

C. Chung, A. Leventi®y. DoernerD. Rodererf& M. Bar ba ' A Ne w EddoatedPaghl2é6fedr dabi | i
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(b) at the time of loan origination, income is sufficient to cover inguglated and noen

housing expenseand

(c) forecasts from historical trends suggest that future household income wilffiogent to

cover future housing and ndusing expensesA threeyearlook-ahead period is examined

given the uncertainty associated with forecasting trends for distant p&riods.
Using the above definitionwe estimatethe shareof the housing stocknithe local area that is
affordable The geographic location ®&efined as thenetropoltan areahere a home is located
The magnitude of an affordable indeXleets itsaffordable stockTobeclear a value fA250
indicate that roughly 2percent of the housing stock is estimated to berddible!® We refine
this definition another degree by constructingexesfor the typical mediasincome household

andfor two types of othehouseholds.

Household income
We begin with household incondata published byhe HUDIin determining whether a home is
affordablel4 The data are published ornyearly basisback to 190 for individual MSAs'®> To

demonstrate that our affordabilitystimatecould reflect different points in the income distribution,

12Shorter ordnger look ahead periods could have been used. Shorter periods would have less uncertainty, but would

fail to flag cases in which the mortgage willlikely become unaffordstdeafter origination Longer periods would

entail more forecast uncertainbyoth in modeling and unforeseen behavioral chanbjetexes using a-@ear (no

lookahead) and-@ear look &ieadare shown later in Figure Based on our sensitivity analysis modeling additional
lookahead periods between eaad sevetyear windows, our preliminary results suggest that beyond four years, we
observe counterintuitiveresults where theveryiogore gr oupds affordability-is s ome
income group. Forinternal consistency, we use a{ygaelook ahead period. Potential negative shock episodes

become more probable overlonger periods. A modeling concern is tHadomehouseholds could be more likely

to remain unemployed after suffering a job loss. The future income streams assume employment over three years,
which is less likely during recessionary periods. For behavioral changes, demographics can evolve inafiegs that

income streams and household formation. News stories have linked lower homeownership rates of millennial cohorts

with increased educational debt and lower marriage rates. Our methodology estimates affordability of households
who are fundamentallgble to pay the necessary obligations and, as such, we ignore any zero income and weath
during the sampling process. This also implies that our model does not account for levels and changes in certain
macraeeconomic conditions such as unemployment, patid, and household formation, which could influence
affordability. Finally, we do not presently account for potential changes to household size.

13 This number does not mean householdsabaldafford to buy such housing stock would actualgntto doso.

Even if they were able to purchase a housesitmeme households may prefer paying rentinstead of a mortgage
because rentals have less hassles, more amenities, nicer locations, or better mobility.

“Data come from t he HUMreslgibily oroaneus hsisisted haising phograms.dHuD e r
develops income limits based on median family income estimates and fair market rent area definitions for each MSA,
parts of some metropolitan areas, and eackmeinopolitan county

SomemissngMSAl evel income data are derived by appl
income from HUD for each missing MSA. Moodyo
national median income.

ying Mo
S incorm
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we define i ncome gr ou-p 8 c canse il ®quo @encvaryfiow g i me ¢
i ncome o0 h Aunedahkincdme shousehold earning matchthe HUD6 s MSA medi ar
household income estimatesow-income householdsand verylow-income householdgarnno

greater thar80 percentandno greater thab0 percentof the median incomerespectivelyt

As mentioned before x&sting estimatesdo not consider the sustainability of payments over time

but adjustments can happen where income and costs are not the same as they were at mortgage
originaton Abor r ower 6 s a b intonthlyynortgage payané&nemayfbeiimnpaated by

shifts in housing or nehousing related expense®/e address thpotentialissueusinga residual

income approachwhere the future residual income ighe remainingincome after subtracting

future nonhousing expenses and future pringipaterest taxes and insurance (PITI) payments

from expected future income. Theme run our pro forma modé&br every quarter using three

yearlook aheadvindow to determine the residual income during these forecasted p€Triods.

To estimateexpected future incomeve start withthe SIPP core data filesThese core data files
consi st of four survey panels with each panel
We perform two tasksFirst, to capture the correct sample rieedian, low-, and very lowincome
households, we create a range aidahold incomevaluesin the beginning of each survey panels

based orH U D in@ome data We assume mediancome household to be survey participants

who reported household income flUD&6 s nati onal median family i

18 As mentioned earlier, &cauld have selected a different percentage, or even a certain percentile of the income
distribution. A variety of programs (e.g., public housing, housing vouchersiloame housing tax credits) have
eligibility criteria that are based on certain fractiofsirea median income (AMI) or individual income limithe

HUD have income limits that determine the eligibility for assisted housing programs. They are based on HUD
estimates of median family income broken into the following four categories: AMInkawne as defined by
greaterthaB0percentoAMI, very lowincome as defined mo greater thaBOpercenbf AMI, and extremely low
income as defined o greater thaBOpercentoAMI. AMIdoes notreflect the number of persons in the household

but the otherthree categories do have adjustmentanalgzahelow-income andery-lowincome equivalent for
demonstrative purposes anedo notadjustfor household siZzéuture daareleases may include additional cuts for
users to choose an index that best fits a programds d
" Commonly believed average life of a mortgage is between three to seven years. \WWeemsearlook ahead
periodfor our analysis.Several da sources help determine growth in expected household income androosts.

calculate residual income, we rely on the United St at
(SIPP)HUDG6s ar ea mé3 DepartmentocCommerceBuau of Economi GDPAnal ysi s
Personal |l nc ome, Uu. S. Depart ment of Labor Bureau of |

Housing Finance Agencyb6s (FHFA) House Price Index (HP
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percent® Similarly, we assume lowcome and very lowincome as participants who reported
household income afio greater thar80 percentand 50percentof the national medianfamily
income plus or minus 1@ercentrespectively Second, dr each survey panel, viackmedian,
low- and very lowincome households longitudinally to observe the change in income for these
households. Then, we mergeall four panels and interpolatine missing data:
1 For the missing periods before thesfiquarter of 1997, we assurae@ annualincome
growth rate of ercent
1 For the missing periods after theufth quarter of 2014, we derithe income growth rate
from the Fes®@FPal Reservebod
Finally, we smoothout the incora growth rate with roling fiveyear averages. Then, \a@ply
these rates for the correspondingartes as theirricome growth rate®. Figure 2 has several
panelsthat display time series for future payment input growth raRemel (ashows thduture
income growth rates for both the medinoome and the lovincome families. Both groups
exhibit similar patterns but the leincome growth rate is slightly higher and appears to be a
leading indicator. The graphic only shows positive expected futurenme growth rates for the

last 25 years!

Housing-relatedexpenses
When determining the cost side of affordability, we beginchiculating the likely mortgage
payment, including taxes and insurance. To find principal payment, we estimate theloxarall

amount with the assumption of a 3.5 percent down payment angleaBfixed rate mortgage to

18We do not observe significant differences in iesusing wider calibration bands of plus or minus 25 percentand
50 percent. However, using a wider calibration band creates ranges that overlap and riskedntitiep articipants

as we produce indexes for similar shares of AMI.

19 nitial calibrationvalues come frorthe FederalResern®o ar d s Sur v ey oTableQdrandigs me r
from beforetax family income, percentage of families that saved, and distribution of families by selected
characteristics of families, 2002016 surveys, 289.9 pecentile ofincomeandmedian incomg

2 To reiterate, we calculate the household income in two steps that incorprates current and futurdrinstowe.

take income from the HUD from 1990 to current as a baseline level for all the MB#ese levels are used for
affordability at origination. Second, we adjust for the repayment affordability by multiplying the baseline income by

Fi

the income growth rates derived from the other data sources mentioned above (SIPP, Federal Reserve's SCF). The

adjusted levels represent future income thatis used for future affordasiiityate for repayment affordability or
ourlook aheadnodels.

21 Future methodological revisions may consider sensitivities to other forecasting methods and projections. When

using a longelbok aheadvindow, like a fiveyearinstead of a thrgeear window, there is an increased influence on
the final affordability metric but that comes with greater modelrisk which might not be as desirable.
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Figure 2: Future payment input growth rates

(@) Income (b) House prices (c) Non-housing expenses
Median-income Low-income Very low-income Dallas, TX Detroit, Ml Non-housing expenses

1.5% New York, NY San Francisco, CA 1.5%
4.0%-
2.0% \

1.0% 1.0%
0.0%-

0.5% e : 0.5%
-4.0% J

0.0% y 0.0%

1991 2000 2010 2018 1991 2000 2010 2018 1991 2000 2010 2018

Figure 3: Baseline norhousing borrower expenses (for select MSAS)
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finance the remaining amoutt. FHFAG6s Mont hly | nt erest Rate St
estimate average interest ratésFor the monthly payment of the property taxes, we use 1.15
percenias an effective property tax rate across all municipalities and @é:.8&nthome insurance

premium?2425

The first two components, principal and interest, of the future PITI paymeatotaffected by
changes in future economic conditions per ouly&8ar fixed rate mortgage assumption. The last
two componentsthough, are modified to some extent whaome valuechanges We use our
internal FHFA HPI, tracking back five years and apglythe same growth rate in HPI for the
future quarters to determine the change in property taxes and insurancdututbguarters.Tax
ratesand the home insurance premium satemain constant at 1.1percentand 0.35percent
respectively. The cinin Figure 2(b) depicts house price growth rater four selectMSAs 26
Growth rates are highest for the San Francisco area when house prices pealearly 2000s.
During this period, early d cities observerates fall to negative valugbut metropolitan areas in

Texasareessentially flat. Recently,rates are back to positive, rangifrgm 1 to 3percent

Non-housing expenses
Once we determine the likely mortgage payment in the form of PITI, we calculate whether

households would have enough income net of-hmrsing expenses to cover the mortgage

22\We currently cap the down paynteat 3.5 percent and do not consider access funds to be applied for higher down
payment.Future work may further test the sensitivity ofthe 3.5 percent down payment to income group and location
and the sensitivity of change in affordability if differeddwn payment percentages or if access funds are appled
toward the down payment assumpti@ur preliminary analyses suggest that the sensitivity of down payment
assumption varies by different income groups. Lower income groups tend to have dis praplyriéssawealth
compared to the medianincome households. Also, eachlocation (or MSA) has unique combinations of housing stock
and economic characteristics that can impact borrowers' expenses and ability to accumulate s ufficié&nvisnnds.
payment agsmptionscould becalibrated by income and locatiafierfurtherresearcland validations.

2 The surveyollects information on interest rates and loan terms for savings institutions, commercial banks, and
mortgage loan companies on all sinfdenily, fully amortized, purchas@oney, nonfarmloans that have closed in

the last several days of a month. The survey excludesifiblked and VAguaranteed loans, multifamily loans,

mobile home loans, and loans created by refinancing another mortgage.

4 Effective tax rates should be simple to construct with property taxassessment data. Unfortunately, those data
contain valuationinformation that do not consistently include taxamounts, millage rates, or consistent taxauthoriy
codes. Instead, we assume aarage annual property tm$3,296, which is effectively a 1.15 percent property tax

rate as of April 2017 accordingto ATTOM Data SolutioRsture work might obtain more precise estimates because
there is variation among rates for metropolitan areddfzat impacts housinglated expenses.

%5 According to the Federal Resemeard the average cost of an annual premium for homeowners insurance is
between $300 and $1,000. The rule ofthumb is Pe36enbfthe home value.

6 MSAs are picked tdlustrate regional differences in modelinp (st based on a statistical selection or criteria)
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payment. This isunlke existing estimateswhich usesimple ratios to determine hether
households have sufficient financial wherewithal to pay all their financial obligations. To compute
northousing expensewje first establishthe historical nofhousing expense ratio as a percentage
of income. We derive this ratio bgalculating tle mediarhousing cost burdewhose incomesre
greater thar80.1andat or below100 percentof Area Median Income (AMI) for mediancome
household, between 60.1 and §iercentof AMI for low-income householdsand betweer30.1
and50 percentof AMI for very low-income househaddf r om t he HUDG6s Housing
Data System (HADS) Then, we nebut the personal savings r&feNon-housing expense ratio

is calculated bynetting the housing expensard savings and dividing this amount by ineom
This ratio ismultiplied by income estimatesfrom HUD for each MSA to compute the dollar
amount of norhousing expenses for each periodtigure 3 show the baseline nehousing
expensedor medianincome borrowers (panel aand lowincome borrowergpanel b)in select
MSAs. Growth rates are similar but levels are higher, as expected, for rieziame borrowers,

with San Francisco indicating the greatest expendexking those serieshé newly generated
baseline nothousing expenses are multigieby the fiveyear average inflation to forecast the
future norhousing expenseX’. Figure 2(c) summarizes the growth ramsed for norhousing
expenses.The series bags above Ipercentn 1990 then declireuntil around 0.Gercentwhen

it flatters out for a dozen years until recently dropping belowp&gent

Assets available for dowpayment

Likely one of the major reasons that existing affordabditatistcshave | argely HfAassu
the issue of down payments is the dearth of financiafnmation. It is extremely difficult to find

data about the financial assetsthat consumers have available for making down payments. Because

the availability of funds is so important to affordability, however, we assemble those data that do

2’H U D dausing costburdens a h omorsthdy hauding dostincluding utilities divided by its monthly income.

In the sampling process, we exclugauseholds with zero or negative income. All households, or both renters and
owners, are included in these calibrations because of their potentialto be home purchasers.

28 personal savings rate as a percentage of gross incon® E A dable 2.6. Persatincome and Its Disposition.

We apply a savings rate proportionally to the income. For instance, we assurriealowo me househol dos
rate is 20 percent less than the savings rate of médiame households. This assumption is based on ounvatize

from the SIPP data, which suggest that the lower income households have disproportionally lower financial wealh
compared to their mediancome counterparts.

2 TheConsumePriceIndexis the all items less shelt€{UR0O000SAOL2 that comes frorthe BLS.
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exist and mke various assumptions where necessary. We draw from three sources: the United
States Census$iU®wedaafanilysinc@lePR.nd t he Feder al Res

Assets data in the SIPP dhe starting point 6r our estimates. The datashbwsinformation on
household financial assets of various tyf@dour points in time in thpast® We use the aets
information fromthesper i ods as fAanchor points, o0 interpol

other periods as needed.

To determine fods available for down payment, we useghene definitionasHUD based on our

3.5 percentdown payment assumptioand the industry standard for acceptable down payment
sources These include earnest money deposit, savings and checking accounts, dagh, sav
bonds, IRAs, 401(k) and Keogh accounts, stocks and bonds, thrift savings plans, gift funds, sales
proceeds, sale of personal property, commissions from sale, trade equity, rent credit, sweat equity,
collateralized | oans, ugrantee plansand remployeroasssance e mp |
plans3t We recognize that other funds might be available for making down payments (e.g., money

from gifts), but we lack data for those other finanaiakources.

When determining funds available meedian, low-, and very lowincome households, wsetart
with the SIPRJata First, we use the same technicae described above identify the sample for
median, low-, and very lowincome households Second, we ustne same definition as HUD for
sources of borrowemuhds for down paymentsBased orthosetwo tasks we analyzefour SIPP
survey panelsandTable2 shows thes ummary of the survey particip
for down paymat who had (1) medianlow- andverylow-income and (2) more than zenantls
available for down payment. From thesefour data points, we applythe following data
interpolation methodology to fill imissing data irthe time series:
1 For the missing periods before the ffiguarter of 1997, we discoutite down payments

from the 1996 Panddy the annuabng-term rate of 3percent

% The SIPP collects source and amount data related to various types ofincome, labor force participation, and assets
and liabilties. The survey design is a continuous series of national panels, with sample size ranging from
approximately 14,008 52,000 interviewed households. The duration of each panel rangesitodh ears More

information is ahttps:/Mmww.census.gov/prograresirveys/sipfabout/sip gintroductiorhistory.html

®HUDG6s acceptable sources of borrower funds from Docu
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Table 2: Funds available for down payments jorerpolation

SIPP Panel As of Date Median Down Median Down Median Down
Payment: Payment: Payment:

Median-Income | Low-Income | Very Low-Income

Household Household Household
1996 Q1 1997 $7,771 $4,742 $2,232
2001 Q4 2001 $18,788 $10,000 $4,200
2004 Q4 2004 $25,000 $14,200 $4,800
2008 Q4 2009 $30,150 $21,400 $7,000

Figure 4: Final funds available for borrower down payments (for select MSAS)

(a)Medianincome (b) Low-income
Dallas, TX Detroit, M| Dallas, TX Detroit, M|
New York, NY San Francisco, CA New York, NY San Francisco, CA
$50K
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$40K
$40K - //V
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$10K - $10K -
$0 $0 -
1991 2000 2010 2018 1991 2000 2010 2018

(c) Very low-income

Dallas, TX Detroit, M|
New York, NY San Francisco, CA
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1 For themissing periods between the first quarter of 1997 and the fquerter of 2009,
we applya simple straight line using the two points.¢.,for Q2 1997, we used Q1 1997
and Q4 2001 funds for down payment).

91 For the missing periods after the fourth quarter of 2009 derivethe down payments by
applying the rate of growt h i nsSECetwthe pay me
baseline down paymefitom the 2008 Panéb each missing pericd.

Finally, we construct the MSA level funds for down payment by multiplying the national level of
funds available for down payment by the income ratio (defined by MSA median incaicheddi

by national median income). Figure 4 graphs computed funds available for down payments for
selected MSAs for both mediamcome borrowers (panel ,&w-income borrowers (panel bnhd

very low-income borrowers (panel .c)in a relative sense, therfds are four times larger for
medianincome borrowers.Delving further we regress income on income from financial assets
acrossa crosssection ofall statesand find a neafperfect positive correlatiofexplaining over 90
percent of the variation). Thelationship indicaes that higher income levels are associated with

greatelincome from financial assets and larger available funds for down pay?hents.

Local market affordability including local income and the distribution of local home prices

Incomesand homeprices vary geographically, and measuring at a more local level could provide
more insight for policymaker s. For income, w
level. For home prices, we compute mean and median home values in each MSA from a

database of transaction prices used to construct the FHFA HPIs. Then we uspdtsia

standard deviations to compute home values for each percentile in an MSA. To produce HAE

indexes for MSAS, other series are converted as neéded.

An example of oneMISA: Phoenix, Arizona
We summarize this section by providing an example to demonstrate how the key assumptions and

data calculations come together in an actual example. Figure 5 shows selected inputs for low

%2 Rate of growth is calibratedwitht26to3 9. 9 percent il e of i nc @amiglokingsi Any fi
of financid assets, by selected characteristics of families and type otsisgt9832016 surveys the SCF

¥l ncome i s dr awernrfallnoome by Maor & BpFodest.

34 For example, down payment funds are initially calculated at the nationatedtélen converted with the income

ratiowhile otherinputssuch as taxes and insurajyegnain constant to simplify the analysis.
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Figure 5: Example of mdel outputs for Phoenix, Arizona

(@) Inttial calibration

Inputs Values
Income (80% of AMI) $50,774
Down payment funds $17,767
Mortgage rates 4.20%
Monthly gross income $4,231
Monthly non-housing expenses $2,899
Monthly maximum housing expenses $1,332
Maximum PITI 31%
(b) Cumulative distribution of house prices (c) 3-yearlook aheadgrojections
$1,000¢1 Monthly income - Non-housing expenses House Price
$5K $500K
$750K 4
$4K - $400K
$500K mc?r?t T
ex;?e}ss;(—zs Price
$3K " F$300K
$250K -
$OK $2K  $200K
0% 25% 50% 5% 100% 0 4 8 12
Percentile Future quarters
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income households in Phoenix, Arizona in the fourth quarter of 20Ithe example provides
more detail on calibrated inputs (panel a), the distribution of housing stock prices (panel b), and

estimates for future inputs (panel c).

Panel (a) provides summary information about fmwincome households are able to afford 4
percent of the singléamily housing stock in Phoenix, Arizona, adjusted for future affordability
(i.e. with a 3year look ahead periodj. During this period, the average home price is $266,990
and 80% of area median income is $50,774 annualy or $4#8thly with estimated $2,899
spent on noinousing expenses. We calculate the maximum PITI in two steps. First, we compute
the maximum housing expenses or residual income by subtracting theusing expenses from

the gross income. Second, we dividee tesidual income by gross income to derive the maximum
PITl ratio. Panelb) shows the distribution of housing stock using the M#&cific house prices

and standard deviations.Panel (c) presents projected input streams that can affect future
affordabiity. Projected house prices drive calculations of future property taxes and insurance
premiums (using growth rates shown in Figure 2). The projected income and expense streams

both affect calculations of the future monthly maximum housing expenses.

Using all these values, we calculate two sets of affordabilty estimates; one at origination and one
including the adjustments for future affordabilty. At origination, -lsaome households can

afford 54 percent of the housing stock or 10 percentagesploigher than the affordability with a

3-year look ahead period. We project #imusing expenses and house prices to grow faster than

the income for this period. In effect, this reduces the future monthly maximum housing expenses
and increases the futurtaxes and insurance premium, both negatively affecting the typical
familyéds ability to make future payment s. Th

and final affordability estimate values. The next section presents the entire suitd aiddRes.

¥ We assume a normal distribution based on MSA specific home prices and standard deViaé@msjected
inputs are baskon historical fiveyearmolling averageand follow steps as described earlier

% For illustrative purposes, we select Phoenix, Arizona and use iimémme household HAE indexfor 2014Q4.
The panels in the figure are selected to provide a moréatkdamonstration abouthow affordability estimates are
calculated (at origination and with ay8ar look ahead).
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5. NewHome Affordability Estimate s

The HAE indexesare produced as an aggregated national index and disaggregateildds¥s
Figure 6 displays their trends imultiple panels with colored lines denoting either the type of index

or a particular location.A discussion is provided below for the data and figures in each panel.

United States

Paned (a)and (b)portray the mediaincome low-income andvery low-income HAE indexesfor

the United StatesThe two graphics differ in whether affordabilty is calculaggarigination (i.e.

without a look ahead peripar if the seriesnclude adjustments for future affordability (j.eith

a 3year look ahead period)The famer is more common in existing industry metrics while the
latter is a contribution we make in this paper and the method we prefer. No matter which is used,
for the first ten years of the sampleffordability is rather constant. The indexesfor all three

income groupdeginto decline as house priceise during the first part of this centuryNotably,
medianincome affordability dropata sharper rate, which is consistent with reportstiieegtock

of higherpriced homes accelerated asfer rates relative to lowriced homes.

By 2005, affordabilty falls to similar levels fothe three serieshowing values o6 for mediar
income household, 26 for lowincome householdsand 22 for very low-income families in the
United Statesn panel (b) But, over the next dozen year#)e recoveryis not be the same.
Affordabilty more thandoubles for medianincome households bimproves at a lesser degree
for low- and verylow-income householddy mid-2018 The divergencs of theselines echoes
popular media coverage that has been raising concerns about affordabilty for certain, or relative,
groups of individuals.A typical medianincome household would have been able to@3yercent

of the singlefamily housing stock in th@aion (andcould adequatelynake future payments
while a low-income householdand verylow income householdvould haveafforded55 and 39
percent, respectivelypf then a t i singledasnily housing stock.Why has affordability risen
recently for mediaimcome households but remain unchanged for lower income housgholds
Prospects for mediaincome households have improved more while tleevincreasefor the

lower income group have not kept pace widtenthouse price gains.
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Figure 6: New home affordability estimate indexes

(a) United States, no look ahead (b) United States,-§ear look ahead (c) 50 MSAs, mediatincome
Median-income Low-income Very low-income Median-income Low-income Very low-income
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The gap between thehireelines, thougharedriven largely by differentiathanges tincomeand
wealth along with a host of othefactors. We note that our affordabilityestimatesare purely
guantitative and donot take behavioral aspscinto consideration such as prospective
homeowner 6s appet ianckloosening ortightemég of ferdings staingards
presence of affordabiity does noecessarily drive home purchase® high estimate of

affordabilty, ke in 2011 is nota sufficient conditionto higherhome ownership.

Select Metropolitan Statistical Areas

We calculateHAE indexesfor 50 MSAs, as alluded in panel (c), and those dataasadable in

the datasets posted online with this pajdefhe lowerthreepanels ¢, e, andf) ilustrate theHAE
indexes (medianincome low-income, and very lowincome, respectively) for select MSAs of
Dallas, TX; Detroit, MI;New York, NY; andSan Francisco, CA We show affordabilty levels

for thesefour cities for illustrative purposes to demonstrate that affordability levels and growth
rates vary across geographie&lthough not likely a surprise, the San Francisco area is the least
affordable, and that remains true over the entire samplndadian, low-, and vey low-income

HAE indexes While levels of affordability vary,he other three MSAs exhibit simildrends a

sharp drop in affordabilty during the housing boom and then a much quicker rise during the

recovery.

House prices remain much more stableTexas throughout that entire period, but that is not
without consequences. If we graph the current values for the rediane, lowincome, and

very low-income series together for the top [IBAs, as is done in Figure 7, then it becomes
apparent that Texs has the largest separation between the three affordability values (with both
Dallas and Houston having the largest gaps between the veigclome and mediaimcome

affordability metrics). Another observation is that California locations exhibit regtyelow

%7 Panel (c) shows the mediatome series for the largest 20 MSARhe online datéiles actually have data for the

top 50 MSAs, and thatformation covers lovincome and venjow-incomeindexes Several other MSAs, like

Kansas City and Pittsburgh, have greater affordability levels than Detroit in some quarters but it is stillamong one of
the more affordable areas of the country when wibimthe additional cities.

% The select MSAs are chosen to demonstrate that affordability levels vary across regions of the United States and
that affordability levels may differ betweenincome groups (i.e., local policies can influence whethentoessis

less affordability for households in specific income categories).
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Figure 7: Contrasting current affordability differences acreskectMSAs
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affordability, no matter the metric. Detroit has continually led the MSAs in having the highest
levels ofaffordability with all three of our serié8. To summarize, the visualization shows that
there is a wide amount of variation among places; affordabilty ranges greatly between MSAs

because of unique local economic drivers such as home prices, income, and wealth.

Affordability valuesvary significartly both geographically andvertime. Figure 8naps out the
top 50 MSAsover four periods(1997, 2006, 2012and 2018 to ilustrate how theHAE indexes
evohe over parts of ahousing cyclefor mediarincome household® Low affordabilty is
denotedwith an orange shade while high affordabilty is shown with a blue .coline map
visualization makes it even more apparent that are distinct regional differences in affordability.

The least affordable values tend to appear concentrated around cazestddidrexceptions exist.

Panel (a) shows that in 1997 lower affordability levels exist in MSAs that are located in California,
Florida, the New England region while there high affordabilty levels almost everywhere else
(outliers being Chicago aridenver). A decade later, panel (b) depicts that affordabilty levels
decrease in most of the country as house prices reach their peak levels and drive up housing
expenses. Several years later, with house prices at some of their lowesarteladsipled with

record low mortgage rates, panel (c) shatvat affordabilty levels increase throughout the
country, except in California. Finally, in the last year of our data, panel (d) ilustrates that
affordabilty has once again reached lower levels in manpdsit the trends are not as drastic

as might be expected. h@ HAE values resemble what we saw in 1997 hadenot returned to

the 2006. Although airrent real house prices hasherreachear exceed their peak price levels,

the low interest rate environment has been working to keep down housing expenses. Overal, the
cyclical behavior across the panels seems concentrated to the same MSA locations with California

usually showing the lowest affordabilty across all years

%9 We caution, though, on extrapolating these res ults to normative conclusions. High affordability does not necessarily
mean that very lovincome people are finding more economifiraincial success in a particular location. The value

also does not indicate thatborrowers would even be interested in buying the housing stock that they could afford. In
otherwords, the HAE does not account for quality, desirability, or functiowdilitye stock.

40 All four panels show data as of second quarter in those years.
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Figure 8: New home affordability estimate for top 50 MSAs (mediacome)
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