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Abstract

Income has a direct impact on our utility as well as an indirect impact through the goods,
services and life events it allows us to purchase. The indirect effect of income is not properly
accounted for in existing research that uses measures of cardinal utility for economic
analysis. We propose a new approach for appropriately attributing the full effects of income
on utility and we show the implications of our approach using a longitudinal dataset that
contains reports of subjective wellbeing (SWB). We show that income has a much greater
effect on SWB when indirect effects are considered. These results have important
implications for how we value the marginal benefits of non-market goods and we explore
some of these issues in the paper.
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1. Introduction

Economists have a long tradition of seeking to @dhe impact of goods, services and life events
on utility. Marginalist theory has now become tloenerstone of much of this activity; indeed, it
forms the basis of how economists evaluate indadidind firm-level behaviour, it is at the core

of Paretian welfare economics, and it is a gerfematework for allocating scarce resources
across the economy. Marginal utility is the bagimarginalist theoryThe early work of Jevons,
Menger and Walras essentially had its roots irh#gbonic tradition of Bentham. Over time, and
with the contributions of Pareto, Slutsky and Hiak&rginalist theory moved away from

cardinal utility to an ordinal approach that foeeg®n marginal rates of substitution and revealed

preferences.

Recent work in economics, however, is revertingkldac@ cardinal concept of utility, as
proxied by reports of subjective wellbeing (SWBheTwork by economists on this subject goes
back to Easterlin (1974) but readers are pointe@tds more recent reviews of the burgeoning
literature by Clark et al (2008), Dolan et al (2p@8d Stiglitz et al (2009). If we assume, as
many economists are now doing (see (Blanchflow@s&ald, 2008)), that SWB can be used as
a proxy for underlying utility, then it is possiltie estimate the marginal utility derived from a
range of goods, services and life events and,durtb derive monetary values for these things
through the estimation @icome compensatiorfkCs). The IC represents the change in income
required to hold utility constant given a changamother good. ICs have recently been estimated
for a variety of market and non-market goods, sagkbmployment (Blanchflower & Oswald,
2004; Clark & Oswald, 2002), air pollution (Levimg@®009; Luechinger, 2009) and health
(Ferrer-i-Carbonell & van Praag, 2002; Groot & \d&@mn Brink, 2006).

A major limitation of this work is that the ‘newrchnalists’ have yet to arrive at a
satisfactory theory of marginal utility. In partlan, the current SWB literature has failed to fully
capture and isolate the true marginal utility a thariables of interest. If the SWB framework is
to be used in marginal analysis, we must have astadheoretical framework upon which
empirical estimates of the impact of different ahtes on utility can be built. To provide
monetary values for non-monetary effects on ut{lyg. for use in economic appraisal and cost-

benefit analysis), we must establish a robust ‘arge rate’ between income and specific goods,



services and life events. In this paper, we focuthe key methodological issue of unpicking the

direct and indirect effects of income on SWB.

The main challenge here is to fully understandcthraplex and dynamic relationships
between SWB, income and other variables. Spedifichle studies to date have failed to
properly account for the indirect effects of incoeg. income will impact upon health status
which will then impact upon on SWB, thus increading relative contribution of income to SWB.
Therefore, SWB studies have derived biased estgdtthe marginal effects of income on SWB,
which has resulted in biased (and usually exagegyahonetary values for a range of goods,

services and life events.

Our Step ApproacliSA) recognises both the direct and indirect effet income on SWB. It
uses a set of auxiliary regressions that controitfe relationships between income and the other
control variables. The derived coefficient on in@then represent®ththe direct and indirect

marginal effects on SWB.

Empirical support for the SA comes from analysishef British Household Panel Survey
(BHPS), which is one of the most widely used palahsets for research into SWB. Our analysis
shows that employment, local area safety, carind,debt burden should have lower ICs than
those reported in the literature to date and ttiogewould be obtained without using the SA- and
the differences can be quite large. Employmentekample, is ‘worth’ around £12,000 per
month (over and above the wage) under the traditiapproach, whereas it is valued at around
£4,000 per month using the SA. The impact of incamesases when its direct and indirect
effects are accounted for, and this reduces thaiatrad income required to compensate for a

change in the variable of interest.

The SA has significant implications for welfare romics and for policy appraisal. For
nearly a century, marginal theory has assessedmaagipanges in utility from preferences. We
build on this tradition to show how marginal chamgeutility can be proxied by SWB. Our
approach also allows us to more accurately estabimnetary values for changes in goods,
services and life events. In so doing, our appradiciivs us to derive more accurate estimates of
cardinal utility for policy appraisal and cost-b&hanalysis. By appropriately accounting for the

relationships between the various determinants3/@B%nd income, the SA ensures that the ICs



will be a better approximation of the ‘true’ valokthe impact on utility of goods, services and

life events.

The rest of the paper is organised as follows.i@e& describes the theoretical framework
and how, in principle, ICs should be arrived atcti®& 3 shows how the literature to date has
provided biased (and usually inflated) ICs. Secti@resents the new empirical methodology for
capturing the direct and indirect effects of incommecardinal utility. Section 5 uses panel data to
test the SA and shows that all goods or life evhate much lower monetary values to those
implied by the literature to date. Section 6 codekiby providing some recommendations about

how the SA could be used in welfare analysis.

2. SWB, Cardinal Utility, and Income Compensations

Under the assumption that SWB can serve as an ieal@pproximation of individual utility, the
SWB approach essentially uses econometric techsiiguestimate the marginal impacts on
utility of a host of determinants, including inconealth status and employment status.
Monetary values for these determinants can be attorfrom the marginal rate of substitution
between income and a given determinant, controfinghe other determinants of SWB (Clark
and Oswald, 2002).

The SWB approach has gained prominence in recams$yas more data on SWB and its
determinants have become available, and as problatmsevealed preferences (derived from
market data) and stated preferences (hypothetadahtion contingent on a market) have
persisted (Frey & Stutzer, 2002). We do not exptbesproblems with preference-based
approaches further here (interested readers areadfto Kahneman & Tversky (2000), Ariely et
al (2003), Glaeser et al (2005) and Sugden (200&))suffice to say that the SWB approach has
been seen by some economists to be a possibléoaddiior potentially, alternative way to value
non-market goods (see (Dolan & Kahneman, 2008;ddeet al, 2009), in the context of valuing

health states).

In the SWB framework, the monetary value (IC) gfomd &) can be expressed as the level

of income required to hold utility constant in thlesence of the good:



u(y, Z)=u(y+1C, Z2° (1)

wherey is income an@® andZ’ are respectively the situations before and alftergpod is
endowed, provided or consumed. For a ‘bad’ thesl@eigative. Assuming that SWB is a good

proxy for cardinal utility, we can estimate (1) angally using a SWB function:
SW$ = a +181>/it +IBZZit +ﬂ3xit +£it (2)

where X is a vector of other determinants of SWhsas age and marital status. (1) therefore

becomes:

(a + ﬁl}/lt + IB2Zit l-i-IB?»)(it + é~it) = (a + ﬁl(}/lt + IC) + IBZZit0 + IB3Xit + é~it) (3)
Re-arranging (3) the IC (or monetary valuefafan be expressed as:

c @) @
]

It is relatively straightforward to show that tileome compensations required for some
goods are not constrained by own income; indeesline circumstances the IC can technically
approach infinity. This is because in the wellbemndife satisfaction approach to valuation, it is
actual changes in people’s ‘utility’ that we mosetirather than deriving values from people’s
statements or revealed behaviours which are natwahstrained by their income budgets. (see
the Appendix for the formal derivation of this).l#&ge IC is therefore not immediately
problematic. The problem with existing IC estimagesstated in Section 1 and as we shall show
in Section 3, is that they do not correctly estertéie marginal utility of income. When deriving
estimates of the monetary values of different gpedsrices and life events, it is essential that we

account for the indirect effects of income. We sanplify the SWB function in equation (2) as:
SWB= f (y,Z,X) 5)

The indirect effects of income need to be explicttknowledged, and so (5) becomes:



SWB= f[y,Z, X(y,)] (6)

Here the X variables are to some extent a funafancome. In this case, the god,is
assumed to be exogenous. Set up in this way, Bl the direct and indirect effects of

income on SWB.

We can transform (6) into its empirical counterpartl estimate the IC since, from (4), we know
that the IC is derived as the ratio of the margutgities of the good4) and income. In its

empirical form the SWB function in (6) is as follew
SWB, =a + By, + B2y + B Xy (Vi) + & (7)

From this the marginal utility of the good is:
dSWB, _ 8
oz, = P. ®

And the marginal utility of income is:

aswa%y“ —p4p, Dax%y“ (9)

The IC thus becomes:

o (10)
oo B(2,-2

RV RS

3. Problems with existing Income Compensations

The above problems related to the indirect effettacome are of course eradicated if all of the
explanatory variables are instrumented or randa@sa$tgned in the dataset, but this has never
been the case in the literature to date. As higteig in (7) we assume that some explanatory

variables are endogenously determined (by inconit@jmthe model.



The failure to properly account for the indiredieets of income on SWB is likely to have
caused the very high IC estimates quoted in teealitire to date. For example, Clark and Oswald
(2002) estimate the IC required for someone to nfimra employment to unemployment (i.e.
the value of work) to be approximately £23,000 menth in addition to the loss of the wage.
Powdthavee (2008) derives very large values foiasoo/olvement: using the British Household
Panel Survey he finds that SWB is associated wehtgr frequency of interaction with friends,
relatives, and neighbours, and derives an IC of@&bper year for moving from ‘seeing friends
or relatives less than once a month’ to ‘seeirgnfits or relatives on most days’. Levinson (2009)
and Luechinger (2009) both find that the ICs froiESare orders of magnitude greater than
(revealed and stated preference) willingness tovphiyes for environmental goods. Part of the
reason for any divergence between preference-bmasttbds and the SWB approach will be due
to the fact that the indirect effects of income m@re likely to be captured in preference methods.
In stated preference surveys, well-informed respatalwill state a value of a good based on the
opportunity cost of the money foregone, ie, thescomption (indirect effects of income) they
forego to pay for the good being surveyed. In reagtpreference approaches house prices, for
example, will also be determined by the opportuadgt of foregone consumption and so values
for environmental amenities and other goods basdtbase price differentials will incorporate
the indirect value of income to individuals. See Appendix for a tabulation of all the main

studies that derive values using SWB.

The large ICs are generally due to the factiti@me has been shown to have a small effect
on SWB (Carroll et al , 2009; Ferreira & Moro, 20@root & van den Brink, 2006; Helliwell &
Huang, 2005; Luechinger, 2009; Welsch, 2008b).WBSegressions, income is usually proxied
by the level of individual or family income. Incorhas an instrumental value in that it provides
people with the ability to purchase goods, servaraslife events that increase their utility. If we
control for many of the things that are ‘purchadeglincome, we strip out the instrumental value
of income. The result is that the coefficient ooame will be an underestimate of its true value
and ICs will be overestimated.

This is essentially the problem lo&d contro] where variables of interest cannot have their
full indirect effects (Angrist & Pischke, 2009). @sider the simplified SWB function in (2):

SWR =a + By, + B, X, +& (2)



Where, for ease of exposition, SWB is a functiomebme ananeother variableX, . The

coefficient on income can be described as a funafsample variances and co-variances:

_ cov(SWA y)Var(X) —cov(y, X)cov(SWB X)

A Var(y)Var(X) - cov(y, X)? (11)

Dividing through bywar(X), we derive:

_ Cov(SWB, y) = B« cov(SWB, X)
YT Var(y) - By cov(y, X)

(12)

where 3, is the regression coefficient obtained from regresy, on X, in an auxiliary

regression. If there is no relationship betwsgiand X, , theng,, = 0 and we arrive back at the

it ?
standard unbiased OLS estimator:

_ CoV(SWBy)
A= Var(y) (13)

Our proposition is that income has a causal efiadhe other determinants of SWB (e.g.
health, Ettner (1996)) heng8,, # 0; cov(SWBX) # 0; cov(y, X) # 0, which as we can see

from (12) clearly impacts on the estimate of theome coefficient 3, ) that we derive from OLS.

In this case, we would like to include these effantour estimate of the marginal utility of
income, rather than have them excluded from thenreccoefficient as per (12) and the SA

allows us to do this.

The literature has been remarkably silent onrtragter. One exception is Ferrer-i-Carbonell
and van Praag (2002), who acknowledge that incaasertdirect effects on SWB and, in
estimating the IC for different health states ugimg German Socio-Economic Panel, assume that
income impacts upon SWB through its effects ontasdomain satisfactions, including leisure,
housing and job satisfaction. This approach doéshaoevever, provide a full solution for two
main reasons. First, income is excluded from thal f5sWB function and thus loses any direct
value it may have in terms of status effects, exomsly reducing the impact of income on SWB.
Second, the final SWB function does not includetids for many of the explanatory variables

that have been shown to impact on SWB, such aargenarital status, thus biasing the model.



4. A New Framework for the Wellbeing Function

Without the option of fully instrumenting all explatory variables in the model, we therefore
need a framework that accounts for the direct addect effects of income. The SA seeks to do
this. We have demonstrated that wellbeing can Baeteusing equation (6). Our approach can
be used for valuing both exogenously and endogdéyndetermined goods. We focus on the

latter case here and assume that income is exogé@mtite model and define SWB as:

SWB= f[y,Z(y), X(y)] (14)

This derives the following IC for the estimated ddg):

(15)
IC

_ 3
VRV N VRN

We estimate (14) and (15) using the SA, whereljffdrent stages we control fé,/ and

it

az/ in the coefficient on income, which makes the daltton of the IC in (15) simpler. This
oy,

will ensure that the income coefficient represéhésfull direct and indirect instrumental value of
income. We can then derive more accurate IC estsrfat any good. The stages in the SA are

summarised in Figure 1.



Figure 1: Decision process for estimating income ogpensations in the Step Approach

Step 1 Estimatey; = f(Zi, X)
Passes Klein’s R Fails Klein’'s RT
MODEL 1 MODEL 2
Step 2 EstimateSWR = f(yi, Zt, Xi) (i) EstimateSWR = f(yi, Z, X&)

(i) EstimateK SWB
regressions, dropping tk&
explanatory variableX(;)

(whereX;; = [K x 1] vector of
explanatory variables)

Step 1

The income coefficient should include the instrutaémalue of income to the individual. Btep
1 we test for the existence of possible indirect& by usin@uxiliary regressiortechniques
that are often employed in empirical workdetect multicollinearity. The presence of indirect
effects is essentially an issue of multicollingads the control variables will be correlated with
income. In auxiliary regressions, the independantables in a given function are regressed on
each other to evaluate the relationships and @dioel between the control variables. There is
no strict test for multi-collinearity, but if theugiliary model failsKlein’s Rule of Thumbwhen
the R? in the auxiliary regression is larger than Rfén the original main regression (Gujarati,
2003)) then the regressand can be assumed tolbeaolwith the other explanatory variables
and is usually dropped (Griffiths et al, 1993; Gaja 2003).

Rather than drop the correlated variable in qoegtiere income), iBtep 2we adapt the

procedure to filter out the correlations. Klein'al® of Thumb provides a test as to whether the
specified SWB function is controlling for the potiatly important indirect effects of income. In

10



essence, the test tells us whether the magnituddgg cand cov(y, X) are large enough to result

in the estimate of3, in (12) excluding many of the important indireffeets of income on SWB.

Step 2

Here, we regress SWB on income, the estimated goddhe explanatory variables — as
determined irStep 1-to derive the marginal utilities of these variabl&he procedures from
Step 1derive two possible estimation techniques forSk¢B function depending on the level of
correlation between income and the explanatoryabées.

MODEL 1 is the model that is used as standard practiteeiis\WB literature as depicted in
equation (12). Figure 1 suggests that toM&DEL 1 there should be no correlations between
income and the explanatory variables, which isld besumption to make.

If the auxiliary regression iStep Ifails Klein’s Rule of Thumb, we assume that incame
correlated with the other control variablB8ODEL 2 ensures that the full effects of income are
captured. Here we first estimate a standard SWBtiom in (i) to derive the direct effects of
income. Then in (ii) we estimatetl SWB regressions (one for each explanatory vieriglois
one for the variable of interest (Z)), where imtwe drop one of the control variables from the
regressions. Dropping those control variables tipnoshich income has an indirect effect on
SWB will result in an increase in the power of theome coefficient. In effecthis Stepadds the

relationshipsg,, , cov(SWB X )and cov(y, X )to the income coefficieng,in (12). Variables
that in theory should not be affected by income those variables witjg,, # 0- for example

age) and those that do not impact on SWB are w©hided inStep 2.

Aggregating the changes in the income coefficientll K+1 specifications of the SWB
function in (ii) provides an estimate of ttaal indirect effect of income on SWB. This method is
preferred to estimatin+1 different regressions for each control varigidea health function
and a marriage function etc) because (a) it doefonce any parametric restrictions on the effect
of income on the other controls and the subsecgféatt on well-being, and (b) it keeps the
method simple as the full estimation process canngiertaken using only the variables from the

original SWB function.

Step 3

11



The coefficients (i.e. marginal utilities) derivedthe models are used to estimate the value or
income compensation for any good MIODEL 1 there is no effect of income on the other
control variables so we estimate the IC value uthegcoefficients on income and the good from
a single SWB function, as is the current practicthe literature.

In MODEL 2 there is a causal effect of income on the othetrobwariables and we include
this indirect effect in the coefficient on inconI® do this, we add the total indirect effect from
(i) to the direct effect from (i). Referring batk the IC calculation in (15), through the SA, we

essentially incorporate the impacts/g;fﬁz%y and g @X%y in the coefficient on income. This

makes the calculation of the IC in (15) more maahigeas it reduces to:

- b (16)
B.*

This is the same as the standard IC calculatigd)irbut the asterisked income coefficient
(#1*) incorporates the full direct and indirect effectf income. As stated aboyg} is estimated
by adding the income coefficient from (i) - whicdpresents the direct effects, to the aggregated

indirect effects of income from (ii).

Based on the SWB function in (14) and the IC estenn (16), we have retained the full
instrumental value of income. This has been donekassigning any impact of the control
variables that should be accredited to income, #flogving us to capture more precise estimates

of the marginal utility of income and the resultil@s.

5. Empirical Estimation

We test the SA using data from the BHPS. Thisnateéonally representative sample of British
households, containing over 10,000 adult individuebnducted between September and
December of each year from 1991. Respondents tawigwed in successive waves, and all
adult members of a household are interviewed. ahgpte has remained representative of the
British population since the mid-1990s. We restoigt sample to 16 — 65 year olds and exclude

full-time students, retirees and those unable tckwioe to disability. In the empirical analysis,

12



we use the log of household equalised income. WB &easure that we use is the life
satisfaction question that has been well estaldigh¢he field: ‘How disatisfied or satisfied are
you with your life overall?” Responses are on a scale from 1 (not at alfisafito 7
(completely satisfied). Life satisfaction was adited997 and so we analyse the period 1997-
2009, excluding 2000 which did not include heattiws and 2001 which did not include life

satisfaction.

We derive income compensations for: (i) Employm@jtLiving in a safe area; (iii) Caring
duties at home and (iv) Burdened with debt. Thraughve calculate ICs based on i) the standard
method as set out in equations (1) to (4), anithé@)SA. In the model, we compare employed and
self-employed to unemployed people. ‘Living in &esarea’ indicates whether the respondent
feels that they live in an area where vandalismaimnde are not a problem. ‘Caring duties at
home’ signifies that the respondent looks aftereomme living with them who is sick,
handicapped or elderly. Finally, we classify thiaerdened with debtas respondents who state
that debt and interest repayments on loans areadial burden on their household. Descriptive
statistics of the variables are set out in Table 1.

We use equation (2) to estimate a general SWBiumdNe assume the existence of time-

invariant unobserved determinants Y of wellbeing:

SWR =a + By, + B,Z, + B X + A +& (17)

We include the main explanatory variables that Haen found to be important
determinants of SWB in the literature (Blanchflovaad Oswald, 2004; Dolan et al, 2008).
Ferrer-i-Carbonell and Frijters (2004) show thauasing cardinality as opposed to ordinality for
the SWB variable makes no difference to estimatesults, and that allowing for fixed effects
does change results substantially. Our preferredieiis therefore an OLS regression with fixed
effects. The results of this model are shown inld&bWe also present a random effects model
for information, but focus on the results of theefi effects model. The coefficient on log of

household incomeg,) is statistically significant at the 1% level asdestimated to be 0.03 in the

fixed effects model.

Step 1

13



In Table 3 the following model, which we call ttheome modeik estimated empirically:

Yit = f(Zit, Xit)

The overallR? of the income model (0.17) is far greater thanawerallR® of the SWB
function (0.08). Employing Klein’s Rule of Thumlhi$ suggests that multi-collinearity with
respect to income is a notable problem in the SWigtion. The income coefficient derived in
Table 2 is thus not a true measure of the margalale of income because many of the indirect

effects of income will be controlled for.

To motivate the discussion below, we first estinsat@mple univariate equation; regressing
SWB only on income for our sample:

SWR =a+ 4y, +¢&, (18)

Since no other control variable is included in thedel, 8, will include all indirect effects of

income on SWB. The regression in (18) will of caussiffer from omitted variable bias and so
will not represent the true value of income, bstéad it will provide an upper-bound estimate of
the coefficient on income. Estimating (18) we fthdt 5, = 0.09 and that it is statistically

significant at the 1% level. When we measure thectliand indirect effects of incomeStep 2

we expect the income coefficient to lie somewheasvben 0.03 and 0.09.

Step 2

The income model fails Klein’s Rule of Thumb, whitleans that to derive IC values for (i)
Employment; (ii) Living in a safe area; (iii) Cagruties at home and (v) Burdened with debt, it
is necessary to uddODEL 2. We have already estimated part ()MODEL 2 in Table 2

Table 4 sets out the results of part (ilMODEL 2. The two age variables and employment
status are not dropped in the regressions becacsmeé cannot affect age and it is unlikely to
affect employment status. Similarly, educationas @ropped because current income is unlikely
to affect levels of educational attainménFor categorical variables (i.e., health statub an

marital status) we drop all related variables tbgetTherefore we estimate a total of five

1 It should be noted that we keep education and @mnpeént status in thecome mode(Step 2 because we cannot
fully rule out an effect of income on these vargbl

14



regressions to derive the indirect effects of ineokVe report the income coefficient for each of

these five SWB regressions in Table 4.

We find that income has a positive indirect impatSWB through marital status and debt
burden and there are small effects on SWB throiwyiglin a safe area and having caring duties.
The indirect impact via health is negative, sugggdhat increased income worsens health.
Another possible explanation is that our healthalde is not a full measure of health status and
S0 any positive effects of income on health areaaly being picked up in the income coefficient.

The overall impact of dropping each of the varalik an increase in the income coefficient
by 0.011. This is the aggregate indirect effeahobme and is added to the direct effect income
coefficient of 0.03 from regression (i) in Table(n including the indirect effects, the income
coefficient increases by 40 per cent: we estintaest* = 0.041. This result is consistent with
our prediction that the income coefficient shougddetween 0.03 and 0.09. The income

coefficient of 0.041 is the value that will be usedhe ICcalculations inStep 3.

Step 3

We estimate IC values for (i) Employment; (ii) Ling in a safe area; (iii) Caring duties at home
and (iv) Burdened with debt using the Standard SAWBroach and the SA. In Table 5, column (1)
lists the coefficients used in the Standard apgr@ad column (2) derives the IC estimates based
on those coefficients. Columns (3) and (4) do #raesfor the SA. In the SA we use the
coefficient on income frorMIODEL 2 (* = 0.041). All valuations/ICs are in UK £ per month

figures.

The IC estimates derived using the Standard appr@@lumn 2) all tend to be large. Our
results using the Standard approach resonate ttezaddinding in the literature; that ICs can be
very high. Using the SA the overall trend is tHataluations are significantly reduced; on
average IC values fall by over 50 per cent. A lgsyie to note here is that although there is a
general trend in the SWB literature that IC valoiasi are high, there is considerable variation in
the coefficient estimates due to the use of diffefenctional forms and datasets. Therefore, we
do not seek to directly compare our results onadei coefficients to other papers but, rather, to
show how using the SA changes the IC results foreskey variables of interest: employment,

living in a safe area, caring and debt.

15



First, consider employmenthe employed in our sample are made up of full @axt-time
employees and self-employed. The comparison groughé employed is the unemployed. The
IC estimate derived from the Standard approachi 25000 p.m, which is considerably lower than
Clark and Oswald’s (2002) estimate of £23,000 fAmincome is held constant and leisure time
forgone is not held constant, the IC for employmsiihe net value of employment — it is the
value of being in work over and above the wagenme@and the loss in leisure time. Using the
SA we estimate the value of employment to be ardi§@00 per month. The sample mean

salary is around £17,300 per year.

Second, consider living in a safe area. We firad liwing in a safe area is valued at around
£16,000 per year. This is an interesting findimghiat in our model we do not control for house
prices. Those living in dangerous areas shoulcetbex be benefitting from lower house prices
and rents which should offset the adverse wellbemgact of living in an unsafe neighbourhood.
The value of living in a safe area that we estinmtberefore the value of this amenity over and
above what is already captured in house prices iShevidence of imperfections in the housing
market and a strong argument for not using hedmidet (revealed preference) studies to value
amenities such as safety — i.e. revealed prefesath@@ot actually include the actual suffering
caused by living in an unsafe area. Using reveateterence methods, Gibbons and Machin
(2008) find that a one standard deviation decre@atige incidence of crime has a capitalised
value of around £20,000 in London at year 2000gstic

In separate analysis, which we do not show hereestimated the value of living in a safe
area for the sub-sample that lives in London aedstirrounding Southeast area of England (a
sample of London on its own was too small to pre\sthtistically significant results) to be about
£23,000 per annum (this would be in addition toltbasing premium derived by Gibbons and
Machin (2010)).

Third, consider providing residential care. Thisra cost or burden to providing care at
home for relatives. Under the Standard approaahcitst is around £24,000 per month. Using the
SA, the cost of caring is about £10,000 per mohiins is still high because the caring coefficient
will also include the negative effect of a familgmber being sick or disabled in addition to the

task of caring itself.
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Fourth, consider debt. We find that perceiving édhleavily burdened with debt has a
negative impact on individual wellbeing. Under #tandard approach this impact equates to a
cost of about £37,000 per month. Using the SActie of debt burden is about £14,000 per
month. To put this in to some context, the avegeunt of debt in the UK (including mortgage
loans) stands at around £53,000 per household.a¥e $hown that there is a non-financial

emotional or welfare loss to people who experidriga levels of debt.

6. Conclusion

Measures of subjective wellbeing (SWB) are increglyibeing used in economics. A key
objective of this work is to derive monetary valdiesgoods, services and life events. The
success of this work will depend on having a rolessimate of the marginal impact of income on
wellbeing so that marginal rates of substitutiotwa®n income and the good in question can be
estimated. The literature thus far has failed ke account of the indirect effects of income on
wellbeing, thus resulting in implausibly high moast value estimates for such things as

employment and environmental amenities.

The SA proposed in this paper develops our alihityse cardinal utility for marginal
analysis by allowing economists to estimate thieduéct and indirect effects of income on SWB.
In so doing, the approach provides a robust methiodalculating the monetary value of any
good, service or life event for use in cost-berafialysis. The monetary value is expressed as the
income compensation required to hold well-beingstamt for a change in the good in question.
Income compensations estimated in this way allowousconnect economic appraisal with the
foundations of utility theory — the utility derivédtcbm any state of the world. The approach
developed here can be used by economists and poh&ers as a useful alternative way to
estimate monetary values that do not rely on redkat stated preferences.

Using the SA, we find that the income compensation a range of non-market goods and
life events fall substantially to arguably moreyddble levels compared to the literature to date
and the standard estimation approach. For exari@ejalue placed on employment falls from
around £12,000 per month to £6,000 per month amddbt of the burden of being in debt falls
from around £37,000 per month to about £14,000vm®@1th when using the SA. We feel that this

17



represents a significant step towards using the SyfBoach to valuation in a meaningful way in

cost-benefit analysis and policy evaluation.

This is only the beginning, of course, and we reggaly the SA to other datasets, with
different variables and, particularly different maees of well-being (Kahneman and Riis, 2005;
Dolan and Kahneman, 2008). Nonetheless, the StppoAph represents an important step

towards valuing utility the marginal and cardinayw
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Table 1. Descriptive statistics

Variables Descriptions Mean Std.
Dev.
Life satisfaction Life satisfaction score, codedaoseven-point scale so 5.19 1.19

that 1 = very dissatisfied, 7 = completely satisfie
Annual household income  Annual equivalised grossshbold income
Employment status (Employed or Self-emptby 1)

Employed

Age Age of respondent

High education

Post-graduate) attained = 1)

Excellent/good health

Poor health Respondent assesses own health asdpbeery
poor'

Married Marital status (Married = 1)

Divorced Marital status (Divorced = 1)

Widowed Marital status (Widowed = 1)

Separated Marital status (Separated = 1)

Never married

Caring duties at home

Living in safe area

Burdened with debt

Educational attainment (Degree (toréeluate or

Respondent assesses owth lasakexcellent' or ‘good'

Marital status (Never married = 1)

Respondent has caring dattiesme

Respondent does not live iaa where they
perceive vandalism and crime to be a problem

Repayment of debt and associateist is a 'heavy
burden' or 'somewhat of a burden'

£28,121 £20,707

0.78 0.41
38.93 12.02
0.16 0.37
0.76 0.43
0.06 0.23
0.56 0.5
0.05 0.23
0.01 0.1
0.02 0.14
2 0. 0.4
0.05 0.22
0.83 0.38
0.14 0.35

Table 2. SWB regressions

Dependent variable: Life satisfaction

Fixed effects

Random effects

Coefficient S.E. Coefficient S.E.
Ln (Household income) 0.030*** 0.008 0.050*** 0.006
Employed 0.069*** 0.012 0.109*** 0.011
Age -0.045%** 0.004 -0.058*** 0.003
Age? 0.001*** 0.000 0.001*** 0.000
High education 0.078* 0.043 -0.030* 0.018
Excellent/good health vs. fair health 0.263*** 0.010 0.360*** 0.009
Poor health vs. fair health -0.299%** 0.017 -0.363*** 0.016
Base case: Co-habiting couple
Married -0.020 0.017 0.062*** 0.014
Divorced -0.200*** 0.029 -.0287*** 0.023
Widowed -0.404%*** 0.063 -0.331*** 0.047
Separated -0.416*** 0.032 -0.463*** 0.028
Never married -0.179%** 0.020 -0.238*** 0.015
Caring duties at home -0.088*** 0.023 -0.122%** 0.019
Living in safe area 0.029*** 0.010 0.072%** 0.009
Burdened with debt -0.101*** 0.011 -0.153*** 0.010
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Constant 5.73%* 0.109 5.45%** 0.083
N 18,276 18,276

Overall R? 0.08 0.12
Notes *** ** * represent significance at the 1%, 5&%nd 10% levels respectivelgmployedare compared with
unemployedGood healthandPoor healthare derived from the respondent’s assessment iofttbalth of the past
year.High educationindicates that the respondent has a universityeded\ll other variables are described in
Section 5.1.

Table 3. Step 1 Income Model

Dependent variable: Ln (Household

income)

Coefficient S.E.
Employed 0.338*** 0.006
High education 0.231*** 0.022
Excellent/good health vs. fair health -0.012** 0.005
Poor health vs. fair health 0.004 0.009

Base case: Co-habiting couple

Married 0.0340 0.009
Divorced -0.093*** 0.014

Widowed -0.108*** 0.032

Separated -0.164*** 0.016

Never married -0.234%** 0.010

Caring duties at home 0.0254** 0.011

Living in safe area 0.017*** 0.005

Burdened with debt -0.033*** 0.006

Constant 9.779%* 0.011

Overall R? 0.17

Notes *** ** * represent significance at the 1%, 5&hd 10% levels respectively.

Table 4. Step 2 Model 2

Variable dropped Income coefficient ;) Change in income coefficient
Health 0.0283 -0.0017
Marital status 0.0414 0.0114
Caring duties at home 0.0301 0.0001
Living in safe area 0.0301 0.0001
Burdened with debt 0.0307 0.0007

Total indirect effect 0.011
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Table 5. Comparison of Income Compensation estimas

Standard LS approach Step Approach
1) &) 3 4
Variable Income Variable Income
coefficient compensation coefficient compensation
(£ per month) (£ per month)
Ln Household income 0.030*** N/A 0.04 1%+ N/A
Employment 0.069*** £12,020 0.069*** £5,800
Living in a safe area 0.029*** £2,210 0.029*** £1,370
Caring duties at home -0.088*** -£24,080 -0.088*** -£10,000
Burdened with debt -0.100*** -£36,460 -0.100*** -£14,000

Notes *** ** * represent significance at the 1%, 5&hd 10% levels respectively. IC estimates are baseth
average annual income of £16,000.
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Appendix

Al. Proof that Income Compensations are not consdined by income

Assume that there is a non-excludable public goatithat its provision is funded
through taxation (the example and proofs also gdiserto excludable private goods
as commented on below but we focus on non-excledaddblic goods for ease of
exposition). Under the theory of the efficient pion of public goods (Samuelson,

1955), tax becomes a parameter in the individudilgy-maximisation process:

max u,(x, 2) (AD)

st. px +tZ=y A2

where u, >0; u, <0 [0OZ

HereZ = the public good anti= tax paid byi (essentially the price of the public
good). The standard results are attained. At thienopn:

MRS, = =t (A9

MRS, =%Z =p (A4

Without any loss of generality, assume that a composite good and thus we

can sep = 1. MRS, then becomegu%z or u, which is simply the willingness to

pay (WTP) for an increase in public good provisiSmce the public good is non-
excludable, obtaining an efficient allocation obpa good provision requires that we
sum the MRSs across individuals. In a two persame@ny the efficiency
requirement is therefore:

MRS, +MRS; =MRT,, (A5)
=u, +u; =C (A6)
=t +t, =C (A7)
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whereC is the marginal cost of providing the public goédithe efficient level of
public good provision (Z*), it is possible thMRS # MRS (this is different to the
case for private goods, where at the optimum MR&gqual across all individuals).

From (A3), it is therefore possible tht# t_ . The amount an individual pays in tax

towards the public good is constrained by her ineom

The efficient level of the public good (Z*) can 8erived through a Lindahl
equilibrium so that people pay a tax rate equéhér WTP for thdotal levelof
public good provision. This tax rate can differveeén individuals. The Lindahl
equilibrium requires that people are honest inrtreielations of WTP for the public
good (Mas-Colell, Whinston, & Green, 1995). Sinoe amount that individuatsan
pay (in taxation) is constrained by their incomed a public good is provided up to

the point whenAb5) holds, and sinca, > 0; u, <0 [0z ,anindividual can

make a small contribution to the public good bafré&arge benefits if others’ WTPs
are such that a large amount of the public goguiasided. This is essentially the
issue of cross-subsidisation in public goods amebitld also be the case for goods
provided under private insurance schemes in whicksesubsidisation occurs. It is
possible, therefore, for the individual level I@Quéred for a policy intervention to

greatly exceed own income. We formalise thi®roposition 1

Proposition 1. Suppose thatl1[o,) and that society’s willingness to pay for the

non-excludable public good (Z) is such that(Z) such thatz MRS, >c¢(Z) 0Z and

that u, >0; uy, <0. Then the level of IC is not constrained or uppeunded.

Proof 1.1. First we show that the level of IC candseater than own income. Assume
that IC} <y;. SinceyO[o,») and ) MRS, >¢(Z) OZ this implies thatz* 0[0, ) .
As u, >0; u,, <0 however, then to ensure thig}. <y, it would imply thatC Ksuch

thatZ* < K, where K is some constraint on the level of puiptiods provided. But we

know thatZ* [1[0,») and so- (IC}, <y.) which implies (in this situation) that

IC, >y, =
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Proof 1.2. Under some conditions the level of 1@ approach infinity. Since

y[[o,) and Cc(Z)such thatz MRS, >c¢(Z) OZ this implies thatz* 0[0,) . As

u, >0;u, <0, thenLim IC,(Z*) =e0. m

Table A1. Summary Table of the main income compen$son studies

Author(s) Country Good evaluated Income Compensatio value

Blanchflower and USA and Various Unemployment: $60,000 per annum

Oswald (2004) UK

Carroll et al. (2009) Australia Droughts and Drought (in Spring time) A$18,000 (deemed very

some other life large); Marriage A$67,000 p.a.; employment
events A$72,000 p.a.

Clark and Oswald UK Various All ICs in per month values. Employmeat

(2002) unemployment: -£15,000 (GHQ) and -£23,000
(SWB); Health excellent to health good: -£10,000
(GHQ), -£12,000(SWB); Health excellent to health
fair: -£32,000 (GHQ), -£41,000 (SWB).

Cohen (2008) USA Crime and Health| Crime: $49 p.a. for 10% iaseein crime rates. IC
for burglary is high compared to estimates of ofst
burglary. Health: Good health to fair health: $T&D,
pa.; Good health to poor health: $276,624 p.a.

Deaton et al. (2008) Africa Value of life Small IC estimates for thelva of life

Di Tella et al (2003) USA and Various ICs estimated for Macro-level unemploymemd

Europe inflation

Dolan and Metcalfe UK Urban Regeneration: £6,400 (instrumenting for income) -

(2008) regeneration £19,000 (not instrumenting for income).

Ferrer-i-Carbonell and | Germany Chronic diseases Examples: IC of 59%adfrire for diabetes; 43% fg

van Praag (2002) arthritis; 18% for hearing problems

Ferriera and Moro Ireland Air quality and Air pollution: €945 per microgram per cubic metér

(2009)

climate

PM10 (5% improvement from average)

Climate: €15,585 for 1c temperature increase in Ja

and €5,759 for 1c temperature increase in July.
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Frey et al (2004b) Paris, Terrorism IC of 14% - 41% of income to reduce tastoactivity
London, to lower levels (as experienced in other parthef t
Northern country).
Ireland

Groot and van den UK Cardiovascular IC for heart disease: Average £49,564 (men) and

Brink (2006) disease £17,503 (women). £93,532 for 25 year old man and
£1,808 for 75 year old man.

Helliwell and Huang USA Non-financial job | 1 point fall in job satisfaction (on a 10 point k)a

(2005) characteristics has IC of $30,000 - $55,000 p.a.

Levinson (2009) USA Air quality $464 p.a. per microgram per cubf®M10. The IC
value is larger than for hedonic method.

Luechinger (2009) Germany Air quality IC of €183-€313 for a 1 micram per cubic meter
reduction of SO2. Compared to €6-€34 using a
revealed preference method.

Luechinger and RaschKyEurope Flooding Prevention of flood: $6,500; Dase=of annual floog

(2009) probability by its mean $190. This is similar to
compensation found in Hedonic markets

Mackerron and UK Air quality in IC for 1% increase in NO2 levels is 5.3% of incom

Mourato (2009) London Deemed unrealistically high compared to stated and
revealed preference studies.

Oswald and UK Death of family Loss of mother: £20,000 p.a. (£10,000 with incom

Powdthavee (2008) members instrumented); Loss of child: £41,000 p.a. (£34,001
with income instrumented); Loss of partner: £64,000
p.a. (£36,000 with income instrumented).

Powdthavee (2008) UK Social IC for seeing friends and relatives less than @nce

relationships month to never £63,000; Marriage: £68,000 p.a.;
Move from very poor health to excellent health
£300,000; Unemployed £74,000 p.a. in addition &]th
wage.

Rehdanz and Maddisor] Multi- Climate List of ICs for 67 countries estimated

(2005) country

panel

Stutzer and Frey(2005)| Germany Commuting Commute of 23 mins (sample me&g#2 p.m.
(18.9% of average monthly wage).

van den Berg and Holland Informal care Caring: €8-€9 Euro per hibwecipient is family

Ferrer-i-Carbonell
(2007)

member. €7-€9 Euro per hour is recipient is not

family member.

van Praag and Baarsma Holland

(2005)

Airport noise

IC for noise generated fhight of €253.

25



Welsch (2002) Cross- Air pollution IC of $70 per kiloton of nitrogen di@le per capita.
country
Welsch (2006) 10 Europear] Air pollution Reduction of total suspended particl3-$211 p.a.
countries per microgram per cubic meter. Comparable to values
obtained from US property value models.
Welsch (2007) International| Air pollution IC in range of 'few hundred US doBaper ton
-54 nitrogen dioxide for direct effect. The indirect
countries pecuniary effect of air pollution on SWB is posgiv
as it is an input to production, but it is smatiean
the direct effect in absolute terms.
Welsch (2008a) International| Civil conflict IC around $108,000 per fatality dteeconflict.
-21
countries
with history
of conflict
Welsch (2008b) International| Corruption 1 point index increase in corruptionToansparency

International 1-10 point scale (which is a relatjve
large change) has an IC of $900 per capita per year

(including indirect pecuniary effects).
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