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Abstract

The Simulator of Individual Dynamic Decisions, SIDD, is publicly available software for analysing the
distributional effects of policy alternatives. SIDD is a framework, rather than a model, in the sense that it is
designed to facilitate adaptation to alternative country and policy contexts. The microsimulation framework
can generate panel data describing a wide range of characteristics at annual intervals for each adult in an
evolving population cross-section. Structural methods are employed to project savings and employment
decisions, making SIDD a suitable tool for exploring the incentive effects of policy alternatives, and how
these vary across the population and over time. The framework is also a valuable test-bed for empirical
analyses of alternative behavioural assumptions, especially those concerning preferences for risk. In an effort
to support good policy design and empirical analysis of savings and labour supply behaviour, SIDD has been
made free for download from www.simdynamics.org.
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1. Introduction

Good policy design is a fiendishly diffi cult business due to the multiplicity, complexity, and inherent
uncertainty of the considerations that are involved. One consideration that is often poorly understood is
the variable impact that policy can have when considered over alternative time horizons. A welfare benefit
may, for example, be interpreted as redistributing income between different members of a population when5

its incidence is observed at a particular point in time, and be interpreted as redistributing income across
the life-course of individuals when considered over longer time horizons. Alternatively, a policy may have
very different distributional implications when considered at alternative points in time, especially when be-
havioural responses are taken into consideration. Interest in understanding how policy influences individual
circumstances over alternative time spans is an important motivation for the development of dynamic mi-10

crosimulation models. This paper describes a framework that has been developed to limit the set-up costs
associated with a dynamic microsimulation model in which savings and employment decisions are projected
based on life-cycle theory; the Simulator of Individual Dynamic Decisions, SIDD. The full framework —in-
cluding source code —is currently free for practitioners to download via the website: www.simdynamics.org.1

✩SIDD is written in Fortran, with parallelisations implemented using OpenMP and MPI. Many thanks to Martin Weale,
Guoda Cibaite, attendees at the European meeting of the International Microsimulation Association 2016 (Budapest), three
anonymous reviewers, and the journal editor for useful comments on previous drafts. Program development received financial
support from the Joseph Rowntree Foundation, HM Treasury, HM Revenue and Customs, the UK Department for Work and
Pensions, the UK Institute for Arts and Actuaries, NAPF, AgeUK, the European Commission, the University of Melbourne,
the Economic and Social Research Council, and the Leverhulme Trust. The usual disclaimer applies.
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URL: www.simdynamics.org (Justin van de Ven)
1Public users of SIDD are requested to reference the current paper in any publication generated using the framework.
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SIDD is a framework for developing structural dynamic microsimulation models. Working backward15

through this description, SIDD facilitates development of “models”that generate the logical implications of
a set of stylised assumptions about how society functions. It is a “microsimulation”, in the sense that each
adult from a population cross-section is individually represented within the framework. SIDD is “dynamic”
because it projects each adult through time, and it is “structural”because savings and employment decisions
are projected based on a theoretical description of behaviour that is assumed to be independent of the policy20

environment. Finally, SIDD is a framework, because it is designed to facilitate adaptation to alternative
country and policy contexts.
Like all dynamic microsimulation models, SIDD is fundamentally designed to explore the distributional

effects of policy alternatives through time. Two terms referred to in the preceding sentence should be
clarified. “Policy”is intended here to extend beyond explicit government decisions —concerning, for example,25

transfer payments — to include any aspect of the simulated environment. In context of SIDD, the policy
environment encompasses a wide range of factors, including mortality rates, fertility rates, and risks of
migration. Furthermore, “distributional effects” refer to variation of effects over any characteristic that
can differ between simulated micro-units (adults). Commonly considered characteristics for distributional
variation include income, wealth, age, birth year, relationship status, and the existence of dependent children.30

Whereas static microsimulation models are capable of exploring the distributional implications of policy
alternatives at a point in time, the distinguishing feature of dynamic microsimulation models is that they
can do the same through time. Intended uses of the framework are discussed at further length in Section 2.
Dynamic microsimulation models suitable for analysing the distributional implications of public policy

have been growing in number and sophistication since the ground-breaking work of [1]; see [2] for a re-35

cent review citing 66 such models for 19 countries. Development of dynamic microsimulation models has
benefitted from the increasing availability of detailed microdata, improvements in analytical methods, the
advent of generic software packages (e.g. GENESIS, [3]; LIAM, [4]; JAS-mine, [5]), and a steady rise in
computing power. Nevertheless, constructing this type of model remains both technically and computation-
ally challenging, and current implementations consequently all impose non-trivial stylisations of one form40

or another.
One of the most important stylisations commonly adopted in the dynamic microsimulation literature con-

cerns the projection of micro-unit behaviour. The importance of reflecting agent decision making increases
with behavioural sensitivity to variation of interest (e.g. policy counterfactuals), and with the bearing that
behaviour has on projected characteristics of interest (e.g. government budgets). Such considerations are45

exaggerated as the projected time-horizon is lengthened, due to feedback effects of behaviour on individual
circumstances, and are therefore particularly relevant for dynamic microsimulation models that project cir-
cumstances well beyond a short (five year) time horizon. Nevertheless, fewer than one third of the models
surveyed by [2] are identified as using “behavioural equations” to project decisions through time.2 Fur-
thermore, even where behavioural variation is projected through time, it is common for these projections50

to either focus exclusively on employment, or use reduced form equations that are ill-suited to respond to
evolving incentives; this is the case, for example, for all three of the dynamic microsimulation models for
the UK cited by [2] that include behavioural projections (PenSim2, SAGE, and a model produced at the
IFS described in [7]).3

Current best practice economic analysis uses the life-cycle framework to project behavioural responses55

to altered savings incentives. The approach assumes that savings and employment decisions are made as

2This omission of an explicit allowance for behaviour response is also a stylisation that is commonly employed in the wider
empirical literature; see for example [6].

3All three of these models simulate employment transitions based on probabilities that vary over a range of characteristics,
including demographics (e.g. age, sex, relationship status, dependent children), educational attainment, health status, and
past work experience. SAGE and the IFS model summarise these probabilities in the form of logit regression equations, which
can be derived from a trans-log utility function, and are sometimes therefore described as ‘structural’. Nevertheless, these
models are denoted ‘reduced form’here, because none of them is designed to project labour responses to changes in transfer
policy (the explanatory variables being exogenously defined). This means that the parameters of the logit regressions are likely
to be functions of prevailing transfer policy. As a consequence, additional detail would be required to predict responses of
employment probabilities to alternative policy environments.
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though to maximise expected lifetime utility. It provides an internally coherent basis for considering behav-
ioural responses to policy alternatives, by assuming that the analytical description for utility is structurally
independent of the policy context. Although some formulations of the life-cycle model imply analytically
convenient closed forms (e.g. [8]), most academic attention focusses on specifications that are better adapted60

to capture the influence of uncertainty on decisions (e.g. [9]), and which require numerical Dynamic Pro-
gramming (DP) methods to solve. DP methods are, however, computationally demanding (e.g. [10]) to an
extent that necessitates use of bespoke software routines to reflect anything approaching a realistic policy
context on prevailing computing technology. Existing generic software packages —including Matlab, GEN-
ESIS, LIAM, and JAS-mine — either do not currently include such routines, or impose a computational65

overhead that makes use of DP methods impractical.4 As a result, the field of study has been limited almost
exclusively to dedicated academic researchers. Furthermore, the associated literature omits much of the
diversity of individual specific characteristics that is a conspicuous feature of the microsimulation literature
more generally, or has abstracted from empirical identification to focus on the implications of theory (as
is prevalent in the Agent Based literature; see, e.g. [11], and [12] for an example from the contemporary70

literature). SIDD is designed to fill this gap.
The SIDD framework has been made available to facilitate implementation of a structural dynamic

microsimulation model that uses DP methods to project individual employment, savings and investment
decisions for a new country or policy context, without the need to engage in complex programming. The
ultimate objective is to allow the analyst to focus on identifying appropriate model parameters for reflecting75

a given economic context, which is itself a non-trivial task. To the best of our knowledge, SIDD is the
closest that a dynamic programming framework currently comes to approximating the richness of individual
circumstances that is accommodated in the wider dynamic microsimulation literature. Much of the hetero-
geneity that is commonly suppressed in focussed academic studies is important to policy makers, motivating
inclusion in the framework. Furthermore, we are unaware of any other DP framework that is adapted to80

project the evolving population cross-section forward through time, which is necessary to consider a wide
range of distributional implications of policy, including those concerning (relative) poverty, inequality, and
the government budget. SIDD is also unique to the DP literature in that it is designed to project individual
circumstances both forward and backward through time, where backward projections are made necessary by
the objective to describe the life-course of older individuals in a reference population cross-section.85

Section 2 provides an over-view of the framework, and discusses intended uses in context of the wider
microsimulation literature. Sections 3 to 12 describe each model characteristic in turn, and Section 13
concludes. In keeping with the objective of developing a model fit for use by non-specialists, this text avoids
use of technical terminology and detail wherever possible; see [13] for more technical discussion.

2. Framework Overview and Intended Uses90

2.1. A brief overview

SIDD is designed to start from detailed micro-data describing the circumstances of a reference population
cross-section, and to project data for each adult at annual intervals forward and backward through time. At
the end of a simulation, the framework saves both the projected panel data for the simulated population,
and a selected set of summary statistics for secondary analysis. Forward projections reflect the evolving95

population cross-section, so that the reference population is augmented to accommodate maturating children
and international migratory flows.
The model unit is the family, defined as a single adult or partner couple and their dependent children

(sometimes referred to as a ‘benefit unit’). The framework can be used to consider endogenous decisions
regarding consumption, labour supply of adults, and the portfolio allocation across a range of assets that100

include safe and risky liquid investments, personal pensions, and other tax advantaged savings accounts.
The default assumption is that employment and savings decisions maximise expected lifetime utility. The

4 Initial development of SIDD made extensive use of pre-programmed routines provided in Matlab. However, use of Matlab
was abandoned approximately seven years ago because associated computation times were found to be impractical.
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set of characteristics that can be represented explicitly in the solution to the utility maximisation problem
include: year of birthd,i, aged,i, relationship statusi, number and age of dependent childreni, student statusi,
educationi, health statusi, carer statusi, migration status, potential full-time labour income, savings held105

in tax advantaged savings accounts, private pension eligibility, private pension wealth, timing of access to
private pension wealth (retirement)d, contributory state pensionsd, family wealth not otherwise defined, and
time of deathi. Of the 17 characteristics listed here, four are assumed to evolve deterministically (indicated by
a superscript ‘d’), and all others may evolve with some uncertainty. Furthermore, nine of the characteristics
are simulated independently from the utility maximisation problem (indicated by a superscript ‘i’), and all110

others may be influenced —either directly or indirectly —by utility maximising decisions.
Figure 1 provides a diagrammatic overview of how SIDD projects individual circumstances for the evolv-

ing population cross-section forward through time. Starting at the top of the chart, the framework begins by
loading in a reference data-set describing all simulated characteristics for each adult in a reference population
cross-section. These data are combined with a full set of random draws that provide the detail required to115

reflect the effects of uncertainty throughout life for every potential adult in the simulation. These two sets
of data are the raw material used to project an evolving population cross-section through time.
The framework is structured around three classes of individual specific characteristics. Preallocated

characteristics can be projected entirely separately from the remainder of the framework. These include
the timing of death (which depends only on age and birth year), education (which depends only on age120

and birth year), and health status (which depends upon age, birth year, and education). SIDD projects
data for the full life-course for each of these three characteristics, for all adults in the reference population
cross-section. The framework then steps through the simulated time horizon one year at a time to project
all other simulated characteristics.
Utility independent characteristics are entirely un-related to any decision that is projected to maximise125

expected lifetime utility in the framework. While the preallocated characteristics are also independent of
utility, the key feature distinguishing utility independent characteristics is that they must be projected one
year at a time, and can therefore not be preallocated as described above. Utility independent characteristics
must be simulated one year at a time due to the approach taken to simulate marriages in forward projections,
which assumes that relationships are formed between adults within the simulated sample. This means that130

the full sample of adults marrying in each year needs to be identified, before each is sorted into a newly-wed
couple. Relationship status is projected with reference to each adult’s age, birth year, education status,
health status, existing relationship status and dependent children. As both fertility and carer status depend
upon marital status, these variables are included in the set of utility independent characteristics in addition
to relationship status. All utility independent characteristics are projected one year into the future before135

the framework projects any utility dependent variables for the same year.
As indicated by Figure 1, up to six decisions can be projected to maximise expected lifetime utility.

This is achieved via numerical routines that are designed to obtain approximations to the set of decisions
that maximise expected lifetime utility, given any feasible combination of adult specific characteristics (see
[13], Sections 2 and 14, for technical detail). After utility maximising decisions are projected, the utility140

dependent characteristics are projected forward one year. Projections for utility dependent characteristics
depend upon the individual specific characteristics and utility maximising decisions in the prevailing year,
and the utility independent characteristics projected forward one year. Having projected all simulated
characteristics forward one year, the framework generates international migratory flows, with reference to
age, education, marital status, dependent children, disposable income, and past migrant status. This process145

is repeated for each succeeding year, until projections are obtained for the entire simulated time horizon.
Each of the characteristics referred to in Figure 1 is discussed at further length in the sections that

follow, where the sections are ordered to approximate the simulation process as outlined in the figure.
Before discussing simulation specifics, however, this section sets out the intended fields of application for
the framework and best-practice methods of use.150

2.2. Fields of application
SIDD is fundamentally designed to explore the distributional implications of public policy alternatives

through time; see the review by [2] for detailed discussion of the uses of dynamic microsimulation models
4



Figure 1: Flowchart overview of how the Simulator of Individual Dynamic Decisions (SIDD) projects a population cross-section
forward through time
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more generally. The central feature that distinguishes SIDD from comparable dynamic microsimulation
models is the structural approach used to project savings and employment decisions. Otherwise similar155

dynamic microsimulation models adopt behavioural assumptions that avoid the need to accommodate dy-
namic programming methods. This is predominantly achieved in the contemporary literature by limiting
structural consideration of behaviour to employment, either in the form of projected retirement decisions
(e.g. SESIM, DYNAMITE, and SADNAP models), or labour supply more generally (e.g. LIAM, LIAM2,
and NEDYMAS models).160

There are two key costs associated with using DP methods to accommodate savings and employment
decisions in a dynamic microsimulation model. First, there is the developmental cost of implementing the
DP method. A rough approximation is that, starting from scratch, including DP methods for savings,
investment and employment decisions is approximately twice as diffi cult again, as programming the routines
that actually project individual circumstances through time (thereby increasing developmental time by a165

factor of three). SIDD has been made publicly available specifically to mitigate this first cost.
Secondly, there is the computational burden associated with solving a DP problem in a realistic policy

context. An appreciation of the scale of this issue might be gained by noting that a standard simulation
currently run using SIDD requires 220 million utility maximisation problems to be numerically solved, the
results of which must be stored before the task of projecting individual specific circumstances through170

time can begin. High performance computing hardware —currently in the form of personal workstations
or computing clusters — is required to make this computational burden feasible on prevailing technology.
Even then, however, the scale of the computing problem limits the plausible range of individual specific
characteristics that SIDD can accommodate. As a practical comparison, relative to a standard simulation
using SIDD, the MIDAS model for Belgium (e.g. Dekkers et al., 2015) generates just under four times175

as many characteristics in at least one year for a total population that is almost 25 times the size, in
approximately the same time, on computing resources that are just over one third as powerful.5

SIDD is consequently well adapted to explore analytical contexts in which the costs associated with
the DP computational burden are more than offset by the coincident benefits of the structural approach
to simulating savings and employment decisions; in other contexts, preferable modelling approaches exist.180

Two broad fields satisfy this condition. The first is evaluation of policy where behavioural responses are
considered important. This is likely to be true of any policy counterfactual that is explicitly designed
to influence behaviour, in which case SIDD can help to both guide expectations concerning the scale of
behavioural responses, and to improve understanding of the incentives embodied by policy alternatives
(which can be opaque). Behavioural responses to policy also become increasingly important, the further185

into the future interest extends. This is because behaviour today (e.g. savings) influences circumstances in
the future (e.g. wealth), which can have a pronounced impact on behaviour (e.g. timing of retirement) in
the future.
SIDD is currently used for public policy analysis by HM Treasury to explore the long-term implications of

policy alternatives. Similarly, the framework was the principal tool used by the Joseph Rowntree Foundation190

to quantify the long-term implications for poverty and the government budget of the policy alternatives
proposed in it’s recently released anti-poverty strategy; see [15]. Previous incarnations of the framework
have also been used to explore a wide range of policy questions for the UK, with a particular focus on
pensions; see e.g. [16], [17], [18], and [19]. The last two of these papers, for example, explore design of old-
age safety-net payments in the UK. These papers highlight the militating effects associated with reducing195

the rate at which welfare benefits are withdrawn in respect of private income in retirement. As the rate of
benefits withdrawal falls, price effects improve private incentives to save for retirement while income effects
do the opposite. On balance, in a context where any adjustment in the overall cost of old-age welfare benefits

5Running a standard simulation of SIDD on a workstation with dual Intel Xeon E5-2670 processes and 96GB of RAM
takes 2.5 hours to project a population backward 69 years and forward 30 years from a reference cross-section, generating
80 characteristics in at least one year for each of 90,000 simulated adults. In contrast, a standard simulation using MIDAS
completes in around the same time, but generates data describing approximately 300 characteristics in at least one year during
a 60 year projected time horizon for 2.2 million individuals, using a computer with a single Intel i5-750 processor and 16GB of
RAM.
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is paid for by an adjustment in the general rate of income tax, the analysis reported in [18] and [19] suggests
that a withdrawal rate approximately mid-way between the extremes of no benefits withdrawal (a citizen’s200

pension), and a 100% withdrawal rate (a minimum income guarantee) is likely to be preferred.
The second principal field for which SIDD is well adapted is empirical exploration of alternative assump-

tions concerning the life-cycle hypothesis. In this case, the DP framework is a central focus of interest.
There is a growing literature that uses DP models of saving to test alternative behavioural hypotheses
within the life-cycle framework, following the seminal study by [20]. SIDD is a useful framework for such205

work because it includes many of the characteristics that are likely to be important determinants of the
two key decision margins of the domestic sector: consumption/savings, and labour/leisure. Furthermore,
accommodation in SIDD of overlapping generations presents important technical advantages for exploring
the empirical support for alternative savings assumptions; see [21] for detailed discussion, and [22] for a
practical example of econometric analysis based on the framework. The second of these two studies explores210

the empirical support for (time inconsistent) quasi-hyperbolic discounting, which has been suggested as a
useful approach for capturing the influence of myopia within a rational-agent context. [22] presents weak
econometric evidence in support of quasi-hyperbolic discounting, using differences in the liquidity of pension
and non-pension savings for empirical identification.

2.3. Best-practice methods of analysis215

Parameterisation and data
Although SIDD mitigates developmental costs associated with establishing a structural dynamic mi-

crosimulation model, re-specifying the framework to reflect a new economic environment remains a non-
trivial task. Depending upon the desired functionality, there may be thousands of parameters that require
specification, and a number of features have been adopted in the framework to facilitate this effort.220

All model parameters are accessible through Excel spreadsheets alongside associated descriptive notes.
The format of many of these parameters is designed to reflect statistics that are commonly reported by
statistical authorities. For example, although the framework does not currently distinguish adults by their
gender, the framework is based on mortality rates that do vary by gender as this is a common distinction made
in offi cial life-tables. Furthermore, aspects of the transfer system that are likely to require re-programming225

to reflect an alternative economic context have been compartmentalised from the remainder of the model
code to facilitate their adaptation.
The vast majority of the parameters upon which SIDD depends are similar to those of any other dynamic

microsimulation model. These parameters generally describe observable phenomena, such as mortality rates,
fertility rates, marriage and divorce rates, wage parameters, and so on. The methods required to identify230

these parameters generally depend upon the available data: some parameters may be directly obtained from
previously published estimates; some will require estimation using standard econometric techniques; and
some parameters may require innovative statistical manipulation to overcome limitations of the available
data.
The preference parameters upon which the structural projection of behaviour depends are unobservable,235

and must therefore be identified indirectly. As discussed in Section 2.2, a growing literature exists that uses
econometric methods to estimate preference parameters for DP models of the type considered here. Such
analysis is, however, very computationally demanding, and it may consequently be preferable to identify
these parameters via manual calibration.
The SIDD framework that is available for download from the internet is supplied with a parameterisation240

for the UK. A detailed description of how this parameterisation was obtained is provided in [21]. Superseded
versions of the framework have also been parameterised for Ireland ([23]) and Italy (European Commission
Grant Number VS/2013/0208); see also [24] for empirical analysis of an earlier variant of the framework.

Policy analysis
The framework is best adapted to explore the effects of policy counterfactuals by taking differences245

between pairs of simulated projections, where the only variation between each simulation concerns the
policy reform of interest. This approach provides a measure of how the policy reform would affect the
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population in a controlled context where all other features of the economy remained unaltered. From a
policy maker’s perspective, it focusses upon the influence of those features of the world that the policy
maker can affect, ignoring features that are beyond their control. This is the approach taken in all of the250

examples of policy analysis previously conducted using SIDD, a sample of which is listed in Section 2.2.
Focussing on the effects of policy counterfactuals mitigates limitations associated with use of the frame-

work as a forecasting tool. The most important limitation in this regard is that measurement of the full
set of uncertainties associated with any future projection generated by SIDD is currently impractical. To
explain this important point, it is useful to distinguish between three types of uncertainty associated with255

any projection. There are the uncertainties that are explicitly represented within a model’s structure; in
SIDD this covers a wide set of characteristics including the evolution of labour opportunities, investment
returns, relationship status, and death. There are uncertainties associated with model parameters; in SIDD
there is a large number of parameters governing everything from the likelihood of marriage and divorce
to the influence of age on housing costs. And there are ‘other’uncertainties, which include anything not260

explicitly represented in a model; in SIDD, these range from shifts in policy concerning same-sex marriages,
through to the outbreak of war with a previously close trading partner. The influence of the first of these
types of uncertainty can usually be reflected by a model; see [16] for a recent example using SIDD. The
second type of uncertainty, associated with model parameters, is often more diffi cult to measure, as it can
require a great deal of data to evaluate in any rigorous way. The third type of uncertainty —often the most265

important —is beyond the modelling scope.
The remainder of the paper describes the methods used to simulate each individual specific characteristic

in turn.

3. Simulating Health and Mortality

As discussed in Section 2.1, health and mortality projections are simulated independently from the270

remainder of the framework. Each individual is allocated a health status at the time that they enter the
simulated population, either recorded as part of the base data-set for adults in the reference population
cross-section, or randomly allocated as part of the initialisation of characteristics for children maturing into
the simulated sample frame. Furthermore, the framework base data include for each simulated adult a set
of age-specific random draws from a uniform [0, 1] distribution, which are referred to below as the ‘health275

vector’. The framework can distinguish the health status of dependent children, the health status of each
simulated adult, associated carer responsibilities, and each simulated adult’s time of death. As projections
for health push computing technology to the limits of what is currently feasible, the framework has been
designed only to project health and carer states forward, and not backward through time.

3.1. Mortality280

The timing of death is the first characteristic that the framework simulates for each adult, in the set
of ‘preallocated variables’ as displayed at the top of Figure 1. The timing of mortality depends upon
mortality rates that vary by age and simulation year, and which are commonly reported components of
offi cial life-tables. All adults in the reference cross-section are assumed to survive until at least the age
at which they appear in the reference cross-section, with death possible in any subsequent year. Similarly285

maturing children are assumed to survive until their age of maturity. The age at death for each individual
is evaluated by comparing the age specific elements of their health vector against the probability of death
for an individual of the relevant age and year. If the element of the health vector is less than or equal in
value to the respective probability, then the individual is assumed to die at the respective age.6 Otherwise,

6Note that the health vector used to adjust mortality is the same as is used to evaluate the evolving health state, which
serves to economise on the data that need to be recorded to permit replication of a simulation. Each element of the health
vector is adjusted after it is referenced for identifying health state to ensure that an independent random uniform number
exists for evaluating mortality. For example, in the case where there are only two health states considered for analysis, then
the framework begins by considering whether the element of the health vector is under the relevant transition probability for
distinguishing health state 1 from 2. If it is under the relevant transition probability, then health state is set to 1, and the
element of the health vector is divided by the respective transition probability to obtain a new independent random number
from a uniform distribution for use when evaluating mortality.
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they survive into the succeeding year. The age at death is consequently the first age at which the health290

vector is less than or equal to their respective probability of death.

3.2. Adult health status

Health status is the last of the three ‘preallocated characteristics’that can be generated by the framework,
and follows projection of mortality and education, as discussed in Section 4. The framework is designed
to distinguish between up to 10 discrete health conditions for each adult in each period projected forward295

through time. Behavioural solutions are structured around a health state described at the family level,
healthji,a. In the case of single adults, this health state defines the health condition of the relevant adult. In
the case of couples, the health state defines the ‘health combination’of the two spouses. Simulated health
conditions evolve through time, based on exogenously defined transition probabilities that vary by each
adult’s prevailing health condition, education, age, and year.7300

The health state can influence families in a variety of ways. As noted above, the health condition of
each adult can affect their likely health condition in the future. This feature is required to capture the
persistence that is associated with many health conditions, which may have an important bearing on the
life-course. The health condition of one adult in a couple can affect the carer responsibilities of their spouse
(discussed in Section 5.5). The health state can also be defined to limit the discrete set of labour alternatives305

available to each adult, the probabilities of receiving a low wage offer and wages earned (Section 7), welfare
benefits (Section 8), the likely evolution of relationship status in prospective years (Section 5.1), and non-
discretionary costs, ndch. Family costs associated with adult health conditions can either be exogenously
defined, or be set equal to the value of associated welfare benefits.
Care must be exercised when defining this aspect of the framework to ensure feasible computational310

times in context of prevailing technology. This can be done by limiting the number of discrete health states
described by the framework. The framework is also designed to limit the computational problem by omitting
health combinations associated with (near) zero probabilities, or those identified as of little interest by the
analyst.

4. Education315

Education is the second of the three preallocated characteristics generated for each adult by the frame-
work (see Section 2.1). It is projected before health because health transition rates can vary by education
status (as discussed in Section 3.2). The highest qualification held in all simulated years, edi,a, is allocated
for each adult immediately after identifying the timing of death, and depends only upon age and education
status in the reference data set, or birth year for children maturing into the simulated sample. It is possible320

to distinguish between up to five education states, one of which is reserved to reflect tertiary education, and
the other four to reflect alternative levels of pre-tertiary education. The pre-tertiary education states can
differ from one another in relation to the assumed probabilities of receiving a low wage offer and assumed
wage premia (described in Section 7). In addition, individuals with tertiary education can be distinguished
from non-tertiary educated in relation to the transition probabilities governing marriage and divorce (Section325

5), and age specific evolution of latent wages (h in Section 7).
Individuals who do not enter the simulated population with tertiary education may be identified as

tertiary students, studi,a. Any individual who first appears as a tertiary student is assumed to leave tertiary
education at an exogenously defined age (assuming that they survive), at which time they may transition
to tertiary educated, depending on a stochastic process that represents whether they pass their final exams.330

At the time an individual leaves tertiary education, they receive a new random draw for their wage potential
from a log-normal distribution, where the terms of the distribution differ for graduates and non-graduates.
This approach for students is inverted in the projections backward through time. All processes that govern
transitions between alternative education states when projecting a population through time are assumed to
be fully consistent with the associated expectations adopted to solve the lifetime decision problem.335

7See [25] for a dynamic microsimulation model designed specifically to explore disability related benefits.
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5. Relationship Status, Dependent Children, and Carers

As outlined in Section 2.1, after the framework finishes projecting the preallocated characteristics de-
scribed above (mortality, education, and health) for all adults in the reference population cross-section, it
generates data for the entire population one year at a time. The first set of characteristics that it generates
when considering any given year are those that are independent of utility maximising decisions, but cannot340

be preallocated: relationship status, fertility, identification of family units, and carer status. This section
describes simulation of these four characteristics in turn.

5.1. Relationship status

A ‘relationship’ is loosely defined in the framework as a cohabitating partnership, and may be para-
meterised to reflect alternative arrangements, including formal marriages and civil partnerships. In each345

period of a reference adult’s life, their relationship status in the immediately succeeding period is uncertain,
reflecting likelihoods of marriages, divorces, and widowhood. The transition probabilities that govern rela-
tionship transitions depend upon a reference adult’s existing relationship status, age and birth year, the age
and birth year of their spouse (if they have one), and may also vary with respect to their education status,
health status, or the presence of dependent children. Probabilities of marriage and divorce are stored in a350

series of ‘transition matrices’, each cell of which refers to a discrete relationship/age/birth year combination;
separate matrices are also stored that distinguish reference adults by education status, health status, and
whether there are dependent children in the family. Similar transition matrices are used to model mortality
(and widowhood), as described in Section 3.
When solving the lifetime decision problem, individuals are assumed to anticipate the probabilities of355

relationship formation, divorce, and death that govern relationship transitions. The decision problem is
simplified by assuming that each individual expects to marry —if they marry —an identical clone of them-
selves. This assumption omits the uncertainty that would otherwise need to be accommodated concerning
the characteristics of each potential spouse.
There are two principal approaches to projecting marital status in dynamic microsimulation models.360

The first assumes that the partners of newly married reference adults are drawn from outside the simulated
population, and is used by SIDD for projections backward through time. In this case, the characteristics
of spouses are simulated on the assumption that relationships form between identical clones, which has the
advantage that it requires little additional data to be generated in respect of the spouse. The second approach
adopts a ‘closed model’specification that identifies married partners from within the simulated sample, and365

is used by SIDD to simulate the population forward through time. This difference in simulation approach
between the forward and backward projections is motivated by the dual observations that a ‘closed model’
for relationships is both facilitated, and facilitates a model context that reflects the evolving population
cross-section.
The cross-sectional data that are loaded into the framework to initialise the simulated population include370

the marital status of each represented adult. These data also include a personal reference number, and a
family reference number. The same family reference number is recorded for each member of a cohabitating
relationship. Matching of spouses in forward simulations is performed on a year-by-year basis. At the start
of each simulated year, the pool of marrying adults is identified, and sorted into couples by minimising the
sum of a score that allocates one point for each year difference between simulated individuals in age, and375

five points for any difference in education levels.
In backward simulations, the framework sets the reference adult of each family unit to the adult who is

present in the reference cross-section (each of whom is identified in a separate family unit by assumption). In
forward simulations, the use of a closed model approach for marriages requires selection of reference adults.
In this case, the framework checks if one adult has accessed their pension wealth but the other has not (see380

Section 11.3), and if so, then the pension recipient is identified as the reference. Otherwise, the framework
identifies the individual with the highest wage potential (see Section 7) as the family reference person.
At the time of a union in forward projections, jointly held assets are the sum of the assets held individually

by each spouse. Widowhood in forward projections of the framework is based on the age of death simulated
for each adult (described in Section 3.1). In backward projections, widowhood is identified randomly, based385
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upon the mortality rates of the simulated adult (given the assumption of marriages between clones). In the
event of widowhood, all assets and children of the family are assumed to reside with the surviving spouse.
Divorce is simulated based on the transition probabilities applicable for the family reference person, in which
case all assets and children are divided evenly between the respective spouses (to the nearest integer in the
case of children).390

5.2. Birth and aging of children

The framework is designed to take explicit account of the number and age of dependent children of
reference adults. The birth of dependent children is assumed to be uncertain in the framework, and is
described by transition probabilities that vary by the age, birth year, relationship status, and previously
born children of a reference adult. These transition probabilities are stored in a series of transition matrices,395

in common with the approach used to model relationship status (described above). Having been born into
a family, children are assumed to remain dependants until an exogenously defined age of maturity. A child
may, however, depart the modelled family prior to attaining maturity, if the reference adult experiences a
relationship dissolution (to account for the influence of divorce).
Allowing for dependent children in the way set out in the preceding paragraph can lead to a very400

significant increase in the computational burden of the lifetime decision problem. If, for example, a family
was considered to be able to have children at any age between 20 and 45, with no more than one birth in any
year, and no more than six dependent children at any one time, then this would add an additional 334,622
states to the decision problem (with a proportional increase in the associated computation time).8 In cases
where children are not an issue of concern, the framework consequently allows associated uncertainty and405

heterogeneity to be suppressed. In this case, the number of dependent children in each family is described
as a deterministic function of the age and relationship status of the reference adult. Where the number
and age of dependent children are considered to be important, then the framework is made computationally
feasible by limiting child birth to a fixed number of reference person ages. The framework may be directed,
for example, to consider child birth only when the reference adult is aged 22, 26, or 33 years.410

Capturing realistic family sizes in context of limited child birth ages will usually require that multiple
births be allowed at each birth age. We might, for example, allow up to two children to be born at each
of the three child birth ages referred to above, in which case the maximum number of children in a family
at any one time would be limited to 6. In this example, the computation burden of the decision problem
would be increased by a factor of 231, which is suffi ciently constrained to make the solution to the decision415

problem feasible on contemporary computing technology.
Restricting the number of ages at which a child can be born in the framework raises a thorny problem

regarding identification of the transition probabilities that are used to describe fertility risks. The framework
calculates the required probabilities internally, based upon the assumed birth ages and fertility rates reported
at annual intervals. This approach has been adopted both because statistical agencies tend to publish data420

at the annual age band level, and because it facilitates associated sensitivity analyses to be conducted around
the number and precise birth ages assumed.

Child disability
The health status of children, healthci,a, distinguishes between two discrete alternatives that are designed

to identify those with and without a persistent disability. In the case of children entering the population in425

the data for the reference cross-section, the cross-sectional data include a disability identifier. In the case of
children entering due to simulated child birth, child health status is allocated by comparing the first element
of the child’s health vector with an exogenous incidence rate on the assumption that up to one disabled child
may enter each family at each ‘birth age’. The health status of children is assumed to remain unchanged
until they mature into adulthood. Furthermore, child disability status is assumed to influence health and430

education status upon maturity (Section 5.4). It is consequently possible to use the framework to track the
influence of disability throughout the life course, from birth through to death.

8This assumes an age of maturity of 17.
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Child disability influences simulated welfare benefits (discussed in Section 8), the carer responsibilities
of parents (discussed in Section 5.5), and family costs, ndch. Family costs associated with child disability
can either be exogenously defined, or be set equal to the value of associated welfare benefits.435

5.3. Projecting relationships and children into the past

As noted above, the framework assumes for backward projections that the spouses of reference adults
enter and exit the simulated frame with their marriage. Backward projections of relationship status and
fertility are complicated by the impact that relationship status is assumed to have on fertility, and the
persistent effects that associated changes have on the life-course. This existence of a dependent child aged440

10 years in a family unit reported in the reference data set, for example, has implications for the evolution
of relationship status and the existence of siblings that are non-trivial to take into account. The framework
uses a trial-and-error approach to address these complications, testing over alternative sets of random draws
on the assumption that all individuals are single and childless at a defined minimum age (e.g. 16), until it
a identifies a set that is consistent with each adult’s relationship status and dependent children reported in445

the reference cross-section.

5.4. Child maturity

When dependent children reach an assumed age of maturity they depart their parental family and enter
one of their own. In the backward projections, dependent children of reference adults enter the simulation
frame when they are aged 17, and depart again in the year prior to their birth, in a similar fashion to450

the treatment of spouses of reference adults over marital transitions. In forward projections, dependent
children can be followed into adulthood. This feature is implemented to reflect the evolving population
cross-section, and is governed by two key model boundaries. The first is the maximum population size that
the framework is directed to take into account, and the second is the number of periods into the future that
projections are made. The more restrictive of these two boundaries determines the time horizon over which455

the evolving population cross-section is projected, and the framework reports this as part of its standard
on-screen output. The time horizon of the projected population cross-section in turn determines whether
a dependent child will mature and be simulated as an adult by SIDD; any child who matures beyond this
cross-sectional time-horizon is dropped from the simulated sample.
When a child first achieves their maturity, a series of characteristics must be generated to continue460

their projection into adulthood. Each maturing child is assigned a unique person identifier. Their age and
birth year are carried over from their parental family, and their year of entry into the simulated sample
is recorded. All maturing children are identified as non-graduates. Education status of maturing children
is otherwise allocated randomly, based on transition probabilities that can vary by child disability status,
year and the education status of the reference adult in the parental family. Health status (discussed in465

Section 3) is randomly assigned, based on age and year specific transition rates. The health states to which
maturing children are allocated can be limited in the case where a child is identified as disabled. All assets
are set to zero for maturing children. This assumption is made because the framework does not account
for child income, and unrequited transfers between families other than inheritances (see Section 8) are not
included in the framework. Wage potential at age of maturity is based on a random draw from a log-normal470

distribution, the means and variances of which are age, year, and education specific.
The framework then proceeds to generate the complete life history of each maturing child for each of

the three preallocated characteristics, as it does for each adult in the reference population cross-section (see
Figure 1, and Sections 3 and 4).

5.5. Carers475

A “carer state” is generated for each family in each simulated period, careri,a, where carer families
include one adult with carer responsibilities. The carer state evolves through time, based on exogenously
defined transition probabilities that vary by the individual’s prevailing carer state, the disability state of
their spouse (see Section 3.2) and/or dependent children (see Section 5.2), age, and year. Carers can be
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limited to families with at least one adult who is suffi ciently healthy, as defined by a pre-defined value of480

the health state.
Carers can be distinguished from other adults in regards to the benefits that they are eligible for (Section

8), their employment opportunities, and the time that they have available for leisure (Section 7).

6. The Preference Relation

Having evaluated the utility independent characteristics described in Section 5, the framework proceeds485

to project decisions that maximising expected lifetime utility (see middle pane of Figure 1). In this case,
behaviour is modelled as though a single ‘reference person’makes decisions on behalf of all members of each
family. Identification of reference people is described in Section 5.1.
The preference relation is a centrally important feature of the framework, and a wide range of alternative

functional forms have been explored in the literature. The framework is consequently designed to facilitate490

experimentation of alternative assumptions,9 and comes supplied with a nested CES utility function that is
standard in the contemporary literature.
Expected lifetime utility of reference adult i, with birth year b, at age a is described by the function:
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where γ > 0 is the (constant) coeffi cient of relative risk aversion; E is the expectations operator; A is the
maximum age of survival; β0 and β1 are discount factors; φ

b
j−a,a is the probability of someone from birth495

year b living to age j, given survival to age a; ci,a ∈ R+ is discretionary composite non-durable consumption
of the family of individual i at age a; li,a ∈ [0, 1] is the proportion of family time spent in leisure; θi,a ∈ R+
is the family’s equivalence scale; ∆i,a represents the influence of decision costs on utility; the parameters ζ0
and ζ1 reflect the “warm-glow”model of bequests; and w

+
i,a ∈ R+ is liquid net wealth when this is positive

and zero otherwise. ε > 0 is the elasticity of substitution between equivalised consumption (ci,a/θi,a) and500

leisure (li,a) within each year. The constant α > 0 is referred to as the utility price of leisure.
The labour supply decision is assumed to be made between discrete alternatives. No upper limit is

imposed on the number of discrete alternatives, so that the labour decision can be made to approach a
continuous margin.10 Where adults are explicit, then a separate labour supply decision is allowed for each
adult. Where health is explicit, then labour supply options can be constrained to reflect work-limiting505

conditions and carer responsibilities. Furthermore, employment options can be restricted in response to the
lack of a simulated job offer to reflect involuntary unemployment (the likelihood of which can vary by age,
education, health, relationship status, and potential full-time wage rate). An age of mandatory retirement
is also included in the model parameters to limit the scale of the computational problem. We return to
discuss labour supply in Section 7.510

The equivalence scale θ is included in the preference relation to reflect the important influence that
family size has been found to have on the timing of consumption (e.g. [26]). Similarly, decision costs are
included in the preference relation to allow the framework to reflect behavioural rigidities that have been

9This is done by limiting the numerical search routines to those that do not depend upon first order conditions (which may
not exist for some functions), and by compartmentalising calls to the utility function in a single program subroutine.
10The search routine used to identify utility maximising labour supply decisions searches over all feasible employment alter-

natives, implying that increasing employment options can substantively increase computation times.
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cited as important for understanding retirement savings decisions (e.g. [27]). These costs are accommodated
by reducing the value of ∆ whenever behaviour deviates from pre-assigned default options in relation to515

private pensions and tax advantaged savings accounts.
The framework incorporates an allowance for behavioural myopia, through its assumption of quasi-

hyperbolic preferences, following [28]. Such preferences are interesting because they are time inconsistent,
giving rise to the potential for “conflict between the preferences of different intertemporal selves” ([29], p.
1840). Furthermore, the framework assumes that all discount parameters are the same for all individuals,520

and are time invariant. It also assumes that families are aware of any time inconsistency that their pref-
erences display, a condition sometimes referred to as ‘sophisticated myopia’. These assumptions rule out a
number of interesting behavioural phenomena, including the capacity to reflect systematic population het-
erogeneity with respect to temporal biases (e.g. [30]), and procrastination (e.g. [31]). Such effects could be
accommodated without a qualitative increase in computational burden. Nevertheless, they are omitted here525

because the limited empirical analysis that we have conducted has failed to reveal important behavioural
margins that such effects would help to explain. This is one principal research thread that we hope to pursue
in the future.
The warm-glow model of bequests simplifies the utility maximisation problem, relative to alternatives

that have been considered in the literature.11 Including a bequest motive in the framework raises the natural530

counter-party question of who receives the legacies that are left. We return to this issue in Section 8.

7. Labour Income Dynamics

Labour income dynamics are primarily based upon ‘potential full-time labour income’, h, modelled at
the family level:

log

(
hi,a
mi,a

)
= ψi,a−1 log

(
hi,a−1
mi,a−1

)
+ κi,a−1

(1− li,a−1)
(1− lft)

+ ωi,a−1 (3a)

mi,a = m (ni,a, edi,a, a, b) ;ψi,a = ψ (ni,a) ;κi,a = κ (ni,a, a) ;ωi,a ∼ N
(
0, σ2ω (ni,a, edi,a)

)
(3b)

where the parameters m (.) account for wage growth, which in turn depend on relationship status ni,a,535

education edi,a, age a, and birth year b. ψ (.) accounts for time persistence in earnings, κ (.) is the return
to another period of experience, (1− lft) is the leisure cost of full-time employment by all adult family
members, and ωi,a is an identically and independently distributed family specific disturbance term. The
variance σ2ω is defined as a function of relationship and education status. The only exception to equation
(3a) is when a reference adult changes their education status (see Section 4). In this case, a new random540

draw is taken from a log-normal distribution, the mean and variance of which are specific to the family’s
age, birth year, relationship, and education.
Equation (3a) is a parsimonious wage specification that has been explored at length in the literature

(e.g. [33]). The inclusion of an experience effect κ in the wage specification is what makes h dependent
on utility maximising decisions. It also invalidates two-stage budgeting. Nevertheless, we have found this545

to be a useful feature in capturing rates of employment observed early in life, when labour income tends
to be relatively low. The inclusion of an experience effect also ensures that any characteristic which does
not feature explicitly in equation (3), but does influence employment decisions —such as health status, as
described in Section 3 —will also affect the evolution of potential full-time labour income.
The employment income projected for a family in any year, gi,a, depends upon the family’s potential full-550

time labour income, h, and a series of adjustment factors that vary depending upon labour supply, previous
access of pension wealth, education, and health. Each considered labour alternative is associated with a
unique wage factor, which increases in labour participation, and is indexed to one when all adult family
members are full-time employed. A separate factor allows labour income to respond systematically to past

11See, for example, [32] for details regarding the warm-glow model.
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decisions to access pension wealth, which might reflect pre-conditions concerning contractual arrangements555

associated with pension access. Additional wage factors are used to reflect the existance of job offers, the
wage premia associated with sub-tertiary levels of education, and the effects on wages of poor health.

8. The Budget Constraint

Equation (1) is maximised, subject to an age specific credit constraint imposed on liquid net wealth,
wi,a ≥ Da for the family of reference adult i at age a.12 In context of income uncertainty, and a preference560

relation where marginal utility approaches infinity as consumption tends toward zero, rational individuals
will never choose to take on debt equal to or greater than the discounted present value of the minimum
potential future income stream that they face (however unlikely that stream might be). This rule is used
to define Da, subject to the additional constraint that all debts be repaid by age aD ≤ A.13 Intertemporal
variation of wi,a is, in most periods, described by the simple accounting identity:565

wi,a = wi,a−1 + τ i,a−1 + urhi,a−1 − ci,a−1 − ndcxi,a + ki,a−1 +Bi,a−1 (4)

where τ denotes disposable income, urh is un-realised returns to owner-occupied housing, c is discretionary
non-durable composite consumption, ndcx is non-discretionary expenditure on category x, k represents net
investment flows with tax advantaged savings accounts, and Bi,a−1 is the value of bequests received.
Non-discretionary costs are accommodated to reflect the possibility that some minimum expenditure

is required to obtain the necessities of life (sometimes referred to as “committed expenditure”). Non-570

discretionary costs are disaggregated into child care, housing (rent and mortgage interest), health, and
‘other’categories of expenditure to facilitate simulation of welfare benefits that make explicit reference to
any one of these categories. Simulated child care costs, ndcc, are described as a function of the number and
age of dependent children, and of the employment status of the least employed adult family member. Non-
discretionary health costs, ndch, can either be set equal to the value of dedicated welfare benefits generated575

in respect of recognised health conditions, or to the value of exogenously supplied model parameters. Non-
discretionary housing expenditure is comprised of rent and mortgage payments, ndchg = rent+mort, and
is described in Section 8.2. ‘Other’non-discretionary expenditure, ndco, is defined in terms of equivalised
(non-housing / non-child care / non-health) consumption, and can vary by age and year.
The only potential departures from equation (4) occur when a family is identified as accessing pension580

wealth, or when a reference adult is identified as getting married or incurring a marital dissolution. Wealth
effects at the time a family accesses its pension wealth are discussed in Section 11. In relation to marital
transitions, backward projections assume that spouses are identical clones (see Section 5.1 for discussion),
so that wealth is halved in context of a dissolution and doubled in context of a formation. In forward
projections, spouses are identified from within the simulated sample. A marriage between two simulated585

singles consequently results in the liquid net wealth of each being combined in the common family unit. A
divorce is assumed to see liquid net wealth split evenly between each divorcee, whereas widowhood sees all
liquid net wealth bequeathed to the surviving spouse.
The methods used to simulate transfer policy and to project returns to liquid net wealth are now de-

scribed, before addressing complications introduced when wealth is projected backward through time.590

8.1. Simulated transfer policy

As the framework has been designed to undertake public policy analysis, particular care was taken
concerning formulation of the module that simulates the effects of taxes and benefits. The framework allows
the measures of income accruing to each adult family member to be accounted for separately, so that it

12Note that w+i,a referred to above is related to wi,a, with w
+
i,a = 0 if wi,a < 0, and w

+
i,a = wi,a otherwise.

13The lower bound Da is assumed to be the same for all households, as this helps to simplify the numerical search routines.
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can reflect taxation of individual incomes applied in many countries. The tax function assumed for the595

framework is represented by:
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which depends on the birth year of the reference adult b; age of the reference adult, a; number of adults
(relationship status), ni,a; number and age of all dependent children, represented by the vector nci,a; health

status of each adult j in the family, healthji,a; health status of each child, health
c
i,a; carer status of each

adult, careji,a; labour supply of each adult, l
j
i,a; the labour income of each adult, g

j
i,a; indicator variables for600

home-owners, hhi,a, and mortgage holders, mhi,a; the net owner-occupied housing wealth held by the family,
whi,a; the rent paid by non-home-owners, renti,a; the mortgage interest paid by mortgage holders, morti,a;
the realised returns to (gross) housing wealth, rrh; the non-housing net liquid wealth held by each adult in
the family, wnh,ji,a ; the investment return on liquid net wealth of each adult in the family, rnhi,aw

nh,j
i,a (which may

be negative); the concessional and non-concessional pension contributions made by each adult in the family,605

pc
(n)c,j
i,a ; the (retirement) pension income received by each adult in the family, pyji,a; net contributions to tax

advantaged savings accounts made during the prevailing year, kTAi,a (which may be negative); the wealth held
in tax advantaged savings accounts by the family, wTAi,a ; the income earned on savings in tax advantaged
accounts, rTAt wTAi,a ; non-discretionary child care costs, ndc

c
i,a; non-discretionary health costs ndc

h
i,a; and a tax

residual, ηb,a. The tax residual is designed to correct for differences between simulated and sample moments610

of disposable income, representing measurement error and (observable) departures between simulated tax
and benefits policy and transfer policy as it was applied. All other inputs to the tax function are described
in other sections of this paper.
Calculating taxes with respect to wealth held at the beginning of a period (as it is here) implies that

disposable income is made independent of consumption in the same period. This is advantageous when615

consumption is a choice variable, as it implies that the numerical routines that search for utility maximising
values of consumption do not need to evaluate disposable income for each consumption alternative that is
tested.

8.2. Dis-aggregating liquid net wealth

Liquid net wealth includes all assets other than those that are otherwise explicitly represented in the620

framework. This composite asset is divided into three sub-categories by the framework: net wealth held in
owner occupied housing whi,a ∈ [0,∞); non-housing risky assets wri,a ∈ [0,∞); and non-housing safe assets
wsi,a ∈ [D,∞); wi,a = whi,a + wsi,a + wri,a.
Given a measure of liquid net wealth, the framework begins by distinguishing housing from non-housing

wealth
(
wnh = ws + wr

)
. Although formal modelling of housing investment decisions is analytically feasible,625

it is also computationally burdensome.14 Computational feasibility of the framework is maintained by using
reduced form equations to identify home owners (hh) and mortgage holders (mh), to project the value of net
housing wealth

(
wh
)
and mortgage debt

(
mdh

)
, and to distinguish realised return on gross housing equity(

rrh
)
from unrealised returns

(
urh
)
. Assumed interest rates are assumed to evaluate mortgage interest

costs for mortgage holders (mort), and rental costs for non-home owners (rent) are based on simulated year,630

family size, and potential full-time labour income (h).
The portfolio allocation decision is represented in the framework as a choice concerning the proportion

of non-housing liquid net wealth invested in risky assets during each year, ρi,a ∈ [0, 1], and is only possible if
non-housing liquid net wealth is positive. The division of non-housing liquid net wealth into safe and risky
assets affects only the effective rate of return, rnhi,a = ρi,ar

r
t +

(
1− ρi,a

)
rsi,a, where r

r
t is the return to risky635

14See, [34] for a dynamic programming model of housing investment; [35] explore policy experiments using a stylised two
period representative agent model of savings and housing.
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assets, and rs the return to safe assets/debt. The rate of return to risky assets ln (rrt ) ∼ N
(
µr −

σ2r
2 , σ

2
r

)
is assumed to be the same for all families at any point in time, t. The interest rate on safe liquid assets is
assumed to depend upon whether wsi,a =

(
1− ρi,a

)
wnhi,a indicates net investment assets, or net debts. Where

wsi,a is (weakly) positive, then r
s takes the value rI . When wsi,a is (strictly) negative then, r

s is designed to
vary from rDl at low measures of debt to r

D
u when debt exceeds the value of working full time for one period640 (

gft
)
:

rs =

{
rI if ws ≥ 0

rDl +
(
rDu − rDl

)
min

{
−ws
gft

, 1
}
, rDl < rDu if ws < 0

(6)

Specifying rDl < rDu reflects a so-called ‘soft’credit constraint in which interest charges increase with loan
size. The model parameters rI , rDl , and r

D
u take fixed values when solving for utility maximising decisions,

and are allowed to vary when simulating the intertemporal evolution of a population.

8.3. Backward projections and simulated inheritances645

Two special complications are addressed by the framework when projecting liquid net wealth backward
through time. The first is to ensure that decisions (especially consumption) projected for year t − 1 are
consistent with the characteristics (especially liquid net wealth) in year t − 1, given the characteristics
prevailing in year t. That is, if you suppose that consumption in year t − 1 was some value ĉ, then given
liquid net wealth in period t we can use equation (4) to project back what liquid net wealth must have been650

in period t − 1, which might be ŵ. But the solution to the utility maximisation problem, given wealth ŵ,
will imply a value of consumption at time t − 1, which might be c̄. A simple search routine is used by the
framework to ensure that c̄ = ĉ in backward projections.
The second problem addressed by the model when projecting liquid net wealth backward through time

concerns the assumed history of random events. As an individual ages, their assets portfolio will generally655

evolve in response to their accumulated life-history, responding to positive and negative shocks to a wide
range of factors including labour market success, investment returns, health, relationship status, and so on.
An individual who is in the top wealth decile at a given age is consequently likely to have experienced more
favourable forms of variation during their lifetime than an otherwise similar individual in the bottom decile.
Failure to accommodate this feature can result in unrealistic projections for wealth backward through time.660

For example, in cases where an individual is associated with insuffi ciently favourable variation in backward
projections to reflect the assets they hold in the simulation reference period, the backward projections will
indicate unrealistically high wealth holdings early in the adult lifetime.
The framework uses receipt of ‘inheritances’ as a tool in the backward projections for ensuring that

random events that individuals are assumed to be subject to during their lives are consistent with the665

measure of liquid net wealth observed in the reference cross-section. Receipt of inheritances is only modelled
in backward projections by the framework. The framework uses a search routine to allocate inheritances
received so that the liquid net wealth of each adult in the reference cross-section falls below a threshold
value at the beginning of their simulated lifetimes.
Implicit in the specification of preferences described by equation (1) is the assumption that inheritances670

may be left at the time of death of each adult. By definition, no reference adult described by the cross-
sectional data from which model projections are made can have died prior to the year for which the cross-
sectional data were observed. Hence, inheritances can only be left in periods projected forward through time.
Where inheritances exist in forward projections, then these are assumed to be received by the surviving
spouse, if one exists. Otherwise, inheritances are assumed to exit the frame of the simulation.675

9. Tax Advantaged Savings Accounts

Tax advantaged savings accounts in the framework are a hybrid retirement savings vehicle with three
key features, based upon Individual Savings Accounts (ISAs) available in the UK. First, investment income
and capital gains within a tax advantaged account are tax free, both at the time earned and upon with-
drawal. Secondly, annual contributions are subject to upper limits. And thirdly, no time limit is imposed on680
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when accumulated funds can be withdrawn. The first of these elements encourages contributions into the
scheme, the second discourages withdrawals, while the third relaxes the liquidity disincentives associated
with traditional pension schemes.
Each family is assumed to be able to contribute to a single tax advantaged account. Annual contributions

to the tax advantaged account are made out of post-tax income, and are subject to a per-period cap that685

doubles where the family is comprised of an adult couple. Although a distinction currently exists in the
UK between so-called ‘cash’and ‘stocks-and-shares’ISAs, the framework is adapted to consider only one
of these types at a time. At the start of each period, all wealth held in an tax advantaged account is
assumed to accrue the same rate of return, rTAt , which can be specified as uncertain. Uncertain returns to
a tax advantaged account are assumed to be perfectly correlated with the returns to the risky liquid asset690

(rrt in Section 8.2). In most periods, wealth held in a tax advantaged account, w
TA, is assumed to vary

intertemporally as described by the equation:

wTAi,a = rTAt−1w
TA
i,a−1 + kTAi,a (7)

ln
(
rTAt

)
∼ N

(
µTA −

σ2TA
2
, σ2TA

)
, corr(rTAt , rrt ) = 1

where kTAi,a denotes net contributions into the scheme (negative when there are net out-flows), and corr (.)
denotes the correlation coeffi cient. The only departure from equation (7) is when the relationship status of
a reference adult is identified as changing, in which case associated fluctuations in tax advantaged accounts695

are modelled in the same fashion as described for liquid net wealth (see Section 8).
As noted in Section 6, the preference relation assumed for analysis also allows for the possibility that

contributions to tax advantaged accounts are influenced by decision costs, ∆TA
i,a . In this case, utility is

assumed to decline discontinuously when the first contribution to a family’s tax advantaged account is
made.700

10. Contributory State Pensions

The contributory state pension in the framework is a flat-rate benefit, based upon the UK basic State
Pension, rights to which are accrued through accreditation in respect of contributions during the work-
ing lifetime. The framework tracks the number of years, yrCSPi,a , for which each family, i, at age a, has
been accredited with contributions, up to the maximum defined by the number of years required for a705

full contributory state pension for each adult family member. Accreditation for contributions is derived
if the earnings of an adult exceed a minimum threshold, and can also be allowed for in respect of child
care (non-employment during peak child-rearing ages), or involuntary unemployment (periods in which a
low-wage offer is received —see Section 6). In most years prior to state pension age, the number of years of
accreditation for contributions is defined by:710

yrCSPi,a = yrCSPi,a−1 + kCSPi,a−1 (8)

where kCSPi,a−1 are the additional contributions accredited to family i at age a − 1. The only exception to
equation (8) is when the relationship status of a reference adult is identified as changing, in which case
associated fluctuations in state pension rights are modelled in a similar fashion as described for liquid net
wealth (see Section 8).
Each family is assumed to draw its contributory state pension from state pension age, aSPA, which715

is permitted to vary between birth cohorts, and this public transfer is added to pension income for tax
purposes. The value of the state pension payable to each family depends upon the contributions history of
the family, the value of the full state pension assumed for the reference year, a growth rate applied until
the time when the reference adult of the family attains state pension age, and another growth rate applied
from state pension age. Two values of the full contributory state pension are taken into consideration;720

one for single adults, and another for adult couples. The framework assumes that each family is paid the
greater of the single allowance, paid in respect of the number of complete contribution histories accrued
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by all adult family members, and the couple allowance, paid in respect of a single adult’s contribution
history for couples. The framework does not track each adult’s contribution history separately, but instead
assumes that all contribution years accrue to the reference adult up to the number of years required for a725

full contributory state pension, and to the spouse (if one exists) thereafter.

11. Private Pensions

The description of private pensions in the framework is designed to capture the broad features of the
contemporary UK pensions environment, which is conspicuously diverse viewed from an international per-
spective. The model distinguishes between Occupational Pensions (OP) that are conceptually run by com-730

panies on behalf of their employees, and up to five Personal Pension schemes (PP) that individuals provide
for themselves. These schemes can differ from one another concerning the terms of pension contributions,
and returns to pension wealth.
All private pensions are modelled at the family level, and are Defined Contribution in the sense that every

family is assigned an account into which their respective pension contributions are (notionally) deposited.735

Where OP and PPs are run in parallel, then any family with a labour income in excess of a lower bound is
assumed to participate in the OP, while any family in which the highest adult earner has a labour income
within an income band can be given the option to participate in a PP. The income thresholds used to manage
eligibility to private pensions can (but do not have to) overlap. Where multiple PPs are accommodated in
the framework, then each family is considered to be eligible for a single PP in each simulated period, where740

the evolution of pension eligibility is determined by an auto-regressive random process.

11.1. Private pension contributions

Contributions to private pensions are defined as rates of employment income (implying that they are
limited to families that work), and are distinguished by whether they are made by the employer or the
employee. Employer contributions are assumed to be exempt from taxation, and labour income is reported745

net of these contributions. Employee contributions can be subject to taxation, and labour income is reported
gross of these contributions.
Contributions to an OP are simulated exogenously in the framework. The framework assumes that any

family that has not previously accessed its pension wealth, and which has labour income in the prevailing
period in excess of a lower threshold, will contribute to the OP. The employee contribution rate to the750

OP, πOPee , and employer contributions rate, π
OP
er , are defined as fixed proportions of family labour income.

Hence, for any family that contributes to an OP in a given period, the value of the contribution is defined
as: pcOPi,a =

(
πOPee + πOPer

)
gi,a.

Each PP scheme, p, has a single employer contribution rate, πPP,per , and a (minimum) employee contribu-
tion rate, πPP,pee,0 , which apply to labour income within an income band defined by upper and lower bounds.755

Contributions to a PP can either be imposed, or be simulated to maximise expected lifetime utility. Where
multiple PPs are considered, then utility maximising pension contribution decisions are limited to whether
or not to contribute (the extensive margin). Where only one PP is considered for analysis, then the family
can choose both whether to make fresh contributions to their eligible scheme, and how much to contribute
(the intensive margin) in excess of the imposed minimum, πPP,pee,i,a ≥ π

PP,p
ee,0 .760

When contributions to a PP maximise utility, then it is also possible to allow for the influence of assumed
‘default options’, which can vary between alternative PP schemes. This is achieved by allowing for ‘decision
costs’ that discontinuously reduce welfare when a family decision departs from the pre-assigned default
(represented by ∆ in equation (1)). Defaults may be considered over both contribution rates and / or
participation alternatives. Defaults concerning participation are defined when a family first becomes eligible765

to a given scheme (i.e. auto-enrolment or active opt-in), and thereafter track a family’s pension decision in
the preceding period.
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Pension contribution caps
Aggregate private pension contributions (from both OPs and PPs) can be subject to three separate

caps. Two of these caps are year specific, can be altered over three age intervals, and can be administered at770

either the individual or family level. The first of these period-specific caps defines the upper limit on pension
contributions that are eligible for tax relief. Employer contributions are accommodated first within this cap,
after which private contributions are included. Private pension contributions that can be accommodated
within this first cap are referred to in the framework as concessional contributions, pcc. Any contribution
in excess of the first cap can also be subject to a second cap defining the maximum contributions that are775

permissable each simulated period. Any employer contributions not accommodated within the concessional
contributions cap are preferentially accommodated within the second cap. If employer contributions are in
excess of the sum of these two period-specific caps, then the excess of employer contributions is considered
to be returned to the employer and no private contributions are permitted. Any private contribution
accommodated within the second cap is recognised as a non-concessional contribution, pcnc. The third cap780

on pensions is an upper bound on the maximum size of the private pension pot; any contribution made that
would result in this third cap being breached is assumed to be taxed at the rate of 100%. The first two
of the caps defined above can be allowed to vary through time, at year specific rates within a closed and
bounded period, and at fixed rates beyond this period. The upper bound on the size of the pension pot is
assumed to remain fixed in real terms through time.785

11.2. Evolution of private pension rights during accrual

Where multiple PP schemes are considered for analysis, balances of PP wealth are assumed to be perfectly
portable between schemes, and each family is assumed to hold all of their personal pension wealth in the
scheme for which they are eligible at the given point in time. The same basic rules are used to project
through time wealth held in occupational and personal pensions, p = {OP,PP}. Until the year in which790

a family accesses its pension wealth, returns to private pension savings attract a rate of return that can be
defined as uncertain. When returns are assumed to be uncertain, then they are perfectly correlated with
the returns to the risky liquid asset (rrt in Section 8.2). Hence, accrued pension rights do not hedge against
uncertainty in the liquid asset portfolio. Intertemporal accrual of private pension wealth, wp, is described
by equation (9):795

wpi,a = max
{

0,min
[
wp,max, rpt−1w

p
i,a−1 + pcpi,a

]}
(9)

ln (rpt ) ∼ N

(
µp −

σ2p
2
, σ2p

)
, corr(rpt , r

r
t ) = 1

where p distinguishes OP, and each of the PP schemes considered for analysis, wp,max defines the maximum
size of a (PP or OP) pension pot, and corr (.) is the correlation coeffi cient. The returns accruing to
alternative PP schemes can be allowed to vary to reflect, for example, differences in assumed management
charges. Equation (9) holds in all periods prior to pension receipt except following relationship transitions,
in which case associated fluctuations in pension rights are modelled in a similar fashion as described for800

liquid net wealth.

11.3. Accessing pension wealth and retirement

The age at which pension dispersals are first accessed, aP , can be either imposed or simulated to maximise
expected lifetime utility. If both OP and PP schemes are modelled, then rights to both pensions are assumed
to be accessed at the same time. At the time that pension wealth is accessed, a fixed fraction of accrued805

pension wealth (that may differ between occupational and personal pensions) is received as a lump-sum cash
payment, and the remainder converted into an annuity. The framework can be used to simulate either fixed
term or life annuities. Annuity rates for life annuities are calculated to reflect birth cohort-specific survival
probabilities in the framework, subject to assumed rates of investment returns, real growth, and transaction
costs levied at time of purchase. The tax treatment of both the lump-sum and pension annuity can also be810

specified.
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When the timing of pension dispersals maximises lifetime utility, then the decision can be made subject
to minimum thresholds on age and annuity income. Furthermore, limits can be imposed on a family’s
pension contributions and employment opportunities following pension take-up. Employment opportunities
can be subject to both hard limits (on the ability to find employment following pension take-up), and soft815

limits (in the form of wage penalties imposed on pensioner families, discussed in Section 7).

11.4. Simulating pensions backward through time

Simulating pensions backward through time shares many similarities with the simulation of liquid net
wealth described in Section 8. The principal innovations associated with the simulation of pensions concern
the treatment of the timing of pension access when this is endogenous. Consider, for example, the case820

where the framework is projecting backward through time the circumstances of a family that is identified as
having started to draw down their pension wealth in some period prior to the reference cross-section. The
framework must then identify when the family first started to access its pension wealth. Ensuring incentive
compatibility of backward simulations is complicated in this context by the existence of multiple ages at
which pension access will be optimal, given the assumption that pension income was not taken up at some825

preceding age. SIDD includes an optimised search routine to address this complication, which tests over the
full range of feasible alternatives (given circumstances described by the reference data-set).

12. International Migration

As discussed in Section 2.1, international migratory flows are the last subject that the framework ad-
dresses before it proceeds to consider a prospective simulation year. These flows are included to permit830

the framework to reflect the evolving population cross-section. As the review by [36] makes clear, there
are a wide range of alternative approaches used to simulate the effects of migration in the microsimulation
literature. Key modelling decisions include whether to model net migration or immigration and emigration
separately, the variables that describe the likelihood of emigration, the approach taken to generate the char-
acteristics of immigrants, and whether to accommodate re-entry of emigrants. These decisions depend upon835

the reasons for the respective model’s development, and the data that are available for parameterisation.
Migration has been accommodated in SIDD to meet two key objectives. First, the framework should be

capable of reflecting offi cial projections for the age distribution of the population through time. Secondly,
the framework should reflect the bearing that contemporary trends concerning migration would have on the
distribution of income if they were to continue into the projected future. Although the first of these two840

objectives could be achieved by modelling net migration only, this approach would complicate achieving
the second objective. SIDD is consequently designed to accommodate explicitly both immigration and
emigration in each simulated period.
There are two principal approaches for generating the characteristics of recent immigrants in a mi-

crosimulation context (e.g. [37]). The ‘regression’based approach involves estimating a system of equations845

describing all of the characteristics of interest, and uses these equations to generate characteristics for new
immigrants. Valid implementation of this approach is, however, exceptionally challenging in any context
where more than a few characteristics are involved, as is the case in the current context. SIDD consequently
generates the characteristics of new immigrants using the alternative approach, by ‘cloning’families from
‘donors’ drawn from targeted population subgroups. This means that the approaches taken to simulate850

immigrants and emigrants share close similarities with one-another.
The model parameters include the total numbers of immigrants and emigrants to be assumed for each

prospective year. The parameters also include the proportions of immigrants and emigrants to assume within
a set of mutually exclusive and exhaustive population subgroups. These subgroups are defined with respect
to age, education, marital status, and dependent children. Subgroups are further distinguished by disposable855

income quintiles for immigrants, and by past migrant status for emigrants. These model parameters permit
evaluation of target numbers of immigrants and emigrants who fall into each considered population subgroup
in each simulated year. The framework divides the domestic population simulated for each year into the
same subgroups distinguished for migrants, and randomly selects members from these subgroups as either
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emigrants, or to be cloned as new immigrants, to match migrant targets. Variables are generated that report860

the age of immigration, aim, and emigration, aem, for each simulated adult. It is also possible to distinguish
between up to two source regions (in addition to natives) for migrant flows, region, so that the framework
is capable of reflecting, for example, differences between migrants by whether their country of origin was
the host country, the EU, or some other country.

13. Conclusions865

This paper describes the Simulator of Individual Dynamic Decisions (SIDD), a framework designed to
facilitate the development of structural dynamic microsimulation models. SIDD is fundamentally designed
to explore the distributional implications of public policy alternatives through time. There has been a
proliferation of models of this sort during the last few decades, supported by improvements in computing
power, analytical methods, and data availability. These advances have also motivated release of a number of870

generic software tools to aid model development, including LIAM(2), GENESIS, and JAS-mine. The inno-
vation of SIDD, relative to these existing generic software packages, is that it comes pre-programmed with
the functionality required to simulate an evolving population cross-section, where savings and employment
decisions are projected based on the life-cycle framework.
SIDD is designed to simulate the evolving circumstances of adults in a representative population cross-875

section forward and backward through time, and to project the evolving population cross-section forward
through time. The framework is designed to allow for differences between adults regarding their year of
birth, age, relationship status, number and age of dependent children, student status, education status,
health status, carer status, migration status, employment status, labour income, savings in tax advantaged
accounts, private pension eligibility, private pension wealth, timing of access to private pension wealth, state880

pension rights, family wealth not otherwise defined, and time of death. Decisions that can be simulated based
on the life-cycle framework include (non-durable) discretionary consumption, labour supply, investments in
risky assets, investments in tax advantaged savings accounts, private pension contributions, and the timing
of access to pension wealth. Uncertainty can be taken into account with respect to prospective labour market
opportunities, investment returns, education status, relationship status, dependent children, health status,885

and time of death. Particular care has been taken to allow the framework to reflect a detailed description
of tax and benefits policy.
As alluded to above, SIDD is designed specifically to facilitate development of models for analysing the

distributional implications of policy alternatives through time in contexts where behavioural responses are
considered important. This is likely to be true wherever policy is explicitly designed to affect behaviour,890

in which case a model based on SIDD can help to both quantify anticipated responses and improve under-
standing of the incentives underling policy alternatives. The behavioural focus of SIDD is also increasingly
important, the further into the future analytical interest extends, due to the effects that policy can have on
individual circumstances, which may feed through to the decisions people make.
Furthermore, the fact that SIDD embeds a life-cycle structure within a realistic policy context makes it895

a useful test-bed for empirical evaluation of alternative behavioural assumptions. There remains extensive
debate concerning the features that a preference relation should have, exaggerated in the decade following
the financial crisis. In this regard, the fact that SIDD comes pre-packaged with a standard preference
relation should be interpreted as an invitation for associated experimentation.
The SIDD framework —including underlying source code —has been made publicly available in recognition900

of the non-trivial programming hurdles associated with establishing a dynamic microsimulation model that
uses dynamic programming methods to project savings and employment decisions. Until now, such models
have been developed independently by specialist researchers, each of whom maintained their own model
framework. We have been one of the participants in that literature. It is hoped that reducing the costs
of entry to this interesting field of study will help to support associated research, encourage sharing of905

best-practice analytical methods, and ultimately improve the evidence base for good policy reform.
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