ESTIMATING THE ELASTICITY OF MARGINAL UTILITY: REVISIONS, EXTENSIONS AND PROBLEMS

Abstract

The elasticity of marginal utility is an important parameter for the purposes of calculating the Social Time Preference Rate as well as determining appropriate distribution weights in Cost Benefit Analysis. This paper conducts a review of the empirical evidence on the value of this parameter for the United Kingdom. Four different empirical methodologies are identified namely the Euler equation approach, the wants-independence approach, the equal sacrifice approach and the subjective wellbeing approach. The paper then presents a new set of estimates obtained using both contemporaneous and historical data, alternative estimation procedures and where possible, testing the underlying assumptions. The theoretical restrictions underpinning wants-independence, one of the most popular approaches, are rejected. These estimates are then combined using meta-analytical techniques in order to produce a single preferred estimate of the elasticity of marginal utility of 1.5. Critically, the confidence intervals for this estimate do not include unity which is the current official estimate of the elasticity of marginal utility. 
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1. Introduction 

Numerous techniques have been developed to appraise public sector projects whose costs and benefits span multiple time periods. In recent years however there has been a growing consensus that the appropriate discount rate is the Social Time Preference Rate (HM Treasury, 2003). The formula for the STPR is given by (Ramsey, 1928):
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Where δ is the rate of pure time preference, g is the growth rate and ρ is the elasticity of marginal utility.
 The elasticity of marginal utility is therefore a key component within the STPR calculation. 

In fact two approaches are normally considered when determining social discount rates: the STPR and the social opportunity cost (SOC). The latter is normally associated with the rate of return to the marginal project in the private sector. In an economy without any distortions or imperfections these should be the same but in practice they might differ substantially. According to one well-respected approach the appropriate procedure is to weight the funds necessary for a particular project according to their source: consumption or investment (Bradford, 1975). An obvious problem with this approach however is determining for each project the proportion of investment funds from displaced consumption and displaced investment. 

Until 2003 the basis of the discount rate used in the United Kingdom (6 percent for most purposes) was the rate of return to marginal private investment projects. 
The current rate of discount however, is 3.5 percent and is based explicitly on the Ramsey formula. The decision by the United Kingdom Government to use the STPR in policy appraisal and evaluation (HMT, 2003) has brought to the fore the question of what is an appropriate value for the elasticity of marginal utility. The purpose of our paper is to review the empirical evidence on the magnitude of this parameter. And in a number of instances we not only review the empirical evidence but also develop our own estimates using more recent data and / or using what we believe are more appropriate techniques. In one case we test the validity of the key assumption underlying a particular revealed preference approach. 
 

The current assumption is that the elasticity of marginal utility is unity although previously the Treasury had assumed a higher value of 1.5. Yet an incorrect assumption regarding the magnitude of this parameter would result in the wrong value for the STPR and potentially, a serious misallocation of public funds. Nuclear power offering short term benefits in the form of cheap energy but high decommissioning costs in the long term provides a perfect illustration of a project of national significance whose desirability is highly sensitive to changes in the STPR. 

Apart from discounting knowledge of the elasticity of marginal utility is also essential for the derivation of welfare weights necessary for policies that redistribute income such as might occur in the context of regional policy. An alternative perspective of course, is that welfare weights should not be used but instead should a project result in a burden on one part of society then compensation should be paid to those who are adversely impacted (the Hicks-Kaldor compensation criterion). 

Our paper confines itself to estimating only the elasticity of marginal utility and not with any other component such as the rate of pure time preference. We likewise limit ourselves to considering estimates developed specifically for the United Kingdom. The theoretical discounting literature now extends beyond the basic Ramsey Rule. We however do not concern ourselves with the literature on discounting over the long term beyond noting that an estimate of the elasticity of marginal utility is still invariably required (e.g. Gollier, 2009). We also sidestep the recent literature attempting to separate risk aversion, intertemporal substitution and inequality aversion (e.g. Atkinson et al. 2009). 

We consider the theoretical basis for and the empirical evidence generated by four different revealed preference approaches: the intertemporal allocation of consumption (Euler equations) approach, the ‘wants independent’ goods approach, the subjective wellbeing approach and the ‘equal sacrifice’ approach. Each of these it transpires, poses significant empirical challenges such that no single technique is likely to produce a convincing answer to the question what is the elasticity of marginal utility. We do not however review the stated preference approach to estimating the elasticity of marginal utility generated by controlled experiments examining aversion to inequality or risk aversion. In our opinion such exercises produce results that may be specific to the nature of the experiment or to the characteristics of the respondents (e.g. impecunious undergraduates).

We note that several surveys already exist of the value of this parameter but that these are all now rather dated. Stern (1977) advocates an estimate of the elasticity of marginal utility of 2 but with a possible range of 1 to 10. Pearce and Ulph (1995) suggest a value of 0.7 to 1.5 and a best-guess estimate of 0.83 based on Blundell et al (1994). Cowell and Gardiner (1999) point to a range of 0.5 to 4.0. One is not however required to accept unquestioningly the entire range of possible values offered by these reviews. As a check on the plausibility of estimates one can perform a ‘leaky bucket’ test e.g. Pearce and Ulph (op cit). 

For example, a value for the elasticity of marginal utility equal to 1 implies that an extra £1 of income to someone whose income is X has twice the weight of an extra £1 to someone whose income is 2X. Put differently a loss of £1 to the richer individual is worth a gain of 50p for the poorer person. For a value of 1.5 the weight would be 2.8 and for a value of 2 the weight would be 4. But for an elasticity of marginal utility equal to 10 cited in Stern (op cit) a loss of £1 to the richer household would be worth a gain of 0.1p for the poorer household. Such calculations suggest that high values of the elasticity of marginal utility e.g. above 5 are implausible. High values of the elasticity of marginal utility obviously imply an aversion to inequality. 

The remainder of the paper is organised as follows. Sections two to five discuss each of the different techniques in turn. Section six takes estimates from each technique and combines them using meta-analytical techniques in order to test the hypothesis that the elasticity of marginal utility is equal to unity. Using the same set of techniques we also generate a central estimate along with a 95 percent confidence interval and use it to develop a preferred estimate of the STPR given conventional assumptions about the rate of pure time preference and the growth rate of the economy. The final section concludes.

2. Socially revealed inequality aversion: The equal absolute sacrifice approach

In this section we use ‘socially revealed’ preferences to infer the elasticity of marginal utility. More specifically, we analyse information on the progressivity of the income tax schedule to infer the elasticity of marginal utility under the assumption of equal absolute sacrifice. 

2.1. Theory

The approach depends on the twin assumptions that the principle of equal sacrifice holds and that the utility function takes a known form (almost invariably isoelastic). The justification for the assumption of equal sacrifice may be traced back to Mill (1848) who stated: “Equality of taxation, as a maxim of politics, means equality of sacrifice”.  In such exercises the elasticity of marginal utility can be interpreted as the Government’s inequality aversion parameter. 

Algebraically the principle of equal absolute sacrifice implies that for all income levels y the following equation must hold:
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Where k is a constant, y is gross income, V is utility and T(y) is the income tax schedule. Assuming an isolelastic utility function: 
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Substitution yields:
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Differentiating this expression with respect to y and solving for ρ yields: 
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Where y is gross income, T is total tax liability, T(y)/y is the average rate of taxation and t is the marginal rate of taxation. 

Cowell and Gardiner (1999) argue that there is good reason to take seriously estimates derived from tax schedules: decisions on taxation have to be defended before an electorate and the values implicit in them ought therefore to be applicable in other areas where distributional considerations are important such as discounting or the determination of welfare weights. At the same time there are concerns about whether a progressive income tax structure consistent with equal sacrifice would adversely impact work incentives (Spackman, 2004). Furthermore satisfactory tests of the equality of sacrifice assumption are obviously impossible since they are necessarily based on a particular utility function. And strictly equal sacrifice combined with a smooth utility function would imply a marginal tax rate that continually varies. For this reason alone an income tax structure characterised by a small number of tax thresholds cannot fit perfectly the equal sacrifice model. 

2.2. Previous Estimates of 
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 under equal sacrifice

Previous estimates of revealed social preferences using the tax schedule have estimated the elasticity of marginal utility in many different countries and at different income levels.
 Our focus however is on evidence from the United Kingdom. 

Stern (1977) calculates the elasticity of marginal utility using data for the tax year 1973/4 when there were nine different tax rates and the top rate was 75 percent. The calculations are based on the income tax liabilities of a married couple with two children. Using a regression approach and weighting the observations by the number of taxpayers falling in each income category Stern emerges with an elasticity estimate of 1.97.
 

Cowell and Gardiner (1999) present estimates for the years 1998/9 and 1999/2000. Although they provide few details their results illustrate the effect of excluding National Insurance Contributions (NICs) without which the results are much higher. These calculations refer to the tax liabilities of a single man of working age with no special forms of tax relief. 

Evans and Sezer (2005) use OECD data combining income tax with NICs for 2001/2 and determine that the elasticity of marginal utility for the UK is 1.5 when evaluated at the average production wage. 

Once more using the regression technique Evans et al (2005) estimate the elasticity of marginal utility using tax schedules for the year 2002/3. Evans et al provide a variety of estimates based on different weighting schemes where the weights relate to the number of taxpayers and the amount of income. The resulting elasticity estimates are then compared to those arising from un-weighted calculations. Arguing that it serves as a specification test Evans et al analyse whether the intercept term in the regression equation is significantly different from zero. They also include estimates in which the dependent and the independent variables exchange places thus providing an estimate of the inverse of the elasticity of marginal utility. According to Evans et al the preferred results are those in which the order of the regression has been reversed and the regression is weighted by the average income of the nine different income categories included in their data. Although details are sparse it appears that their paper uses weighting uses Weighted Least Squares rather than ‘analytical’ weights. Despite these concerns the preferred elasticity is 1.63. 

Evans (2008) reworks Stern’s data after first deducting the personal tax allowance. The argument is that it is only reasonable to assume declining marginal utility of income after meeting basic living expenses. This causes the mean estimate across the different income categories to fall from 1.97 to 1.58. Evans notes that if the estimates were also weighted according to the number of tax payers in each category this estimate would fall even further (since most individuals are basic rate tax payers and these produce elasticity estimates of close to unity). He also provides estimates for the tax year 2005/6 after the deduction of the single person’s tax allowance. For 2005/6 the elasticity measured at the average production wage is 1.06. 

Table 2.1. Estimates of the elasticity of marginal utility from tax schedules

	
	Elasticity of marginal utility (including NICs)
	Elasticity of marginal utility (excluding NICs)
	Basic allowance deducted
	Weighting
	Tax year

	Stern (1977)
	NA
	1.97
	No
	Population weighted
	1973/1974

	Cowell & Gardiner (2000)
	1.29

1.28
	1.43

1.41
	Not known
	Not known
	1998/1999

1999/2000

	Evans & Sezer (2005)
	1.5
	NA
	No
	Point estimate refers to the average production wage
	2001/2002

	Evans et al (2005)
	1.63
	NA
	No
	Income weighting
	

	Evans (2008)
	NA
	1.06
	Yes
	Point estimate refers to the average production wage
	2002/2003


Source: See text.
2.3. Updated estimates for the United Kingdom
We now provide updated estimates of the elasticity of marginal utility using the technique of equal sacrifice. Data taken from Her Majesty’s Revenue and Customs (HMRC) website consists of 134 observations on all earnings liable to income taxation including: earnings arising from paid employment, self employment, pensions and miscellaneous benefits. These observations are drawn from the tax years 2000-1 through to the tax year 2009-10 excluding the tax year 2008-9 for which no data are available. Each tax year includes between 13 and 17 earnings categories each of which constitutes one observation. Together these span almost the entire earnings distribution from earnings only slightly in excess of the tax allowance up to earnings of £1,940,000. Also included (and critical for our purposes) is the number of individuals in each earnings category. 

For mean earnings in each earnings category we calculate the average and the marginal tax rate using the online tax calculator http://listentotaxman.com/.
 The tax calculator separately identifies income tax and employee NICs. As with most previous papers the data generated assumes a single individual with no dependents or special circumstances (e.g. registered blind or student loan).
 

Despite the fundamental nature of the need to weight the observations according to the number of individuals in each earnings category this appears frequently to have been regularly overlooked in the literature (although see Stern, 1977). The importance weights we will employ refer to the number of individuals in each earnings category divided by the total number of individuals in the sample.
 Furthermore because our sample contains observations from different tax years we are careful to ensure that each tax year receives equal weight. 

In what follows we demonstrate that the the direct method, the regression method employing un-weighted data and the regression method employing weighted data all yield different estimates of ρ. But only the regression method with weighted data yields an estimate of ρ which is representative of the population of income tax payers. 

We also address the issue of whether or not to include NICs. Evans (2005) argues against their inclusion on grounds that “an income tax only model seems more in keeping with the underlying theory concerning equal absolute sacrifice” (p.208). By contrast Reed and Dixon (2005) find that there is no operational difference between them arguing that NICs are “increasingly cast as a surrogate income tax” (p. 110). These views are echoed by Adam and Loutzenhiser (2007) who survey the literature concerned with combining NICs and income tax. They assert that “NICs and national insurance expenditure proceed on essentially independent paths” (p. 21). Our view is that whilst historically NICs embodied a contributory principle this linkage has now all but disappeared, the key exception from this being the entitlement to a full state pension.
 Nevertheless in what follows we examine the sensitivity of estimates of ρ to omitting NICs from the calculations. 

Finally, we note that several papers calculate average tax rates using ‘supernumerary’ income (gross income minus the tax free allowance) e.g. Evans (2005 and 2008) and Evans and Sezer (2004 and 2005). These papers are critical of others who do not follow suit e.g. Stern (1977). 

Such a step would in our view be appropriate if utility were a function of supernumerary income and if the tax free allowance were equal to subsistence income γ:
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In this case the parameter ρ can be calculated from running the following regression where T(Y) represents total tax:
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However, if the utility function is a function of supernumerary income ρ can no longer be interpreted as the elasticity of marginal utility. In fact, the elasticity of marginal utility is given by:
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It is also unclear whether it is appropriate to interpret the tax allowance as an estimate of subsistence income. In any case, for most purposes economists ‘require’ the estimate of the elasticity of marginal utility to be constant.
 

Table X contains regression estimates for the elasticity of marginal utility with the constant term suppressed. Two different estimates are provided. Model 1 is based on the un-weighted data and Model 2 is based on the weighted data. As discussed the weights refer to the proportion of individuals contained in each particular income category. The un-weighted and weighted regression results are very different emphasising the importance of weighting the data to ensure that it is representative of the underlying population. But irrespective of whether the regression is weighted if the constant elasticity assumption is correct the hypothesis that the elasticity of marginal utility is equal to unity can be rejected at the one percent level of confidence. For Model 2 which is the preferred model, the estimate of the elasticity of marginal utility is 1.515, the 95 percent confidence interval is 1.422-1.608 and the standard error is 0.047. 

Model 3 interacts Log(1-ATR) with dummy variables identifying eight of the nine different years. These interacted variables are group insignificant even at the ten percent level of confidence [F(8, 125) = 0.33]. This shows that estimates of the elasticity of marginal utility are stable over the time period under scrutiny. 

Table 2.2. Constant elasticity of marginal utility regression estimates

Dependent variable = Log (1 – MTR)

Method = OLS

	
	Model 1
	Model 2
	Model 3

	Log (1 – ATR)  
	1.274    

(45.03)
	1.515    

(32.22)
	1.530   

(14.64)

	Log (1 – ATR) × DUM01
	
	
	0.066   

(0.44)  

	Log (1 – ATR) × DUM02
	
	
	0.081   

(0.54)

	Log (1 – ATR) × DUM03
	
	
	0.091   

(0.61)  

	Log (1 – ATR) × DUM04
	
	
	-0.076   

(-0.41)  

	Log (1 – ATR) × DUM05
	
	
	-0.083    

(-0.42)

	Log (1 – ATR) × DUM06
	
	
	-0.096   

(-0.48)

	Log (1 – ATR) × DUM07
	
	
	-0.102   

(-0.50)  

	Log (1 – ATR) × DUM08
	
	
	0.003   

(0.02)  

	Weights
	NO
	YES
	YES

	No. Obs.
	134
	134
	134

	R-Squared
	0.8621
	0.8867
	0.8888

	F Statistic
	F(1, 133) = 2027.59
	F(1, 133) = 1038.05
	F(9, 125) =  153.20


Note that the constant term has been suppressed. T-statistics in parentheses are heteroscedastic consistent. 

Table 2 presents regression results based on the constant elasticity of marginal utility model but excluding NICs. Once more there is a large difference between the results for the weighted (Model 4) and un-weighted (Model 5) regression. In either case, the elasticity of marginal utility is significantly greater than unity. And in the case of Model 5 the 95 percent confidence interval overlaps the 95 confidence interval corresponding to Model 2. 

Table 2.3. Constant elasticity of marginal utility regression estimates excluding National Insurance 

Dependent variable = Log (1 – MTR)

Method = OLS

	
	Model 4
	Model 5

	Log (1 – ATR)  
	1.300   

(38.87)
	1.627

(34.75)

	Weights
	NO
	YES

	No. Obs.
	134
	134

	R-Squared
	0.9024
	0.9053

	F Statistic
	F(1, 133) = 1510.81
	F(1, 133) = 1207.43


Note that the constant term has been suppressed. T-statistics in parentheses are heteroscedastic consistent.
Earlier, we drew attention to an alternative, less data-intensive, method of calculating the elasticity of marginal utility. The direct method calculates the marginal and average tax rates at a particular point on the distribution of incomes liable to income taxation usually relating to the circumstances of a person having average income. 

Table 4 presents estimates of the elasticity of marginal utility for ‘Mr. Average’ derived using this method. Two different sets of estimates first include and then exclude NICs. Although the estimates are stable over time and there is, moreover, very little difference between them they nevertheless differ from the estimates contained in Tables 2 and 3 based on the regression method. 

Table 2.4. Elasticity of marginal utility estimates for Mr. Average

	Tax Year
	Average Income Liable to Income Tax (£)
	Elasticity
	Elasticity Excluding NICs

	2000-01
	19,000
	1.413
	1.428

	2001-02
	20,100
	1.428
	1.433

	2002-03
	20,300
	1.433
	1.438

	2003-04
	20,500
	1.430
	1.434

	2004-05
	21,100
	1.429
	1.434

	2005-06
	22,400
	1.413
	1.417

	2006-07
	23,400
	1.405
	1.409

	2007-08
	24,400
	1.401
	1.406

	2009-10
	26,100
	1.376
	1.369


2.3. Income Tax in the UK: 1948-2007

An obvious limitation of the foregoing analysis is that it utilises income tax schedules from the years 2000-01 to 2009-10. This period of time is not only quite short in relation to projects that might need to be analysed using CBA it is also clear that income tax schedules have fluctuated considerably if one looks further back in time. It is this long-term view of inequality aversion that is arguably more relevant for intergenerational decision making. In this section therefore we provide a longer run analysis albeit one which is in some respects less detailed (it deals only with the circumstances of Mr. Average). 

The analysis is undertaken using UK data drawn from the EuropTax database compiled by Lynch and Weingarten (2010). This database provides income tax schedules with options for evaluating the incidence of income tax on married, single person and other types of household. For the purposes of this analysis the results that follow consider a single person household. 

The information contained in Table X confirms that income tax schedules in the UK have indeed changed considerably since 1948. For the sake of brevity Table X displays only the lowest and highest tax thresholds and rates, together with the number of bands, which is an indication of the complexity of the schedule. Note also that dates in bold indicate years following which no changes were made to any feature of the income tax schedule. In 1975 there were no fewer than 11 different income tax bands starting with the lowest rate of 25 percent and culminating in the top rate of 83 percent. Overall there has been a great deal of tinkering with various aspects of the income tax schedule from the 1970s onwards. 

Table 2.5. Income Taxes in the UK 1948-2007

	Year
	Tax Allowance

(£)
	Lowest Rate

(%)
	Highest Rate

(£)
	Top Rate

(%)
	Number of Bands
	Marginal Tax Rate

(%)
	Average Tax Rate

(%)

	1948
	50
	15.00
	250
	45.00
	3
	24.00
	14.73

	1950
	50
	12.50
	250
	45.00
	3
	20.00
	14.04

	1951
	50
	15.00
	250
	47.50
	3
	22.00
	15.65

	1952
	100
	15.00
	400
	47.50
	4
	22.00
	14.58

	1953
	100
	12.50
	400
	47.50
	4
	27.22
	13.46

	1955
	60
	11.25
	360
	42.50
	4
	26.25
	15.43

	1959
	60
	8.75
	360
	38.75
	4
	30.14
	17.18

	1960
	100
	20.00
	300
	38.75
	3
	30.14
	18.01

	1962
	100
	20.00
	300
	41.25
	3
	30.14
	20.41

	1966
	260
	30.00
	260
	41.25
	2
	32.08
	22.93

	1967
	0
	41.25
	-
	-
	1
	32.08
	23.42

	1968
	0
	38.75
	-
	-
	1
	32.08
	24.62

	1970
	5000
	30.00
	20000
	75.00
	9
	32.08
	26.25

	1971
	4500
	33.00
	20000
	83.00
	10
	30.14
	25.39

	1972
	4500
	35.00
	20000
	83.00
	10
	30.14
	23.34

	1973
	5000
	35.00
	20000
	83.00
	10
	36.54
	29.28

	1974
	6000
	34.00
	21000
	83.00
	10
	34.71
	26.79

	1975
	750
	25.00
	24000
	83.00
	11
	39.94
	33.18

	1976
	750
	25.00
	25000
	60.00
	7
	39.46
	33.59

	1977
	12800
	30.00
	>31500
	60.00
	6
	41.39
	31.66

	1978
	11250
	30.00
	>27750
	60.00
	6
	39.71
	31.05

	1979
	12800
	30.00
	>31500
	60.00
	6
	37.07
	28.70

	1980
	14600
	30.00
	>36000
	60.00
	6
	36.54
	29.99

	1981
	15400
	30.00
	>38100
	60.00
	6
	37.69
	31.64

	1982
	16200
	30.00
	>40000
	60.00
	6
	38.95
	32.37

	1983
	17200
	29.00
	>41200
	60.00
	6
	38.75
	31.49

	1984
	17900
	27.00
	>41600
	60.00
	6
	39.13
	31.20

	1985
	20700
	25.00
	>20700
	40.00
	2
	38.26
	31.33

	1988
	23700
	25.00
	>23700
	40.00
	2
	33.44
	27.94

	1989
	2000
	20.00
	>25700
	40.00
	3
	33.30
	27.35

	1990
	2500
	20.00
	>26200
	40.00
	3
	33.76
	26.73

	1991
	3000
	20.00
	>26700
	40.00
	3
	33.93
	26.42

	1992
	3900
	20.00
	>29400
	40.00
	3
	33.85
	25.62

	1993
	4100
	20.00
	>30200
	40.00
	3
	33.80
	25.65

	1994
	4300
	20.00
	>31400
	40.00
	3
	34.23
	26.54

	1996
	1500
	10.00
	>28000
	40.00
	3
	33.83
	25.85

	1997
	1520
	10.00
	>28400
	40.00
	3
	33.41
	25.25

	1998
	1520
	10.00
	>28400
	40.00
	3
	32.65
	25.29

	1999
	1920
	10.00
	>29900
	40.00
	3
	33.18
	24.45

	2000
	1960
	10.00
	>30500
	40.00
	3
	31.54
	23.69

	2001
	2020
	10.00
	>31400
	40.00
	3
	31.75
	23.56

	2002
	2090
	10.00
	>32400
	40.00
	3
	31.97
	23.42

	2003
	2150
	10.00
	>33330
	40.00
	3
	33.54
	24.41

	2004
	2230
	10.00
	>34600
	40.00
	3
	32.73
	24.50

	2005
	2090
	10.00
	>32400
	40.00
	3
	33.25
	26.54

	2006
	2150
	10.00
	>33330
	40.00
	3
	32.75
	26.83

	2007
	2230
	10.00
	>34600
	40.00
	3
	33.17
	27.06


Source: Adapted from Lynch and Weingarten (2010).

Using the direct method it is possible to calculate the implied elasticity of marginal utility for Mr. Average by combining the information contained in Table 2 with information on the average production wage. Figure 1 displays the marginal and average tax rates which are measured on the left hand side axis. On the right hand side axis is an estimate of the elasticity of marginal utility. 

Figure 2.1. Marginal and average tax rates and the implied elasticity of marginal utility in the UK (1948-2007)
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Figure 1 indicates that over the period 1948-2007 the elasticity of marginal utility / social inequality aversion declined significantly in the immediate aftermath of the Second World War. The unweighted average over the entire time period is 1.45. However, a simple AR(1) analysis of the data shows that the series reverts to a mean of 1.57 with a 95 percent confidence interval of 1.09-2.07.

 

We undertake a tentative analysis of inequality aversion over time and present our findings in Table A1. The results suggest that the long-run effect of inequality as revealed by the Gini coefficient is to increase inequality aversion by 0.37 points for each 0.1 increase in inequality, while the long run effect of income is such that if real wages go up by 10 percent inequality aversion declines by 0.13. Both of these estimates are statistically significant at the five percent level of confidence. 

3. Life-cycle behavioural models: A macroeconometric approach

The preceding section sought to derive estimates of the elasticity of marginal utility by observing societal choices. Estimates of the elasticity of marginal utility can also be derived from households’ observed saving decisions. More specifically, in the life-cycle model the household is viewed as allocating its consumption over different time periods in order to maximise a multi-period discounted utility function subject to an intertemporal wealth constraint. Consumption decisions are affected by the rate of interest and households’ attempts to smooth consumption over time according to (a) the extent that deferred consumption is less costly than immediate consumption and (b) the curvature of the utility function. To some this is the preferred method of estimating the elasticity of marginal utility avoiding as it does the equal sacrifice assumption e.g. Pearce and Ulph (1995).

3.1 The Theory

Estimates of the elasticity of marginal utility may be derived from the so-called Euler equation although in the macroeconomics literature this information is normally presented in terms of its inverse, the elasticity of intertemporal substitution or EIS. When the EIS is high households readily reallocate consumption in response to changes in the interest rate and are less concerned with consumption smoothing. 

Let W represent an additively separable intertemporal welfare and δ the utility discount rate:
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This is maximised subject to the intertemporal wealth constraint where A is assets, r is the rate of interest and Y is labour income:
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Assuming a constant elasticity utility function where ρ is the elasticity of marginal utility:


[image: image13.wmf]r

r

-

-

=

-

1

1

)

(

1

C

C

U


It can be shown that the following (Euler) equation holds:
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Or as it is more frequently written:
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Where β is the EIS. 

The life-cycle model of household consumption behaviour rests on a large number of assumptions. Probably the most important of these is the presumed existence of perfect capital markets allowing households to borrow and lend in an unrestricted fashion. Estimates of the EIS therefore may be impacted by periods of financial turbulence and prone to change following financial deregulation. And they may depend on the definition of consumption e.g. whether consumption includes the purchase of durable goods. And where analysts use aggregate rather than microeconomic data this raises the question about how aggregate data accommodates changes in demographic composition and the changing ‘needs’ of households over the life-cycle. Finally one might even question the convenient assumption that the intertemporal utility function is additively separable. Besley and Meghir (1998) review the literature. 

3.2. Previous Estimates in the Literature

For the United Kingdom there appear to be 10 papers which provide estimates of the EIS (and one further paper from which estimates of the EIS could not be recovered).
 Each of these provides more than one estimate typically arising out of attempts to assess the sensitivity of results to changes in estimation technique, minor changes in the specification and different periods of time. In every case we have tried to identify a single ‘preferred’ model. 

In the earliest of these Kugler (1988) notes that the majority of studies estimating the EIS utilise the Euler equation but that any attempt to analyse the (presumably stationary) variables is rendered difficult by the presence of serial correlation, measurement and aggregation errors. In Kugler’s paper the representative consumer maximises an intertemporal additive utility function containing both consumption and leisure as its arguments. Making perilously strong assumptions concerning the structure of preferences Kugler derives a relationship between two nonstationary variables permitting him to estimate the elasticity of intertemporal substitution by means of the cointegrating regression. The estimate for the United Kingdom is obtained using quarterly data from 1966 to 1985. Although only weak evidence for cointegration is provided the estimates for EIS are 0.64 or 0.85 (depending on which way round the cointegrating regression is run). 

Attanasio and Weber (1989) present a model unusually allowing for different estimates of the coefficient of relative risk aversion and the EIS. This model is estimated using average consumption data from a large cohort of households whose (married) heads were between 25 and 40 years of age. The data is from the Family Expenditure Survey from 1970-1984. Attanasio and Weber remark that an Euler equation estimated on aggregate data will necessarily reflect changes in the demographic composition of the population. The “most convincing” estimates point to a value of 0.514 for the EIS with a standard error of 0.183 (these results are taken from Table 2 in Attanasio and Weber). But whatever model is selected it is sobering to see that the coefficient of relative risk aversion and the inverse of the elasticity of intertemporal substitution are very different. 

Campbell and Manikw (1991) estimate the Euler equation using data on non-durable consumption drawn from the United Kingdom from 1955Q1 to 1988Q2. Their model allows for excess sensitivity to both current and lagged income growth. The EIS from their preferred model (using seasonally adjusted data) is unexpectedly signed with a value of -0.159. This estimate is drawn from those contained in Table 3 in Campbell and Mankiw. 

Using aggregate data on nondurables and services Patterson and Pesaran (1992) analyse the conventional Euler equation. This model is extended to allow for the possibility that a fraction of households consume out of their current rather than permanent income. Taking the results of Model 8 in Table 2 suggests that the EIS is 0.390. This is estimated using a variety of instrumental variables lagged (t-1) and (t-2). They find no evidence of a structural break in the proportion of the individuals who do not consume out of permanent income. 

Using seasonally adjusted nondurable consumption Robertson and Scott (1993) construct annual consumption growth rates from quarterly consumption data. Detecting an MA(5) process they use as instrumental variables the (t-6) and (t-7) lags of real interest rates. They present estimates of the EIS derived using six different estimation techniques but it is the IV estimates have the lowest standard error. 

Attanasio and Weber (1993) compare estimates of the EIS derived using aggregate data, average Family Expenditure Survey with controls for demographic variables and cohort data. Using data from 1970Q1 to 1986Q4 Attanasio and Weber analyse the growth in non-durable goods and services (excluding housing services). Unusually the rate of interest used is the return on Building Society deposit accounts. Using aggregate data with a term intended to capture excess sensitivity to current income growth the EIS is 0.415. Using FES data with demographic controls and a term to capture excess sensitivity this increases to 0.483. But when cohort data is used (specifically those households whose heads were born between 1930 and 1940 and who are accordingly between the ages of 40 and 56) the term for excess sensitivity becomes insignificant and the EIS increases markedly to 0.775. 

In an influential paper Blundell et al (1994) argue that analyses assuming only one good ‘consumption’ and which ignore demographic variables are potentially misleading. Blundell et al present estimates for the EIS using microeconomic data taken from the Family Expenditure Survey 1970 to 1986. The estimate of the EIS taken from their paper is 1.11 with a standard error of 0.17. This estimate is taken from Model 6 in Table IV. Note however that Blundell et al find evidence that the EIS is acutely sensitive to the inclusion of a dummy variable identifying the period 1970-1980. Without this dummy variable their estimate of the EIS falls to 0.64 with a standard error of 0.11. Blundell et al also provide evidence that the EIS is not constant but instead varies with income. 

Van Dalen (1995) estimates the EIS using remarkably, data from 1830 to 1990. Amongst other things this span of data permits the author to test whether the EIS is stable over time. Van Dalen specifies a utility function containing as its arguments both private and Government consumption. The Euler equation is estimated using instrumental variables. Given concerns about parameter stability we take the parameter estimates obtained from analysing the latest period (1948 to 1990) to obtain a value of 0.439 with a T-statistic of 4.323 (displayed in row 13 of Table 2 in the paper). 

Attanasio and Browning (1995) further assess the empirical validity of the life-cycle hypothesis using data taken from the Family Expenditure Survey 1970 to 1986. The analysis includes only households containing married couples where the male was born between 1920 and 1949. Attention is focussed on nondurable consumption excluding housing and vehicles. Attanasio and Browning contend that the excess sensitivity to income growth noted by earlier researchers disappears when suitable controls for age and demographic factors are included. Moreover the EIS is a function of both age and demographic factors as well as the level of consumption. Unfortunately the paper does not provide information on the value of the EIS although the authors remark that this parameter is not estimated very precisely. 

Like Blundell et al (op cit) Berloffa (1997) includes household characteristics as possible determinants of intertemporal allocation decisions. More specifically she attempts to identify the manner in which household characteristics enter the Euler equation: purely additively (in which case changes in household characteristics have only a temporary effect on the consumption growth rate) or by allowing the EIS itself to be a function of household characteristics (implying that changes in household composition have a permanent impact on the consumption growth rate). Using Family Expenditure Survey data from 1970 to 1986 it appears that neither method is unambiguously superior to the other. The results from the ‘constant’ EIS model including only statistically significant household characteristics points to a value of 0.363 and a standard error of 0.099. These estimates are drawn from Model 3 in Table 2 of Berloffa’s paper. 

Finally, Yogo (2004) addresses the consequences of using weak instruments in the context of the Euler equation. More specifically, he employs a number of estimation techniques which are, in terms of bias, potentially less affected by the use of weak instruments than Two Stage Least Squares (TSLS). This also necessitates consideration of what normalisation to invoke (i.e. whether the growth rate of consumption or the interest rate should be the dependent variable). Using data from 1970Q3 to 1999Q1 Yogo finds that normalising on the growth of consumption is best and that the size of the T-test provided by TSLS is distorted. Despite this all estimators yield very similar values for the EIS: 0.16 with a standard error of 0.13 (this estimate is taken from Table 2 using quarterly data and normalising on the consumption growth rate). 

Table 3.1. Estimates of the EIS using UK data

	Authors
	Time Period
	Data
	Elasticity
	Std. Err.
	Remarks

	Attanasio and Weber (1989)
	1970-1984
	Family Expenditure Survey
	0.514
	0.183
	Data include only heads of households who are married and between 25-40 years of age.

	Campbell and Manikw (1991)
	1955Q1 to 1988Q2
	Aggregate non-durable consumption
	-0.159
	NA
	Model  allows for sensitivity to both current and lagged income growth, and uses seasonally adjusted data

	Berloffa (1997)
	1970 to 1986
	Family Expenditure Survey
	0.363 
	0.099
	Model assumes that household attributes do not permanently impact the growth rate

	Blundell et al (1994)
	1970 to 1986
	Family Expenditure Survey
	1.11
	0.17
	Results are sensitive to the inclusion of income growth and a dummy variable identifying the period prior to 1981 

	Patterson and Pesaran (1992)
	1955Q1 to 1989Q4
	Aggregate non-durable consumption 
	0.390
	NA
	Includes the change in the log of household incomes and is estimated using first lags of instruments

	Yogo (2004)
	1970Q3 to 1999Q1
	
	0.16
	0.13
	Estimates appear insensitive to estimation technique

	Van Dalen (1995)
	1830 to 1990
	Private consumption
	0.439
	0.102
	Estimates obtained from analysing the period 1948 to 1990

	Kugler (1985)
	1966Q1 to 1985Q4
	Aggregate consumption
	0.75
	NA
	Depending on the normalisation adopted estimates are 0.64 and 0.85

	Robertson and Scott (1993)
	1968Q1 to 1989Q1
	Seasonally adjusted nondurable consumption
	0.2903
	0.0734
	Six alternative estimates provided but IV estimates provide the lowest standard error

	Attanasio and Weber (1993)
	1970Q1 to 1986Q4
	Family Expenditure Survey

Non-durables and services (excluding housing services)
	0.483
	NA
	Estimate refers to average FES data including demographic variables and a term for excess sensitivity 

	Attanasio and Browning (1985)
	1970Q1 to 1986Q4
	Family Expenditure Survey

Non-durables (excluding housing and vehicles)
	NA
	NA
	The EIS varies with age, demographic variables and the level of consumption but is overall not precisely determined


Source: see text. 

A simple mean across the 10 different estimates yields a value of 0.434 for the EIS with a standard deviation of 0.337 pointing to a 95 percent confidence interval of 0.193 to 0.674. In terms of the elasticity of marginal utility these estimates require inversion and correspond to a central estimate of 2.304 with a 95 percent confidence interval of 1.483 to 5.181. 

These ten studies differ considerably in terms of their sophistication. And although there is some indication that studies employing microeconomic data return higher estimates of the EIS (0.618 versus 0.311), the difference is not statistically significant. Employing a T-test for a difference in means whilst allowing for potentially unequal variances the null hypothesis that the means are equal cannot be rejected against the alternative hypothesis that the means are different (p = 0.196).
 

Perhaps the most important feature of the literature is the finding of statistically significant parameter instability uncovered by Blundell et al, Campbell and Mankiw and Van Dalen. Only Patterson and Pesaran find no evidence of structural instability of the Euler equation.
 Indeed, the period 1970-1986 witnessed oil price shocks, record levels of inflation and an experiment with monetary policy. Both the Building Societies Act and the Financial Services Act were passed by Parliament in 1986. It is hard to argue that these will not have had some impact on intertemporal consumption allocation decisions. 

Given evidence of instability and the fact that the latest available study was published as far back as 2004 there must some doubt as to whether the currently available evidence on the EIS is both dependable and relevant. 

3.3. Updated Estimates for the UK

We now attempt to update the empirical evidence on the EIS. Data for the Euler equation approach is taken from the ONS and the Bank of England (BOE) websites. Quarterly data is available from 1975Q1 through to 2011Q1. We employ data which has not been seasonally adjusted. Domestic spending in both current prices and 2006 prices is available for durable goods, semi-durable goods, non-durable goods and services. Following convention we omit durable goods and form a price index Pt for all other goods and services using the share-weighted geometric mean of the price series for semi-durable goods, non-durable goods and services. Henceforth we refer to this as ‘consumption’. Consumption is measured in constant 2006 prices. For the real interest rate Rt we take the official Bank of England base rate minus the previously created price index. A quarterly seies for population is created from mid-year population estimates using linear interpolation.

The Table displays an OLS regression of the per capita consumption growth rate (ΔLn(Ct)) against a constant term, Rt and three dummy variables (Q1, Q2 and Q3) to account for seasonal effects. The regression displays no evidence of heteroscedasticity or autocorrelation and the test for functional form is significant only at the ten percent level of significance. In Model 2 we interact the real rate of interest with a dummy variable DUM which takes the value unity for observations from 1993Q2 onwards. An F-test cannot reject the hypothesis of structural stability i.e. that the dummy variable and the coefficient on the interacted term are both simultaneously zero [F(2, 138) = 0.07] with a p-value = 0.935. This is surprising in light of the problems encountered by earlier analyses. 

Table 3.2. OLS estimates of the Euler equation
Method = OLS

Dependent Variable = ΔLn(Ct)

	
	Model 1 
	Model 2

	Variable
	Coefficient 

(T-statistic)
	Coefficient

(T-statistic)

	CONS
	0.043  

(19.77)
	0.043   

(18.18)

	Rt
	0.631  

(9.35)   
	0.632   

(9.06)

	Q1
	-0.134  

(-35.22)   
	-0.134   

(-34.54)

	Q2
	-0.009  

(-3.08)   
	-0.009   

(-3.03)

	Q3
	-0.025   

(-7.62)   
	-0.025   

(-7.45)

	DUM
	
	-0.000   

(-0.23)

	DUM x Rt
	
	-0.026    

(-0.21)

	
	
	

	R-squared
	0.9484
	0.9485

	F-statistic
	F(4, 140) = 643.70***
	F(6, 138) = 423.44***

	Breusch-Pagan
	chi2(1) = 1.06
	chi2(1) = 0.91

	Durbin-Watson
	2.00
	2.01

	RESET
	F(3, 137) = 2.52*
	F(3, 135) = 2.88**


Note that ***, ** and * imply significance at the one, five and ten percent level respectively. 

Table X re-estimates the equation using instrumental variables. The instrumental variables chosen are the lagged consumption growth rate, the lagged real rate of interest and the lagged inflation rate (ΔLn(Pt-1)). The coefficient on the real rate of interest is very similar to that obtained by the OLS regression and remains significant at the one percent level of confidence. The hypothesis of under-identification is easily rejected at the one percent level of significance whereas the Sargan test of over-identification is not statistically significant even at the ten percent level of significance. The Durbin-Wu-Hausman (DWH) test for exogenity is not statistically significant even at the ten percent level of significance. Tests of heteroscedasticity and autocorrelated errors are statistically insignificant at the five percent level of significance whilst a test for functional form is statistically insignificant at the ten percent level. All these tests are appropriate for IV estimation. In light of the tests for the Sargan statistic and the DWH test statistic we take the estimates from the OLS regression. 

Table 3.3. Instrumental variable estimates of the Euler equation
Method = IV (Instruments: ΔLn(Ct-1), Rt-1, ΔLn(Pt-1))

Dependent Variable = ΔLn(Ct)

	Variable 
	Model 3 

	CONS
	0.043   

(15.77)

	Rt
	0.593   

(5.01)

	Q1
	-0.133   

(-23.83)

	Q2
	-0.008   

(-2.43)

	Q3
	-0.024 

(-5.58)

	
	

	R-squared (uncentred)
	0.9475

	F-statistic
	F(4, 139) = 606.06***

	Under-identification
	Chi-sq(3) = 47.471***

	Sargan
	Chi-sq(2) = 3.691

	DWH
	Chi-sq(1) = 0.22561

	Pagan-Hall
	Chi-sq(6) = 11.833*  

	Cumby-Huizinga
	Chi-sq(1) = 3.4726693*

	Pesaran-Taylor
	Chi-sq(1) = 2.11   


Note that ***, ** and * imply significance at the one, five and ten percent level respectively.

To obtain an estimate of the elasticity of marginal utility (the inverse of the coefficient on the real rate of interest) we use boostrap techniques with 1,000 replications. This procedure results in a point estimate of 1.584 for the elasticity of marginal utility with a standard error of 0.205 and associated 95 percent confidence interval of 1.181-1.987. 

4. Wants independent goods
A further technique for estimating the elasticity of marginal utility relies on the existence of wants independent goods (elsewhere this property is referred to as additivity). The two broad classes of expenditure that are most frequently analysed in this respect are food and non-food expenditures. Additivity implies that the marginal utility of food is independent of the quantity of the non-food commodity. 

4.1. The theory

For the goods that enter the direct utility function in an additive fashion it can be shown that the following relationship holds (Frisch, 1959): 
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Where η is the elasticity of marginal utility, w is the budget share, i is the income elasticity of demand and e is the compensated elasticity of demand.
 

4.2. Previous estimates from the literature

Evans (2008) provides a review of estimates of the elasticity of marginal utility obtained using this technique.
 There are two approaches. The first is to analyse food and non-food using a two good system of demand equations where, because these demand (or share) equations are derived from consumer preferences, it is possible to retrieve the income and compensated price elasticities.
 Note that because of the adding up constraint only one of these demand equations needs to be estimated. 

The second approach is to take estimates of elasticities and budget shares from general studies of consumer demand (e.g. Blundell et al, 1993 and Banks et al, 1997) undertaken for purposes other than estimating the elasticity of marginal utility. Although these studies invariably identify more than just two commodity categories the key estimates are once more those relating to food.

So far as the United Kingdom is concerned there are three dedicated studies of the demand for food (i.e. studies undertaken specifically for the purposes of obtaining estimates to use in the Frisch formula). 

Evans and Sezer (2002) estimate the demand for food using a constant elasticity model (CEM). Although convenient the CEM cannot be derived from an underlying system of preferences. Using annual aggregate data from 1967-1997, Evans and Sezer estimate an error correction model using parameters from the long run cointegrating regression. Their estimates of the income elasticity and compensated own price elasticities of demand for food imply a value of 1.64 for the elasticity of marginal utility. 

Using annual aggregate data from 1965-2001 Evans (2004) estimates demand (or share) equations for food using the CEM, AIDS and QUAIDS models. Although homogeneity in prices and incomes is not supported in any of the models the differences in the income and compensated price elasticities resulting from imposing this constraint are relatively minor. Further tests reveal that only for the CEM is the hypothesis of a cointegrating relationship acceptable leading Evans to prefer the estimate of 1.60 provided by the CEM. In any case, for the QUAIDS model the implied estimates of the elasticity of marginal utility are implausible. 

Finally Evans et al (2005) present estimates of the elasticity of marginal utility based on the demand for food once more using the CEM, AIDS and QUAIDS models. Compared to Evans (2004) the data period is now extended to 1963-2002. Once again only the CEM yields a cointegrating relationship but now the homogeneity restriction appears acceptable. The parameter estimates from the CEM once again point to an estimate of the elasticity of marginal utility of 1.60 using the Frisch formula. 

The obvious limitation of these estimates is the almost complete absence of any evidence suggesting that food is additively separable from all other commodities.
 But if food is not additively separable from other commodities then the Frisch formula does not apply. 

Table 4.1. Estimates of the elasticity of marginal utility based on wants independence
	Study
	Model
	Country
	Period
	Elasticity

	Blundell (1988)
	AIDS
	UK
	1970-1984
	1.97

	Blundell at al. (1993)    Aggregate model (GMM)

Micro model (OLS) 

Micro model (GMM)
	QUAIDS
	UK
	1970-1984
	1.06

1.06

1.37

	Banks et al.(1997)  
	QUAIDS
	UK
	1970-1986
	1.07

	Evans and Sezer (2002) 
	CEM
	UK
	1970-1997
	1.64

	Evans (2004) 
	CEM
	UK
	1965-2001
	1.60

	Evans et al. (2005) 
	CEM
	UK
	1963-2002
	1.60


 Source: Adapted from Evans (2008). 

4.2. Updated estimates and empirical tests

We now provide updated estimates of the elasticity of marginal utility using the demand for food and the concept of wants independence. We then go on to provide a test of the additivity assumption. 

The CEM demand equation is given by: 
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Where Q is the quantity of food, Y is nominal income and PF and PN are price indices for the food and the non-food commodity respectively, ηF is the income elasticity of demand for food and eF and eN are respectively the uncompensated own and cross price elasticities of demand. Using the Slutsky decomposition this equation may be rewritten as: 
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In which εFF and εFN are now the compensated elasticities of demand and R is real income. The equation is estimated including a linear time trend to capture any autonomous developments in the demand for food. All data is taken from the ONS website. Annual data are available from 1964 to 2010. All variables are taken in per capita terms and prices are indexed such that the year 2006 = 100. We calculate the price of the non-food commodity by assuming that the logarithm of the implied price index for all household expenditure P is equal to the share weighted sum of the logarithm of PF and the logarithm of PN.
 

Next all variables are tested for unit roots using the Dickey-Fuller GLS test assuming a linear trend and choosing the appropriate lag length according to the Schwarz Criterion. The results shown in the Table indicate that the Logarithms of R, PF and PN are I(2). The Logarithm of QF by contrast is I(1). The demand equation is then tested for cointegration using the Johansen test procedure once more allowing for a linear time trend. The results suggest that the hypothesis of no cointegrating vector can be rejected at the 5 percent level of confidence. The null hypothesis of at most one cointegrating vector cannot however be rejected against the alternative.
 

Table 4.2. DFGLS tests for stationarity
	
	Level Value is I(1)
	First Diff. is I(1)
	Second Diff. is I(1)

	Log(QF)
	-1.272
	-4.542***
	-7.482***

	Log(R)
	-2.897
	-3.323*
	-5.517***

	Log(PF)
	-1.425
	-2.391
	-5.244***

	Log(PN)
	-1.669
	-2.789
	-6.876***

	Log(QN)
	-3.182*
	-3.351**
	-5.419***


Table 4.3. The Johansen test of cointegration for the food equation
	Maximum Rank
	Trace Statistic
	5 Percent Critical Value

	0
	59.531
	47.21

	1
	28.111
	29.68

	2
	11.441
	15.41


The residuals ut from the long run cointegrating regression are then obtained and used in the following Error Correction Model (ECM): 
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We have not included lagged values of the dependent variable or lagged values of the independent variables because these were statistically insignificant. The elasticities are similar to those already encountered in the literature and along with the sample average budget share for food of 0.147 can be used to calculate the elasticity of marginal utility using the Frisch formula. The resulting estimate of -1.110 is not very different to those encountered in the literature. In addition we obtain an estimate of 0.526 for the standard error of the estimate. Estimates in the literature have not previously estimated the precision of the elasticity estimate. In passing we note that homogeneity is rejected by the model with an F-statistic of F(1, 41) = 4.34 and a p-value of 0.043. 

Table 4.4. The cointegrating regression for the food equation

Method = OLS

Dep. Var. = Log(QF)

	Variable
	Coefficient 

	CONSTANT
	-7.837

	YEAR
	0.006

	Log(R)
	0.229

	Log(PF)
	-0.174

	Log(PN)
	0.091


Table 4.5. The ECM for the food equation

Method = OLS

Dep. Var. = ΔLog(QFt)

	Variable
	Coefficient 

(T-statistic)

	CONSTANT


	0.003   

(1.18)   

	ΔLog(Rt)
	0.274   

(3.74)

	ΔLog(PFt)
	-0.237   

(-3.70)

	ΔLog(PNt)
	0.169     

(2.75)

	ut-1
	-0.391   

(-3.04)

	
	

	R-squared 
	0.594

	F-statistic
	F(4, 41) = 15.05

	Durbin-Watson 
	d-statistic (5, 46) = 1.88

	Breusch-Pagan
	Chi-sq(1) = 0.39

	RESET
	F(3, 38) = 0.62


Testing the assumption of additivity involves assessing the validity of the following restrictions on the income and compensated price elasticities: 
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Where δij is the Kronecker delta and  is the so-called Frisch parameter (the inverse of the elasticity of marginal utility). In the context of the demand equations for food and the non-food commodity demand equations this implies: 
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In order to obtain estimates of ηN, εFF and εNF and test the assumption of additivity we jointly estimate the demand equations for food and non-food using seemingly unrelated regression (SUR) technique. 

One can reject at the five percent level of confidence the hypothesis that ΔLog(QN) is I(1). The Johansen test for cointegration suggests that the null hypothesis of no cointegrating vectors can be rejected at the five percent level of confidence whereas the null hypothesis of one cointegrating vector cannot be rejected. The cointegrating regression for the demand for non-food is used to obtain the residuals uN. 

Table 4.6. The Johansen test of cointegration for the non-food demand equation
	Maximum Rank
	Trace Statistic
	5 Percent Critical Value

	0
	64.155
	47.21

	1
	24.484
	29.68

	2
	10.528
	15.41


Table 4.7. The jointly estimates ECMs 

Method = SUR

	
	Dep. Var. = ΔLog(QF)
	Dep. Var. = ΔLog(QN)

	Variable
	Coefficient

(T-statistic)
	Coefficient

(T-statistic)

	CONSTANT


	0.003   

(1.35)
	-0.000   

(-1.45)

	ΔLog(Rt)
	0.270   

(4.16)
	1.100   

(103.62)

	ΔLog(PFt)
	-0.240   

(-4.09)
	0.063   

(6.65)

	ΔLog(PNt)
	0.171   

(2.96)
	-0.054   

(-5.88)

	uFt-1
	-0.409   

(-5.45)
	

	uNt-1
	
	-0.107   

(-1.77)

	
	
	

	
	R-squared = 0.5947      
	R-squared = 0.9965   

	
	χ2(4) = 86.84   
	χ2(4) = 13164.26


Jointly estimating the two ECMs for food and non-food commodities using SUR technique (once again omitting redundant terms) the implied additivity restrictions are rejected (χ2(3) = 27.17) with a probability p=0.000. This test is evaluated at the budget shares corresponding to the sample average. Such a result is not very surprising: influential studies using the Rotterdam system also rejected the assumption of additivity even for very broadly defined commodity aggregates e.g. Barten (1969) and Deaton (1974). Furthermore, Deaton and Muellbauer (1980) state that, even with the failure of additivity, it is not even very surprising that ‘estimates’ of the elasticity of marginal utility should fall into the range 1-3. This is because the Frisch parameter will be estimated as approximately equal to the average ratio of uncompensated own price elasticities and income elasticities. And with the typical level of aggregation an estimate of 1-3 is entirely plausible. 

It is of course possible that the rejection of additivity points merely to the fact that the estimated demand equations are not flexible enough. However, become increasingly difficult to test the restrictions implied by additivity using more flexible functional forms.  And in any event, the income and compensated price elasticity estimates that tend to emerge using e.g. the AIDS or QUAIDS models appear not be very different from those obtained here. Lastly, it is also possible that the rejection of the additivity hypothesis might be a consequence of our using of aggregate data. 

5. Elasticity of marginal utility and subjective well-being
Layard et al (2008) present a method of estimating the elasticity of marginal utility based on surveys of subjective wellbeing. In such surveys individual respondents are invited to respond to questions such as: 

All things considered how satisfied (or happy) are you on a 1-10 scale where 10 represents the maximum possible of satisfaction and 1 the lowest level of satisfaction? 

Life satisfaction is taken as being synonymous with utility and it is assumed that survey respondents are able accurately to map their utility onto an integer scale:
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Where Si is the reported satisfaction of individual i and gi describes a monotonic function used by individual i to convert utility Ui to reported S. It is further necessary to assume all survey respondents use a common function g to convert utility to reported S:
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The functional relationship g between S and U determines the appropriate estimation technique. The least restrictive approach is to assume only an ordinal association between reported life satisfaction and utility. So if an individual reports an 8 one ought merely to assume that they are more satisfied than if they had reported a 7. This entails use of the ordered logit model. Analysing such data using ordinary least squares by contrast assumes a linear association between the utility of each respondent and their reported life satisfaction. 

Layard et al (2008) analyse six separate surveys variously containing questions on happiness and life satisfaction. The estimates for ρ remain surprisingly consistent across datasets and are robust to different estimation techniques. Finally, Layard et al (2008) test the stability of ρ by splitting observations into various population subgroups according to age, gender, educational attainment and marital status and estimates of ρ are found to remain constant across these subgroups. Layard et al (2008) acknowledge however that income reported in household surveys may contain measurement error (especially when respondents are required only to identify a range within which their income falls rather than the exact value). The estimate of ρ for the British Household Panel survey is 1.32 with a confidence interval of 0.99-1.65 implying a standard error of 0.168 (these estimates are taken from the slightly less restrictive ordered logit model).

6. Discussion

The preceding sections investigated four alternative methodologies for estimating the elasticity of marginal utility. We reviewed the evidence and in the case of two methodologies (the Euler equation approach and the Equal Sacrifice approach) generated more up to date estimates and associated standard errors. We further demonstrated that the technique of Wants Independence was based on implausible assumptions. The final methodology utilised data on Subjective Wellbeing. Here we merely identified a single estimate for Britain provided by Layard et al (op cit). These estimates and their associated standard errors are summarised in the Table. 

Table 6.1. Meta analysis of estimates of the elasticity of marginal utility

	Methodology
	Elasticity
	Standard error

	Euler equation
	1.584
	0.205

	Subjective wellbeing
	1.320
	0.168

	Equal sacrifice
	1.515
	0.047

	Wants independence
	NA
	NA

	
	
	

	Pooled estimate
	1.505
	0.04

	Homogeneity 
	Chi-sq(2) = 1.406
	


The pooled random effects estimator for the elasticity of marginal utility is 1.505 with a 95 percent confidence interval of 1.418-1.591. This clearly excludes the current Green Book estimate of unity. The hypothesis of parameter homogeneity cannot be rejected. 

Lastly, we investigate by how much adopting an estimate of 1.5 for the elasticity of marginal utility would alter the STPR. The Green Book (quite coincidentally) also uses an estimate of 1.5 percent for the rate of pure time preference and an estimate of 2.1 percent for the United Kingdom’s historical growth rate taken from Maddison (2001). Combining these figures with our estimate of 1.5 for the elasticity of marginal utility results in a discount rate of approximately 4.5 percent (rounded to the nearest 0.5 percent). Our view therefore, is that the STPR should be increased from its current value of 3.5 percent. 

7. Conclusions
The results contained within this paper indicate that 1.5 is a defensible estimate for the elasticity of marginal utility whereas the Green Book’s current estimate of unity lies outside even the 99 percent confidence interval for this parameter. 

The estimates contained in the paper are in some cases based on observations extending over many years. They are nevertheless all up to date and where possible test the underlying assumptions of the techniques upon which they are based and investigate the sensitivity to changes in specification. They are also representative of the population of interest in a way that some earlier estimates were not. 

Were this estimate of the elasticity of marginal utility to be adopted the STPR would need to rise from 3.5 to 4.5 percent. 

At the same time there is scope for additional research investigating the use of microeconomic data and utility functions which are capable of providing separate estimates of the intertemporal substitution, aversion to inequality and risk aversion. 
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Appendices

Appendix 1. Socially Revealed Inequality Aversion

Figure A1. GDP, Inequality and Inequality Aversion in the UK (1948-2007)
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Figure A2. Socially Revealed Inequality Aversion measured at Different Levels of the Average Production Wage (APW).
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Figure A3. Local polynomial regression of Gini coefficient against Inequality Aversion (
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), holding wages constant

Figure A2 was constructed by making marginal (1%) changes to income levels in the EuropTax spreadsheet for the UK since 1955. This allowed the calculation of the marginal and average tax rate in each year and hence the estimation of inequality aversion.

Figure A3 was estimated in order to investigate the correlations between inequality aversion, wages and inequality in the UK. A semi-parametric partial linear model following Robinson (1988) was used:
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in which the relationship between wages and inequality aversion is assumed to be linear in parameters, and yet the relationship between inequality aversion and inequality itself is estimated non-parametrically for greater flexibility. The procedure has two steps. Firstly, the linear regression estimates 
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 following the Prais-Winsten procedure to remove autocorrelation from the residuals: 
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. In the second step a non-parametric local polynomial regression is undertaken of 
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. Figure A3 shows the results of the second stage and indicates that there is a positive relationship between inequality and inequality aversion once one has controlled for the wage level. It also indicates that a linear relationship might not be too bad an approximation within the range of the data.

In order to obtain some idea of the magnitude and statistical significance of the impact several fully parametric models of the form:
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with lagged values of the explanatory variables were estimated using the Prais-Winsten procedure. Table A1 shows the results of 5 such regressions. The best fitting model is REG5 in which the impact of the Gini coefficient is captured solely by its value lagged 2 periods, and Wages enter contemporaneously. The results from REG5 suggest that a 100% increase in the average real wage is associated with a reduction of 0.086 in inequality aversion in the time series. Likewise, with the Gini coefficient measured between zero and one, the implication is that an increase of 0.1 in the Gini coefficient is associated after a lag of two periods with an increase in inequality aversion of 0.21. Over the time period under observation, it is clear that the impact of increasing incomes has prevailed over that of increasing inequalities, as inequality aversion has clear declined in the UK. These estimates should be thought of as descriptive rather than causal.

Table A1. Regression Results

-----------------------------------------------------------------------------------------

    Variable |     REG1           REG2           REG3           REG4           REG5      

-------------+---------------------------------------------------------------------------

      lnwage |    -0.077**       -0.085**       -0.277**       -0.084***      -0.086***  

        Gini |     0.865          0.036         -0.161         -0.617                    

      L.Gini |                    1.635*         1.627*         0.460                    

     L2.Gini |                                                  2.172**        2.066***  

    L.lnwage |                                   0.200                                   

       _cons |     1.782***       1.610***       1.614***       1.507***       1.506***  

-------------+---------------------------------------------------------------------------

         rho |     0.758          0.661          0.633          0.602          0.606     

           N |        47             46             46             45             45     

          r2 |     0.802          0.814          0.823          0.825          0.824     

           F |    89.083         61.342         47.541         47.112         98.159     

-----------------------------------------------------------------------------------------

                           * p<.1; ** p<.05; *** p<.01 

� Strictly speaking this is the formulation with iso-elastic utility case. Elsewhere the STPR is called the consumption rate of interest.


� An exception was made for forestry which was entitled to use a discount rate of 3 percent.


� Evans (2005) for instance, provides evidence for 20 OECD countries. One striking observation about these estimates is that they all lie in the range 1-2, with the smallest estimate for Ireland (� EMBED Equation.DSMT4  ��� = 1) and the largest being for Austria (� EMBED Equation.DSMT4  ��� = 1.79).


� Invoking the assumption of equal sacrifice two alternative methods of obtaining estimates of ρ are described in the literature. These will henceforth be referred to as the ‘direct’ method and the ‘regression’ method. The direct method is simply to evaluate ρ for a given income (almost invariably average income). The only advantage of the direct method is its simplicity. The disadvantage is that resulting value of ρ may not be representative of the population of income tax payers. The regression method involves analysing tax rates from a sample of income tax payers. More specifically an estimate of ρ is obtained from the following regression:





� EMBED Equation.3  ���





where the error term ε is assumed to be normally distributed with zero mean and constant variance, and i refers to a point on the distribution of earnings. Note that the regression equation has no constant term. Unlike the direct method the regression method provides a confidence interval for the estimate of ρ.


� The majority of researchers have preferred to use the direct method presumably because this avoids calculating income tax and national insurance contributions at different points on the distribution of earnings. But using the online tax calculator referred to above this is easily accomplished. 


� This is in contrast to Stern (1977) who considered a family with two children and a medium-sized mortgage. Since Stern’s paper the tax system has been radically restructured such that there are no longer any tax allowances for married couples (except those over the age of 75) and Mortgage Interest Relief at Source (MIRAS) was abolished in April 2000.


� Stern (1977) also advised that the data should be weighted according to the number of income tax payers within each income category. 





� Individuals are required to have 30 qualifying years, these are counted as years where you are paying National Insurance contributions, caring for someone for over 20 hours a week, getting child benefit, unemployed but actively seeking work, in full time training.


� In our view the main problem with assuming that utility is a function of supernumerary income however is that even if just one individual in the sample has earnings equal to subsistence income then the term in square brackets becomes infinity and the weighted average of elasticities across the sample also becomes infinity. In what follows therefore we concentrate on finding the best estimate of the elasticity of marginal utility using a functional form which presupposes that the elasticity of marginal utility is constant.


� A Dickey-Fuller test strongly rejects the presence of a unit root.


� There is possibly a complicated political and economic story behind the trends shown here. For instance, experimental analysis of post-conflict societies suggests that preferences for equality and redistribution are heightened in the aftermath of conflict, even in cases of factional conflicts and civil war (Ref). It is also possible that the level of income and the extent of inequality in society determine socially revealed inequality aversion. Figure A1 in Appendix 1 shows that inequality aversion has declined over time as incomes and inequality (as measured by the Gini coefficient) have increased dramatically. 


� These studies were identified using ECONLIT and searching for the terms “intertemporal elasticity of substitution” or “elasticity of intertemporal substitution” or “intertemporal substitution elasticity” combined with “United Kingdom” or “UK” anywhere in the text.


� We have not attempted to weight the estimates according to their standard errors because of concerns about the extent to which studies differ in terms of their sophistication. Such weighting could in our view give a misleading sense of accuracy.


� All studies but one use data prior to 1991 which was a period of marked financial deregulation in the United Kingdom. We have taken those estimates referring to the latest time period. 


� More specifically we use the data series EBAQ, UTIQ, UTIS, UTIK, UTIO, UTIA, UTIQ, UTII, UTIM from the ONS and IUQABEDR from the BOE. 


� Note that a more approximate formula for calculating the elasticity of marginal utility is presented by Fellner (1967) but this is suitable for use only when the budget share of the wants independent good is small. 


� In the survey presented by Evans the only available evidence is in the form of point estimates.


� In fact many studies find that taking a more ad hoc approach i.e. estimating a demand equation for food which cannot be derived from any system of preferences provides superior results.


� The Blundell et al (op cit) and Banks et al (op cit) studies employ microeconomic data whereas all those studies undertaken specifically with a view to estimating the elasticity of marginal utility utilise aggregate data. 


� The only evidence cited in favour of the hypothesis of additivity is Selvanathan (1988).


� More specifically the analysis uses the data series ADIP, ABZV, ABQJ, ABQI and EBAQ.


� According to the Johansen test procedure there is also a long run cointegrating relationship between ΔLog(R), ΔLog(PF) and ΔLog(PN).
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User Sheet

		Year								Children #		Married?		HoH Income				Wifes Income								Joint IC				National Income Tax						Social Security						All tax (inc. SSC)

														% of APW		absolute nkr		% of APW												%		£				%		£				%		£

		1945																														£0						£0

		1946																														£0						£0

		1947																														£0						£0

		1948										n		100.00%				0.00%				£366		£0		£366				12.15%		£44				2.58%		£9				14.73%		£54

		1949										n		100.00%				0.00%				£380		£0		£380				12.34%		£47				3.36%		£13				15.70%		£60

		1950										n		100.00%				0.00%				£405		£0		£405				10.88%		£44				3.16%		£13				14.04%		£57

		1951										n		100.00%				0.00%				£444		£0		£444				13.08%		£58				2.56%		£11				15.65%		£70

		1952										n		100.00%				0.00%				£476		£0		£476				11.63%		£55				2.95%		£14				14.58%		£69

		1953										n		100.00%				0.00%				£507		£0		£507				10.52%		£53				2.94%		£15				13.46%		£68

		1954										n		100.00%				0.00%				£549		£0		£549				11.80%		£65				2.72%		£15				14.51%		£80

		1955										n		100.00%				0.00%				£596		£0		£596				12.57%		£75				2.86%		£17				15.43%		£92

		1956		childA		childB		childC				n		100.00%				0.00%				£634		£0		£634				13.37%		£85				2.76%		£18				16.13%		£102

		1957								0		n		100.00%				0.00%				£664		£0		£664				13.86%		£92				2.92%		£19				16.78%		£111

		1958								0		n		100.00%				0.00%				£684		£0		£684				14.00%		£96				3.72%		£25				17.72%		£121

		1959								0		n		100.00%				0.00%				£725		£0		£725				13.63%		£99				3.56%		£26				17.18%		£125

		1960								0		n		100.00%				0.00%				£774		£0		£774				14.68%		£114				3.33%		£26				18.01%		£139

		1961								0		n		100.00%				0.00%				£813		£0		£813				16.64%		£135				3.31%		£27				19.96%		£162

		1962								0		n		100.00%				0.00%				£845		£0		£845				17.15%		£145				3.25%		£28				20.41%		£173

		1963								0		n		100.00%				0.00%				£898		£0		£898				17.47%		£157				3.32%		£30				20.79%		£187

		1964								0		n		100.00%				0.00%				£971		£0		£971				18.42%		£179				3.12%		£30				21.55%		£209

		1965								0		n		100.00%				0.00%				£1,039		£0		£1,039				19.13%		£199				3.42%		£36				22.55%		£234

		1966								0		n		100.00%				0.00%				£1,081		£0		£1,081				19.64%		£212				3.29%		£36				22.93%		£248

		1967								0		n		100.00%				0.00%				£1,144		£0		£1,144				20.33%		£233				3.09%		£35				23.42%		£268

		1968								0		n		100.00%				0.00%				£1,232		£0		£1,232				21.17%		£261				3.45%		£43				24.62%		£303

		1969								0		n		100.00%				0.00%				£1,346		£0		£1,346				22.10%		£298				3.30%		£44				25.39%		£342

		1970								0		n		100.00%				0.00%				£1,511		£0		£1,511				23.21%		£351				3.04%		£46				26.25%		£397

		1971								0		n		100.00%				0.00%				£1,689		£0		£1,689				22.68%		£383				2.71%		£46				25.39%		£429

		1972								0		n		100.00%				0.00%				£1,948		£0		£1,948				20.99%		£409				2.35%		£46				23.34%		£455

		1973								0		n		100.00%				0.00%				£2,224		£0		£2,224				21.99%		£489				7.29%		£162				29.28%		£651

		1974								0		n		100.00%				0.00%				£2,619		£0		£2,619				25.12%		£658				1.67%		£44				26.79%		£702

		1975								0		n		100.00%				0.00%				£3,226		£0		£3,226				27.68%		£893				5.50%		£177				33.18%		£1,070

		1976								0		n		100.00%				0.00%				£3,595		£0		£3,595				27.84%		£1,001				5.75%		£207				33.59%		£1,208

		1977								0		n		100.00%				0.00%				£3,967		£0		£3,967				25.91%		£1,028				5.75%		£228				31.66%		£1,256

		1978								0		n		100.00%				0.00%				£4,562		£0		£4,562				24.55%		£1,120				6.50%		£297				31.05%		£1,417

		1979								0		n		100.00%				0.00%				£4,955		£0		£4,955				22.20%		£1,100				6.50%		£322				28.70%		£1,422

		1980								0		n		100.00%				0.00%				£6,102		£0		£6,102				23.24%		£1,418				6.75%		£412				29.99%		£1,830

		1981								0		n		100.00%				0.00%				£6,747		£0		£6,747				23.89%		£1,612				7.75%		£523				31.64%		£2,135

		1982								0		n		100.00%				0.00%				£7,357		£0		£7,357				23.62%		£1,738				8.75%		£644				32.37%		£2,382

		1983								0		n		100.00%				0.00%				£7,131		£0		£7,131				22.49%		£1,604				9.00%		£642				31.49%		£2,246

		1984								0		n		100.00%				0.00%				£7,710		£0		£7,710				22.20%		£1,712				9.00%		£694				31.20%		£2,406

		1985								0		n		100.00%				0.00%				£8,629		£0		£8,629				22.33%		£1,927				9.00%		£777				31.33%		£2,704

		1986								0		n		100.00%				0.00%				£9,222		£0		£9,222				21.65%		£1,997				9.00%		£830				30.65%		£2,827

		1987								0		n		100.00%				0.00%				£9,921		£0		£9,921				20.40%		£2,024				9.00%		£893				29.40%		£2,917

		1988								0		n		100.00%				0.00%				£10,745		£0		£10,745				18.94%		£2,035				9.00%		£967				27.94%		£3,002

		1989								0		n		100.00%				0.00%				£11,638		£0		£11,638				19.01%		£2,213				8.34%		£970				27.35%		£3,183

		1990								0		n		100.00%				0.00%				£12,646		£0		£12,646				19.06%		£2,410				7.68%		£971				26.73%		£3,381

		1991								0		n		100.00%				0.00%				£13,371		£0		£13,371				18.84%		£2,519				7.58%		£1,014				26.42%		£3,533

		1992								0		n		100.00%				0.00%				£13,821		£0		£13,821				18.05%		£2,494				7.58%		£1,047				25.62%		£3,541

		1993								0		n		100.00%				0.00%				£14,254		£0		£14,254				18.08%		£2,577				7.57%		£1,079				25.65%		£3,656

		1994								0		n		100.00%				0.00%				£14,753		£0		£14,753				18.15%		£2,677				8.39%		£1,238				26.54%		£3,915

		1995								0		n		100.00%				0.00%				£15,436		£0		£15,436				17.79%		£2,745				8.41%		£1,298				26.19%		£4,043

		1996								0		n		100.00%				0.00%				£16,120		£0		£16,120				17.43%		£2,809				8.42%		£1,358				25.85%		£4,167

		1997								0		n		100.00%				0.00%				£16,928		£0		£16,928				16.78%		£2,840				8.48%		£1,435				25.25%		£4,275

		1998								0		n		100.00%				0.00%				£17,635		£0		£17,635				16.80%		£2,962				8.49%		£1,497				25.29%		£4,459

		1999								0		n		100.00%				0.00%				£17,958		£0		£17,958				16.36%		£2,938				8.09%		£1,453				24.45%		£4,391

		2000								0		n		100.00%				0.00%				£18,574		£0		£18,574				15.82%		£2,939				7.87%		£1,462				23.69%		£4,401

		2001								0		n		100.00%				0.00%				£19,239		£0		£19,239				15.78%		£3,036				7.77%		£1,496				23.56%		£4,532

		2002								0		n		100.00%				0.00%				£19,905		£0		£19,905				15.74%		£3,133				7.68%		£1,528				23.42%		£4,661

		2003								0		n		100.00%				0.00%				£20,479		£0		£20,479				15.89%		£3,255				8.52%		£1,744				24.41%		£4,999

		2004								0		n		100.00%				0.00%				£21,290		£0		£21,290				15.96%		£3,397				8.55%		£1,820				24.50%		£5,217

		2005								0		n		100.00%				0.00%				£28,857		£0		£28,857				17.40%		£5,021				9.14%		£2,637				26.54%		£7,658

		2006								0		n		100.00%				0.00%				£31,150		£0		£31,150				17.61%		£5,487				9.22%		£2,872				26.83%		£8,359

		2007								0		n		100.00%				0.00%				£33,497		£0		£33,497				17.77%		£5,952				9.29%		£3,113				27.06%		£9,065



Noam:
Java code is not charging std rate of 38.75% over £360 ??

Average taken of years preceding and following period due to insufficient data

Average taken of years preceding and following period due to insufficient data

Average taken of years preceding and following period due to insufficient data

Average taken of years preceding and following period due to insufficient data

Average taken of years preceding and following period due to insufficient data

For the years 2002 - 2005 working tax credit and child tax credit are not included

For the years 2002 - 2005 working tax credit and child tax credit are not included

For the years 2002 - 2005 working tax credit and child tax credit are not included

For the years 2002 - 2005 working tax credit and child tax credit are not included



Usersheet2

		Year								Children #		Married?		HoH Income				Wifes Income								Joint IC				National Income Tax						Social Security						All tax (inc. SSC)

														% of APW		absolute nkr		% of APW												%		£				%		£				%		£

		1945																														0						0

		1946																														0						0

		1947																														0						0

		1948										n		1				0				362.095		0		362.095				0.120319916		43.56724				0.0261032786		9.4518666667				0.1464231946		53.0191066667

		1949										n		1				0				376.4275		0		376.4275				0.1222147691		46.005				0.0339826394		12.792				0.1561974085		58.797

		1950										n		1				0				401.34		0		401.34				0.1079384063		43.32				0.0318732247		12.792				0.139811631		56.112

		1951										n		1				0				440.0425		0		440.0425				0.1299366538		57.17765				0.0258793185		11.388				0.1558159723		68.56565

		1952										n		1				0				471.22		0		471.22				0.1152472394		54.3068041667				0.0297995982		14.0421666667				0.1450468376		68.3489708333

		1953										n		1				0				502.2225		0		502.2225				0.1035252801		51.992725				0.0297159128		14.924				0.1332411929		66.916725

		1954										n		1				0				543.8225		0		543.8225				0.1164298451		63.3171694444				0.0274427777		14.924				0.1438726229		78.2411694444

		1955										n		1				0				589.7		0		589.7				0.1242841063		73.2903375				0.0289207318		17.0545555556				0.1532048381		90.3448930556

		1956		childA		childB		childC				n		1				0				627.7575		0		627.7575				0.1324109927		83.12199375				0.027915238		17.524				0.1603262307		100.64599375

		1957								0		n		1				0				657.5175		0		657.5175				0.1373420879		90.30482625				0.0294869718		19.3882				0.1668290597		109.69302625

		1958								0		n		1				0				676.985		0		676.985				0.1380634521		93.4668861111				0.0375862587		25.4453333333				0.1756497108		118.9122194444

		1959								0		n		1				0				718.0625		0		718.0625				0.1346284746		96.6716590278				0.0359188789		25.792				0.1705473535		122.4636590278

		1960								0		n		1				0				766.7175		0		766.7175				0.1452108963		111.3357354167				0.0336395087		25.792				0.178850405		137.1277354167

		1961								0		n		1				0				805.0575		0		805.0575				0.1650632227		132.8853854167				0.0334757041		26.9498666667				0.1985389268		159.8352520833

		1962								0		n		1				0				836.885		0		836.885				0.1702478122		142.4778402778				0.0328695101		27.508				0.2031173223		169.9858402778

		1963								0		n		1				0				888.9675		0		888.9675				0.1734314551		154.1749270833				0.0335584822		29.8324				0.2069899373		184.0073270833

		1964								0		n		1				0				961.2525		0		961.2525				0.183053696		175.9608229167				0.0315380194		30.316				0.2145917154		206.2768229167

		1965								0		n		1				0				1028.2775		0		1028.2775				0.1900320662		195.4056979167				0.0345393145		35.516				0.2245713807		230.9216979167

		1966								0		n		1				0				1070.22		0		1070.22				0.1951582385		208.86225				0.0331857001		35.516				0.2283439386		244.37825

		1967								0		n		1				0				1132.9425		0		1132.9425				0.2021159227		228.98571875				0.0312231301		35.3740111111				0.2333390528		264.3597298611

		1968								0		n		1				0				1220		0		1220				0.2105874317		256.9166666667				0.0348750455		42.5475555556				0.2454624772		299.4642222222

		1969								0		n		1				0				1333.02		0		1333.02				0.2199815082		293.23975				0.0332964913		44.3848888889				0.2532779995		337.6246388889

		1970								0		n		1				0				1496.04		0		1496.04				0.2312217588		345.917				0.0307044375		45.9350666667				0.2619261963		391.8520666667

		1971								0		n		1				0				1671.93		0		1671.93				0.2260642641		377.963625				0.0273695669		45.76				0.253433831		423.723625

		1972								0		n		1				0				1928.94		0		1928.94				0.2089806232		403.1110833333				0.0237228737		45.76				0.2327034969		448.8710833333

		1973								0		n		1				0				2202.07		0		2202.07				0.2188849582		482				0.0732030885		161.198325				0.2920880467		643.198325

		1974								0		n		1				0				2593.11		0		2593.11				0.250278623		649				0.0168446383		43.68				0.2671232613		692.68

		1975								0		n		1				0				3194.23		0		3194.23				0.2761228841		882				0.055		175.68265				0.3311228841		1057.68265

		1976								0		n		1				0				3559.4		0		3559.4				0.2778558184		989				0.0575		204.6655				0.3353558184		1193.6655

		1977								0		n		1				0				3928.21		0		3928.21				0.2581328391		1014				0.0575		225.872075				0.3156328391		1239.872075

		1978								0		n		1				0				4516.72		0		4516.72				0.2446465577		1105				0.065		293.5868				0.3096465577		1398.5868

		1979								0		n		1				0				4906		0		4906				0.221157766		1085				0.065		318.89				0.286157766		1403.89

		1980								0		n		1				0				6041.88		0		6041.88				0.231715956		1400				0.0675		407.8269				0.299215956		1807.8269

		1981								0		n		1				0				6680		0		6680				0.2383233533		1592				0.0775		517.7				0.3158233533		2109.7

		1982								0		n		1				0				7284.03		0		7284.03				0.2355838732		1716				0.0875		637.352625				0.3230838732		2353.352625

		1983								0		n		1				0				7060		0		7060				0.2242209632		1583				0.09		635.4				0.3142209632		2218.4

		1984								0		n		1				0				7634		0		7634				0.2212470527		1689				0.09		687.06				0.3112470527		2376.06

		1985								0		n		1				0				8544		0		8544				0.2226123596		1902				0.09		768.96				0.3126123596		2670.96

		1986								0		n		1				0				9131		0		9131				0.2158580659		1971				0.09		821.79				0.3058580659		2792.79

		1987								0		n		1				0				9823		0		9823				0.2032983813		1997				0.09		884.07				0.2932983813		2881.07

		1988								0		n		1				0				10639		0		10639				0.188833537		2009				0.09		957.51				0.278833537		2966.51

		1989								0		n		1				0				11523		0		11523				0.1896207585		2185				0.0833117687		960.0015107224				0.2729325272		3145.0015107224

		1990								0		n		1				0				12520.5		0		12520.5				0.1900083862		2379				0.0766235374		959.365				0.2666319236		3338.365

		1991								0		n		1				0				13239		0		13239				0.1877785331		2486				0.0757028476		1002.23				0.2634813808		3488.23

		1992								0		n		1				0				13684		0		13684				0.1797719965		2460				0.075635779		1035				0.2554077755		3495

		1993								0		n		1				0				14113		0		14113				0.1801176221		2542				0.075556579		1066.33				0.2556742011		3608.33

		1994								0		n		1				0				14607		0		14607				0.1808037242		2641				0.0837954405		1224				0.2645991648		3865

		1995								0		n		1				0				15283.5		0		15283.5				0.1772126391		2708.4293691233				0.0839403268		1282.9019844551				0.2611529659		3991.3313535784

		1996								0		n		1				0				15960		0		15960				0.1736215539		2771				0.084085213		1342				0.2577067669		4113

		1997								0		n		1				0				16760		0		16760				0.167124105		2801				0.0846062053		1418				0.2517303103		4219

		1998								0		n		1				0				17460		0		17460				0.1673539519		2922				0.0847651775		1480				0.2521191294		4402

		1999								0		n		1				0				17780		0		17780				0.162935883		2897				0.0807086614		1435				0.2436445444		4332

		2000								0		n		1				0				18390		0		18390				0.1576400218		2899				0.0785209353		1444				0.236160957		4343

		2001								0		n		1				0				19049		0		19049				0.1572145715		2994.7803717417				0.0775190428		1476.660247123				0.2347336143		4471.4406188647

		2002								0		n		1				0				19708		0		19708				0.1567891212		3090				0.0765171504		1508				0.2333062716		4598

		2003								0		n		1				0				20276		0		20276				0.1583152496		3210				0.0848786743		1721				0.2431939239		4931

		2004								0		n		1				0				21079		0		21079				0.1589733858		3351				0.0852507235		1797				0.2442241093		5148

		2005								0		n		1				0				28571		0		28571				0.173532603		4958				0.0911763676		2605				0.2647089706		7563

		2006								0		n		1				0				30842		0		30842				0.1757343882		5420				0.0920173789		2838				0.2677517671		8258

		2007								0		n		1				0				33165		0		33165				0.1772651892		5879				0.0927483793		3076				0.2700135685		8955





Wages2

				OECD		JW cal year		JW tax yr		bridge averages				APW		APW*marginal change		Eq cal year		Eq cal year

		1945

		1946

		1947																				ORIGINAL

		1948				358.95		362.095						365.71595		369.3731095						362.10

		1949				371.53		376.4275						380.191775		383.99369275		376.57281875				376.43

		1950				391.12		401.34						405.3534		409.406934		399.06299375				401.34

		1951				432		440.0425						444.442925		448.88735425		434.67054375				440.04

		1952				464.17		471.22						475.9322		480.691522		468.05988125				471.22

		1953				492.37		502.2225						507.244725		512.31717225		499.41659375				502.22

		1954				531.78		543.8225						549.260725		554.75333225		538.756725				543.82

		1955				579.95		589.7						595.597		601.55297		584.01293125				589.70

		1956				618.95		627.7575						634.035075		640.37542575		624.42555625				627.8

		1957				654.18		657.5175						664.092675		670.73360175		656.578275				657.5

		1958				667.53		676.985						683.75485		690.5923985		678.83930625		685.6276993125		677.0

		1959				705.35		718.0625						725.243125		732.49555625		714.87105625		722.0197668125		718.1

		1960				756.2		766.7175						774.384675		782.12852175		762.0992875		769.720280375		766.7

		1961				798.27		805.0575						813.108075		821.23915575		803.427225		811.46149725		805.1

		1962				825.42		836.885						845.25385		853.7063885		837.21740625		845.5895803125		836.9

		1963				871.28		888.9675						897.857175		906.83574675		884.70634375		893.5534071875		889.0

		1964				942.03		961.2525						970.865025		980.57367525		952.6130625		962.139193125		961.3

		1965				1018.92		1028.2775						1038.560275		1048.94587775		1021.6364625		1031.852827125		1028.3

		1966				1056.35		1070.22						1080.9222		1091.731422		1070.33171875		1081.0350359375		1070.2

		1967				1111.83		1132.9425						1144.271925		1155.71464425		1128.43449375		1139.7188386875		1132.9

		1968				1196.28		1220						1232.2		1244.522		1210.21798125		1222.3201610625		1220.0

		1969				1291.16		1333.02						1346.3502		1359.813702		1317.81265		1330.9907765		1333.0

		1970				1458.6		1496.04						1511.0004		1526.110404		1469.83785		1484.5362285		1496.0

		1971				1608.36		1671.93						1688.6493		1705.535793		1644.237075		1660.67944575		1671.9

		1972				1862.64		1928.94						1948.2294		1967.711694		1883.334375		1902.16771875		1928.9

		1973				2127.84		2202.07						2224.0907		2246.331607		2155.125375		2176.67662875		2202.1

		1974				2424.76		2593.11						2619.0411		2645.231511		2520.3035		2545.506535		2593.1

		1975				3098.16		3194.23						3226.1723		3258.434023		3074.3895		3105.133395		3194.2

		1976				3482.44		3559.4						3594.994		3630.94394		3502.788575		3537.81646075		3559.4

		1977				3790.28		3928.21						3967.4921		4007.167021		3874.367575		3913.11125075		3928.2

		1978				4342		4516.72						4561.8872		4607.506072		4413.288425		4457.42130925		4516.7

		1979		4906		5040.88		5250.44						4955.06		5004.6106		4856.7668		4905.334468		4906.0

		1980				5879.12		6041.88						6102.2988		6163.321788		5815.4891		5873.643991		6041.9

		1981		6098		6530.16		6679.4						6746.8		6814.268		6585.6747		6651.531447		6680.0

		1982				7127.12		7284.03						7356.8703		7430.439003		7204.352725		7276.39625225		7284.0

		1983		7060		7754.76		7863.57						7130.6		7201.906		7187.167575		7259.03925075		7060.0

		1984		7634		8190		8360.04						7710.34		7787.4434		7565.405		7641.05905		7634.0

		1985		8544		8870.16		9021.87						8629.44		8715.7344		8399.665		8483.66165		8544.0

		1986		9131		9477		9680.71						9222.31		9314.5331		9074.0925		9164.833425		9131.0

		1987		9823		10291.84		10495.55						9921.23		10020.4423		9746.5		9843.965		9823.0

		1988		10639		11106.68		11318.32						10745.39		10852.8439		10539.35		10644.7435		10639.0

		1989		11523		11953.24		12177.88						11638.23		11754.6123		11415.02		11529.1702		11523.0

		1990		12520.5		12851.8		9638.85						12645.705		12772.16205		12393.83625		12517.7746125		12520.5

		1991		13239										13371.39		13505.1039		13189.96875		13321.8684375		13239.0

		1992		13684										13820.84		13959.0484		13708.4775		13845.562275		13684.0

		1993		14113										14254.13		14396.6713		14145.8075		14287.265575		14113.0

		1994		14607										14753.07		14900.6007		14628.335		14774.61835		14607.0

		1995								15283.5				15436.335		15590.69835		15265.51875		15418.1739375		15283.5

		1996		15960										16119.6		16280.796		15948.78375		16108.2715875		15960.0

		1997		16760										16927.6		17096.876		16725.6		16892.856		16760.0

		1998		17460										17634.6		17810.946		17457.85		17632.4285		17460.0

		1999		17780										17957.8		18137.378		17877		18055.77		17780.0

		2000		18390										18573.9		18759.639		18419.875		18604.07375		18390.0

		2001								19049				19239.49		19431.8849		19073.0925		19263.823425		19049.0

		2002		19708										19905.08		20104.1308		19738.6825		19936.069325		19708.0

		2003		20276										20478.76		20683.5476		20335.34		20538.6934		20276.0

		2004		21079										21289.79		21502.6879		21087.0325		21297.902825		21079.0

		2005		28571										28856.71		29145.2771		26964.98		27234.6298		28571.0

		2006												31150.42		31461.9242						30842.0

		2007												33496.65		33831.6165						33165.0



Noam:
oecd  12722 / 12319

Average taken of years preceding and following period due to insufficient data

Average taken of years preceding and following period due to insufficient data



Marginal Tax Rate

		Marginal Change

		1.01

		Year		Marginal Change in Income		Marginal Change on Tax Burden		Marginal Tax Rate		Average Tax Rate		Inequality Aversion

		1948		3.62		0.87		24.00%		14.73%		1.72

		1949		3.76		0.90		24.00%		15.70%		1.61

		1950		4.01		0.80		20.00%		14.04%		1.47

		1951		4.40		0.97		22.00%		15.65%		1.46

		1952		4.71		1.04		22.00%		14.58%		1.58

		1953		5.02		1.37		27.22%		13.46%		2.20

		1954		5.44		1.48		27.22%		14.51%		2.03

		1955		5.90		1.55		26.25%		15.43%		1.82

		1956		6.28		1.65		26.25%		16.13%		1.73

		1957		6.58		1.73		26.25%		16.78%		1.66

		1958		6.77		2.24		33.06%		17.72%		2.06

		1959		7.18		2.16		30.14%		17.18%		1.90

		1960		7.67		2.31		30.14%		18.01%		1.81

		1961		8.05		2.43		30.14%		19.96%		1.61

		1962		8.37		2.52		30.14%		20.41%		1.57

		1963		8.89		2.68		30.14%		20.79%		1.54

		1964		9.61		2.90		30.14%		21.55%		1.48

		1965		10.28		3.30		32.08%		22.55%		1.51

		1966		10.70		3.43		32.08%		22.93%		1.49

		1967		11.33		3.63		32.08%		23.42%		1.45

		1968		12.20		3.91		32.08%		24.62%		1.37

		1969		13.33		4.28		32.08%		25.39%		1.32

		1970		14.96		4.80		32.08%		26.25%		1.27

		1971		16.72		5.04		30.14%		25.39%		1.22

		1972		19.29		5.81		30.14%		23.34%		1.35

		1973		22.02		8.05		36.54%		29.28%		1.31

		1974		25.93		9.00		34.71%		26.79%		1.37

		1975		31.94		12.76		39.94%		33.18%		1.26

		1976		35.59		14.05		39.46%		33.59%		1.23

		1977		39.28		16.26		41.39%		31.66%		1.40

		1978		45.17		17.94		39.71%		31.05%		1.36

		1979		49.06		18.19		37.07%		28.70%		1.37

		1980		60.42		22.08		36.54%		29.99%		1.28

		1981		66.80		25.18		37.69%		31.64%		1.24

		1982		72.84		28.37		38.95%		32.37%		1.26

		1983		70.60		27.35		38.75%		31.49%		1.30

		1984		76.34		29.87		39.13%		31.20%		1.33

		1985		85.44		32.69		38.26%		31.33%		1.28

		1986		91.31		34.22		37.47%		30.65%		1.28

		1987		98.23		35.84		36.49%		29.40%		1.30

		1988		106.39		35.58		33.44%		27.94%		1.24

		1989		115.23		38.37		33.30%		27.35%		1.27

		1990		125.21		42.27		33.76%		26.73%		1.32

		1991		132.39		44.92		33.93%		26.42%		1.35

		1992		136.84		46.32		33.85%		25.62%		1.40

		1993		141.13		47.70		33.80%		25.65%		1.39

		1994		146.07		50.00		34.23%		26.54%		1.36

		1995		152.84		52.01		34.03%		26.19%		1.37

		1996		159.60		54.00		33.83%		25.85%		1.38

		1997		167.60		56.00		33.41%		25.25%		1.40

		1998		174.60		57.00		32.65%		25.29%		1.36

		1999		177.80		59.00		33.18%		24.45%		1.44

		2000		183.90		58.00		31.54%		23.69%		1.40

		2001		190.49		60.49		31.75%		23.56%		1.42

		2002		197.08		63.00		31.97%		23.42%		1.44

		2003		202.76		68.00		33.54%		24.41%		1.46

		2004		210.79		69.00		32.73%		24.50%		1.41

		2005		285.71		95.00		33.25%		26.54%		1.31

		2006		308.42		101.00		32.75%		26.83%		1.27

		2007		331.65		110.00		33.17%		27.06%		1.28





Inequality Aversion

		Year		Inequality Aversion		Inequality Aversion (+20%)		Inequality Aversion (-20%)		Inequality Aversion *

		1948		1.72						0.55								1.45				50s		1.77

		1949		1.61						0.54								1.57				60s		1.51

		1950		1.47						0.66								1.34				70s		1.31

		1951		1.46						2.26												80s		1.28

		1952		1.58						2.54												90s		1.38

		1953		2.20						2.80												00s		1.37

		1954		2.03						2.57

		1955		1.82						1.47

		1956		1.73						1.41

		1957		1.66						1.38

		1958		2.06		1.77		1.81		1.83

		1959		1.90		1.67		1.72		1.72

		1960		1.81		1.60		1.65		1.63

		1961		1.61		1.47		1.88		1.53

		1962		1.57		1.44		1.81		1.49

		1963		1.54		1.42		1.76		1.30

		1964		1.48		1.37		1.66		1.26

		1965		1.51		1.40		1.72		1.29

		1966		1.49		1.38		1.67		1.27

		1967		1.45		1.35		1.62		1.25

		1968		1.37		1.29		1.50		1.22

		1969		1.32		1.26		1.43		1.13

		1970		1.27		1.22		1.36		1.00

		1971		1.22		1.18		1.29		1.00

		1972		1.35		1.28		1.47		1.00

		1973		1.31		1.20		1.23		1.00

		1974		1.37		1.19		1.42		1.00

		1975		1.26		1.09		1.39		1.00

		1976		1.23		1.23		1.37		1.00

		1977		1.40		1.26		1.49		1.00

		1978		1.36		1.21		1.48		1.07

		1979		1.37		1.30		1.49		1.04

		1980		1.28		1.19		1.33		1.00

		1981		1.24		1.20		1.32		1.00

		1982		1.26		1.19		1.30		1.00

		1983		1.30		1.27		1.41		1.00

		1984		1.33		1.24		1.40		1.00

		1985		1.28		1.26		1.45		1.00

		1986		1.28		1.25		1.39		1.00

		1987		1.30		1.23		1.36		1.00

		1988		1.24		1.22		1.34		1.00

		1989		1.27		1.22		1.40		1.00

		1990		1.32		1.25		1.45		1.00

		1991		1.35		1.29		1.50		1.00

		1992		1.40		1.32		1.53		1.05

		1993		1.39		1.31		1.58		1.06

		1994		1.36		1.30		1.54		1.06

		1995		1.37		1.32		1.53		1.06

		1996		1.38		1.33		1.51		1.44

		1997		1.40		1.31		1.50		1.05

		1998		1.36		1.29		1.50		1.0769189822

		1999		1.44		1.35		1.59		1.1292921268

		2000		1.40		1.32		1.58		1.0704245805

		2001		1.42		1.34		1.61		1.0860688424

		2002		1.44		1.36		1.63		1.0853058089

		2003		1.46		1.35		1.61		1.0846957025

		2004		1.41		1.33		1.59		1.083974102

		2005		1.31		1.48		1.39		1.0584007124

		2006		1.27		1.48		1.39		1.0554411861

		2007		1.28		1.63		1.35		1.0510237243





Inequality Aversion
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Sheet1

		

										Year		Marginal Tax Rate		Average Tax Rate		Inequality Aversion		Year		lnt		lnT		Inequality Aversion		Wages		wage		log wage

										1948		0.24		0.1473496977		1.721624208		1948		0.2744368457		0.1594057776		1.721624208		362.10		0.362095		5.8919066083

										1949		0.24		0.1570271372		1.6065801549		1949		0.2744368457		0.1708205127		1.6065801549		376.43		0.3764275		5.9307254656

										1950		0.2		0.1404075555		1.4748718958		1950		0.2231435513		0.1512969038		1.4748718958		401.34		0.40134		5.9948089484

										1951		0.22		0.1564514577		1.4603534043		1951		0.2484613593		0.17013783		1.4603534043		440.04		0.4400425		6.0868713132

										1952		0.22		0.1457889482		1.5767617546		1952		0.2484613593		0.1575769824		1.5767617546		471.22		0.47122		6.1553250763

										1953		0.2722222222		0.1346172427		2.1977597746		1953		0.3177595277		0.1445833759		2.1977597746		502.22		0.5022225		6.2190432486

										1954		0.2722222222		0.145143411		2.0262490394		1954		0.3177595277		0.1568215562		2.0262490394		543.82		0.5438225		6.2986229068

										1955		0.2625		0.1542869685		1.8170303327		1955		0.3044891908		0.1675751831		1.8170303327		589.70		0.5897		6.379613933

										1956		0.2625		0.1613378521		1.730570035		1956		0.3044891908		0.1759473379		1.730570035		627.76		0.6277575		6.4421539454

										1957		0.2625		0.1677762967		1.6579502243		1957		0.3044891908		0.1836540002		1.6579502243		657.52		0.6575175		6.4884713797

										1958		0.3305555556		0.177183432		2.0577531162		1958		0.401307098		0.1950219853		2.0577531162		676.99		0.676985		6.5176491161

										1959		0.3013888889		0.1718428143		1.9021832821		1959		0.3586610419		0.1885523048		1.9021832821		718.06		0.7180625		6.5765566126

										1960		0.3013888889		0.1800636573		1.8065965878		1960		0.3586610419		0.1985285726		1.8065965878		766.72		0.7667175		6.6421184154

										1961		0.3013888889		0.1995572433		1.6113061026		1961		0.3586610419		0.2225902585		1.6113061026		805.06		0.8050575		6.6909137034

										1962		0.3013888889		0.2040903081		1.5712171808		1962		0.3586610419		0.228269552		1.5712171808		836.89		0.836885		6.7296866656

										1963		0.3013888889		0.2079245804		1.5386662212		1963		0.3586610419		0.2330986649		1.5386662212		888.97		0.8889675		6.7900606769

										1964		0.3013888889		0.2154510934		1.478122444		1964		0.3586610419		0.2426463676		1.478122444		961.25		0.9612525		6.8682371216

										1965		0.3208333333		0.2255244693		1.513831488		1965		0.3868887225		0.2555692133		1.513831488		1028.28		1.0282775		6.9356403512

										1966		0.3208333333		0.2292596752		1.4857262994		1966		0.3868887225		0.2604037653		1.4857262994		1070.22		1.07022		6.9756195138

										1967		0.3208333333		0.2342053328		1.4498837404		1967		0.3868887225		0.2668412037		1.4498837404		1132.94		1.1329425		7.0325735095

										1968		0.3208333333		0.2462087233		1.3688403496		1968		0.3868887225		0.2826397707		1.3688403496		1220.00		1.22		7.1066061377

										1969		0.3208333333		0.2539468642		1.320626586		1969		0.3868887225		0.2929584537		1.320626586		1333.02		1.33302		7.1952023238

										1970		0.3208333333		0.2625094353		1.2705622372		1970		0.3868887225		0.3045019844		1.2705622372		1496.04		1.49604		7.3105768961

										1971		0.3013888889		0.2539086335		1.2244868966		1971		0.3586610419		0.2929072111		1.2244868966		1671.93		1.67193		7.4217339267

										1972		0.3013888889		0.2333835503		1.3495234192		1972		0.3586610419		0.2657686683		1.3495234192		1928.94		1.92894		7.5647259082

										1973		0.3653827194		0.2928137365		1.3125082419		1973		0.4547331696		0.3464611917		1.3125082419		2202.07		2.20207		7.6971531061

										1974		0.3470735912		0.2679148487		1.3669370195		1974		0.4262908531		0.3118584448		1.3669370195		2593.11		2.59311		7.8606132065

										1975		0.3993709439		0.3317986074		1.2644374021		1975		0.5097777461		0.403165665		1.2644374021		3194.23		3.19423		8.0691013362

										1976		0.3946354723		0.3359427457		1.2260393991		1976		0.5019244772		0.4093869068		1.2260393991		3559.40		3.5594		8.1773472703

										1977		0.4138964248		0.3166057459		1.4034203481		1977		0.5342587556		0.3806833472		1.4034203481		3928.21		3.92821		8.2759391304

										1978		0.3970993996		0.3105124274		1.3609304671		1978		0.5060029376		0.3718066057		1.3609304671		4516.72		4.51672		8.4155413457

										1979		0.3707480636		0.2869952937		1.3694011373		1979		0.4632235677		0.3382672579		1.3694011373		4906.00		4.906		8.4982142248

										1980		0.3654205148		0.2998714466		1.2757470119		1980		0.4547927275		0.3564913131		1.2757470119		6041.88		6.04188		8.7064705008

										1981		0.3769011976		0.3164280844		1.243483358		1981		0.4730501814		0.3804234117		1.243483358		6680.00		6.68		8.8068732665

										1982		0.3895306067		0.3237417617		1.2616360352		1982		0.4935271205		0.3911802665		1.2616360352		7284.03		7.28403		8.8934395595

										1983		0.3874504249		0.3149460073		1.2957449417		1983		0.4901254009		0.3782576224		1.2957449417		7060.00		7.06		8.8622003305

										1984		0.3912837307		0.312039495		1.3271961619		1984		0.4964030159		0.3740238482		1.3271961619		7634.00		7.634		8.9403672333

										1985		0.3826029963		0.3133053362		1.2830200595		1985		0.4822430199		0.3758655341		1.2830200595		8544.00		8.544		9.0529845612

										1986		0.3747442777		0.3065401076		1.2828283685		1986		0.4695945573		0.3660618745		1.2828283685		9131.00		9.131		9.1194304966

										1987		0.3648651125		0.2940069628		1.3038001052		1987		0.4539178814		0.3481499039		1.3038001052		9823.00		9.823		9.1924818537

										1988		0.3343838707		0.2793835403		1.2423144953		1988		0.407042157		0.3276482393		1.2423144953		10639.00		10.639		9.2722817735

										1989		0.3329922763		0.2735271782		1.267245573		1989		0.4049536534		0.3195542064		1.267245573		11523.00		11.523		9.352100317

										1990		0.3375939459		0.2673345179		1.3240806478		1990		0.4118765364		0.3110660495		1.3240806478		12520.50		12.5205		9.43512258

										1991		0.3392635395		0.2642316992		1.3505416241		1991		0.4144002169		0.3068400185		1.3505416241		13239.00		13.239		9.4909222979

										1992		0.338465361		0.2562301278		1.3958107646		1992		0.4131929325		0.2960236036		1.3958107646		13684.00		13.684		9.5239825461

										1993		0.3379982994		0.2564892912		1.3917880273		1993		0.4124871542		0.2963721099		1.3917880273		14113.00		14.113		9.5548516374

										1994		0.3423016362		0.2653684962		1.3587144424		1994		0.4190088664		0.3083862608		1.3587144424		14607.00		14.607		9.5892561449

										1995		0.3403237504		0.261936835		1.3696762056		1995		0.4160060953		0.3037258686		1.3696762056		15283.50		15.2835		9.6345290941

										1996		0.3383458647		0.2585051738		1.3809098444		1996		0.4130123137		0.2990870949		1.3809098444		15960.00		15.96		9.677840871

										1997		0.3341288783		0.2525461377		1.3970570581		1997		0.4066591381		0.2910826983		1.3970570581		16760.00		16.76		9.726750374

										1998		0.3264604811		0.2528551824		1.3557931257		1998		0.3952086079		0.2914962471		1.3557931257		17460.00		17.46		9.7676678294

										1999		0.3318335208		0.2445177026		1.4380151783		1999		0.4032179162		0.2803989292		1.4380151783		17780.00		17.78		9.7858295091

										2000		0.3153887983		0.2369453911		1.4011398325		2000		0.3789041906		0.270425679		1.4011398325		18390.00		18.39		9.8195623176

										2001		0.3175279693		0.2355533604		1.4222985477		2001		0.3820337334		0.2686030538		1.4222985477		19049.00		19.049		9.8547698857

										2002		0.3196671402		0.2341613297		1.4437652547		2002		0.3851731009		0.2667837446		1.4437652547		19708.00		19.708		9.8887799237

										2003		0.3353718682		0.2441065768		1.4597836722		2003		0.4085275951		0.2798548873		1.4597836722		20276.00		20.276		9.9171931996

										2004		0.3273400066		0.245047039		1.4105852731		2004		0.3965152875		0.281099835		1.4105852731		21079.00		21.079		9.9560325632

										2005		0.3325049876		0.2653802183		1.3107018623		2005		0.4042233608		0.3084022175		1.3107018623		28571.00		28.571		10.2601474964

										2006		0.3274755204		0.2683430914		1.2697229004		2006		0.3967167673		0.3124435789		1.2697229004		30842.00		30.842		10.3366326764

										2007		0.3316749585		0.2706240773		1.277008996		2007		0.4029806348		0.3155660109		1.277008996		33165.00		33.165		10.409250382
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						Final Tax:		Soc Sec		HoH earn		Spo Earn		marr'd		childs				Joint		Joint:		Joint:		HoH								allowances:																				Wife:								allowances

																				IC		Surtaxable IC		surtax		IC		SSrate		SSdue				earned		personal &SS pre-60		marr man		wf earnings		child		total allowance				taxable IC		Tax				IC		SS rate						personal		wf earned		total		taxable IC		tax

		1945		0		0		0		0		0		0						0		0.00		0

		1946		0		0		0		0		0		0						0		0.00

		1947		0		0		0		0		0		0						0		0.00

		1948		365.71595		44.436268		9.452		365.71595		0		0		0				365.71595		365.72		0		365.71595		9.452		9.452				73.14319		119.452		0		0		0		192.5950566667				173.1208933333		44.436268				0		7.377		0				110		0		110		0		0

		1949		380.191775		46.908426		12.792		380.191775		0		0		0				380.191775		380.19		0		380.191775		12.792		12.792				76.038355		122.792		0		0		0		198.830355				181.36142		46.908426				0		9.984		0				110		0		110		0		0

		1950		405.3534		44.12268		12.792		405.3534		0		0		0				405.3534		405.35		0		405.3534		12.792		12.792				81.07068		122.792		0		0		0		203.86268				201.49072		44.12268				0		9.984		0				110		0		110		0		0

		1951		444.442925		58.1457435		11.388		444.442925		0		0		0				444.442925		444.44		0		444.442925		11.388		11.388				88.888585		121.388		0		0		0		210.276585				234.16634		58.1457435				0		10.192		0				110		0		110		0		0

		1952		475.9322		55.3434881667		14.042		475.9322		0		0		0				475.9322		475.93		0		475.9322		14.042		14.042				95.18644		134.042		0		0		0		229.2286066667				246.7035933333		55.3434881667				0		11.032		0				0		0		0		0		0

		1953		507.244725		53.35988625		14.924		507.244725		0		0		0				507.244725		507.24		0		507.244725		14.924		14.924				112.72105		134.924		0		0		0		247.64505				259.599675		53.35988625				0		11.700		0				0		0		0		0		0

		1954		549.260725		64.7975751389		14.924		549.260725		0		0		0				549.260725		549.26		0		549.260725		14.924		14.924				122.0579388889		134.924		0		0		0		256.9819388889				292.2787861111		64.7975751389				0		13.260		0				0		0		0		0		0

		1955		595.597		74.8383		17.055		595.597		0		0		0				595.597		595.60		0		595.597		17.055		17.055				132.3548888889		157.055		0		0		0		289.4094444444				306.1875555556		74.8383				0		13.831		0				0		0		0		0		0

		1956		634.035075		84.7698571875		17.524		634.035075		0		0		0				634.035075		476.51		0		634.035075		17.524		17.524				140.8966833333		157.524		0		0		0		298.4206833333				335.6143916667		84.7698571875				0		14.300		0				0		0		0		0		0

		1957		664.092675		92.0308096875		19.388		664.092675		0		0		0				664.092675		504.70		0		664.092675		19.388		19.388				147.57615		159.388		0		0		0		306.96435				357.128325		92.0308096875				0		15.750		0				0		0		0		0		0

		1958		683.75485		95.7046976389		25.445		683.75485		0		0		0				683.75485		518.31		0		683.75485		25.445		25.445				151.9455222222		165.445		0		0		0		317.3908555556				366.3639944444		95.7046976389				0		20.564		0				0		0		0		0		0

		1959		725.243125		98.8358196181		25.792		725.243125		0		0		0				725.243125		559.45		0		725.243125		25.792		25.792				161.1651388889		165.792		0		0		0		326.9571388889				398.2859861111		98.8358196181				0		20.800		0				0		0		0		0		0

		1960		774.384675		113.6465367708		25.792		774.384675		0		0		0				774.384675		608.59		0		774.384675		25.792		25.792				172.0854833333		165.792		0		0		0		337.8774833333				436.5071916667		113.6465367708				0		20.800		0				0		0		0		0		0

		1961		813.108075		135.3117392708		26.950		813.108075		0		0		0				813.108075		673.11		0		813.108075		26.950		26.950				180.6906833333		140		0		0		0		320.6906833333				492.4173916667		135.3117392708				0		22.077		0				0		0		0		0		0

		1962		845.25385		145.0001186806		27.508		845.25385		0		0		0				845.25385		705.25		0		845.25385		27.508		27.508				187.8341888889		140		0		0		0		327.8341888889				517.4196611111		145.0001186806				0		22.516		0				0		0		0		0		0

		1963		897.857175		156.8541763542		29.832		897.857175		0		0		0				897.857175		697.86		0		897.857175		29.832		29.832				199.5238166667		200		0		0		0		399.5238166667				498.3333583333		156.8541763542				0		24.668		0				0		0		0		0		0

		1964		970.865025		178.8579311458		30.316		970.865025		0		0		0				970.865025		770.87		0		970.865025		30.316		30.316				215.7477833333		200		0		0		0		415.7477833333				555.1172416667		178.8579311458				0		25.116		0				0		0		0		0		0

		1965		1038.560275		198.7047548958		35.516		1038.560275		0		0		0				1038.560275		818.56		0		1038.560275		35.516		35.516				230.7911722222		220		0		0		0		450.7911722222				587.7691027778		198.7047548958				0		29.692		0				0		0		0		0		0

		1966		1080.9222		212.2958725		35.516		1080.9222		0		0		0				1080.9222		860.92		0		1080.9222		35.516		35.516				240.2049333333		220		0		0		0		460.2049333333				620.7172666667		212.2958725				0		29.692		0				0		0		0		0		0

		1967		1144.271925		232.6205759375		35.374		1144.271925		0		0		0				1144.271925		924.27		0		1144.271925		35.374		35.374				254.28265		220		0		0		0		474.28265				669.989275		232.6205759375				0		31.495		0				0		0		0		0		0

		1968		1232.2		260.8308333333		42.548		1232.2		0		0		0				1232.2		1012.20		0		1232.2		42.548		42.548				273.8222222222		220		0		0		0		493.8222222222				738.3777777778		260.8308333333				0		36.375		0				0		0		0		0		0

		1969		1346.3502		297.5165225		44.385		1346.3502		0		0		0				1346.3502		0.00		0		1346.3502		44.385		44.385				299.1889333333		255		0		0		0		554.1889333333				792.1612666667		297.5165225				0		37.591		0				0		0		0		0		0

		1970		1511.0004		350.716795		45.935		1511.0004		0		0		0				1511.0004		0.00		0		1511.0004		45.935		45.935				335.7778666667		325		0		0		0		660.7778666667				850.2225333333		350.716795				0		39.000		0				0		0		0		0		0

		1971		1688.6493		383.00263625		45.760		1688.6493		0		0		0				1688.6493		0.00		0		1688.6493		45.760		45.760				375.2554		325		0		0		0		700.2554				988.3939		383.00263625				0		39.000		0				0		0		0		0		0

		1972		1948.2294		408.9246941667		45.760		1948.2294		0		0		0				1948.2294		0.00		0		1948.2294		45.76		45.760				432.9398666667		460		0		0		0		892.9398666667				1055.2895333333		408.9246941667				0		39		0				0		0		0		0		0

		1973		2224.0907		489		162.24430825		2224.0907		0		0						2224.0907		595		0		1629.0907		488.72721		0		489		0				162.24430825

		1974		2619.0411		658		43.68		2619.0411		0		0						2619.0411		625		0		1994.0411		658.033563		0		658		0				43.68

		1975		3226.1723		893		177.4394765		3226.1723		0		0						3226.1723		675		0		2551.1723		892.910305		0		893		0		177.4394765

		1976		3594.994		1001		206.712155		3594.994		0		0						3594.994		735		0		2859.994		1000.9979		0		1001		0		206.712155

		1977		3967.4921		1028		228.13079575		3967.4921		0		0						3967.4921		945		0		3022.4921		1027.647314		0		1028		0		228.13079575

		1978		4561.8872		1120		296.522668		4561.8872		0		0						4561.8872		985		0		3576.8872		1120.372776		0		1120		0		296.522668

		1979		4955.06		1100		322.0789		4955.06		0		0		na				4955.06		1165		0		3790.06		1099.518		0		1100		0		322.0789

		1980		6102.2988		1418		411.905169		6102.2988		0		0		na				6102.2988		1375		0		4727.2988		1418.18964		0		1418		0		411.905169

		1981		6746.8		1612		522.877		6746.8		0		0		na				6746.8		1375		0		5371.8		1611.54		0		1612		0		522.877

		1982		7356.8703		1738		643.72615125		7356.8703		0		0		na				7356.8703		1565		0		5791.8703		1737.56109		0		1738		0		643.72615125

		1983		7130.6		1604		641.754		7130.6		0		0		na				7130.6		1785		0		5345.6		1603.68		0		1604		0		641.754

		1984		7710.34		1712		693.9306		7710.34		0		0		na				7710.34		2005		0		5705.34		1711.602		0		1712		0		693.9306

		1985		8629.44		1927		776.6496		8629.44		0		0		na				8629.44		2205		0		6424.44		1927.332		0		1927		0		776.6496

		1986		9222.31		1997		830.0079		9222.31		0		0		n/a				9222.31		2335		0		6887.31		1997.3199		0		1997		0		830.0079

		1987		9921.23		2024		892.9107		9921.23		0		0		0				9921.23		2425		0		7496.23		2023.9821		0		2024		0		892.9107						0

		1988		10745.39		2035		967.0851		10745.39		0		0		0				10745.39		2605		0		8140.39		2035.0975		0		2035		0		967.0851						0		0		0		0		0		0		0		0		0

		1989		11638.23		2213		1047.4407		11638.23		0		0		0				11638.23		2785		0		8853.23		2213.3075		0		2213		0		1047.4407						0		0		0		0		0		0		0		0		0

		1990		12645.705		2410		970.63345		12645.705		0		0		0				12645.705		3005		0		9640.705		2410.17625		0		2410		0		970.63345						0		0		0		0		0		0		0		0		0

		1991		13371.39		2519		1014.1451		13371.39		0		0		n/a				13371.39		3295		0		10076.39		2519.0975		0		2519		0		1014.1451						0		0		0		0		0		0		0		0		0

		1992		13820.84		2494		1047.3156		13820.84		0		0		n/a				13820.84		3445		0		10375.84		2493.96		0		2494		0		1047.3156						0		0		0		0		0		0		0		0		0

		1993		14254.13		2577		1079.0317		14254.13		0		0		n/a				14254.13		3445		0		10809.13		2577.2825		0		2577		0		1079.0317						0		0		0		0		0		0		0		0		0

		1994		14753.07		2677		1238		14753.07		0		0		n/a				14753.07		3445		0		11308.07		2677.0175		0		2677		0		1238						0		0		0		0		0		0		0		0		0

		1995

																						2		3		4		5		6		7		8		9																		7				9

		1996		16119.6		2809		1358		16119.6		0		0		0				16119.6		3765		0		12354.6		2809.104		0		2809		0		1358						0		0		0		0		0		0		0		0		0

		1997		16927.6		2840		1435		16927.6		0		0		0				16927.6		4045		0		12882.6		2839.998		0		2840		0		1435						0		0		0		0		0		0		0		0		0

		1998		17634.6		2962		1497		17634.6		0		0		0				17634.6		4195		0		13439.6		2962.108		0		2962		0		1497						0		0		0		0		0		0		0		0		0

		1999		17957.8		2938		1453		17957.8		0		0		0				17957.8		4335		0		13622.8		2938.244		0		2938		0		1453						0		0		0		0		0				0		0		0

		2000		18573.9		2939		1462		18573.9		0		0		0				18573.9		4385		0		14188.9		2939.158		0		2939		0		1462						0		0		0		0		0		0		0		0		0		ERROR CORRECTED

		2001		19239.49		3086		1529		19239.49		0		0		0				19239.49		4385		0		14854.49		3085.5878		0		3086		0		1529						0

		2002		19905.08		3133		1528		19905.08		0		0		0				19905.08		4615		0		15290.08		3133.4176		0		3133		0		1528						0		0		0		0		0		0		0		0		0

		2003		20478.76		3255		1744		20478.76		0		0		0				20478.76		4615		0		15863.76		3254.8272		0		3255		0		1744						0		0		0		0		0		0		0		0		0

		2004		21289.79		3397		1820		21289.79		0		0		0				21289.79		4745		0		16544.79		3397.4538		0		3397		0		1820						0		0		0		0		0		0		0		0		0

		2005		28856.71		5021		2637		28856.71		0		0		0				28856.71		4895		0		23961.71		5020.7762		0		5021		0		2637						0		0		0		0		0		0		0		0		0

		2006		31150.42		5487		2872		31150.42		0		0		0				31150.42		5035		0		26115.42		5487.3924		0		5487		0		2872						0		0		0		0		0		0		0		0		0

		2007		33496.65		5952		3113		33496.65		0		0		0				33496.65		5225		0		28271.65		5952.163		0		5952		0		3113						0		0		0		0		0		0		0		0		0

																														2435



noam:
H+W can opt to be taxed as singles

noam:
opt single

noam:
less than OECD
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with persnal, married & child allowances
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childA* £100 + 
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noam:
childA £115
childB £140
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noam:
plus SS allowance pre-1960

Noam:
higher than oecd

Noam:
Java code is not charging std rate of 38.75% over £360 ??
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				APW-20%		APW-10%		APW		APW+5%		APW+10%		APW+20%

		1958		1.81		1.67		2.06		1.97		1.89		1.77

		1959		1.72		1.60		1.90		1.83		1.77		1.67

		1960		1.65		1.97		1.81		1.74		1.69		1.60

		1961		1.88		1.72		1.61		1.57		1.53		1.47

		1962		1.81		1.67		1.57		1.53		1.50		1.44

		1963		1.76		1.63		1.54		1.50		1.47		1.42

		1964		1.66		1.56		1.48		1.45		1.42		1.37

		1965		1.72		1.60		1.51		1.48		1.45		1.40

		1966		1.67		1.56		1.49		1.45		1.43		1.38

		1967		1.62		1.52		1.45		1.42		1.40		1.35

		1968		1.50		1.42		1.37		1.35		1.33		1.29

		1969		1.43		1.37		1.32		1.30		1.28		1.26

		1970		1.36		1.31		1.27		1.26		1.24		1.22

		1971		1.29		1.25		1.22		1.21		1.20		1.18

		1972		1.47		1.40		1.35		1.33		1.31		1.28

		1973		1.23		1.28		1.31		1.23		1.16		1.20

		1974		1.42		1.39		1.37		1.27		1.19		1.19

		1975		1.39		1.32		1.26		1.18		1.22		1.09

		1976		1.37		1.29		1.23		1.25		1.28		1.23

		1977		1.49		1.38		1.40		1.31		1.32		1.26

		1978		1.48		1.47		1.36		1.36		1.28		1.21

		1979		1.49		1.37		1.37		1.37		1.29		1.30

		1980		1.33		1.30		1.28		1.27		1.26		1.19

		1981		1.32		1.28		1.24		1.23		1.22		1.20

		1982		1.30		1.31		1.26		1.24		1.22		1.19

		1983		1.41		1.35		1.30		1.33		1.31		1.27

		1984		1.40		1.33		1.33		1.30		1.28		1.24

		1985		1.45		1.36		1.28		1.30		1.27		1.26

		1986		1.39		1.36		1.28		1.30		1.27		1.25

		1987		1.36		1.33		1.30		1.27		1.24		1.23

		1988		1.34		1.26		1.24		1.26		1.27		1.22

		1989		1.40		1.35		1.27		1.27		1.24		1.22

		1990		1.45		1.38		1.32		1.32		1.28		1.25

		1991		1.50		1.42		1.35		1.34		1.30		1.29

		1992		1.53		1.43		1.40		1.38		1.34		1.32

		1993		1.58		1.47		1.39		1.38		1.36		1.31

		1994		1.54		1.46		1.36		1.35		1.34		1.30

		1995		1.53		1.44		1.37		1.37		1.33		1.32

		1996		1.51		1.42		1.38		1.40		1.32		1.33

		1997		1.50		1.48		1.40		1.35		1.31		1.31

		1998		1.50		1.47		1.36		1.34		1.35		1.29

		1999		1.59		1.50		1.44		1.38		1.36		1.35

		2000		1.58		1.49		1.40		1.38		1.38		1.32

		2001		1.61		1.52		1.42		1.38		1.38		1.34

		2002		1.63		1.56		1.44		1.39		1.38		1.36

		2003		1.61		1.49		1.46		1.40		1.39		1.35

		2004		1.59		1.50		1.41		1.40		1.36		1.33

		2005		1.39		1.34		1.31		1.28		1.29

		2006		1.39		1.31		1.27		1.27

		2007		1.35		1.30		1.28						1.63

		AVERAGES		1.51		1.44		1.40		1.37		1.35		1.32

		MIN		1.23		1.25		1.22		1.18		1.16		1.09

		MAX		1.88		1.97		2.06		1.97		1.89		1.77
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