.« International
++. Micrasimulation

 Association

*For correspondence:

matthew7.johnson@northumbria.

ac.uk

©@This article is distributed
under the terms of the Creative
Commons Attribution License,
which permits unrestricted use
and redistribution provided that
the original author and source
are credited.

Author Keywords: Welfare
policy, polling, public user
interface, conjoint analysis
© 2025, Stark et al.

RESEARCH ARTICLE

3| ®

The Public Policy Preference Calculator
(TriplePC): Developing a comprehensive
welfare policy microsimulation

Graham Stark’, Elliot A Johnson', Howard Reed"?, Daniel Nettle'?,
Matthew T Johnson'*

'Department of Social Work, Education and Community Wellbeing, Northumbria
University, Newcastle upon Tyne, United Kingdom; 2Landman Economics, Colchester,
United Kingdom; 3Institut Jean Nicod, Ecole normale supérieure, Paris, France

Abstract Welfare policies have often been assessed on their financial impacts, for example, their
effects on net household incomes and marginal and average tax rates. However, welfare policies can
also have a substantial effect on population health and wellbeing. In addition, politicians must consider
the electoral implications of policies that would affect large sections of the population. In this article
we describe a new microsimulation model with a public-facing user interface, the Public Policy Prefer-
ence Calculator (TriplePC), which enables automated assessment of economic and health impacts as
well as public preferences for particular, customisable welfare policies. The TriplePC uses data from,
and regressions based on, major UK sources such as the Family Resources Survey, Understanding
Society: The UK Household Longitudinal Study (UKHLS) and the Wealth and Assets Survey, along-
side our own conjoint experimental surveys on public preferences. While the design of the conjoint
survey necessitated relatively strong assumptions in some areas, the TriplePC’s ability to simultane-
ously model the financial, health and political implications of a policy is, we believe, unique. TriplePC
was developed over approximately four months as part of a project on income and health funded by
National Institute for Health and Care Research. We view TriplePC as a highly promising prototype
rather than the finished article; in this paper we will describe it ‘warts and all’, highlighting areas of
particular uncertainty and the lessons learned we hope to apply to future, fuller developed versions.
DOI: https://doi.org/10.34196/ijm.00323

1. Introduction
In this article, we describe the Public Policy Preference Calculator (TriplePC), a new microsimulation
model that seeks to extend the microsimulation art in two ways.

First, as well as modelling the outcomes of a policy in the conventional way, our model uses
Conjoint Analysis of public acceptability data to give an indication of the policy’s popularity. This is
novel and important. There are measures that might actually be popular, but which policymakers have
been unwilling to touch because of uncertainty about their electoral consequences. Perhaps the best
example from UK history is the SDP/Liberal Democrat’s ‘Dead Parrot’ merger manifesto of January
1988 (Gourley, 2023; Crewe and King, 1995), which proposed the abolition of Child Benefit and the
imposition of a uniform rate of Value Added Tax (VAT) to raise money for an anti-poverty program.
Although this had been modelled in detail, fear of the electoral consequences among Members of
Parliament meant the manifesto was abandoned within a day. The resulting confusion and indecision
arguably caused long-lasting damage to centrist politics in the UK (Crewe and King, 1995). The UK’s
zero-rating for food and children’s clothing remains politically untouchable to this day despite the
orthodox economic arguments in favour of a uniform rate (Crawford et al., 2010). But would VAT
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extension really be unpopular, especially if it was part of a package that used the money raised for
poverty reduction or other appealing policies? Our approach allows us to address questions like this.

Second, we integrate health outcomes into the model. There is strong evidence that welfare poli-
cies can have a substantial effect on population health (Johnson et al., 2022). A stark reminder of the
real impact of worsening population health can be seen in the proportion of the UK population with
a long-standing illness, disability or impairment which causes substantial difficulty with day-to-day
activities. This is estimated to have risen from 19% in 2011/12 to 24% in 2021/22, an increase of 3.9
million people (Department for Work and Pensions, 2023). Indeed, the estimate increased from
14.1 million in 2019/20 to 16.0 million in 2021/22 (Department for Work and Pensions, 2023). Inter-
estingly, the proportion among state pension age adults has remained the same between 2011/12
and 2021/22 at 45%, whereas for working-age adults it has increased from 16% to 23% and for chil-
dren the figures are 6% to 11%. This suggests that increases in prevalence are not simply the effect of
an ageing population (Department for Work and Pensions, 2023).

In that context, it is essential that policymakers invest real thought in realising the Government's
prevention agenda (Department of Health and Social Care, 2018), which was incorporated into
the 2019 NHS England Long Term Plan (NHS England, 2019). Forty-three years on from the Black
Report which highlighted the role of material circumstances on health inequalities (Working Group on
Inequalities in Health, 1980), 13 since the Marmot Review (Marmot et al., 2010) and three since its
10-years-on update (Marmot et al., 2020) which highlighted worsening trends in inequalities, there is
good reason to examine and tackle social determinants of health.

Some of the authors of this article (Johnson et al., 2022) have called for trials of cash transfers, in
particular Basic Income, as an upstream intervention to mitigate poverty, inequality and insecurity as
social determinants of mental and physical ill-health. Systematic reviews of cash transfer schemes that
resemble Basic Income, such as Gibson et al. (2020), have indicated positive impacts on mental and
physical health, hospital attendance and health related behaviour, such as alcohol and drug use. In
contrast, conditional, means- and needs-based welfare systems in high-income countries are associ-
ated with below average health outcomes (Shahidi et al., 2019) and increased psychological distress
prevalence (Wickham et al., 2020). We have suggested several explanations (Johnson et al., 2022):
schemes are insufficient to offset the negative health consequences of severe socioeconomic disad-
vantage’ (Shahidi et al., 2019); conditionality and assessment inflicts stress (Dwyer et al., 2020) and
creates perverse incentives for health-diminishing behaviour (Johnson et al., 2022); and focusing
on the poorest fails to mitigate broader determinants that affect society as a whole (Marmot et al.,
2010).

There are existing health simulations for the UK. Public Health Scotland’s Informing Interventions
to reduce health Inequalities (Triple ) tools focus on comparing the effects and costs of a range of
tax-benefit (including a Basic Income) changes as well as non-economic programmes such as a lifestyle
weight management service, 20-mile-per-hour speed limits or Alcohol Brief Interventions. Effects and
costs modelled are based on premature deaths, years of life lost and hospital stays, with changes
population health and inequalities as the key measures. It does not model the economic impacts on
household types nor public preferences.

Most other health microsimulations tend to model the economic effects of health, rather than
the other way round (Schofield et al., 2017). There are some that model the effects of, potentially
economic, interventions on health, particularly with regard to extrapolating from childhood and
adolescence, for example, the University of York’s LifeSim (Skarda et al., 2021).

We therefore decided to create microsimulation with a public-facing user interface — the Public
Policy Preference Calculator (TriplePC) — that would enable automated assessment of economic and
health impacts as well as public preferences between different welfare and tax policies. The TriplePC
model project therefore had three strands:

1. Estimating the likely electoral popularity of possible policies
2. Deriving relationships between income and health, in a form suitable for use in a microsimulation
3. The integration of strands 1 and 2 into a microsimulation tax-benefit model

We discuss these in turn.
TriplePC was developed over approximately four months as part of a project on income and health
funded by National Institute for Health and Care Research. We view TriplePC as a highly promising
prototype rather than the finished article; in this paper we will describe it ‘warts and all’, highlighting
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areas of particular uncertainty and the lessons learned we hope to apply to future, fuller developed
versions.

2. Public preferences: Conjoint analysis

Conjoint analysis (Hainmueller et al., 2013) is a survey-based technique originally developed as a
market research tool, to examine how consumers value characteristics (sweetness, colour, alcohol
content, etc.) of goods. Recently, the technique has become popular as a method for discovering the
public’s relative valuations of competing economic or social policies (Bremer and Biirgisser, 2023).
Research comparing conjoint survey experiments to actual votes has shown that the conjoint results
are good predictors of voting outcomes (Bansak et al., 2023).

Our study is described in full in (Nettle et al., 2024), with the data available as (Johnson et al.,
2023). The authors of that study recruited 800 UK resident adults through the Prolific online plat-
form. The sample was UK representative for age categories 18-34, 35-49, 50-65 and 65+ (mean age
49.02, s.d. 16.42, higher than in the 2021 England and Wales Census (Office for National Statis-
tics, 2022)), with equal numbers of men and women in each (43% men, 43% women, 14% other/no
response) to match the age structure of the UK population. Participants were asked repeatedly to
choose their preferred welfare policy from sets of two. Each time, the two policies contained the same
input (design) and outcome (health and distributional) attributes but with randomised levels in each
(e.g. payment sizes of £63 per child, £145 per adult and £190 per pensioner; poverty decreased by
25% etc.). Each participant completed 15 choice tasks. Each option within each task was defined by 10
attributes. Each attribute had three to nine possible levels. Table 1 shows the full list of 10 attributes
with between three and nine levels each. Attributes were chosen on the basis of previous research
conducted by the programme team examining aspects of welfare policy of relevance to public opinion
as well as critical aspects of policy design (Johnson et al., 2022, Johnson et al., 2023).

Relative to the UK population, the sample contained an over-representation of people who voted
for the left to centre-left Labour party at the 2019 general election (44.3% of those in our sample who
voted, vs. 32.1% election result); and an under-representation of those who voted for the right to
centre-right Conservative party (31.8% versus 43.6% election result). Although we did create survey
weights to correct for this, TriplePC currently uses unweighted data.

All options were fully randomly generated from the possible combinations. Instructions in the
survey explained that participants might prefer some features in one policy and some in the other,
but they needed to consider which policy they preferred overall. The attributes on which the policies
varied were explained in greater depth prior to the first choice task, and then described just with brief
phrases during the choice tasks themselves. Note that many of these randomly generated pairs are
totally implausible. This is integral to how a fully randomized conjoint analysis works: by generating
all the possible combinations, things that are actually correlated in real life (e.g. tax rates and poverty
rates) are rendered orthogonal to one another. It is this that allows identification of their independent
marginal effects.

We simultaneously estimated the average impact of preference or dis-preference for particular
feature attribute-value on preference for policies overall using comparable scales through computa-
tion of Average Marginal Component Effects (AMCEs) (Hainmueller et al., 2013) from linear prob-
ability models. The AMCE for a given level of an attribute can be interpreted as the marginal effect
on the probability of choice of the attribute being at that level compared to the reference level,
averaging across the possible levels of all other attributes. Through randomization and a high number
of pairwise comparisons, this allows us to quantify the causal effect of including specific levels of indi-
vidual reform elements on the support for the entire reform package, compared with the support for
a reform package that contains the baseline level (status quo) of this particular reform element (Nettle
et al.,, 2023; Nettle et al., 2024). For sub-group analysis, we used ANOVA to test formally whether
including interactions between the subgroup identity and the attribute improved model fit. We then
compared the marginal mean probabilities of choice for each attribute level between subgroups and
used z-tests to establish where the significant differences resided. All analyses were carried out using
the cregg R package.(Leeper, 2020). Data and code for the underpinning analysis can be found at
https://doi.org/10.17605/OSF.IO/HTSQC.

Note that only one option from each group could be chosen. This is a problem for the ‘other
funding’ group, where a respondent might prefer a mix of policies, but can only choose one. Note
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Table 1. Conjoint experiment attributes and levels used as TriplePC inputs and outcomes.

Attribute Levels

Child - £0; Adult - £63; Pensioner - £190
Child - £41; Adult - £63; Pensioner - £190
Child - £0; Adult - £145; Pensioner - £190
Child - £41; Adult - £145; Pensioner - £190
Child - £63; Adult - £145; Pensioner - £190
Child - £63; Adult - £190; Pensioner - £190
Child - £95; Adult - £190; Pensioner - £230
Child - £41; Adult - £230; Pensioner - £230
Child - £95; Adult - £230; Pensioner - £230

Basic rate - 20%; Higher rate - 40%; Additional rate - 45%
Basic rate - 30%,; Higher rate - 50%; Additional rate - 60%
Basic rate - 40%; Higher rate - 60%; Additional rate - 70%
Basic rate - 48%,; Higher rate - 68%; Additional rate - 78%
Basic rate - 50%; Higher rate - 70%; Additional rate - 80%
Basic rate - 65%; Higher rate - 85%; Additional rate - 95%

Payment size

Income tax

Increased government borrowing

Removal of income tax-free personal allowance
Corporation tax increase

Tax for businesses based on carbon emissions
Tax for individuals based on carbon emissions
Tax on wealth

VAT increase

Decreased by 100%
Decreased by 75%
Decreased by 50%
Decreased by 25%
Decreased by 10%
Decreased by 5%
Increased by 5%
Increased by 10%
Increased by 25%
Increased by 50%

Decreased by 50%
Decreased by 25%
Decreased by 10%
Decreased by 5%
Increased by 5%
Increased by 10%
Increased by 25%
Increased by 50%

Other funding

Poverty

Inequality

Life expectancy 0 more or less years on average
5 fewer years on average

3 fewer years on average

1 less year on average

1 more year on average

3 more years on average

5 more years on average

Continued
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Table 1. Continued
Attribute Levels

Same number of cases
50% fewer cases

25% fewer cases

10% fewer cases

5% fewer cases

5% more cases

10% more cases

e 25% more cases

Anxiety and depression ® 50% more cases

e People in and out of work are entitled
* People who are not disabled are required to look for work
¢ Only people in work are entitled

Conditionality e Only people out of work are entitled

® People with any or no amount of income are entitled to
the full benefit

e Only those with incomes less than £20k are entitled to
the full benefit

e Only those with incomes less than £50k are entitled to
the full benefit

¢ Only those with incomes less than £125k are entitled to

Means testing the full benefit
Universality ® Anyone residing in the UK for more than six months are
entitled

e Only citizens and permanent residents are entitled
e Only citizens are entitled

also

that tax and benefit levels are grouped as single choices, limiting the customisation of policies

possible within the TriplePC.
Further detail on the design and analysis of the conjoint experiment is available in the working
paper and subsequent article (Nettle et al., 2023; Nettle et al., 2024). That study found:

Preference for more generous payments than less generous ones.

Strong preference for decreases in poverty (compared to the status quo).

Preferences on tax rates depended on the broad effects of the policy package. Increasing
personal income tax rates were popular if the package they were part of also decreased poverty,
and unpopular otherwise.

Preference for a wealth tax, carbon taxes, and increased corporation tax, as opposed to
increased government borrowing.

Significant positive effect of a large reduction in inequality, and a significant negative effect of
a large increase in inequality. However, the effects for inequality were weaker than for poverty.
Other health and wellbeing consequences also had some significant marginal effects above and
beyond those of poverty and inequality. An increase in life expectancy of five years was signifi-
cantly preferred to the status quo, and a decrease in life expectancy of five years significantly
dis-preferred.

Dis-preference for increased rates of anxiety and depression relative to the status quo, and
there was a slight preference for policies that decreased them sharply.

No strong preference for or against means-testing or other restrictions on eligibility.

Mild differences between left- and right- supporting participants, in the expected directions.
No significant variation by gender or between rich and poor.

Older people were significantly less keen on high income tax schemes and, curiously, less
concerned with heath consequences.

For the TriplePC, we extract the AMCEs for each component of any welfare policy the user wishes

to specify through the interface from the data of Nettle et al. (Nettle et al., 2024). In the conjoint
methodology, these are assumed to have an additive effect on popularity. That is, for example, the
popularity of a policy combining high income taxes, carbon tax, and a decrease in poverty will be the
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sum of the negative marginal effect on popularity of the high-income tax, the positive marginal effect
on popularity of the carbon tax, the positive marginal effect of the poverty reduction, and so on. This
summation is the popularity outcome returned by the model.

The conjoint analysis was conducted ahead of the construction of the microsimulation model.
As we discuss below, some of the measures in Table 1 (income tax, payment sizes, poverty and
inequality rates) are reasonably straightforward to model (though there are issues around defini-
tions). Others, such as the ‘other funding’ options and the relationship between income and health,
are harder.

3. Modelling health outcomes

We intend to model two health measures: mental health and life expectancy, but only the former
has so far been implemented. We build a model relating SF-12 scores (Ware, 2002) to income and
demographic characteristics. SF-12 is a widely used measure of an individual’s health-related quality
of life, with two summary scores: the Physical Component Summary (PCS-12) and the Mental Compo-
nent Summary (MCS-12). The model is estimated over 12 waves (2009/11-2020/22) of Understanding
Society: The UK Household Longitudinal Study (UKHLS) (Institute for Social and Economic Research,
2023) panel data (Reed et al., 2024)." Another companion article (Reed et al., 2023) discusses this
modelling in detail.

3.1. Health modelling strategy

Our health model is estimated using the 'between’ individual coefficient from a fixed effects ‘within-
between’ model, which combines the effect on physical and mental health of both an individual’s
income in one wave vs their average across waves, and their average across waves compared with the
sample average.

The model is a reformulation of the standard Mundlak model and has a significant advantage in
being able to retain the flexibility of random effects models while reducing concerns about bias that
fixed effects models address (Bell et al., 2019; Bell and Jones, 2015). The within-between model,
conceptually, captures several key income-based drivers of health, including:

e Temporary income shocks (within component), which see individuals’ income increase or
decrease in one wave compared to their average.

e Permanent income shocks (between component), which see an individual’'s average income
either be closer to or further away from the population average.

¢ Obijective inequality (between component), which see differences between individuals’ average
income, which is calculated over a longer, enduring, period.

e Subjective social status inequality (between component), which is the psychological phenom-
enon driven, in part, by income inequality.

It does not, however, capture what we anticipate through our model of impact (Johnson et al.,
2022) to be very substantial benefits from systems such as Basic Income of increased security of
income and protection from destitution for a very large proportion of the population in even relatively
highly paid jobs. We use the between-individual coefficient in our modelling because changes to the
welfare system are more likely to reflect permanent income shocks. The SF-12 regression are available
in a working paper (Reed et al., 2024).

The SF-12 regression are available in a working paper (Reed et al., 2024) and the results are
broadly in line with a previous study in relation to young people’s mental health undertaken by the
author team using UKHLS data (Chen et al., 2023; Parra-Mujica et al., 2023). There is a full litera-
ture review in Reed et al. (Reed et al., 2024) which highlights the breadth of evidence indicating a
causal relationship between increased income (throughout the distribution but especially at the lower
end) and health. The review also highlights studies with apparently confounding results or differ-
ences in interpretation, which can be explained by researchers attributing greater causal value to

1. Note that this spans the Covid period. However, re-running solely to waves 1-10 (i.e. to the end of 2019)
produces very similar results .
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paid employment than income from welfare. This is partially reflected in Katikireddi and colleagues’
(Thomson et al., 2021) (Thomson et al., 2021) logic model. There is good reason to believe that
the attributions made in TriplePC are well-evidenced, including via Nettle et al.’s cost-of-living study,
which provides considerable evidence of immediate impact of financial distress (i.e. a reduction in
non-committed money) (Nettle et al., 2024).

3.2. Mental health

We create a binary variable for cases of depressive disorder which takes the value of 1 if the individu-
al's imputed MCS-12 score is <45.6 and 0 otherwise (Vilagut et al., 2013)

3.3. Life expectancy
This feature has not yet been implemented, but theoretically we will impute life expectancy from
SF-12 in three steps:

1. Convert SF-12 scores to SF-6D (Brazier et al., 2002), using software from QualityMetric (Qual-
ityMetric, 2022). SF-6D is a preference-based measure of health.

2. Use SF-6D score to calculate quality-adjusted life years (QALYs). QALYs are a widely recognized
standardised measure of health outcomes commonly used in health economics (Drummond
et al., 2015; Kaplan and Hays, 2022).

3. Calculate life expectancy from QALYs using multipliers conditional on gender and age. The
multipliers are derived from McNamara et al. (2023).

When estimating how an increase in net incomes translates into a gain in QALYs for a given
person in the UKHLS sample, we assume that the implementation of a tax-benefit change gives rise
to a permanent change in incomes and hence a permanent change in SF-6D score for each sample
member. We calculate the change in SF-6D for each individual based on their predicted change in
SF-12 scores in the income to SF-12 regressions. In other words, we assume that a tax-benefit scheme
policy is introduced permanently. The change in SF-6D for each sample member is then translated into
a change in QALYs using the mapping between the SF-6D metric and QALYs as defined by SF-6D’s
creators.? This change in QALYs is summed across the UKHLS sample, grossed up to population level
and treated as an annual impact of the policy. These annual impacts can be summed over the number
of years that the policy is in operation. It should be noted that we use SF-6D rather than SF-6Dv2
which was not available at the time of undertaking the study.

3.4. Responsiveness to Income Changes

These estimates are then integrated directly into the microsimulation model. In Figure 1) below, the
SF-12 Mental Health outputs are shown in the bottom left row. As modelled, mental health appears
rather unresponsive to changes in income. For example, choosing the most generous benefit increases
from the options from the Conjoint Analysis — a package costing £430bn — would reduce the number
of adults with critically low SF-12 scores (below 45.6) by about 3%.

4. Microsimulation: The TriplePC model
As discussed in Section 2, respondents have preferences over inputs (income tax rates, payment
sizes, etc.) and outcomes (poverty and inequality levels, numbers of mental health cases, etc.). We use
microsimulation to bridge between them

The analysis uses a heavily adapted version of Scotben (Stark, 2023), an open-source microsim-
ulation model of Scotland written in the Julia programming language. Scotben is a conventionally
structured static tax-benefit model, in the family of models branching out from the Institute for Fiscal
Studies’ TAXBEN (Johnson et al., 1990) of which two of this article’s authors (Reed and Stark) were
developers. For this project, we extended the scope of the model to Great Britain® using a single
2021/22 wave of Family Resources Survey (FRS) data (DWP, 2019). The model covers the whole of the

2. See https://www.sheffield.ac.uk/economics/research/impact-and-knowledge-exchange/sféd.

3. We exclude Northern Ireland here because of lack of time to adequately model Northern Irish local taxation:
‘Rates’ and 'Rate Rebates’. However, it was not possible to remove Northern Irish respondents from the conjoint
data.
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Basic

Healtl

Note: some features are not yet implemented

Benefit Levels - How much?

Child - £0; Adult - £63; Pensioner - €190
Child - £41: Adult - £63; Pensioner - £190
Child - £0: Adult - £145; Pensioner - £190
Child - £41; Adult - £145; Pensioner - £190
@ Child - £63; Adut - £145; Pensioner - €190
Child - £63; Adult - €190 Pensioner - €190
Child - £95; Adult - £190; Pensioner - £230
Child - £41; Adult - £230; Pensioner - £230
Child - £95; Adult - £230; Pensioner - £230

Who is entitled?

@ People inand out of work are entitled
Everyone i entified but people of working age who are not
disabled are reqired fo look for work
Only people in work are entified
Only people out of work are entitled

income  Public Policy Preference Calculator (TriplePC)

How to pay - Income Tax Rates

Basic rate - 20%: Higher rate - 40%: Additional rate - 45%
Basic rate - 23% Higher rate - 43% 4

Northumbria
University
NEWCASTLE

How to pay- other things

Removal of income tax-free personal allowance

@ Basic rate - 30% Higher rate - 50%: Additional rate - 60%
Basic rate - 40% Higher rate - 60% Addifional rate - 70%
Basic rate - 48%; Higher rate - 68%: Additional rate - 78%
Basic rate - 50%: Higher rate - 70% Additional rate - 80%
Basic rate - 65%: Higher rate - 85%: Additional rate - 95%

Should it be means tested?

@ People with any or no amount of income are entitled to the full
benefit
Only those with incomes less than £20k are entitled to the full
benefit
Only those with incomes less than 250k are entitled fo the full
benefit
Only those with incomes less than £125k are entitled to the full
benefit

Outcomes
Effects on Some Example Families

borrowing
Corporation tax increase

Tax for businesses based on carbon emissions
Tax for individuals based on carbon emissions
Tax on wealth

VAT increase

Open to non-Citizens?

Cifizens. permanent residents and anyone residing
more than six months are entitied
Only citizens and permanent residents are entitled

@ Onlycitizens are entitled

to:

°
'@=

fits

oecies
Poverty Inequality m
Baseline Policy Your Policy Change Baseline Policy ~ Your Policy ~ Change. 09.

Headcount (All) 2432 1215 -1216 Gini. 031 026 -005 o8-
Child Poverty 3619 n09 -2509 Palma 115 087 -028 or-
Gap 740 325  -415  Standard Inequality Measures, using Before Housing | B
Severity 548 293 -254 CostsEquivalised Net Income. g0
Eos

Standard Poverty Measures, using Before Housing
Costs Equivalised Net Income.

Y
@ss8i8pw ©sss18pw ©£126.00pw @ £125.39pw ©£249.43pw @ <14653pw No Change No Change
Single Person, Working Single Unemployed Working Family Working Family Working Family Single female Pensioner couple.
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UK personal tax and benefit system, including local taxes, with some minor exceptions such as Scot-
tish Best Starts grants. As a base, we use the tax and benefit system as of Q3 2023, and all incomes,
wealth and consumption are also uprated to 2023 Q3. We use the 2021/22 FRS sample weights as-is.
The entire model (minus, because of licence restrictions, the main dataset), is available as a GitHub
repository (Stark, 2023).

The outcome questions are phrased as changes (e.g. '50% fewer cases of anxiety and depression’,
‘Poverty increased by 50%'). A particularly tricky question arising from this is how to establish a base-
line for comparison. The conjoint experiment survey had no ‘keep things as they are’ option for the
tax and benefit inputs, so there were two options for the TriplePC:

1. Using a tax-benefit system some way from the current one as baseline and assuming that the
outcome changes represent changes in poverty, health, etc. from that point, rather than changes
from the actual current situation.

2. Using the current system as the baseline, but then the default output will have significant devi-
ations for the outcome variables.

Neither of these choices is good but on balance we decided 1) was the least bad. | It makes the
conjoint popularity output much easier to understand: with option 2) we would be applying large
changes in poverty and inequality to the base conjoint results which would make those results very
unintuitive. The chosen baseline therefore comprised the first (default) option from each set in Table 1
above:

e Benefits: £0p.w per Child, £63p.w. per Adult and £190p.w. Pensioner, with these replacing
Child Benefit and the State Pension;

e Taxes: current non-Scottish income tax rates, bands and allowances, applied across the whole
UK including Scotland;

¢ Net cost of the scheme met by additional borrowing.

We discuss how we interpret and model these changes these in more detail in the next section;
but the upshot is that our modelling starts some distance from the actual existing system. The rela-
tively large payments to each adult (offset somewhat by the abolition of child benefit) means that
the scheme costs a net £108bn p.a.. The adult payments reduce headcount poverty by 3% but child
poverty rises by 0.7%, since the Child Benefit abolition more than offsets the gains to parents from the
adult payments. There are small decreases (less than 1%) in adults with depression. All the results from
the model are relative to this new baseline, we appreciate that this is not ideal and this is certainly a
lesson for future work.

4.1. Income tax rates

The conjoint experimental survey had six income tax rate options with a basic, higher and additional
rate in each (see Table 1). The first of these options is the current non-Scottish UK income tax rates,
which we take as the base.* All other options represent rate increases. We assume the corresponding
thresholds are as present. Since we have to remain consistent with the conjoint analysis, only the six
rate groups in Table 1 are presented to the user, though the model can handle any combination of
rates and thresholds. We assume no behavioural responses to changing tax rates and make no correc-
tions for under-reporting of incomes beyond that embodied in the FRS sample weights.

4.2. Benefits

The payment size question in the conjoint survey was about a hypothetical system of payments that
most closely reflects the simplicity of Basic Income (Reed et al., 2024). There were also questions
about eligibility, means-testing and citizenship (see Table 1, above). It is not clear how this proposed
system of cash transfers should interact with the existing tax and benefit system, especially bearing in
mind that the question is not how an expert believes they should interact, but what was most likely in
the mind of the conjoint respondents. We follow our recent analysis (Reed et al., 2024) and assume:

4. Scotland has its own five-rate system. Because of the need to impose a uniform base case, we impose the
‘Rest of UK’ three-rate system as the baseline in Scotland too, so we start from a position where Scottish low
earners pay slightly more than in reality, and high earners less.

Stark et al. International Journal of Microsimulation 2025; 18(2); 79-93 DOI: https://doi.org/10.34196/ijm.00323 87


https://microsimulation.pub/articles/research-article
https://microsimulation.pub/subjects/health
https://microsimulation.pub/subjects/taxes-benefits
https://doi.org/10.34196/ijm.00323

‘national

\ Interr
icrosimulation
\ssociation

Research article
Health; Taxes and benefits

N

. Means-tested benefits are retained.®

2. Most other benefits, including the State Pension and Child Benefit, are abolished and replaced
by the cash transfers.

3. Needs-based benefits such as those based on sickness or disability, like Personal Independence

Payment (PIP), are retained.

The least generous set of options (Child - £0; Adult - £63; Pensioner - £190) are taken as the base
values. Compared to the actual system, this means that we're starting from a social security system
that's considerably more expensive (because of the adult payments), but where pensioners are usually
slightly worse off (£190 vs £203.85 for the new State Pension) and families with large numbers of
children not on means-tested benefits are worse off, since the cash transfer to children is zero in the
default case and the payments to adults are not always enough to compensate. We do not adjust
taxes to meet these extra base costs. For eligibility, means-testing and citizenship options, it seemed
plausible that at least some of the respondents might be aware of the means and eligibility tests from
existing benefits. Consequently, we model the eligibility rules that apply to the ‘legacy’ UK benefits:
Working Tax Credit and Income Support/Employment Support that are in the process of being phased
out, and the means-tests are taken from the new Universal Credit (Child Poverty Action Group,
2022).

4.3. Modelling other funding options

Table 1 includes a number of ‘other funding’ options that are worth discussing briefly. There is ambi-
guity in some of these options. A wealth tax or carbon levy could be implemented in many ways, for
instance; we make what we hope are reasonable assumptions for these cases, but for the microsimu-
lation to be fully consistent with the conjoint survey we would have to know what was in the mind of
the respondents. This section discusses how we tackled modelling three of these options.

4.3.1. Increase in VAT (Value Added Tax)

Our Family Resources Survey (FRS) dataset has no expenditure data. The main UK source of household
expenditure data is the Living Costs and Food Survey (LCF) (Office for National Statistics, 2019b). To
model the complex set of VAT exemptions and zero-rated goods,® we therefore have three choices:

1. Switching the primary dataset to be the LCF” LCF was the primary dataset of all UK Tax Benefit
Models until it was supplanted by the FRS. LCF remains the source used in the Treasury's IGOTM
model (Brice, 2015). But to model other options such as wealth taxes, we would need still
other datasets. Switching between multiple different datasets, and hence slightly different base
outcomes, depending on which options were being modelled could be confusing.

2. Imputing expenditure data onto the FRS via a demand system. This seems appealing as the
model would be consistent with economic theory, expenditure could vary with tax rates, and,
in principle, we could use the demand system to calculate changes in economic welfare rather
than just estimate cash changes. But it is infeasible to build a demand system with fine enough
detail to adequately model the complex set of exemptions and zero-rated goods.

3. Assigning LCF records to our primary FRS dataset using data matching, which is the option we
chose.

Matching is not a precise science.® Matching variables were chosen to roughly mimic those
known to be statistically important in consumption modelling. We used the following variables
(all at household rather than individual level):

e Tenure (owner occupation, private renting, etc.);
e Region of the UK;
e Number of rooms in the dwelling;

5. A wrinkle here is that the UK has two means-tested benefit systems operating: the ‘legacy’ tax credit-based
system and the new Universal Credit (UC) that is gradually supplanting it (House of Commons Library, 2020).
For simplicity, in our modelling we assume all households have been transitioned to UC.

6. See HM Revenue & Customs (HMRC) (2022) for general discussions of consumption in microsimulation
models, see (Crawford et al., 2010) and Capéau (2014).

7. Then the Family Expenditure Survey (FES)

8. For general principles in R, please see Leulescu and Agafitei (2013).
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¢ The age of the household representative person (HRP) — the HRP is defined as the person with
the highest income in the household, or the eldest if there is no non-benefit income;

¢ Broad household composition (families with children, single person households, etc.);

e Any wages in the household;

Any pension income received;

Any self-employment income received;

HRP is unemployed,;

HRP is non-white;

® Any female adult in the household;

e Any disabled person in the household;

e Number of children in the household;

e Total number of people in the household;

¢ Gross household income.

The Julia source file ‘src/MatchingLibs.jl’ in the GitHub repository contains the full calculations
used; throughout the development process we have tried to write code that is intelligible to non-
specialists, though the manipulations needed to get the two data sources consistent can be fiddly.

The broad strategy is to give a score of 1 if each attribute matches exactly between the two
datasets (exactly the same region, for example) and a score of 0.5 if a coarser match is possible (e.g.
both households are in any region in the North of England). The highest total score is then the match
(Stark, 2023)

In aggregate, our current VAT modelling under-predicts revenues by about 50%: we model £102bn
for VAT revenues as against actual revenues for 2022/3 of £160bn (HM Revenue & Customs (HMRC),
2022). There are well-known problems with under-reporting LCF expenditure data such as of alcohol
and tobacco spending (Reed 2012) which will account for much of this. For this exercise, we provide
a crude fix by grossing up all the expenditure records by 1.5. Undoubtedly this is an area we can
improve on.

4.3.2. Tax on wealth

Modelling wealth is tricky for three reasons:

1. Our primary FRS dataset has limited information on wealth, mainly intended to help model
benefit eligibility tests.

2. The form this wealth tax should take is not specified.

3. Wealth taxes are held to be particularly easy to evade or avoid (Scheuer and Slemrod, 2021).

To solve 1., we impute data from the Wealth and Assets Survey (WAS) (Office for National Statis-
tics, 2019a) onto the FRS households. We chose to do this using a simple linear regression of three
categories of wealth (pensions, housing, and financial and other assets) against household characteris-
tics that are common to FRS and WAS. In retrospect, regression-based imputation was likely a mistake
and matching will be used in future versions.

For the form of the tax, we were guided by the Wealth Tax Commission (Advani et al., 2020). We
followed their recommendations of excluding pension wealth, having an allowance of £500,000, and
having the tax payable over five years, though we deviated from the Commission in applying the tax
to aggregate household wealth rather than individual wealth (Chamberlain, 2020).

Even when payable over five years, as recommended by the Wealth Tax Commission, the payments
from wealth taxes needed to fund some of the more generous benefit schemes can exceed net income
for many families, especially elderly families who have high housing wealth. Most likely the scheme
would need to be augmented by an income-related rebate scheme, or some scheme to defer until
death.

4.3.3. Corporation tax increases

Building a plausible micro-data based model of Corporation Tax is difficult and not something that
could be contemplated for this project. In any case, for a household-based microsimulation model,
what matters is the incidence of the tax on the households. This could be on profits, or passed on in
price increases or real wage reductions (Harberger, 1962; Atkinson and Stiglitz, 2015). If we make
a simple ‘small country’ assumption — that the rate of return on capital and the price of tradeable
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goods are set exogenously on world markets — then Corporation Tax is ultimately incident on (private
sector) wages and self-employment income. Therefore, we calculate the tax increase needed to meet
the costs of the benefit increase and reduce the wage bill by that amount. Note that as the wage bill
falls, direct tax revenues also fall, but in a non-linear way because of the tax allowance and progres-
sive tax rate structures, so finding the correct Corporation Tax increase requires the use of our root-
finder. In practice the rates needed for the more generous benefit increases can be implausibly large,
exceeding in some cases total UK Corporation’s Gross Profits.

5. Model flow

Putting all this together, a model run has five main stages:

1. The user selects from the Payment size, Income tax, Other funding, Conditionality, Means
testing, Universality options from Table 1.

2. The model then calculates net incomes for each person in the FRS households given these
choices.

3. These net incomes are in turn plugged in to the equations discussed in Section 2 to give us
estimates of changes to the prevalence of depressive disorders and mortality.

4. The model next calculates gainers and losers, revenues and costs, and changes in poverty and
inequality.

5. Finally, the model calculates conjoint public preferences based on 1 to 4 above and displays
the results.

The model has a simple single page web interface (publicly available at https://triplepc.northum-
bria.ac.uk/). Figure 1, below, shows this in action. The user has selected a relatively generous benefit
increase (top left panel), partially paid for by income tax increases (top centre). The bottom half of the
screen shows the results, relative to the base discussed in section 3 above. Health results are in the
bottom row, showing small mental health improvements. The net cost of this scheme is £118bn (right
middle panel). Poverty and inequality are both reduced (centre left panel). The Conjoint analysis is in
the centre: the scheme is more popular by 4.7 points than the baseline due to the popularity of the
poverty and inequality reductions and the benefit increases, though this is partly offset by unpopular
tax increases.

6. Lessons Learned

One important lesson for similar future work is the need for good coordination between conjoint anal-
ysis and microsimulation modelling at the outset of the project. In our case, the conjoint analysis was
conducted ahead of microsimulation modelling work. Consequently, microsimulation requirements
were largely fixed by the questions in the conjoint survey. This has several consequences:

e The model could present only a very limited set of options for taxes and benefits compared
to the model’s underlying capabilities. The survey system used for the survey — Qualtrics —
had a hard limit on the number of attributes that could be included, which meant that it was
not possible to ask about basic and higher tax rates individually. It might also have increased
respondent load to an unacceptable level and therefore reduced the quality of the preference
data.

e The meaning of options such as ‘Tax on wealth’ should, where possible, be made clearer in
order to provide a clear direction for modelling.

e Co-development of a conjoint survey and microsimulation might have enabled respondents to
see accurate consequences of their preferred policies for incomes and health.

e Some of the options in the survey, such as VAT increases, were quite burdensome to model in
the time available.

e Careful thought must be given to the definition of the base case the model is comparing against.

There are also interesting questions about how best to present results of a model with such
diverse outputs. For instance, since one is a stock and the other a flow, can we count payments by a
household from a wealth tax in the same way as payments for income tax? And should we be imputing
a monetary value to any health improvements?

Finally, there is the question of uncertainty. Although it is technically straightforward to quan-
tify uncertainty by running the model multiple times and reporting ranked outcomes, we are reluc-
tant to do so because we feel that it gives a false sense of certainty, by implying that the principal
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uncertainties around microsimulation models can be captured with a few extra loops. Some sources
of error can be quantified by bootstrapping, such as sampling errors in the data, the regression error
terms and, to some extent, uncertainty around matching. However, the critical sources of error in
microsimulation models — specification and implementation errors in programming and inappropriate
data — cannot be quantified in this way. And in any event a bootstrapping model would be too slow
to be useful interactively, unless run on more processors than it is feasible to fund for this project. The
best defences are instead a good test suite, clearly written code and openness and we are happy to
have made all data freely available.

7. Conclusion

We have presented the TriplePC, a new microsimulation model with novel but important features. We
have established the importance and practicality of using conjoint data to provide instant analysis of
the political implications of welfare packages, but also learned some important lessons on how best
to conduct integrated microsimulation and conjoint analysis. We have also estimated new measures
of the relationship between income and health and shown how these, too, can be integrated into the
model. The TriplePC is available online at https://triplepc.northumbria.ac.uk/ and its source code,
linked on the main site, is released under an open-source licence. In describing the process of its
development, ‘warts and all’, we hope that others will be able to develop similar approaches and
avoid some of the challenges faced.
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